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SUMMARY

Hdith the installetiin »{ an ever increasing
number of transformer sub-statisns in built un  areas,
the nnhise emitted by the fransformer has become a
nrotlem 5€ cravrinsg e neerns Tn this dissertation, an a
attemnt is made to review the vresent day limowledge on
tha snhject ~f transfyrmer nrise. Thouegh all the major
shurces of nrise are listed, narticular attention  is
given tH the magnetsstrictiim »ronerties of the core
materisl, since masnetostriction is 'nowm to be the
chief source of ddvble frenuenc, "hum" emitted by the
transfyrmer., rtheoretical and design considerstions
affecting the 1level »f transformer noise are discussed
in some detail and the characteristics of noise with
narticular reference to the human ear are examined
ceriticallys Various methhds »f himitation and reduction
of transformer nhise are described and it is shovm that
ecomomic considerations do not usually nermit the use

of very 1low nnise lavels in c¢ommercial transformers,



LIST 27 PRINCIPAL SYMIOLS.
A= Attanunstien in decibels.
B= Build uvn effect in decibels.
B5 eference flux densit, in lines/sycm.
Bax= Meximim flux density in lines/s¢cm.
C= Velncit, of sound in Air=331.6 m/sec.
Do= Density »f leg I
W L,= Effective loudness.
Fo= Modulus of elasticity »f the eore material,
hi= Harmonic=Index,
I= Intensity »f sound at a noint under consideration
in watts/sqgcm.
Io= Reference intensit, »f sound and egual t» 10-16 watts/s cm,
Io= Moment »f Inertia ~f the crass section »f *he core.
Ko= Natio of the lengths »f two legs.

I= Length of ‘he c¢ore in cms.

— 'Af

ro= it'ass mer unit length,
P= “yund vressure ot a noint under ¢ nsideration in dynes/s.cm.
= The refer~nce sound nressure in dynes/sycm. and is
eqial t2 0,000204 d 'nes/sycm.
5 = Percent incresse in the core length due t» magnetsrstriction

S4 = Parcent increase in the ¢ore length for a reference

lovel of induction B,

- Iransmitted force
Dlstnrblng farce

TR = Transmissibilit,
W = ueirht of th» core.
wo = id*h +f +ha les {2

Q = Mensit,/ " Air,
A

iava langth of tha sound wave T the freqnency f c¢/s.



INTRODUCTION

In most c¢ontries of the world, the last decade
has witnessed a nhennmenal increase in the domestic
consurntisn 2T electric power. To meet this evergrowing
demand of nower, it has become necessary for the power
utility concerns t» install an increasing number of
transformer sub=stations in residential districts. Such
installations have alwa,s brought forth complaints from
the inhabitapts of the localit,/, based mainly on the
grounds of the objectionalbe "hum" emitted by the
transformers. Trasformer noise has thus become a problem
of considerable concern both for the manufacturers of
transformers and for the users., In the advanced chuntries
of the West nnhise-levels are snecified at the design stage
and the supnly comnanies undertaite the resnonsibilitvy of
restricting the nhise emitted by their sub-staviosns to

values which ares not sbjectionalbe.

The demand for "silent" transformers has led to
an extensive stidy of machenism of transformer noise. The
first significant c ntribution was due to Rober B.George(l)
af the T.2,A, and 4.7, Norris(zg), B.G.Churcher and A.d.
#ing®? in U.K. In 1940,B.G.Churcher and A.J.King nublished
a classical noner on transformer nhise(Limitatim of
Transf~rmer Noise) which deals with the chief sources of

transfyrmer noise and methrds of reducing nhise lovels,

Tn J.5.A. in h» year 1041 W.C, Sealy5 and H, Fahnoeb



nublished naners in vhih the effect »f nhysical dimensions
0f tho fransformer and »merating flux-denSit{ were discussed
and theoretical results were confirmed b, measurements »f
nnise levels on actnal transformers.

In the gear 1950 there were six paner%'lo'll°12’13’1
nublished in the Transactions ¢ the A.I.E.E. Some nf the
naners deal®t with tha nnise nroblem as faced by the
11,13

Jlzetric sun»ly cohmpanies, some dealt with the acoustical

10,12

measuremants on trasfirmer and some dealing witn

thensretical and desien Cnnsidnration39=14

. 3riggs Gettys and
#,B. Conover made investigations on Acoustic Models »2
transformers and there from develoved a method »f caleulating
transfyrmer noise levels, based »n a stvdy of small scale

models of the transfarmers.

William B Conover and R.J.Ringleeihave siven a
methsd by viich nnise of narticular frequenc, can be
cancelled in a narticular directisn by the use of loudsneakers
which generate a ndise at a frefvency eyral to th2 one which
is *2 he cancellad, Ihe vriacipke of oneratisn is the
interference-nhen~mensn which the s»und waves underes,
o™

WT.3dvard2l nyblished a naner in 1957 on the use of
Vibration-Isslatars and their imnortance in reducing the
noise lavels. I»r cetting 1o soand levels in large pover-
transformers "Preassembled “nclosures" are bsecrming very

nonular in the U.S.A,



In short the nublished litereture »n transformer
nrise ig ver, mich diversified and there isenot a single
nanay which deals with all tme asvects of transformer nnise.
Tn this dissertation, an attemot has been made to examine

all the asnects of transformer n»ise »roblem, and, to

sngoest methhds of limiting and reducing the noise.

Any study »f an achistical nroblem involves a
detailed examinatisn of (1) the source of mnise and the
mechanism of its nroduction,(2) the transmission of noise
and its attenuation and(3) the recentinrn of nnise with

varticnlar reference t- the characteristics of the hearer.

Audin nhise is »roduced when vibrations associated
with noise are within the freguency, ranse of 20e¢/s to
20000c/s. Though there are various s»urces of such vibrations
in the transformer, the chief source »f nsise is the
vibrations set up in th~ core due to magnetostriction pronerty
of the core material.195'8'9’27' The transmission of this
nhise and its attenuati»on denend on the acoustical pronerties
of the medium, and the length and nature »>f tie path taken

by the s-und waves from the source to the hearer,

Once a transformer has been manufactured, the 1evel
of nnise generated ‘n the transformer under operating
conditions is fixed and an, raduction of noise level can be
attemnted only through external means. It is therefore,
desirable that a thorsugh examination of the feasibility of
limiting the generated noise be undertaken at the design stage

and the »nroblem kent under esonstant review at all the



manufacturing stagses, since fault, manufacture may add
considerably to the inherent electromagnetic nohise of the

arnaratus.

ivery engineering nroblem requires a snlution
which is n»ot ~nly technicaily practicable but also econo-
mically justifiable. Noise limitation or reduction is an
exnensive business and econimics plays a very imvortant
part in deciding the permissible nhise levels of the

transfHyrmers.



CHAPT U HR2

SOURCES __OF TRANSEORMAR NOISE.

