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INTRODUCTION

In many cases of noisy machinery the noise is largely (generated by vibrational
excitation of structures to which the machine is attache rather than by direct
airborne transmission. Thus proper mounting of the .machine should enerally be
undertaken to reduce such exci ations before considering measures suc as sound
insulating enclosures '

The design principles of mounts for isolating vibrations of moderate frequency are well
known, and a great variet ofsuch mounts-are available. Each type of mount offers a
particular com_ination o damping and force-deformation behaviour (in the various
directions) which ' makes it a propriate for some vibration _isolation requirement.
However the implication of suc deSIgri details for the transmissmn of audio-frequencies
is often ess certain. Although the eneral principles of audio-frequency transmissibility
are available [1.2.3 the current emp asis in reducing nOise requires more care be taken
about the'design etails. '

This is, particularl true for the automotive industry since the trend towards lighter _
structures lexacer ates the problem of noise. The acoustical and vibrational
characteristics of modern cars thus call for very careful tuning, which can lead to
conflicting targets. For en ins mounts, damping is required to control 'the lar e
amplitude vibrations _aro_un 5—10I'Iz while in the acoustic frequency range (30H: 0
around lOOOHz, excitation amplitude decreasing rapidly as frequency rises) high
damping is undesirable ,

In the simple theory _of vibration isolation, it. is assumed that the vibrations are
unidirectional and_the isolatin spring has _ne ligible mass. The function of the spring
in addition to being able to ear the static oad) is to provrde a low stiffness at the
requency of interest. so that the vibrating body exerts only a small dynamic force on
the isolated body. For higher frequencies, additional mechanisms _ may cause the
transmissibility to be higher 'than'ex ted from the simple theory. Firstl the inertia
of the spring may become significan , and this could lead to resonances due to wave
effects) wit in the spring and consequent peaks of high transmissibility in the
frequency range of interest. .Secondly, there may be a tendency for the hi h frequency
vibrations to occur in directions lather than the main comgliance of the iso ating spring.
If the spring is effectively rigid in these directions then t ere will be no attenuation of
the vibrations. Thirdly. at igh frequencies it ma' no longer be admissible to assume
that the springs are the only compliant elements 0 .the system. This last effect will be
peculiar toa particular system. and is beyond the scope of the present discussion.

As a rule of thumb. rubber elements in suspension systems are believed to reduce
transmission of n0ise (in comvarison to a system consisting entirely of metal
components). From the above iscussion. two main ideas can be put forward as to
why rubber elements should have this effect:

(i) Standin wave resonaan may be damped by the internal damping in the
u berV or aternativel the waves may be reflected by interfaces between unlike
materials such as rub er and metal. It is necessary to invoke such mechanisms
because, in the absence of wave effects, a rubber sprin should have higher
transmissibility than a metal spring of the same stiffness ecause of the higher
damping of the rubber.
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(ii) Rubber elements usually have significant compliance in all directions. This
mechanism will apply not only to rubber mounts. but also to elements such as rubber

bushes in the eyes of leafsprings which will Frovide some longitudinal compliance and

hence reduce transmission of longitudinal exci ations.

As a start to clarify the status of the first mechanism, some measurements have been

made on the unidirectional transmissibility of representative 5 rings, using frequencies
where wave effects occur Before reporting the results it may e helpful to reVIew and

develop the appropriate theory.

' THEORY

For simglicit'v.‘ attention will be restricted to vibrations which are sinusoidal. steady

state an unidirectional.

1. Single spring

The transmissibility T of the system depicted in Figure l is defined to be

I F= ' (1)
l 1"." l

where Fm is the force exerted by the spring on the rigid base, I" is the force driving

. zhe mass 2 légaykggofindispl emint of u=u el‘". hat is applifudde and anguar

 

requency w A a va ues ave been taken ause an are comp ex

numbers. Using Newtons‘ second law. equation (1) may be rewillten as

IF x=0 I
T = (_)__ (2)

lF(x=l)-szl

where F(x) is the amplitude of the force exerted by the spring to the right of the

planu at it an Ilia spring to the left of the plane at it.

When the inertia of the sprin is negligible. F is independent of x. and assuming the
spring to be linear in its force- eformation behaviour

rix=o)’ = F(x=t) = ii'uI (3)

where ,k: = k’+jk' is the com lex stiffness of the s ring (the asterisk is a reminder
that li is a complex quantity). sertion of equation 3) into (2) leads to

(4)

 

which is the usual result. It should be noted that in Feneral k' and k” are functions

of LU. It is a Simple matter. using equation (-l). to ca culate T from measurements of

M and the complex stiffness k .

