


4418/4224: A powerful combination for Building Acoustics Measurements 

by Torben G. Nielsen M.Sc, Briiel & Kjcer. 

Introduction 

PROBLEM: A survey involving ment and postcalculation processes, Description" and "Instrument Combi-
measurements of noise reduction in allowing complicated measurements nations" are included so as to provide 
newly completed dwellings showed to be done by non-experts. Further- a comprehensive overview of the in-
that only half of them met the re- more, the calculation of the various strumentation. They are recommend-
quirements laid down in the legisla- building acoustics parameters as de- ed to readers who wish to learn a little 
tion*. Legislation defining minimum fined in the ISO and a number of na- of how the instruments work and what 
limits of allowable sound reduction tional standards is performed as a the combination possibilities are. 
have been established throughout the postprocessing operation in this in-
world in order to protect people from strument. The section "Measurement Proce-
noise intruding into their dwellings d u r e » describes the actual sequence of 

com- steps in a typical measurement situa-
The legislation expresses the good will plements the 4418 perfectly whenever tion. The entire procedure is summa-
of the authorities but is not strictly measurements in frequency bands (oc- rized by the sequence of push-key op-
enforced, partly due to the expenses tave or Vs octave) are required. erations given in the appropriate sec-
involved in carrying out the control tions. The situation described is a 
measurements. Consequently there is The 4224, having its own noise gen- field test of the airborne sound insula-
a need for fast, reliable measurements erator and special filters, may also be tion between the dwellings in a resi-
to be done on a large scale and, prefer- used along with a sound level meter to dential building. It could just as well 
ably, at an early stage in the building do sound insulation measurements ac- have been a laboratory investigation 
process when the corrective action is cording to simple Test Method of of the acoustic properties of building 
not yet so costly. ASTM E 597-77 T. elements, or even part of a statistical 

C A T TirrTAM AT i - quality control program on the pro-
^ U L U I I O N : Modern mstrumen- This Application Note provides a duction of building elements, like for 

tation greatly simplifies the tradition- straightforward description of how example windows and doors. 
al measurements in building acoustics. these instruments may be used to car-
What could in the early days only be ry out a typical series of building The final sections highlight features 
done with a considerable number of acoustic measurements. It is intended of the instruments which allow their 
instruments, some of which could be to demonstrate how accurate results use in a wide range of applications 
quite bulky and unwieldy, may now be may be achieved with extreme sim- These may include, for example, mea~ 
carried out quickly and automatically plicity and considerable time savings. surements on ventilation systems 
using two compact, battery operated Although only airborne sound trans- product quality control testing, and 
instruments and a microphone pream- mission is considered here, impact Sound Power measurements. 
phfier combination. noise testing may be performed quite 

simply following a similar procedure. 
The Building Acoustics Analyzer ; D , — ,n, n 

rp AA,Q , , ^ J ™ Ref: SRI notat 101, 1977. Status Bvggeforskn-
lype 4418 automates the measure- The first two sections "Instrument ingsinstitut, Horsholm, Denmark 

Instrument description 

4418 
The Building Acoustics Analyzer is 1) Source Room Level The 4418 can run these measure-

basically a general Va octave acoustics 2) Receiving Room Level m e n t s by controlling one or two sound 
analyzer. It may be used for the deter- 3) Receiving Room Reverberation sources and one or two microphone 
initiation of sound power according to Time. channels. The analyzer will store the 
ISO 3741/42, but the instrument has 
been designed specifically for the mea
surement and computation of the clas
sical building acoustics parameters as 
defined in ISO and various national 
standards. The appropriate ISO stan
dards are ISO 140, ISO 717, ISO/R 
354 and ISO 3382. 

Typically one or more of the follow
ing measurements have to be carried 
out: 
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results in its internal memory and this adjustment takes place automati- The controller will control the mea-
eventually compute the desired pa- cally so that the user does not have to surement by selecting the proper in-
rameters The results may be given on worry about it. put and output, sweeping the filters 
the instruments LCD display or out- and keeping track of the averaging in 
put on a printer or recorder. If sped- The Vs octave filter bank is similar time and space. The controller will 
fied by the user, the background noise to the one found in the generator sec- also monitor the quality of the mea-
in the receiving room mav be mea- tion and during a measurement the surement, and if a failure occurs the 
sured and automatically compensated filters in the two sections are swept controller will, in most cases, repeat 
f synchronously. The detector will de- the measurement or store an error 
° ' termine the RMS value of the signal code that contains information about 

When controlling two microphone for reverberation measurements and the type of irregularity that has taken 
channels and two sound sources the the equivalent continuous level Leq place. 
4418 can be set up to run the whole when level measurements are per-
measuring and computation sequence formed. 4224 
automatically. With only one source g o u r c e ^ ig ft 
and one microphone some manual in- C. C a l c u l a t e / Output sec t ion . ^ ^ ^ ^ . ^ ^ c a p a _ 
teraction is of course needed to m o v e £ o f d u c i h i h n o i s e l e v e l s . 
the source and microphone between 
some of the m e a s u r e m e n t s . I t c o n s i s t s 0f a loudspeaker, a power 