(2.1) Vibrations due to magnetostriction
(241.1) Magnetostriction characteristics.

(2.1.2) Influence of supnly voltage wave form.

(2.2) o, .o nroduced at the gaps and joints.

(2.3) Vibrations due to interactinn between the core

and the coils.
(2,4) Resonant varts and structures.
(2.5) Nsise nroduced by auxiliar, ejyuipment

asenciated with the transformer,

- Qem
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Gincs noise is emitted throigh mechanical
vibrations in th~ audio=frequency rangs, all sources of
nrice are nrimarily s~irees of audis=frequency oscillations.
Tn transfirrers sich -scillatiosns are present in n2arl, every
nart nf s stmuctura, and hence the noise level 1is fairly
piow, For anslylical nirnoses, the vibrations can be
chssifind nder th: following general headings:-

(a) Vibtrations due tn magnetostrictiom.

(v) Vibratisng nraduced at the gaps and joints.

(¢) Vibratisns due 5o interaction between COT2
& coil.

(d) Resn-~n* narts and structurss.

(¢) Neise nrodiced by auxiliar, esyiivment

assyciated wit™ the transformer.

(2.1) Vitratiuns

d1g ty Magnetastriction:-
Marnetnssriesion mey be definad as the
change in dimensi-ns ~f a ragnetic material under magnetic
stimilus, when thn field is varied. V»lume and transverse
chenras alss ~ceur "t are mnt of great impmortance.
"aenetastriction is a nroverty of the material and a true
evalurtinn ~F Shis nromerty ma, be sbtained by usine D,C.
s-imilus. -hen D.Ceragnetsstrictinn peasuremants are made

the results are similsr o D.C.fluxdensity and field



intensitv data and a single valned relation shetween

magnetostriction and fluxdensity is obtained on initial

maonetisttion of the material. A loop is obtained when the

jtux density is increased and then decreased. The change in

demensions vnartly or wholly disanpears when the magnetizing

force is remdved; and is indevendent of the directinn of

marmetization. Magnetostriction characteristics depend "

the followWine:
(a) Surface cnadition of thes samnle.

(b) The strain in the samnle.
(¢) Heat treatment of the samnle.

(d) Chemical comnosition nf the samnle

material,
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The vibration of D.C. masnetastrictinn »f
.
transfyrmer core=steel with flux densitr is given, in
general, bv a concave shaped of type(a)(b) or (c) of
Tige2sle Ocassinnally a convex-shaned curve similar to

]

Tig, is also encnuntered. The curves of

£

enrva(d) in this
wi~,(2,1) are fir initial excitstion of the samnle, If
the flux density is varied throuch o eomnlete cycle of
naeitive and negative veluves, starting with an

initiall, un-macnetized samnle, the racnetnrstriction
characteristic is n>» lonser given by o sincle valued
curve but a loov similar to £hs -ne whoen in Fig.(2.2)
is obtained.

All magnétostricti)n curves shovw a nonlinear
relationship between magnetostriction and @lux-density.
This nonlinearity indicates the nresence of harm-onics in
thn magnetnstrictinn, if the flux-densit, varies
gsinusnidall,.

The maegnetostriction characteristiics of
ferr-maonetic materials nnder ».c,excitatinn are
renresentad by lawns sirilar to decs loom of Tig,(2.2)
This is hnavever, true vien %he reat flux-density 1s
not ver, "igh, Tf the neak a.c. flux~density be
increased to satnration value, the a.c. lodp becomes
very mich distorted as siyvn in Fie(2.,3) givinz rise to

vihretian harmanics,

v



Since the maeno~tsstriction effect »ccurs in tre same
directis foar a oiven material irresrective Hf the
oxternal fislid, » sine wave syrce sun~lvins the
transfrrmer windine will =wrndnce a dimensinonal chanse

in the core at twice the exciting frecuency.

™ Fir.(2.4) is shovm t2 order of
maenit1de ~f masnetostrictisn effaect in 4% silicon-
steel ©3r ~ne ¢ mlete ¢ cle of mnagnetization., It
is srpen "4t the extension rver unit lensgth é% is
excoed nely small, baine of the arder of 1076 inch/
inch laneth(108 em/em leneth) of thé core far a
maximmr fluxedensity ~f 10000 gauss(1.0 wb/rﬂz) .
avarthless, the length »f the core of transofrrer of
a few hmndred KVA is sufficient to ca'se ank
undesirably 1ond noise; owinefthe ver; srall amnlitude
re irec to nr~dnce an arnrecliable  sond., This »nint

may be 1llns*rated by a simnle examnla; that is a
1]

snrface »f prfffiggﬁggj;%> vitratine sinusyidally and !

P A !

niformly =rith an amnlifudo Af 0,0001" at 300 ¢/s then

the TfPactive=lMdness 2% 1 metor distance will »o

70 »bons

13
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|94
The loudness spectrum from the simplest possible form

of core, a single ring puching, magnetized by a conductor located at

centre is given in the table (2.1) below. 27

Table (2.1D

Loudness spectrum of a core of single ring puching,

Equivalent loudness of components at distance of

1 metre in Phons
Bmax = 14800 gauss.

Frequency of
Component.,

Bmax

; ="10800 gausss ¢ =
R ol D S s el i sl Assot s

100 /s 005 5 9.5
200 " g 6,0 E 16,0
300 E 36.5 g 505
400 " } 28,0 : 40.5
500 % 2645 : 52,5
600 " % 14,5 E 32,0
00 v 19.5 : 33,0
800 " g 13,5 : 32,0
900 " 16,5 ; 22,0
1000 " g 13,0 ; 19.5
1o n 18.0 ; 25,5
1200 " - ; 24,0
1300 o : 18,5
100 " - 21,5

. .
e et e e s e e o T St e e B S e s S g v 04 A e e, . . i e S i e B S e o e Mgy S PP s R PR s S T e D o ey U v, T s e iy W SE Bl e s
o gt et e it a i e o=t G e e ot e S eirged == ottt e oot e e o S e

From the above table it is easily seen that components of
appreciable magnitude exist uptoll00 ¢/s at Bmax=10500 gauss(l.05wb/m2
and extending to 1400 c/s for Bmax=14800 gauss(1.48 wb/nt). Each
component contributes to the noise experienced by a hearer but not in
the direct proportion of the E.L.Values. The largest component is see

to occur at 300 c¢/s at the lower flux density and at 500 ¢/s at the



i

(241.2) Influence of the supply voltage wave form

We have seen that even with a sinusoidal fli
wave form, the wave form of the magnetostrickion extension and hence
of the sound pressure wave contains harmonics. In general the distortion
of the flux wave, due to the aprlication of a distorted voltage wave
to the transformer is to be eXpected to lead to a further generation
of harmonics in the snund wave, and an increase in the effective
loudness.,

It is to be stressed that not only
is the magnitude of the magnetortriction important, but so also
is the shape of its characteristic curve, because of the harmonic
phenomenon involved. One core material may have less magnetostriction
magnitude than a second material, but under operating condition of
distorted voltage, the first may produce more effective noise as
compared to the second, which is operating on sinusoidgl voltage
supply. This is due to a number of harmonic frequency components of

sound waves generated by the first,

(2,2) Vibrations at the Gaps and Joints,

Cores of power transformers are usually built by
stacking many thin laminations into a structure. These laminations
have Junctions, joints and gaps of one type or another through
vhich flux must pass. Most of these joints have over lapping regions

in which the flux is devided between the parallel iron and air
paths. The division of flux between the paths varies through-out
the cycle, because the permeability of iron is varying. Secondly

the flux distribution in the corner sections of the plate type cores is not

uniform.
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Hence,across these gaps of joints in the core exists a force, which
at each instant during the cycle, and it varies as the square of
the instantaneous flux-density. These forces tend to vibrate the

leg and yoke sections of the core, thus becoming a source of noise.