The "complex stiffness" of the spring becomes an ambi uous term when there is
significant internal inertia, since_it degends which endlof t e sprin is chosen for the

force'measui'ement. Moreover. since ‘t e modulus E‘+JE" of a _rub _er is in eneral a

function of w (and hence also is k’+Jli' even in the absence of inertial effects . fix?!)

cannot be deduced from measurements of Fx=0) over a ran e .of frequencies.
However. the transmissibilit¥ could be calculate using equation (2 (if M is known)
from measurements of both (x=0) and F(x=l).
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If the stiffness of the spring is uniformly distributed. equation (3) may
be replaced by

F(x) = k'L (du/dx) ' (5)
where k' is the c lex ti ness a i len th of t e s ri woud have ‘n theabsence df inertial eIeclts. lit e mass olintlhe spgrin is' ailso uli'iillbfimly distributed, with
mass all for a unit length, then use of equation (5? With Newtons second law applied

eto an e mental section dx of the spring leads to

(k'L/pLW’u/‘ax’ + m’u = 0 (6)

Equation (6) is just the displacement put of the wave equation in a dissipative
medium. the solution to the wave equation having been treated as having the separable
form u(x)el"". and the wave velocity c being given by

c2 = k’L/pL (7)
Looking for solutions of (6) of the form

u(x) = el'“ (8)
leads to the conclusion that if k"L it 0 then n is complex so that without loss of ,
generality

n=p+iq 'l9l
Wilthlp real grid ppsitival qffieal (phnzay be tallltISi-i afiwgoslitive Bbecauéie 9if glllx isea

t ' .:zi stein; til museum: has 1% '5 e “n! l i m l i ( >
«0

W2( «3+1 - jfl-‘l } (10:)

where d = ‘/1 + k'f/li’lnl = ‘/1 + tan’fi = sec8 (10b)
As pointed out by Kolsky [5], the signs of the real and imsfinary parts of n
corres and to the physics of wave pro agation in a dissipative me ium. since a wave
travelling in the positive dilreiitio in mathern ticsl,forgn, e""""fl] will diminish in
amp itu e as it increases. ii:i:i.ia.ry t e wave trave ling in t e o posite direction
(el““""') will also diminish in amplitude in the direction in whic it is travelling.

n:

 

The Igeneral solution of the .wsve equation may be expressed as a sum of waves
trave mg in each direction. With am litudes such that the boundary conditions at x=0(u=0) and x=l u= ) are met. owever‘ it is mathematically more convenient to
take the rude en ent olutions to be u(x)'=sm(nx) and u x =_cos(nx) instead. since it is
then immedia ely apparent that the solution to equation 6 is

“c
sin(nl)

 

u(x) = . sin(nx) ill-l

Inserting equation (11) into equation (5) gives

“c
lel = sin(nt)

k'L ncos(nx) (12)

 

Proc;l.O.A. Vol 11 Pan 5 (1989) 629 '  



 

Proceedings of the Instltute oi Acoustics

V TRANSMISSION OF NOISE THROUGH RUBBER-METAL COMPOSITE SPRINGS

so'that equation (2) becomes

T = . I k'Ln/sin(nt) l (13)

| k anos(nt)/sin(nl) - Mu)3 l

Equation (13) has been presented before-in different forms [1.2.3]. To evaluate the'
equation it should be noted that:

3:533 : act-19ml: szmgzmllfilgsrlsQSrm‘) “4’
Snowdon refels to equation (13) as beingrthe solution for longitudinal waves in a long
solld rod. For that case we may identify

k'L = E'A solid homogeneous spring (15)
9., = DA

h 3‘ 'th lY ' dl,A'hec r lareend is
‘t‘heflfnaterial fiensiiyicofigvsflerf‘tlgea sfofigulleuig eqfialy we light; 1e toaa ruli’ber

simple sheer sprin , where the shear modulus G of the rubber must be substituted for
a m the sz ve or ul . or to _waves iii a geniéblized spring which need not be solld
o spr :r exampe ongrtu me waves in a cor mg

k'L = k'; . - general spring (16)
9" = m/l

w ere k' is t e (compl x stiffness the sipng would havejn the abserlee o inertial
e ects, m 15 t e mass 0 t e active part c t e spring an I Is the active engt .