^ M ,. . a m p l i f i e r , a pink noise generator and 2 
The electronics of the Building A c o u s - f i l t e r g f o l l o w i n g t h e S i m p i e Test 
tics Analyzer Type 4418 may be s u b d i - M e t h o d specified in the ASTM E 597-
vided into three general sections : ? 7 T s t a n d a r ( L S p a c e i s available for 2 

more filters so that users can specify 
A: G e n e r a t o r s e c t i o n : t h e i r Q w n m t e r g a n d t h e i n s t r u m e n t is 

Noise generator / output f i l t e r : t h u s p r e p a r e d f o r f u t u r e s i m p i e meth 
od standards. 

Fig. 3. Simplified block diagram of the cal- T n e 4224 can produce up to 115 dB 
culation / output section. r e ^ p^y sound power level when bat

tery operated and 3 dB more on mains 
supply. 115 dB sound power level will 

, u The signal from the detector may produce a sound pressure level of 
Fig. 1. Simplified block diagram of the ^ ^ ^ ^ p r o c e g g o r d i r e c % y i a a b o u t 1 0 4 d B r e 20>Pa in the rever-

generator section. ^ ^ ^ / ^ . ^ c o n v e r t e r QT [t b e r a n t f i e l d o f a normal furnished hv-
The signal from the noise generator may enter the Reverberation Time ing room with dimensions of 

is filtered in the Va octave filter and Computer. Here the reverberation 2.5 x 10 x 5 m' and a reverberation 
then fed out to an external sound time is computed directly during a de- time of 0.5 sec. 
source such as the 4224. During a mea- cay so that no subjective straight line 
surement the output filters may be approximation is necessary. On a fully charged battery the 4224 
swept sequentially under control of can run continuously for 4 hours dehv^ 
the digital controller built into the in- The processor will store the mea- ermg a sound power output of 102 dB 
strument sured spectra whether it is level spec- Sound Power Level, and it may be 

tra or reverberation spectra. The pro- connected to the mains supply and 
B- M e a s u r i n g sect ion- cessor can display the reverberation charged up over night with no addi-

Input filter / autorange / detector: times of the individual ^ octave tional instrumentation needed. 

Fig. 2. Simplified block diagram of the measuring section. 

In the measuring section shown bands directly on the LCD display of 
above the Auto Range amplifiers serve the instrument or they may be fed out 
the same purpose as manual attenua- to the Printer Type 2312 or the Porta-
tors in sound level meters and measur- ble Level Recorder Type 2317. 
ing amplifiers. In a sound level meter 
the signal is adjusted to a proper level The processor will also compute and 
for further processing in filters and output the various building acoustics 
detectors, avoiding overload at the in- parameters based on the three mea-
put and producing a large deflection surements mentioned initially. (A 
on the meter. The difference is, that in summary of the available parameters 
the Auto Range amplifiers of the 4418 is given in table 4.) 
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Instrument combinations 
This section shows how the Build- Standard Tapping Machine Type More B & K instruments than are 

ing Acoustics Analyzer is the basic 3204 should be included. Except for mentioned here can be uesd in con-
building block for a whole family of the 3204 all instruments may be bat- junction with the 4418. Reference is 
instrumentation systems. For impact tery operated- made to the 4418 Product Data sheet. 
sound insulation measurement ^ ^ 

A sound source like the Type 4224 is an 
indispensable component in any build
ing acoustics measuring system. With a 
4224 and a sound level meter like for : 
example Type 2222 or Type 2230 it is \ 
possible to do broad band measure
ments of sound insulation. When adding 
a filter set like the 1625 to the 2230, 
manual 1/3 octave band measurements 
are possible. 

When automated measurements in 1/3 
octave or octave bands are required, 
the first step into a very powerful line of 
combinations utilizes the Building 
Acoustics Analyzer Type 4418. 
Spatial averaging may be done by mov
ing the microphone between fixed posi
tions and averaging the spectra mea
sured in each position. 
Data is read out from the display of the 
4418 after completion of the measure
ments and calculations. 

When a more automatic type of spatial 
averaging is desired a Rotating Boom 
Type 3923 may be added to the system. 
The boom can move the microphone in 
a circular path with a radius up to more 
than 2m and the plane of rotation can be 
varied in steps of 10°. The rotation of 
the boom may be remotely controlled 
from the 4418. 

For automatic printout of the results the 
system is enchanced with an Alphanu
meric Printer Type 2312. 
The 2312 is a strip chart printer and it 
will print out the measured and calculat
ed data along with various types of sta
tus information in a table format. 