If these regions had only fundamental flux in them,
only a vibration and noise of frequency twice the core exciting
frequency would be obtained.9 That is, if only 50 cycle sinusoidal
flux were in the joint region, then only 100 cycle vibration would
exist. But due to distortion of flux and variable permeability
in the joint regions, harmonics of vibration will be generated and

they will be tamitted from the transformer.

(2,3) Vibrations due to Interaction between core and coil.

then a current flows in a transformer winding, forces
are exerted on the conductors and the winding supports. An
exaggerated case of such forces is one when a short circuit occurs in
a transformer. However at normal current densities which are used in
the design of power transformers, the noise emitted by the coils due
to their load currents is not very appreciable. If the transformer is
to be designed for very low noise levels, the noise due to the coils
may become sufficiently apnreciable and can not be neglected. Similar
to the coil noise, the noise, caused by vibrations due to forces
between the coil and the core and clamps is negligibly small in

normal designs,

(244) Resonating parts or structures.

Mostly all materials, which are built in to a transformer,
either themselves or together as a structure have mass and spring
characteristics. This is true for the core, tank, radiator tubes,

junction-boxes and so forth, To a certain extent there is associated

] - -
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Depending nn its geometrical shape, mass, elasticity
and material, the structure or part under eonsideration may
have natural frejuencies of vibration which are the same or
nearly the same at which the core vibrates due to
magnetostriction effect, If the resonance occurs, the
amplitude of vibration set up is increased many times and
the noise produced dug to resonating frequency component
may reach a high value which will contribute to a
considerable amount of noise.

Although most of the resonating parts do not in
themselves contain sources such as magnetostriction, they
may if not properly designed, be driven by other sources
and amplify certain frequencies that would otherwise be
und%;table,

Some resonant frequencies for mechanical vibrations can
be calculated with sufficient accuracy. One of these is the
natural frequency oftransformer core as a closed-frame type
structure. The frequency of this type of structure is not
only a function of the width of leg devided by the length
squared , but also a function of other parameters as welle
The natural frequency of a rectangular frame with legs of

length 4;, and % can be expressed as

ng
Eolg

3=
27({]_ m2 0000000010(231)

f =

Where:
K 2= Ratio of two lengths of the two legs.

E 2= Modulus of elasticity of the core material, (



[t

I o= Moment of Inertis of the cross section of the core

M 2= Mass per unit length

for the leg length 1o

In a transformer, the distributed parameters

(E, I and m) of the two legs are equal or bear a constant

ratios K2 is a function of the ratio of the length of
two legs and this can be designated as 'r' , If we assume
that the legs are of rectangular section(shell type) or
approximately circular section(core-form), then the

equation (2,1) reduces to

W2 E o
f = CQ F(r) ---------- es e ey (202)
{; De
2
Wheres

C 1is a constant having different values for core type
and shell type construction.

F(r)=-: represents a function of the ratio of leg lengths

W,= width of leg Lo

D 2= Density of log Lo

The equation (2.2) indiwates that for a specific type of
core and core materials, the natural frequency is a function
of(i) the ratio of leg lengths and (ii) ratio of leg width
to the length équared.

The possibility of parts of the structure resonating
must be kept in view during the design of the transformer
and the natural frequencies in the close neighbourhood of
the audio-~frequencies generated due to magnetostriction

must be avoided.



I

(2,6) Noise produced by Auxildary equipment associated
with the transformer( such as fans and pumps)

Another source of noise which is not
related to the transformer proper is that due to external
cooling equipment. This equipment may include fans, pumps
or unit cnolers. Usually this equipment is mounted on
radiator tubes or headers and therefore is a source of

nolse from one to several feet from the transformer tank.



CHAPTSR=3

SOME THEORSTTICAL AND DESIGN CONSIDIRATIONS AFSCTING

NOISE-LEVELS OF TRANSFORMERS,

(3,1) Effect »f the ohysical dimensions of the
transformer.,

(3.2) 3ffect of the onerating flux density.

(3.3) EBffect of the magnitude and Pover Factor

of the loads

-
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CHAPTER - 3,

SOME_ THEORETICAL AND DESIGN CONSIDERATIONS AFFECTING

THE NOISE LEVELS OF TRANSFORMERS.,

Power transformer noise-level is dependant not
only‘unon the transformer itself but also upon conditions
imposed on the transformer. The following factors affect
the Noise level of the transformer,

(a) Physical dimensions of the transformer.

(b) The operating flux density.

(¢) Magnitude and P,F, of the load.

(3.1) Effect of the Physical dimentions of the transformer.

It is general experience that the noise of a

transformer varies with its size and that larger transformers
are more noisy than small transformers.

According to the Americah standards Association
regulations for measurement of transformer noise; the
sound intensity is measured one foot away from the major
sound producing surface. Consequently the sound intensity
measured is practically the sound intensity at the surface
of the sound transmitting member.5

For transformers of similar proportions, the core
welght W isproportional to the length of the core L raised
to the third powero5 Thus

W:KlLS 60000000000 0 (301)

Where K7 is a constant

L= W}S;
<KE) ceeerereee  (3.2)



Further it is assumedthat the transformers under
consideration operated at the same flux-derfsity in the
core and are of the same core material.

With the above assumption, the noise intensity
I at the outside of the transformer is proportional to the
square of the core length, This is due to the fact that
the noise intensity is proﬁortional to the square of the
amplitude of vibration and because the change in dimensions
due to megnetostriction is proportional to the core length.

Hence we have

I=KL% o..vvvnnnes (3.3)

Where Ko is a constante

1.
But L= <§i.>??
Ky

Substituting the value of L in equation (3.3)

we have
3 _ I{Z %
I e (w - W% s e 000 o
Where Kg = Ko

(k)%

Hence we find that the noise intensity is proportional
to the weight of the core raised to the two-thirds power
when the induction is constant.