2. Two springs in series

Apfilication of the method described above to the system depicted in Figure 2 along
wrt the appropriate boundary conditions at x = h'

uI = u, (17)
-kl(6u1/ax)+k,(6u,/ax) = unlm‘u

yields

sin(nlh)(sin(nzl)+Rcos(nzz))

F(x=t) = w
(18)

' ‘sin(n1I)+Rcos(n7l)

where R =W
-w'mlcos(n,h)sin(nlh)+klnlcos(nlh)cos( n:h)+k3n,sin(n,h)sin(nlh)

and the subscripts I: 2 indicate properties of spring: 1 and 2 respectively. These
formulae. to ether with equation 10 and i4 and t eir analogues. 'can .be used to
calculate T _efined In equation 2). For clarity the asterisk: have been omitted. but k,
n and R are in general complex quantities.
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EXPERIMENTAL

A servohydraulic machine Schenck VH7) was used to ap ly sinusoidal excitations in
the frequency range 1-1 Hz to the u per surface of t e test s rin . The lower
surface of the spring system was mounte on a piezoelectric load cel (Kistler 9321‘ A)which has negigibe compliance for therresent gurposes. The input force wasmeasured using a piezoelectric force link ( istler 90 1) mounted on the actuator. Asuitable attachmentl(witlh a significant mass) was used between the force link and thespring; The transmissibilit was determined from the ratio of these forces (measuredby means of Kietler 5008 4_ charge amplifiers and a Solartron 1250 frequency response
analyser) according to equation 1.

Two arrangements were investi ated. In'the first, rubber-steel laminates were deformedin a 3-point bend (Figure 1). or sufficiently large values of the distance between theloading oints the metal does not contribute to t e stiffness but merely constrains thedeforma ion of the rubber to be in sim le shear .[7]. It should therefore be possible toanalyse the results using equation (1:53 ut re lacing E. by G“ In these experiments I =131mm. the rubber was 44.5mm Wi e and 4mm thick while the steel was 0.25mm
thick. Three types of rubber were used all unfilled): Natural Rubber (NR1)I 25%epoxidized Natural Rubber (ENE—25)arid 0% e oXIdized Natural Rubber (B lit-50).A summary of the rubber properties is given in able 1‘ A static downward deflectionof 7.5mm was applied to the springs throu hout the dynarnic tests (the dynamicdeflections were in the range 0.2 - 0.0 e experimental results are compared in
Figure 3 tolthe predictions of equation 13) using the properties of the rubbersinterpolated linearly from the 50H: and 400 2 data.

In the second arrangement (Figure 2), a coil sprin (a six-turn valve 5 ring from a
motor car engine) was arrari ed in series with a pa either of NR or of ENE-50. Thepads were 8mm thick and ' 5mm in diameter and were bonded to and bottom toaluminium plates (1.2mm thick). In addition. the transmissibil'ity of t e coil sprin wasmeasured without either rubber pad. The ex erimental results are compared in igure4 to the predictions of e uation (18) usmg he pro erties of the rubbers interpolatedlinearly from the 50H: an 8001i: data. A value. ofans = 0:005 was used for the coil
spring (this was the only parameter used for ‘fitting’ in the Figures).

DISCUSSION 4!: CONCLUSIONS

It is ap arent from Figure 3. that the laminates are behaving in the fineral manner
expects from the theory, which treats them as being rubber springs. us the Ii htlydam ed NR spring shows clear lRealm correspondin o the 5 ring resonances, Whie asthe amping is increased (from R to ENE-25 to NFL-50) t _e peaks are progressivelysup ressed. The large peak around 640R: (and the progressive divergence of theory

experiment as it is a proached invall_three plots arises not from the rubber sprin
but from a resonance of he Jig. T e jig. in effect. is a stiff metal spring in series wit
the rubber spring in a mariner analogous to Figure 2. The large eak around 15Hz in
all cases arises rom the 'simple theory’ resonance of the attac_ment (mass 2M =
939g) on the sprin . The discrepancies between_ theory and ex eriment for the higherorder resonances o_ the NR laminate mav arise from the efects of the overhang(22mm) and the finite bending stiffness of the metal layers.