If it is considered necessary to look at 
the individual decays In a reverberation 
measurement the decays may be re
corded on the Portable Graphic Level 
Recorder Type 2317. 
The 2317 is controlled by the analyzer, 
and it may be set to record the reverber
ation decays when they take place, and 
it can also record level spectra and re
verberation spectra. This documentation 
is similar to that printed out in table 
format on the 2312. 

When adding another Sound Source Mi-
crophone-Preampfiier combination and 
a Rotating Boom it is possible to per
form a fully automated sound insulation 
measurement by pressing just one but
ton. 

Fig. 4. Typical instrument combina „„ 
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A sound source like the Type 4224 is an 
indispensable component in any build
ing acoustics measuring system. With a 
4224 and a sound level meter like for : 
example Type 2222 or Type 2230 it is j 
possible to do broad band measure
ments of sound insulation. When adding 
a filter set like the 1625 to the 2230, 
manual 1/3 octave band measurements 
are possible. 

When automated measurements in 1/3 
octave or octave bands are required, 
the first step into a very powerful line of 
combinations utilizes the Building 
Acoustics Analyzer Type 4418. 
Spatial averaging may be done by mov
ing the microphone between fixed posi
tions and averaging the spectra mea
sured in each position. 
Data is read out from the display of the 
4418 after completion of the measure
ments and calculations. 

■ ■ -

When a more automatic type of spatial 
averaging is desired a Rotating Boom 
Type 3923 may be added to the system. 
The boom can move the microphone in 
a circular path with a radius up to more 
than 2m and the plane of rotation can be 
varied in steps of 10°. The rotation of 
the boom may be remotely controlled 
from the 4418. 

For automatic printout of the results the 
system is enchanced with an Alphanu
meric Printer Type 2312. 
The 2312 is a strip chart printer and it 
will print out the measured and calculat
ed data along with various types of sta
tus information in a table format. 

If it is considered necessary to look at 
the individual decays in a reverberation 
measurement the decays may be re
corded on the Portable Graphic Level 
Recorder Type 2317. 
The 2317 is controlled by the analyzer, 
and it may be set to record the reverber
ation decays when they take place, and 
it can also record level spectra and re
verberation spectra. This documentation 
is similar to that printed out in table 
format on the 2312. 

When adding another Sound Source Mi-
crophone-Preampflier combination and 
a Rotating Boom it is possible to per
form a fully automated sound insulation 
measurement by pressing just one but
ton. 
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Measurement Example 

To demonstrate the many possibili
ties that are inherent in the powerful 
4418/4224 combination this section 
gives a worked through example of an 
ISO measurement of airborne sound 
insulation using the instrument selec
tion given. 

The example describes an actual 
test measurement and the results 
shown in the next section were derived 
from the test. In order to demonstrate 
the ease and rapidity afforded by the 
instruments, the procedure was timed. 
The start and finish times of each step Fi£- 5- Equipment used during the measurements described in the example. 
are indicated on the photographs. The 
times indicated include equipment 
transport and set up times, and the n T, . . ~ T , 
, ^ , A. ^ , ,, r o. Keceivmg Koom Level total time taken is therefore more . _. . . „ _ , 
x, ,, , 4. Receiving Koom never Deration 
than the measurement time alone T . 
(shown in Table 1). 

c J , Each tvpe of measurement has its 
4 types oi measurements are to be ,. , ,, in „ , corresponding button on the front done * panel of the analyzer. The measure-
1. Source Room Level ments are conveniently carried out in 
2. Receiving Room Background the sequence given on the front panel. 

Level 

1) Startup Procedure 
In order to make the 4418 as user 2312). The significance of the switches The analyzer also contains a non-

friendly as possible, access to certain can be seen under "Switch Settings" volatile memory. This memory should 
instrument functions, that are not given in table 3 on page 14. Note that be cleared before the measurements 
used very often, have been removed the setting of one of the switches lim- are started by pressing S t o p and 
from the front panel. These functions its the frequency range to 100 Hz to C l e a r M e m o r y simultaneously once 
are instead activated from eight 3150Hz as specified by ISO 140. In the the analyzer is switched on.* 
switches located under the top cover example measurements will be done 
of the instrument. The settings of according to the ISO standard, so the 
these switches should be known to the switch should be set as appropriate. In 
operator before any measurement, is this way no time will be wasted by 
started (the operator may either re- making measurements in all the fre-
move the top cover and look at the quency bands up to the 8 kHz limit of 
switches or have the status printed out the analyzer. 
on the Alphanumeric Recorder Type 

2) Calibration 
■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ^ M M M M M M M M M M M — i i — 11 m i i ■ ii I I i— ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ — — m — i ^ _ ^ J J _ ^ ^ J J — ^ M ir—m—i : 1 1 1 r ^ _ ^ _ ■■■■■ ■!■!■■■■»»■ ^ H H B M I H I ^ M ^ ^ M ^ ^ ^ I U B I ■■ n HMM --■ ■■ ■■ am 

Before a real measurement is start
ed the equipment should be calibrat
ed. An acoustic calibration is essen
tially a sensitivity adjustment of a 
measuring instrument when it is mea
suring the output of a known source. 
In the case of the 4418 the procedure 
is simple and the adjustment is auto
matically taken care of by the instru
ment. 