By definition the sound level in decibels is

given by:
db = 10 loglo—+-
Io
db = 10 logyy X3 Wi
o)
or db =10 log K3, 20 1 W
Ar Ah = Ka + 90 . fun e eN



A

Where K4

]

constant when the reference intensity I, is constant
10 logio K3 .
I

Therefore we find that the noise level in decibels is

i

equal to a constant + 6,67 times log ;oW. From the above
relation, it is evident that changing the reference intensity
level does not change the slope of the curve but merely the

value of K4 is altered,

(3,2) Effect of operating flux density.

It is well known that the noise of a given
transformer increases as the applied voltage is increased.®
That is, the sound leveh of a transformer increases as the
induction in the iron is increased.

The curve of change in length due to magnetization
is obteined from tests on small samples of iron tested one
sheet at a time in a device for determihing the change in
length due to magnetization of stBel,

If " 8" is the percentage increase in length due to
magnetostriction and K is a suitable factor, the sound intensity
as for a given transformer steel is given by

I = Ke?

If the relative proportions of the different harmonics
of the sound to each other remain the same with variation in
S, then K will be constant. Hence the following derivation will
be applicable to all cases in which K is constant under
conditions specified above,

If "So" is the percentage increase in length for

reference level of induction Bo; then the sound intensity



(1.2 wb/m2) So= 0.000177% and db= 20 logy, A

L = KSo2

Hence the sound level in decibels

db= 10 logig %; = 10 logyg (%tj = 20 logy, (%})
(e)

Choosing the reference intensity as 12000 gauss

S - —
000177

By substituting the values of S from Fig.(3.1), the values for

plotting curve A of Fig.(3.2) are obtained. Curve A of Fig(3.2)

shows the change in sound level in decibels due to the

magnetostriction when the maximum induction in the iron-changes,

GAUSSES
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Under no load conditions, the variation of sound
level with excitati»n voltage is dependent oﬁ the type of
core as well as the operating flux density for which the
transformer is designed. Given a design with a certain
core material the change in sund level per percent change
in excitati-n voltage will vary as the excitation voltage
is varried. This is shown in Big(3.3) curves(a) and (b)
are for one type of core using different types of steels.

Whereas curves(c) and (d) are for two different types of

core for the same steel as for curve (b)

(3,3) affect of the mrgnitude and PoF. of the load,

The pr-asent American standard Associations' Audio-
Noise stand=rds for transformer spzcify that noise test be mede
at 100% excitation voltr=ze with no load on the transformer. In
actial oneration of the transformer the nroblem still remains
tn deteimine what noise level the transformer will have under
lo~d if the no load noise level of the unit is known.

‘The exten:. to which the load changes thenoise

level is mns:ly dependent on the way in which the flux in the
core 1s affected by load. Naturally theXX type of core, the type
of windings and the winding arrangement affect the flux in
the core on lo~ding. In many cases the noise level of the trans-
former is determined by the highest fluxdensity in the core,
since as mich as haiﬁ the total core steel operates at this
fluxdensity. The problem then reduces to one of determining the

variation of core flix density with load,
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From the basic transformer theory we know that the
induced voltag> of a winding varies with the Magnitude and power=
factor of the lozd. Confining our attention to the core tyve
concentric winding designs &t is seen that -

(i) Practically all the leakage flux returns through
the core because of the highpermeability of the core
material as comp~red with the parallel air paths.

(ii) The addition of the leakage flux with the main

flux will be vectorial, the resultant flux in the core will
be  a function of the load magnitude and pover-factor.
(iii) Variation of resultant flux in the core will depend
upon which winding is being excited and which winding is
connected to the load; that is,whether the inside or
outside winding is primary or secondary.

(iv) The resultant flux will depend upon whether the
innut or output voltaze is maintained constant.

It will be seen that the variation ofnoise level with
load 1is closely related to the transformer design, as is the
regilation and must be considered as another characteristic
gdependent on other specified characteristics,

Magnitude of noise level change may be as high as that
corresponding to the core flux density being increased by the
full load keakage flux. For example if the inside winding is
excited and constant outout voltage is maintained, a lozd of
0.1 nover-factor lagging be sunnlied and the leakage reactance
of the transformer be 10%, then the change in noise level
wo'1ld be between 2 to 3 decibelse This would be an extreme case
and for higher power -factor loads with the inside winding as

secondary, no change in noise level would be detected,
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CHAPTER=4

CHARACTERISTICS OF TRANSFORMER NOISE AND

MEASUREMENT _OF NOISE.

(4.1) General:-

The transformer noise is due to the audio
frequency vibrations, of the core and coils which in the
case of dry type units radiate sound waves of corresponding
frequency and amplitude. In the case of oil immepsed
transformers the vibrations are transmitted through the
0il to the tank walls before being radiated as sound waves.

The mikxkmxkhsxkamkxwai¥x Vibrations originate mainly in the core
and this is due to magnetostriction vroperty of the core material,
The fundamental frequency of core vibrations will be double the
exciting current frequency, that is 100 ¢/s in the case of 50 c/s
transformer., As discussed in Sec(83.3) the noise of the transformer
may vary with load, but tests confirm that the variation is
usually small.

It is also possible for a heavy current lead in
close proximity of the tank side to set up, audible vibrations.
This can be avoided by increasing the spacing between the
tank side and the current lead., The amount of noise emitted
and its frequency depend on induction density,magnetostriction
and the comnosition of steel and the weight and linear
dimensions of the core. In the Fig.4.1 is shown the block
diagram of transformer noise circuit.

(4.2) Criterion for obijectionabilitv of transformer Noise.

The problem of determining whether a noise is

objectionable is a very complex nne. Generally speaxing the
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loudness of a noise is the best measure of its undesirability.
Aconstically there is a basic difference betwedn loudness and
nuisance value of noise. Objection to noise of any kind arises
bacause the loudness is sufficient to cause interference with
the hearing of the desired sounds,

With transformer noise the loudest component
rarely exceeds 400 ¢/s and the components of higher frequencies
than 500 ¢/s are usually unimportant because of the negligibly
samll amplitude of vibration.

In general unpitched noises, that is noises
which d» not have any varticular frequency components are
not objectionabke if from 15 to 20 decibels below the total

noise at the location under ¢ nsideration.® Masking of these

noises by existing ambient noise may make them unnoticeable
pitched noises,(those having a single outstanding frequency)
are extremely objectionalbe and it may be necessary for them
to be more than 20 decibels belnrw the ambient noise level
in 6rder not to be objectionable,
(a) Woises of the higher frequencies are more objectionable
than equally loud law frequency noises,
(b) Noise which is varying continually in intensity or
frequency is particularly objectionable,
There are no definite ranges of sound levels and
frequencies to define an objectionable noise. In general, it
can be safely said that the noise emitted from a transformer

is objectirnable.

(4.3) Resvnonse characteristics of the human-ear.

Before any equipment can be designed for the
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measurement of noise, we must have some knowledge of the
characteristics of the human ear. It is the ear.which indicates
whether a sound is objectionable or not.S

Most important aids in understanding the
‘characteristics of the human ear are given in the specifications
of the American standards Association Fig.(4.2) and (4.3) are
reproductions from the A,S.A.