The discrepancies in the peak position in Figure I may arise from uncertainties in the
active mass and length of the coil (about 20": of the coil mass is located in the
inactive end turns). A more serious and puzzlin discrepancy between theory and
experiment is the greater damping effect of the ru ber pads on the spring resonance
peaks than predicted. Nevertheless. the_effect_i%not so gross as to suggest thatalar e
difference in_"characteristic impedances' (ie.\/p bet-ween materials in the composi e
system investigated here is in iself enough to re uce naise transmission. although such
a mechanism has sometimes been gut forward [3.8]. Instead. _it appears from the
res“)? that both high compliance an high damping are the required properties of the
ru r pa .
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I TABLE 1 Vulcanizate groperties (measured using hardness buttons‘l

Polymer Fre uenc hase an le stiffness deduced Youn ‘s
q y P g N/mm Modulus (Mlya)

NR 50 4 224 1.6
400 ' 7 247 1.3
800 In 233 1.7

LNR-‘ZS 50 U 320 2.3
400 20 430 3.2
8m 27 484 3.6

ENR—SO 50 24 457 3.4
400 40 975 7.2
8% 45 1288 9.7

25mm .diameterLSrnm thickness. disc. In these experiments it was bonded to
alummmmfindpxeces and staticall precompressed to SON before carymg out
the dynamic tests In compression amplitude about i 0.1mm).
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FIGUFiE 1 Arrangement to measure the transmissibllity

of rubber—steel laminates

   

    

  

  

 

actuatorof VH78chenck

force |ink(Fm)
attachmem(2M)

rubber

‘ I stitfchannel section 'ig
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FIGURE 2 Arrangement to measure the transmissibiiity

of two springs in series

actuator of VH7 Schenck

iorce link (Fin)

attachment ( m, )
x:l —

spring 2 (e.g.coil spring)

x4”: auxiliary mass(m‘)
x=o __ spring 1 (e.g.rubber pad)

- load cell on rigid beee (FM)
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THE USE OF TIME REVERSED DECAY MEASUREMENTS IN SPEECH STUDIOS .,
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_ - INTRODUCTION .
In speech studios with reverberation titties around 0,l —0.2 s it is not possible to use traditional measuringtechniques because of the ringing of '/J octave filters. A new measuring technique. which is based on a timereversed analysis. has been used in three speech studios in the Danish Broadcasting House and the results havebeen compared with traditional methods. The.interrupted noise method has been used. and the relationbetween limits for reliable results and the choice of measurement setup parameters has been closely regarded.

MEASUREMENT METHOD .A suitable and convenient measurement method is not found in any standard. The international standard180 3382 (1975) [[1 describes field measurements of reverberation time. but guidelines for the measurementof short reverberation times are not included Further. the standard is completely out-of-date. since the maincontents is more than [5 years old. and the measurement technique has developed considerably during thisperiod. Some useful hints are found in ISO 354 ([985) [2]. but measurement or short reverberation times in .studios is outside the field ofapplication. and not possible using the method described. Consequently. themeasurement procedure must be defined utilizing experience from other practical measurements ‘and the newpossibilities offered by modern instrumentation. -

Interrupted nolae excitation
,[n the traditional method a broadband noise source is used and after the source has been switched off the decaycurve is recorded on a level recorder. However. this curve can have strong fluctuations due to the stuchasticcharacter of the excitation noise. and several decay curves should be evaluated in each position.

Using the measuring technique of today. the decay curve can be held in the memory of the instrument. This hasmade it possible to average the decay curves from repeated excitations to an ensemble averaged decay curvewith much reduced fluctuations. An example is illustrated in Fig. l. '

Evaluation of decoy curves
For many years the most widely used evaluation range has been 30 dB. but within the last years there has beena tendency to prefer an evaluation range of only 20 dB. The last version of ISO 354 [2] has followed thattendency,

' '

Traditionally. the first part of the decay curve (5 dB or so) should not be used for the evaluation. In connectionwith short reverberation times there is a very good reason to let the evaluation start when.the decay curve hasdecreased by a few dB. instead of starting a very short time after the excitation signal has been stopped. asactually proposed in ISO 354 [2]. The reason is. that V} octave filters. which are normally used for this type ofmeasurements. will give the signal a certain time delay. and this is not negligible in connection with shortreverberation times at low frequencies. For the '/J octave filters in the B & K ZIBJ analyzer which is used forthe measurements in the studios an average delay has been found:

Tdelly g 6” Ill)
wherefis the centre frequency of the 'II octave filter. As an example the time delay in the |25 Hz '/J octaveband will be around 50 ms. which is quite a lot in connection with the measurements described in this paper.The delay is visible comparing the filtered decay curve in Fig. 2b with the unfiltered time signal in Fig. la
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ml methods. Spullui nuiigmr is performed by uteragtng the reverberation times from dith'l’enl

ilmne combinations. ltnuetcr. vuuderu :neusutmg lcelmiqucs have made it pus 'blc In extend the

‘er. rung to include the spatial averaging. too. As demonstrated by [3] and [4}. this method gives a

rather smooth decay curve. Which gives a precise description of the reverberation process in a particular room.