* A photograph of the 4418 front plate is given 
on the last page of this application note. The 
relative location of all pushkeys can be clearly 
seen. 
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Autoca l ibrat ion P r o c e d u r e : 

Fit an Acoustical Calibrator such as 3) Averaging time (e.g. 5 s) The calibration is started by press-
the 4230 over the microphone. S p e c i f y i n g S top and R e p e a t simultaneous-
the following three p a r a m e t e r s : l y . 

1) Type of measurement 

Key-in the level produced by the After one measurement a correction 
2) Frequency band (1000Hz) calibrator (e.g. 94dB): factor is stored in the analyzer and 

this correction factor will automatical 
ly be applied to future measurements. 

3) Source Room Level 

The instruments are placed in the 
source room. For in-situ measure
ments ISO 140 does not give very spe
cific information on where the sound 
source and the microphone should be 
placed. This is due to the fact that the 
variations in form and construction of 
buildings are enormous. It is recom
mended, though, tha t the loudspeaker 
is placed in a corner opposite the test 
specimen but not directed at it. The 
microphone boom is a very efficient 
tool for spatial averaging of the sound 
field. ISO 140 /IV suggests, that a 
boom radius of more than 0.7 m and 
an averaging time of more than 30 s. 
be used. 

The boom will then perform two ro- Now, the microphone boom is halted 
A traverse time of 16 s is selected tations during one averaging time. at a reference position, and the noise 

on the rotating boom. This is the generator is switched off. 
shortest traverse time available on the The filter frequency should be set to 
boom, and it is selected so as to mini- 100 Hz: The measurement is started by 
mize the time of travel between s u e - p r e s s i n g Run: 
cessive sample points during the re
verberation time measurements (see 
Figure 6.). 

The boom will not start rotating 
when it is switched on since it is re
motely controlled by the 4418. 

The averaging time is set to 3 2 s on and the Source Room L e v e l mea- The noise in the 100 Hz VB octave 
the 4418. surement should be selected : band is switched on immediately, and 

after a few seconds the boom starts 
rotating. The reason for this delay is 
that the autorange amplifier in the 
4418 has to adjust to the proper level. 

After 2 revolutions of the boom the  
filters are automatically shifted to the 
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next center frequency, 125 Hz. The ed by selecting the relevant frequency 
sweep proceedes up to 3150Hz, and band and then pressing R e p e a t . 
when the measurement in this band 
has been completed the filters are Spec tra l A v e r a g i n g : 
switched back to 100 Hz, the boom is 
stopped and the noise generator is Having performed a measurement 
switched off. of the Source Room Level, a higher 

accuracy may be achieved by averag-
The measured values in the various ing the stored spectrum with new New spectra may be incorporated 
frequency bands are now stored in the measurements. It is possible to aver- into the average by repeating steps 3 
analyzer and may be viewed by press- age up to 15 spectra. (This facility is and 4. It is possible to view the num-
ing the relevant frequency button: also available for measurements of Re- ber of averages by pressing the push-

ceiving Room Background Level, Re- key marked n while keeping the push-
ceiving Room Level, and Receiving key marked 2nd depressed: 
Room Reverberation Time.) 

The procedure is as follows : 

1. Indicate, that the measurement  
stored is the first in a series that 

If, during the measurement, the lev- a r e t 0 D e averaged : 
el has changed significantly in a given 
frequency band the analyzer will r e - S i n c e t h e s o u n d l e v e l s i n t h e s o u r c e 

peat the measurement in that b a n d r o o m a r e v e r y h i g h during the mea-
once. If the problem still exists t h e s u r e m e n t , an operator who stays in 
display will show an error code w h e n t h e r o o m w i l l experience a certain 
the level in that frequency band i s a m o u n t of discomfort. This is avoided 
reviewed. by delaying the start of the measure-

n ~ , , ment until the operator has left the 
2. btart a new measurement : . , , ' n _ , . 

room. A delay of 3 x 1 seconds is 
achieved by keeping the Run pushkey 
depressed for T seconds when the 
measurement is started. This is a very 
convenient facility, particularly where 
repeated tests are necessary, as any-

,7 . , r . , o n e who has had to do this with a Various other failures cause an e r r o r T I T , -n -r * j_ ■, , j mi i s o u n d level meter will testily. 
code to be generated, t h e error codes J 

along with their significance are given 
in table 3 on page 14. A measurement 3. When the measurement is corn-
in a single frequency band may, as pleted the 2 spectra are averaged by 
shown under "Calibration", be repeat- pressing : 

4) Receiving Room: Background Level 

The Building Acoustics Analyzer 
Type 4418 and the Rotating Boom 
Type 3923 are moved into the receiv
ing room along with the microphone 
pre-amplifier assembly. If necessary, 
the length of the boom and the tra
verse time may be changed. The mea
surement of the background level is 
initiated by selecting: R e c e i v i n g 
Room, B a c k g r . L e v e l and then 
pressing Run. 