In Fig.(4.2) are shown equal loudness contours
for pure tones. The ordinates of the curves is the intensity level,
a measure of the amo nt of noise emitted. Decibel is the unit
for these curtres. An insvection of the contours shows that the
response of the ear depends on both intensity level and
frequency of the tone. All vure tones having intensity levels
and frequencies nn the same contour are equally loud. A 300
cycle note having an intensity of 57 decibels is just as loud
as a 110 ecycle note having an intensity nf level of 71 decibels
both of them being on 50 phon contour. Roth of these tnnes have
a 1oudness level of 50 phons.

The loudness level of 2 sound in phoné is equal
to the intensity level in decibels of equally loud 1000 c¢/s
tone. For these contours various tones were compared with the
equally loud 1000 cycle tone used as a reference.

Fig(4.3) shows the loudness as a functinn of
loudness level. The loudness scale is such that the ratio of
any two loudness values indicates the relstive loudness between
two tones. For example a tone having a loudness of 8000 loudness

units is twice as loud as one having 4000 loudness units.



The use of these two curves enables us to determine
how much louder one noise is than the other. Having determined
the intensity level and frequencies of both noises, one can get
their loudness levels from Fig(4.2) and their relstive loudness
from Fig(4.3)

Figs. (4.2) and (4.3) are based on pure tones and
are obtained under c¢onditions where the back groudn noise or
ambient noise is so small as not to interfere with the pure tones
heard by the members who used their ears in the determinations
of the curves. The presence of other tones will alter the curves,
since the other tones might mask the tone under study.

(4,4) Measurement of Noise.

A method of predetermining the noise of
transformer from its design is the first step in designing
a quiet transformer.d Satisfactory methods of measuring noise
and convenient units of epressing the amount of noise are also
required. . ‘

Noise can be exovressed in a wide variety of ways.
Recurrent sound may be expressed as the sum of its various
harmonics each exnressed in terms of maximum amplitude. Such
an analysis is very useful for sound analysis and is generally
used for the purpose of noise reductinn measurements. It may be
obtained by recording the curve of intensity versus time and
analysing it into iks harmonics or by more vusual mehtod of
obtaining each harmonic separately by a harmonic analyser.

To take account of the variation in response of

the ear t» the various frequencies, the measurements must give
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weighted values of the intensities of various frequencies.
Standard curves for such weightings have been esxabliéhed.
Using such curves as a base, the overall noise is expressed
in decitels.

Really speaking decibel is the measure of the ratio
of two amounts of power. Since the himan ear responds to an extremel
vide range of sound intensities, The decibel offers a convenient
means of expressing sound intensities. The ear respondsto
intensities from minute values to values lolztimes as much,

The decibel is so expressed mathématically that
the sound intensity increases 10 times for each 10 decibel

increase in sound level. Mathematically the sound level in db

db= 10 logj, (‘.'IE") (4.1)
0

Where Io= The reference intensity for the scale
in watts/sqem.
I = The measured intensity in the same units.
P

The referene level I = lO-lﬁwattS/sqcm.

This corresponds to a pressure of 0,000204 dynes/sqcm.
at a temperature of 209, and a pressure of 760 mm of mercury
for plene and snherical waves,

When expressed in terms of pressure, the sound

level in decibel db= 20 logyg (%}),,,,,,_,, (442)
0
Where Py= The reference sound pressure in dynes/ sqem.

and P= The measured sound pressure in dynes/sqcm.

LR J



(4,4.1) General:=
The objective principle of Noise measurement 1is

generally employed in transformer noise measurements in the

United States.® Tne sound level meter operates on this principle
of measurement.,

An ideal noise measuring instrument is one in
which a single meter can indicate the loudness of a noise of
any tyne in terms of oprimary standards. In order to design
this meter, the response of the ear must be known; not only
for nure tones but also for any complex sound,ssch as that
emitted by transformer. The evaluation of the response of the
ear to c¢omplex sounds is still in the experimental stage.

(4,4,2) Subjective Method.

The subjective method of measuring noise consists
of ¢omparing the noise under measurement with an equally loud
reference tone either pure or complex. For example the noise
under sudy may be 1listened with one ear, and the reference tone
listened with the other. The reference tone is adjusted until it
is equally loud to the nnise under study. In this way the
relative loudness can be determined for any sound not matter
how complex it may be. It is also to be noted that humsn element
would play an important part in the values obtained.

(40403) Objective method,

The objective principle consists on having a meter
with a response based on the equal loudness contours given in
Fig.(4,2). When a pure tone of any frequency is being measured, and
assuming that the meter is equipped with means to follow all equal
loudness contours of the ear, the meter will indicate the equivalent

1000 ¢/s value. This tyne of meter equivped with all the equal
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loudness contours given in Big (4.2) can be used to obtain
loudness of a pure trne. When a complex soupd is to be measured
the meter sums up the energy in the equivalent 1000 ¢/s

values and indicates this energy sum in a decibel value.

The above principle of energy summation
assumes that a given pure tone of the complex sound will be
Just asloud regardless of the presence of other tones.
Measurements show that the ear is not responsive to an
equivalent energy summatinn.

Since in the subjective-method of noise
measurement human element is involved, the objective-method
is always used in practice for the measurement of
transformer noise,

(4,434) Sound Level Method,

The sound level meters are divided int three
categories depending upon the principle of measurement on
which they operate,

(a) A or 40 db net vork.

(b) B or 70 db network,

(¢) C or Flat network,

On A or 40 db network of the sound level
meter, the frequencies lower than 1000 ¢/s are attenuated
with increasing attenuation as the frequency is lowered,
Frequencies above 1000 c¢/s are attenuated with decreasing
attenuation,

On C or Flat network , the meter measures
the R.M.S, s»hund pressure at the microphone. The instantaneous
sound pressure is the difference between the instantaneous

tatal vressure and the static pressure at the paint of

MAaaCIIMmArans 4 Ml ok anmde mm 2 - 5
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18,
respect to a siven reference pressure.

db F = 20 logqg """"o?oooz ------------ (4.3) -

Where P= R.M.S. sound pressure in d, nes/sqcme.
| On the B or 70 db network, the response
characteristic is between the A and C networks.

On all the networks the readings are the same
at 1000 c¢/s. On these networks the meter reads in decibels
the rem.s. of the weighted pressures of the various component
frequencies. The reading of a sound level meter 1s called the
sound level for +the particular sound.

For complex sounds, the sound level meter will
generally read low as regards loudness level. For exceptional
cases of complex sounds, govering a wide range of frequencies,
it ma- be nossible for the loudness level to be 5 to 15 phons
numerically higher than the sound level.

Nevertheless, tnhes sound level meter is the
simnlest device made for the purpnse »f measuring s»und.
Transformer sound levels are beine measured on the 40 db
weighting network of the s»>und level meter, The main reason
for this is that the sound from the transformer gets
attenuated t- about 40 db level at the location of greatest
interest.