Allhough these conclusions were related to long reverberation times in reverberation chambers. it seems

reasonable to assume that the spatial ensemble averaged decay curve is a very good basis for the evaluation of

reverberation time. An example is shown in Fig. lc.
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Flg. I. Example of ’/J octave decay measurement: using noise excitation and ensemble averaging

(49 m“ studio, I25 Hz)
a: Single excitation

b. Ememble average of [2 excitation: in 1 position

c: Spnllfll ensemble averaged decay curve uting six source-microphone combinations,

72 excitations in total
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Fig. 2‘ Example of decay measurements using noise excitation
a: Time recording of interrupted broadband noise

[7: Fomard analysis of time recordlng. I/J octave. [25 Hz [Tm = I/IJHSJ

c: Reverse analysis of time recording l/J octave. I 25 Hz (Tm. = ’/Itt.t)

PROBLEMS RELATED TO SHORT REVERBERATION TIMES

Using "classical' analysis technique, i.e. filtering in V: or '/t octave bands. limitations exist due to ‘ringing‘ in
bandpass filters and smoothing caused by the detector. The problems are further described below. The
limitations caused by the filter occur When the absolute filter bandwidth is small. ie at low frequencies. The
limit for the influence of the detector on the reverberation time is independent of frequency, but in practice
most important at medium and high frequencies

Limltatinna caused by bandpass filters

Reverberalion time measurements are usually analyzed in V) or '/| octave bands, However. such bandpass
filters can influence the measurement due to filter ringing. which can give rise to characteristic waves in the

decay. see Fig. 3. According to Ref. [5] reliable decay curves are obtained only if

B-Tw>16 (2)
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where 3 ts the bandwidth of the filter and TM. is the reverberation lime to be measured. ll requirement (2) is

not met. the evaluated reverberation time depends very much on the evaluation range and can he too short or

too long, i.e. the sign and size of the error is not predictable.
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Fig. 3. Influence on decay: affilter bandwidth.

Upper diagram: Forward analyrir.

Lower diagram: Time-reverted analysis

However. in Ref. [6] it has been demonstrated that reversing the time signal to the filter leads to much less

distortion of the decay curve. it has been found that if the upper'S dB are excluded from the evaluation the

requirement (2) can be replaced by

B - Tm > 4
(3)

It should be noticed that there is no distinct limit between acceptable and unacceptable decay curves.

Limitations caused by detector

When measuring short reverberation times. il is important to choose the averaging time oi the detector short

enough to avoid influence on the decay curve. Using a device with exponential averaging (time constant 14) it

has been shown in Rel“. [S] that the averaging time should obey the requirement

T4, = 21', < Tao/M
(4)

Here again T50 is the reverberation time to be measured. II' the requirement (4) is not met the evaluated

reverberation time will be too long.’
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However. since the response of the detector is much faster when the signal increases instead of decreasing. it
will be of great advantage to us: time reversed analysis. According to Ref. [6] requirement (4) can then be
replaced by '

T1,I = 27!, < 8 - Tho/14 (5)

The influence of the detector is illustrated in Fig. 4 for forward as well as time reversed analysis. It can be seen
that only the upper part of the decay curve is influenced when time reversed analysis and long averaging times
are used. Further investigations reported in Ref. [7] have indicated that the reverberation times deviate less
than 1% from the correct values. if conditions (2).— (5) are fulfilled, and the evaluation range does not include
the upper SdB of the decay.
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:- A'mu mun. .