During this measurement the pres- facility will again allow for vacating of 
ence of the operator should be avoided the room before the measurements 
due to the possible influence on the start.  
sound field. Use of the delayed start 
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5) Receiving Room Level 

This measurement is comparable to 
the 2 previous measurements. All that 
is necessary is to specify R e c e i v i n g 
Room L e v e l and then start the mea
surement. Even though the operator 
may find the sound levels in this room 
tolerable, it is recommended that 
he/she does not remain present. Dur
ing the measurement of reverberation 
time in the receiving room, the opera
tor will more than likely wish to va
cate and consistency between the two 
conditons must be maintained. 

6) Reverberation Time 

The Sound Source is now positioned 
in the receiving room. In order to ar
rive at a good estimate of the reverber
ation time it should be measured in 
more than one position in the room 
and preferably a number of times at 
each position. ISO 140/IV suggests 
that three microphone positions and 
two measurements at each position 
should be performed. The 4418 allows 
a selection of 1, 3 and 9 samples re
spectively. 

As is the case with level measure
ments, up to 15 reverberation spectra 
may be averaged, so that determina
tion of reverberation time may be 
based on up to 9 x 15 decays. The 
decays are not stored in the analyzer. 
Instead, the reverberation time is 2. Select no. of samples: 9 4. S tar t measurement 
computed during the decay. Conse
quently it is necessary to specify a 
determination interval before the 
measurement takes place. The analyz
er allows a choice of 3 different deter
mination intervals: 20, 30 and 40dB, 
i.e. - 5 to - 2 5 d B , - 5 to - 3 5 d B and 
- 5 to - 4 5 dB. 

The measurement procedure is as fol
lows* 

If a failure occurs during the mea-
1. Select measurement: R e v e r - 3. Select determination interval: surement, the instrument will auto-

b e r a t i o n Time 3 0 dB matically try to recover the failure by 
repeating the measurement for most 
error conditions. After the measure
ment, it is possible to view the results 
and repeat the measurement in single 
bands where an error condition has  
occurred. 
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During the reverberation measure
ments, the motion of the boom is is 
determined by the number of samples 
selected on the 4418. Figure 4 shows 
the traverse pat tern when the samples 
selected are 1, 3, and 9 seconds respec
tively. 

Fig. 6. Behavior of the microphone boom as a function of SAMPLES setting on the 4418 
during reverberation time measurements. 

Duration of measurement sequence 

In order to save time the "generator cays are measured at the same fre- ent measuring programs. The quanti ty 
on" time is adjusted according to the quency. Below, table 1 gives the ap- chosen is indicated by " + " and when 
reverberation time when repetitive de- proximate measuring times for differ- not chosen it is indicated by " - ". 

Level Meas. Reverberation Meas. _ 
. , Tota I 

Averaging Source Backgrd. Receiving Rev. Time Samples Time 
Time Room Noise Room approx. 

1 5 s + + + + 1 8 min 
2 16 s + + + + 3 23 min 
3 32 s + + + + 9 41 min 

4 5 s + - + + 1 6 min 
5 16s + - + - 10min 
6 16s - + + + 3 19min 

7 — — — — + 1 2 min 
8 - - - - + 3 9 min 
9 - - - - + 9 14 min 

10 5s + + + - - 6 min 
11 16s + + + - - 14min 
12 32 s + + + - - 27 min 

13 5 s + - - - - 2 min 
14 16s + - - - - 5min 
15 32 s + - - - - 9 min 

I I I I I I I 
800171 

Table 1. Approximate duration of automatic measuring time assuming an absence of errors. The frequency range of interest during the 
measurement was 100Hz to 3150Hz, and the reverberation time was approximately 1,2s over this range. The microphone boom was 
used for the necessary spatial averaging, and the time for print out of results on the alphanumeric printer is included in the total 
time. 