(4.4.5) Loudness level Method.

This is a methnd in which the noise is
snecified by its loudness level. The octave band analyzer
is the most practical methnd of determining the loudness of
a brnad band noise. The octave band analyzer has eight

bands in the audis range.
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There is another method of calculating the loudness
of complex sounds consisting of a namber of da&finite frequencies,
This method is based on the orinciple that a sound in the presence
other s>nds does not sound as loud, The method requires the
calculation of effective loudness of each component in the
presence of all other components. The total loudness is the
sum of these c¢-mponent effective loudness. The method requires
a frequency analysis of the sound and the calculation of
loudness. The method is very labourious and not practical
method for determining loudness.

When using the octave band analyzer, the

———

75=150 ¢/s and 150-300 c¢/s bands will e ach contain only
one frequency 120 cps. and 240 cps respectively for 60 c¢/s
transformers. This will result in wide difference between
the maximum and minimum readings about the transformer in
each of these two bands, because with a single frequency
1t is quite possible tn have complete cancellatinn at a
point, In such cases it may be necessary to resoft to
logrithmic average.
(4,4.6) Audibility Method,

-:Audibility in presence of Background Noisese-

The level at which a transformer becomes just
audible above the ambient nnise can be determined, The ear
behaves as thongh it were an analyzer. Composed of a group
of narrov filter bands called the ear-critical bands, Asingle
froguency tone is barely audible in a " White Noise " background
1f the ener-y of the single frequency tone eguals the total

energy contajned within the ear critical band,
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Hence, when a pure tone is sounded in the presence
of a random nnise, only the noise within suchr a critical band
centered un n the tone saerves to mask it. And by definition
the width »f 1ne of these bands(in db) is equal to the degree
in db tn which the nure tone must be elevated above the
spectrum level of a random noise to make it just audible. The
width »f theseAear-critical bands is tabulated in Table No.(4,1)
for those centre frequencies which are »f importance to
transformer noise.

Table No. (4.1)

Width »f ear-critical Bands, two ear listening.

v e e e o e T i e T e S+ it e A s e M . WO s Pt R D i i i G B e St s Y T o . e T o o S g B o s S = i s e B s o i B e
DT T revn e e s o it s S o 1110 i e SO o s s o ) PO —— - ——— T S e e e T o e o T

Cpse 120 240 360 480 600 720 840 960 1080 1200

Pteotasbai oo it it isuisnly il el e At borelprssdpmimiisilfme e e s i pto ettt ams ol et raptrteipiis Qo G oeiinctmgrea et roo Srbrep oo

db = 10 logyq ___iu_w1dth of the ear critical band in cps.
1 cps.

The average width of these bands is about 16 db
or 40 cos, Hence each of the single frequency components present
in the transformer nnise spectrum falls into one of these
critical bands. Then, according to the foregoing definition, a
single frequency tone is just audible if its s»und pressure level
is higher by the number of db given in table (4.1) than the
spectrum sound level pressure of the ambient noise at the particul:
frequency of the single tone.

Determination of the level at the Residence,

This concept can be used tn determine when a

transformer bec-mes just audible at a neighboiring residence.
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The background noise at the location »f the residence must be
known, Measurement of backgr-ound noise in residential areas can
be easily made. The cur¥e of ambient nnise for a particular
locality is plotted as curve A of Fig(4.4)

A transformer noise is audible if any one of
its components is above the levels indicated in Fig(4.4)
curves B and C. These points are obtained by adding the width
of critical bands( in db) to the values of the ambient noise,
at the corresponding frequencis. These values are given in the

table belowe.

Table No,§4,2}

Minimum Level of Audible=tones above Background Noise.
Noise of curve B, Fig(4.4)

(Flat Response and 40-db Network of sound level Meter)

B T o T T T T I e T e S i st ot it e o e et it A b b . e m M nn e - Sn o . T vt o
T T e T o 00 i et o B . e et i o i W L . P . e ot e et o e S T S A I oM. NI

Cpse 120 240 360 480 600 R0 840 960 1080 120
Db Flat, 49 39 33,5 30 29 28 27,5 26 26 2
Db=40 32 30 27.5 26 26,5 26,5 27 26 26,5 2¢
(4.42) Harmonic Index,

Definition:- The harmonic index, hi, is defined as the difference
betveen the noise level measured by the flat
: reSpénse and the noise level measured by the
40 decibel response curve }O

hi = db(flat)- db400ooo.-.ocoooc 000(404)

Since the noise level measured by the "flat"
response is equal to the nhysical noise vresent and the noise

level measured by 40 decibel response is equal to the noise
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as determined by the ear, the harmomic index is actually a

measure of attenuatisn of the physical noise by the ear,
Attenuation of the ear is a function of the

frequency at which the noise is generated. This is best e#plained

by considering two pure tones, one of 120 cycles and one of

480 c¢rcles and both having a physical noise intensity of 55 decibel

The sensatinon experienced by the ear for the 120 cycle pure tone

1s apvroximately 39 decibels and the harmonic index for this is

hi(190 o/s)= 55-39= 16 db.

With a pure-tone of 480 cycles, the attenuation
of the ear is less and the ear would exnerience a sensation
equivalent to 51,5 decibel. The harmonic index for this
particular tone is

hi(480 o/s)" 55-51s5= 3.5 ab

Obviously the energy, as detected by the ear,
equivalent to a physical noise level »f 55 db is less
objectionalbe when generated at 120 cycles than it would be
at 480 cycles.

Apvlication:-

The above principle is very useful in the
analysis of transformer noise. This principle can be used to
give an indication of the quality of a complex sound, such as
generated in a transformer. Noise having a high harmonic index
indicates a predominance of low harmonics, while noise having
a low harmonic index indicates a predominance of high harmonics.

Extreme variations in harmonic index as exhibited
for pure tones, donot take place in a transfrrmer because of the

complex nature of the noisejhowever thes significant factor in
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the apnlication of the harmonic index is the manner in which

it changes.

Transformer Noise level determination by the ap-lication of
harmonic IndeX,

For a given size transformer core, the sound
energy will be a function of the harmonic content and the
maximum amplituste of the magnetostriction in the steel used.
Using the amplitude of each frequency obtained from a harmonic a
analysis of the magnetostriction versus time characteristie,
it is possible to determine the awerage harmopic index and
the physical noise level for the core.

If the core has been designed to avoid
resonance, the harmonic index and the physical noise level
of the transformer should equal to the calculated values.
Factors such as damping pressure, core impregnation, size and
influence the noise level of the core. Here the harmonic index
may be used to study the effects of each of these factors.

If the physical noise level is increased above
the calculated value, the range of resonant frequencies can
be determined, Thus it is possible to determine what structural
changes can be made in the core assembly for maximum noise
attenuation.