TSO/ZY - 2

TED/2f - 14

 

TSO/Z‘r - 0° ( Ideal curve )

Fig. 4. .Influence on decays of exp. averaging.
Upper diagram: Forward analysis.
Lower diagram.- Time-reversed analysis

When a digital instrument is used‘ the choice of averaging time will also influence the lowest frequency band
which can be used for measurements. In the 8 le K 2l33 analyzer the sampling frequency is four times the
centre frequency of the nearest octave band. fun, and the following requirement should be met

Ta. '[ocl P 'l‘ (6)

The averaging time is also connected to the frequency bands so that B - T1,, 2 l to obtain reliable results.
This is a well known condition for the analysis of stationary signals. but at the first glance it could seem to be
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difficult to meet in decay measurements. However. ensemble averaging offers a solution to the problem: using

this technique a requirement for the number of repealed and ensemble averaged excitations N"; can be set up

I.v u. a —— 7g B _ T ( )

To minimise the number of excitations. the averaging time should he as large as possible but still fulfill (4) or
(5). Looking at these requirements. it is seen that a much larger averaging time is allowed for time reversed

. analysis than for forward analysis. Hence. fewer excitations are necessary. which is an additional feature of the

- time reversed analysis.

' Li itations caused by sampling time Interval
One of the advantages of exponential averaging is that it is possible to choose the time interval for sampling the
decay curves. lump. independently from the averaging time. If at least A sample points are wanted for a

regression line within the evaluation range D. the condition is

D

n-60

Typical values areD = 20 dB and n = 3 (2 being the absolute minimum for til.

 

(8)'ump 5 Tm '

DESCRIPTION OF THE STUDIOS
Three speech studios in the Danish Broadcasting House were selected as measuring objects because the

reverberation times were expected to be very low, The volumes of the studios were 68m’. 49 m1 and 36 m’.
respectively. The studios were furnished with a table and 4—6 chairs.

Two source positions were used. one of them close to a corner with the centre of the loudspeaker 0,4 m from

each of the nearest surfaces. Three microphone positions were distributed in each room. l.0 m. L2 m and L4 m
above the floor. Each source position was used in combination with each microphone position. making a total of

six combinations. which were used for spatial ensemble averaging.

INSTRUMENTATION AND MEASUREMENT SETUP
The measurements were carried out with the BrtJel Sc Kjaer Real Time Analyzer Type 2133. A more detailed

description of the use ofthis instrument for measurement of short reverberation times is given in Ref. [7]. The
important parameters which were chosen for the measurement setup are reported in Table It The averaging

time of the detector has been chosen so. that the lower limit for accurate reverberation times is 0.“ s in all the

measurements. In order to meet the requirement (7) at the lowest VJ octave band of interest, 50 Hz. atotal of
[Z excitations in each position were used for forward analysis. Only two excitations were required for reverse

analysis. because a longer averaging time could be used.

m—ainly-h ennui:

—
Illa-“.m-
“mu
Min. N." (7)
(50 H1. 'I: octave)

Malt. t..,..
(Dntooa. n =- 3)

  

   

    
    

    
mm

Table I. Imparlanl parameters in the measurement setup: for the litre: studios
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MEASUREMENT RESULTS FROM THREE STUDIOS
The measured reverberation times in the three studios are shown in Fig. 5 The spatial ensemble averaged decay
curves were evaluated over a range of 20 dB starting 5 dB below the steady state level. At very high and very
low frequencies some of the results are missing because of insufficient signal-to—noise level. At most of these
frequencies a value of the reverberation time could be found if the evaluation range was changed. The
calculations of reverberation time are made utilizing a built-in function in the analyzer. Although individqu
evaluation ranges for each frequency can be specified in the analyzer. it was decided to use 20 dB evaluation
range for all the results presented here.

Comparing the measured reverberation times with the limits imposed by the ringing of the '/J octave band
' filters (2) and (3), it is seen that only the values based on reversed analysis are reliable at the lower frequencies
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Fig. 5. Measured reverberatian lime: in three studios using forward and reverse analysis in ’/J octave band:
a: 68 m’ studio
[7: ‘9 m" studio
t: 36 m’ :Iudio
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(below about 500 Hz). In all three studios there is a clear tendency that when the requirements for forward

analysis are not met. the results are larger than those from reversed analysis. With a single exception the

results from the reversed analysis are within all the requirements discussed above.

In addition to the measurements with interrupted noise a series at measurements was performed using impulse

excitation and the technique of integrated impulse response. These results and a comparison of the measure-

ment methods will be presented in another publication.

CONCLUSION
The measurement results from three speech studios have demonstrated that the ringing of Us octave filters can

introduce errors in the estimated reverberation times. These difficulties can be overcome when a lime reversed

analysis is used. In addition this method allows the number of excitations at each position to be reduced

considerably.
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