Manual entry of data 

The measurement data are now Until now everything has been have been given in the sections on Cal-
stored in the memory of the 4418, and straight forward. The 4418 has con- ibration and Spectral Averaging. In 
will not be lost even if the instrument trolled the whole measurement. If an the autocalibration procedure the lev-
power is switched off. The calculations error condition has arisen, the analyz- el produced by the calibrator was 
may be done on the spot or at a later er has issued a warning and in some keyed-in via the V3 octave center fre-
time somewhere else. If it is desired to cases even tried to recover the failure. quency push-keys on the front panel. 
transfer the data to an external device Most functions have their correspond- The function of the keys in this case 
like the Digital Cassette Recorder ing push-keys on the front panel, was designated by the number en-
Type 7400, computer or a printer after making the use of the instrument al- graved on the front of each key, en-
the return to the lab, this is also possi- most self-explanatory. Exceptions to abled by keeping 2 n d depressed dur-
ble. the "one but ton per function rule" ing the entry of the calibration level. 
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Level Meas. Reverberation Meas. Total 
Time Averaging Source Backgrd. Receiving Rev. Time Samples 

Total 
Time 

Time Room Noise Room approx. 

1 5s + + + + 1 8 min 
2 16s + + + + 3 23 min 
3 32 s + + + + 9 41 min 

4 5s + + + 1 6 min 
5 16s + + * _ _ 10 min 
6 16s — + + + 3 19 min 

7 _ — — + 1 2 min 
8 — — _ _ - + 3 9 min 
9 - — - _ — 4- 9 14 min 

10 5s + + + 6 min 
11 16s + + + _ 14 min 
12 32 s + + + 

■ 

27 min 

13 5s + - ^ 2 min 
14 16s + ^ — 5 min 
15 32 s + ■ ^ — 

I 

9 min 
O A A 4 7 * 



Push-key 2nd has a function compa- The procedure is: 
rable to the shift key on a typewriter. = 3 = 2 
The other shift keys, V and S are J b J & 

used for entry of the volume V of the 
receiving room and surface area S of 
the party wall. This information is 
necessary when the normalized level 
difference (sound reduction index) is 
to be determined. 

Option Calculations 

With all the necessary data s t o r e d o f the corresponding pushbutton in 
in the memory of the instrument, a t h e "Calculation" segment of the 4418 
number of calculations may now b e f r o n t panel. 
performed. 
Since the 4418 can do calculations not 
only according to ISO standards but 
also to a range of national standards it 
is necessary to specify the standard 3. The correction is performed by 
before the calculation takes place. first specifying the spectrum that 
This is done by pressing Option and should be corrected, i.e. R e c e i v -
then a 2 digit number all while keep- ing Room L e v e l and then 
ing pushkey 2 n d depressed. pressing Option: 

The 4418 has 39 calculation proce
dure options, as given in table 4, and 
the possibilities are further enchanced 
via the 8 programs switches found u n - T o set option to 00: 
der the lid of the instrument. 

Correct ion for b a c k g r o u n d no i se 
The very useful calculation "Correc

tion for background noise of the re- E x a m p l e s of S tandard Calcula-
ceiving room level" is one of the op- t ions 
tions. When this is activated the data When the option no. has been set to 
in Receiving Room Level will be cor- 00 each of the ISO calculations given 
rected for background noise according in table 2 is carried out by activation 
to ISO 140 or ASTM E492-73T before 
further calculations are made. i I 

Calculation Equation 

The procedure is: 
Level Difference D " L l "" L2 

1. Check Option No: This is done DnT = D + 10 iog fJL) (ISOMO} 
by pressing Option while keep- -Standardized \o,5' 
ing 2nd depressed. D n j . m i Z 6 - 1 3 s T\ / l c n ,,„, 

& ^ -Normalized R = D + 10 log1 0 (̂  ) (ISO 140) 

— Index Insulation Indices (ISO R 717) 
(ISO 717) 

Impact Level L; = L2 

-Standardized Ln T - Lj — 10 log1 0( (ISO 140) 

/ 6 1 , 3 T \ 
-Normalized Ln = Lj — 10 log1 0 ( — j (ISO 140) 

(ISO R 717) 
- Index Impact Indices (ISO 717) 

2. If necessary, change Option No. Sound power + , , f(^TZ) _ 14 (T™) 
In the case of correction for back- \ T / \ Method 1/ 
ground level, option no. 21 is rel- 790793/2 

. ' , Table 2. ISO calculation capabilities of the Type 4418. The symbols on the left-hand side of 
changed to L\ by pressing push- the equations are those used by IS0, On the right-hand side, T is the reverberation 
keys 2t and 1 while keeping Znd time at a specific frequency, V is the room volume, S is the room's surface area (or 
depressed. party wall's surface area), and f is the center frequency. 
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Calculation Equation 

Level Difference D = LT - L2 

—Standardized 
Dn T = D + 10 l o g 1 0 ( — ) (ISO 140} 

—Normalized 
/6,13 S J\ 

R - D + 1 0 l o g 1 0 ( v j (ISO 140) 

—Index Insulation Indices (ISO R 717) 
(ISO 717) 

Impact Level Lj = L 2 

—Standardized LnT L, 1 0 l o g 1 0 ( o 5 ) (ISO 140) 

—Normalized Ln = L i - 1 0 l o g 1 0 ( ) (ISO 140) 