When the transformer is tanked most of the
vibrations are transmitted from the core and coil assembly
through the oily The magnitude of these vibrations is decreased
by the damping force of the oil, Other vibrations are
transmitted directly t» the tank wall by the structural
members which support the core and c¢oil in the tank with

very little damping.



By comparing both the physical noise level and
the harmonic index before and after tanking, the extent of.
resonance can be determined. If the harmonic index has decreased
it indicates that high harmonic resonance may exist; and the
change in physital noise level will show to what extent it exists.

Table No. (4,3) has been prepared to show the
several different changes that can take place and their most
nrobable cause.

Table No,(4.3

Variation of Physical Noise level and Harmonic Index between
Untanked transformer and tanked Transformer.

_ Variation of, Causes of Variation.
Item Physical Harmonic High Frequency Low frequency Pooz
No, Noise Index, Resonance. Resonance _ Dampir
1, + + -—— XX -
2. * 0 X X XX
3. + - X)( Ladndd - .
4:' 0 + hadendad X hadendnd
5 0 0 — - X
6. 0 - X - ———
7. - * - - X -
3e - 0 —-——— ——— -
R = - X e . -
+ Increase - Decrease 0 No change
X Probable cause X X lost probable cause.

Item 8 representsvthe ideal case ih which physical
noise level is decreased, while the harmonic index remains
practically constant.

After resonance has been eliminated and if the
harmonic index remains practically constant before & after

thnking, then the change in physical noise level is an
indication of the damping properties of the oil and the core

and coil assembly supvorts etc.
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CHAPTERSSS

LIMITATION _ AND _ RSDUCTION _ OF _ TRAWSFORMER _ NOISE.
The methods of noise reduction in transformers
can be divided in to two categories:

(a) Internal Methods:- Methods by which noise is limited
by the design »f the transformer or by incorporating
noise suppressing devices inside the transformer or
devices which form part of the transformer as a unit.
“or reduced by devices external to and separate from
thetransformer,

(5.1) Internal Methods.
(5.1.1) CHQICE OF CORE MATERIAL:=- This is a direct and

fundamental method of limiting fransformer noise 5,9,27. If a
magnetic material of low magnetostriction effect is choseq), the
noise level of the transformer will be low. 6 to 6.5% sdlicone
steel has b very low magnetostriction effect, hence the core vibrat
in a transformer whose core is made of this type of steel will
be negligible. However, theuse of this type of steel is P
impracticable since it is very brittles ’
GEstimation of the noise levels for different
tyves of steels involves some what lengthy calculations.
Determining the magnetostriction cumves for different types of
steel having ring shaped cores is Quite simple., From these curves

the relative amplitudes of harmonics produced can be analyzed

vwhen the core 1s excited at a given flux density and frequency.



Magnetnstriction=-3ffect with different Grades of sheet-steel.
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Some noise tests on these three core materials
using ring cores gave the following nesults.27 The noise

produced is entirely due to magnetostriction.

Table No.(5.2) *
Rffect of Gradd of Staeel on Noise-Lavels.

T e Y et Gl D L o g, T At . i (A (i TS sy e e s S W e o o PP ) g g O S S gqqgy o i
e et et e o B - o 1L, e i e S S W s S e S ok Bt e i et VU T o i ot P, e i oo

g e i S e o i gy e T gy A S e e o o Pt S s v el @
iy M e e s T e, o T g S T gy W 0 A e e o M P . 4 i, Al

Crade of steel % silicon Noise level in Phons at a
distance nf 1 meter.

0.2 39
1.5 36
4,0 36
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(5.1.2) Core Construetisn,
Power transformers are mostly of the core type.
Fyom the view point of reducing the noise,it has been established

by exnerience that °s Z» 27

* Reference 27.



(1)™h» enre muist be caref1lly interlesaved,
(11)™he clamning nressure shonld be adequately distributed,
The use »f excentionally largs clamping pressires
does nat reduce the mise.g'7 This is t» be exnectad, since
the noise 1s due to magnetostriction; the less and the soke
of the core will ex“end as a vhnles with each alteration of the
finx. Hence lateral nressure wili not enoreciably affect the

axtension. This thenre icel nre-pnsition is confirmed by resilss

obtnined on a transformer by B.G. Churcher & A.J.King.

TABLE NO, 5,3 *

Effect of Tightening GChre-Bolts on Nnise

Tressfarmer snecificatinns 100 KVA, 3 phase,core ty

: .. ~
10500 galsg l

(1,05 wb/pd)

f= 50¢/5
{ Clemning condition {Phones |
11 Gors boLis thum tige 151
82. Crre well clamped by 3 g g
I turns of the nuts, i 52 4
23. Core very tichtly clamoedg 5¢ g
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TARBLT  NO. 5,4 *
Fffect of consolidating the core with a stywegls adhesive mater
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Core Condition Noise level in
phones
1 t
10 XVA,1 vhase core ' Before »il Immersion! 43
' After " " 37
1

Cemonted & " 0 26
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1
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60 KVA,3-nhrse core: After oil Immersion ' 65
!
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Fror the above toble e fin Shat there is no aprreci-bl
redietion in nnise for large size 3-nhase tronsformer on cement-
ins of “he core. Tha interleaving of tha core andproper joints

red:ice the noise and resil%s in lor noise level trsensformer.
Tnerer~se in elamning nressire has no effect on nnise reduction.

(5.1.3)R2duction of overating flux density.
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Some times it 1s suggested tha: the transformer be
designed for a §lux density lover than vhat would normally be
vsed, This simnle snlution to reduce the noise-level, is denendent
i the circunstanceq particularly the size of the 'init and the
lavel to which it is desired to raduce the noise,

Fig, 5.1 consiss of o family of curvds giving anproxi-
mate noise levels for trensformers of different ratings and at
different flux densities, The noise levels are in no way dofinitiwe
and anply onl; to particilar c¢onditions. They are quite sufficient
for the purpose of comnarison. For these transform-rs the normal
flux density is 13000 gauss(1.3 wb/mz). By making suitable assum-
ptions we can always assess the effrset of rediction in flux-
density.

Assuming a 1% rediction in flux density , and also
“that the corn sectlion, winding deoth and the conductor size
.remeins unaltered, We find that in order t» regein the lost
voltage, the number of turns and hence the length of the winding
mist be increased by 10%. This means thet ths len-th of the leg
is increased by 10%. If the iron and conver losses were to be
equal, then this change in flux density will create a large
disproportion in the to losses.

Secondly an increase in dimensions of the transformer

wonld eive rise to a small increase in noise level to overtake

Vs N [N
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ba nrnoded,

Thirdly, ~+her factors such as leakage Teactance etc.
may be affected by the chance in dimensions, ,

Tayirthly, a reduction of 104 in tﬁe flux density wor-ld
involve an increase in sctive material of the same order with a
correspondaing increase in tank §ize and the quantity of oil.