—Index 
^ V 

Impact Indices 
(ISO R 717) 
(ISO 717) 

/ V +
 4 3 S \ /ISO 3741 \ 

Sound Power | = 1 -. + I D | r . n , n ' - 14 &3742 
\ Method 1/ 

Sound Power ■-w u 2 u i u y i o \ -p / 
- 14 &3742 

\ Method 1/ 
790793/2 



Example 1. Normalized level differ- Example 3. If the corresponding pa- When now pressing L e v e l Dif-
ence is calculated by first pressing rameters are to be computed ac- f e r e n c e followed by N o r m a l -
L e v e l D i f f e r e n c e and then cording to non ISO standards the ized: 
N o r m a l i z e d . o p t i o n no should be changed from 

00 to the relevant option number. 
Suppose parameters should be 
computed to DIN 52210. Option 
00 is changed to option 12 by 
pressing Opt ion followed by 1 
and 2, all while keeping 2 n d de
pressed* 

the LSM after DIN 52210 will be 
Example 2. Index calculation a c c o r d - c a l c u l a t e d . 

ing to ISO 717. The index calcula
tion based on normalized levels is 
activated as follows: 

Examples of printout 

In the measurement example d e - ments are done, it is, however, very 
scribed in the previous section it was convenient to have the documentation 
assumed that no recorder or printer done automatically. 
was connected to the instrumentation. 
Instead the measurements were docu- The examples which follow show 
mented by the operator reading off some results from the measurements 
the display and writing everything described previously. 
down by hand. When many measure-

Fig. 8. The results of the level difference measurement may also be shown using the Portable 
Level Recorder Type 2317. 

Fig. 7. Alphanumeric print-out on the Al
phanumeric Printer Type 2312 
showing settings of the front panel 
and the internal program switches. 
To obtain this print-out: press Op
tion while holding 2nd depressed, Fig. 9. The reverberation decay curves may be plotted on the Portable Level Recorder 2317 
then activate Printout. under control of the 4418. 
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Broadband measurements 

In ISO 717 a procedure is given for octave values. Consequently, the sim- The test in the ASTM standard 
converting V3 octave band measure- pie broadband method will probably consists of measuring the A-weighted 
ments performed according to ISO 140 never replace measurements in lfe oc- levels in the source room and receiving 
into single number indices. This is tave bands. room respectively. The absorption in 
done in order to provide a simple the receiving room is accounted for by 
means of rating sound insulation and Although a tight correlation with measurement of the sound pressure in 
for simplifying the formulation of ISO 717 may not be attainable, a sim- the near field and the far field of a 
acoustical requirements in building pie method still attracts interest for calibrated sound source such as the 
codes. e.g. screening of a large number of 4224. Two different spectra are used 

similar dwellings. The screening will in the procedure. (For a more detailed 
Having a single number rating it divide the party walls into those that description of the procedure see 
seems tempting to develop a broad- are acceptable and those that need ASTM E 597-77T and the instruction 
band measurement method that re- further investigation. Whenever it manual for the 4418) 
suits in a number that approximates seems dubious whether a particular 
the ISO 717 rating. flat will fulfil the requirements a 1/s The Sound Source Type 4224 may 

octave band measurement may then be used along with a Sound Level Me-
In recent years a number of at- be made. ter like the 2222 to perform measure-

tempts in this direction has been ments according to this standard. The 
made but none has gained general ac- ASTM E 597-77T is an example of standard has not gained wide accep-
ceptance. As it might be anticipated, such a standard, where the primary tance outside the USA, and related, 
the spread in measurement results goal has been to devise a simple test but not necessarily similar, standards 
from the broadband method is signifi- method that gives results that corre- may appear in the future. The 4224 is 
cantly larger than the spread on the late well with subjective responses of prepared to meet this situation since 
ratings gained from conversion of V3 tenants. it can accept 2 additional filters. 

Interfacing the 4418 with an HP-85 

The 4418 can transmit data to the compatible with the IEC interface. tut) in Denmark at its facility in 
Alphanumeric Printer Type 2312 and For details please refer to the instruc- Lyngby near Copenhagen. Wanting to 
the Digital Cassette Recorder Type tion manual of the 4418 or to the specify their own output format, the 
7400 via its B & K Low Power Inter- booklet "Interfacing Bruel & Kjser In- users have interfaced the analyzer 
face. The interface has been designed struments". In some cases it is, howev- with an HP-85 desktop calculator 
specifically for battery operated in- er, possible to transfer data from the (when interfacing the 4418 with the 
struments where it may be desireable 4418 to a calculator having an IEC or HP-85 the 'Attention Line' - pin 12 is 
to keep the power consumption lower IEEE interface. The 4418 is used for disconnected). 
than it is on a standard IEC interface. sound insulation measurements by the 
The LP interface is in general not Acoustics Institute (Lydteknisk Insti-

Other possibilities 

The versatility of the 4418 Building tine part of the process, the sound rat- 1/3 octave bands. The performance of 
Acoustics Analyzer allows it to be used ings being necessary if a system is to individual components in a full venti-
for applications besides building be correctly designed and able to meet lation system can then be predicted 
acoustics. For example, the noise con- predetermined noise criteria. The par- more accurately. 
trol of building support systems re- ent company, Nordisk Ventilator Co. 
quires a variety of measurements such of Naestved, Denmark, uses a Building B) Insertion Loss (IL) 
as Sound Power Level (Lw) and Inser- Acoustics Analyzer for the sound rat- A component which attenuates 
tion Loss (IL). These measurements ing measurements on one of its prod- sound within a ventilation system is 
may be made quickly and convenient- uct lines. rated with an attenuation factor called 
ly using the 4418 Building Acoustics the Insertion Loss. The Insertion Loss 
Analyzer. Sound ratings for ventilation equip- is basically the sound level reduction 

ment include Sound Power Level (Lw) (in decibels) that will be expected af-
This point is illustrated in the fol- and Insertion Loss (IL). ter the attenuating component has 

lowing application example. The ' been inserted into the system. For ex-
NOVENCO Group of companies are A) Sound Power Level (Lw) ample, the sound levels in an occupied 
established worldwide, manufacturing The acoustical characteristics of an space can be predicted with and with-
and commissioning the installation of item of ventilation equipment which out a duct silencer in the system. 
all kinds of ventilation systems. The produces noise are best described by 
sound rating of its products is a rou- its Sound Power Levels in octave or 
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Plenum Boxes are located at the 
end of a ventilation duct and thrott le 
the air before it is delivered to the 
occupied space. As such they are both 
a noise source and an at tenuator of in
duct noise. The throttl ing of the air 
flow generates noise at the box (see 
Fig. 10). The fiberglass lining in the 
box together with the impedance 
changes due to its geometry, lead to 
acoustic at tenuation (see Fig. 11). At 
the low volume flows tha t the boxes 
handle, the at tenuation is indepen
dent of the actual flow rate. A rating plg_ ]()_ Aerodynamic noise generation in a Plenum* Box. 
for each of these acoustic properties is 
necessary. 

The measurements are made in a 
reverberation chamber. The Plenum 
Box under test is supplied with pre-
silenced air for measurements of Lw 
while noise is admitted into the duct 
via a loudspeaker for measurements of 
1L. A Building Acoustics Analyzer 
makes the measurements and controls 
two loudspeaker sound sources in the 
reverberation chamber. The measure
ments and analysis made by the ana-
lvzer are monitored bv an HP-85 
Desktop Computer. This then accepts 
the data for post processing and out
put of hard copy in whatever format is Fig. Jl- Acoustic attenuation within a Plenum Box. 
required. 

For measurements of Lw for the -, rrn. J i i J ^ , i ■ J ^ *.- 1 u i u 1 
_. _, ,. .,, 1. I he sound levels due to the m-duct ponential horn in place have shown Plenum Box, the following sequence . , . ,, ,, , -, . ,. . , , c . „ i noise source are measured in the that reflections are eliminated as far 
of measurements is performed: , , u .,-, ,, . . n ., , ^, n 1 reverberation chamber with the as is practically possible. I n e small 
1. The reverberation time of the Plenum Box installed. amount of at tenuation that does still 

chamber is measured. exist due to reflections is quantified 
rt rT11 i - i i 2. The Plenum Box is replaced with bv the SWR measurements and cor-
2. t h e background noise levels are ,. , , ^ " ,. ,. ^ , ,. , 

, an exponential horn termination, rection factors can be applied. 
measured. A ,-, -, , , , t l U 

and the sound levels due to the 
3. The sound levels due to the operat- same source are measured. The measurement procedure in 

ing Plenum Box are measured. both cases is greatly simplified by the 
The difference between the mea- use of the Building Acoustics Analyz-

With this data plus the total volume sured sound levels is the Insertion er. Operator intervention is minimal 
and surface area of the room, the Lw Loss. The horn termination is used in and procedures which are normally 
in each of the 1/3 octave bands is easi- place of the Plenum Box to ensure time-consuming, such as the measure-
ly calculated. From there the octave that the acoustic impedance at the ment of reverberation time, are corn-
band levels and the A-weighted level end of the duct is not too great. If the pleted quickly and easily. The use of 
are calculated. duct were terminated abruptly, reflec- the HP-85 Desktop Computer facili-

tions at its end would lead to an ap- tates the procedure, and allows the 
For measurements of a Plenum Box parent attenuation, particularly at the data to be output in a variety of for-

IL the following sequence of measure- lower frequencies. Standing Wave Ra- mats. 
ments is performed: tio (SWR) measurements with the ex-
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