Under these circumstances, the increased cost of the
transfyrm-r for 2 given rediction in noies lovel must be compa=-
red with the cost involved for the same rediction in noise lavel
by :her methods. By comnarison we can find which me-h»d is
cheaner,

We therefrre, find that it is technically nossible to
~f ack » substontial rediction in noise level by reducing the
flux density, but for spacially large tronsformer this method is
uite imrracticable due to economic considerations.

(5.1 Tntercention of Vibrations transmitted from core to tanke

In a/normal transformer transmissiosn of sound energ.
takaes nlace by tvwo paths.

(0 By direct contact of “» core with the bottom of the
tank and thence to the sides,

(i1) By direct transmissinn through the oil or air(in dry
tyne transformer)

Some vibrations ma; be transmitted through leads from
the core to tanx, but unless the leads are unusually stiff,the
amount >f vibration transmitted in this ways is quite neglieible,

The effect of nolse reductinn by mounting the core on

resilisnt sinmorts having a leree attenuntisn constant is showvn

in tahla N').(505) 270



Table Ni. (5.5)%

nffect of mounting oil immersed gore on resilient sunnorts
———

60 KVA,_ 3 vphase Transformer 50 c/s

(Flux density remaining constant)

' Condition ' Phons !
e e e e e e o e e o e
c [ !
'"'WithHhut resilient ! !
' sunnorts ' 56 :
1 f

1 with nn ? 52 !
1 t t
______________________ N

The use of resilient supvorts alone does not reduce
the noise to substantial amount; but the suomorts are of great
immortence, if a considersble amount of attention. is to be
inrodiced in the oil nath,.

Bxperiments were mrde by Be.GeChurcher asnd A.d.Kins in
England in 1939=-40 by using an absorber which readily yields to
pressure pulsations in the 2i1ld. The ~rrangement used is shown
in Fige 5.2 and the res:lts of noise level with absorber in
position and without absorber in nosition are shown graohically
in Fig. 5.3.

From the above curves we conclude that reductions
in transformer nnise of the order of 25 to 30 phons are
possible by the use of absorbers in the tenk at normal working
_flux densities, This reduction is sufficient to remove the cause

of comnlaint,

* Reference 27,
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(5.1.5) Tank Construction.

This section deals with the constructional modifice-
tisns and the attachments which may be incorporated in the tanks
of oil immersed transformers for the purnose of noise reduction.

Generally speaking a normal transformer tanxe has many
mndes of vibration, the corresmondéng 'natqral frequencies extend
over a wide rance of audible frequencies, As we have seen the
imnressed vibratory frecuencies for a transformer core extend
from 100 to 1400 ¢/s in steps of 100 cycles for 50 cycle excited
transfHrrmer. Zstimation o7 the natural freguencies of a tank
is a very comnlex and uncertain matter,

The addition »f mass to the walls of the tank or
stiffening the tank may simply shift the naturrl freguencies
of ¥ibration, and thereby either increase or decrease the
contribution of narticular components without greatly effecting
the total naise.

It is nossible to reduce the radiation of noise fron

transfrrmer tanlis by providing false sides resiliently mornted
27
on the tank , In this case it will be necessar, to effect cooling

by a separate rediator nipad to th: tanks or b, some other meons,
To obtain a sufficient reduction the following tvo conditions
shonld be fulfilled,

(a) The amplitude of vibration of the false sides should
be reduced to ths order of 1/10th that of normal tank sides.
This reqiires very effective resilient mounting of the false
sides.

(b) The tank sho1ld be completely covered by the false
sides so thst the acoustic energy emitted is rediced to 1/100

of thet emitted without false sides.
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"ha 1lrgt voint rennires a serious consideratinn
d'1a tn tha fr1lowing nature »7 sound waves,

" The provagatisn of sound waves of a few hundred c,/cles
ver second does not follow the usual optical laws, i.e, such
17 frequency sound waves are not directinsnal but soread out
readily in all directions." Hence sound will not be emitted
fram the top of a tank purely vertidly but would be heard even
if none were emitted from sides.

‘%orrest“in his investigation with fslse sides had
remorted a reduction of 10 phons for a 20,000 XVA unit,

Usef11l noise red'ction can be obtained by "lagging

thetransformer tank with sound absorbing material.™



(5,2) ixternal Methods,

This sectinn deals with the methods by which the
offactive loudness of the noise reaching the hearer can be
¢enontrolled. In practice some attenuation 1s often nrovided
by the circumstances which are due to other considerations
than nnise. It is useful to utilize such atte%zion supple-
menting it wherever necessary be attenuation dbtained by
artificial mesns,

(5.,2,1)Red-ction of noise with distance,

The dissance between the source and the hsearer itself
ganerally makes some contribution towards the limitations of
transformer noise, The rate at which the effective loudness

falls with increase in distance depends on a number of factors.

Caleulation of sound intensity f9r a point source,

If a point source emitting a single tone of 1000 c¢/s
i1s imagined, then spherical radiatinsns will resilt. Neglecting
the energ; absopption in th~ atmosvhere, which is negligible for
- this freqiency andmoderate distances, the total energy radiated
will be constant at all radii., Hence the energy per unit area va-
ries inversel; as the square of the radius and the acoustic

pr~ssure invarsel; os ths first nower of tradius,

Hence,
P
if the i i+ . i = og
if the intensity level at radius R = 20 115” RTTE
then the intensit: level at radius 2 R = 20 log P
0 0. 0004

and there is a difference of 6 db between the intensit, level at

the twn noints.
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Since at 1000 ¢/s the intensity level is scual to the
E.L. (3ffect 've loidness), the effective loudness at a radius 2R
+i11 be 6 »hons less than at R« In other words, each time the
distance from the source is doubled, the E.L. falls by 6 phons
until the thresh»nld intensit, level corresponding to a pressure
of 0.0002 dynes/en® is Teached after which the sound becomes
inaudible,

Sval:ation of soind level for large distances c¢onsidering
the transformer as a svherical source.

One of the factors entering int»s the resultant sound
level at large distances, *tich is normally over looked is the
physical size of the transformer. Although the actnel sound
levels in the vicinit, of a transformer are complex, it 1is
nyscible to drav some general conelusions by consid»ring the

21
transformer as 2 special source ,

It = 8o7'nd intensity measnred one font from the transformer
I35 = Sound intensity in decibel at a distance "ad"

E = Radius of theequivelent sphere(Representing transformer)
v = Velocity amnlitude of pulsation,

A = Wave length for frequency ‘f'cfs

Q = Density of air

¢ = Velocity of sound in air.

For spherical waves

.
QTR
. pcovt R* (
1, = Q& L [ A) J (5.1)

!+ (.,mz}"

————

A
In order to exnress Id in terms of It we assume the sound weve

to ba snherical.
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Whare R1 = (R + 1) ft,
Subatituting equation (5.2) in (5,1) ve get

R1 -
I © (}a—€> X Iy === e T --= ===(5.3)

If the wave ot one font distance is assumed ~s a plane
wave then,

= v e e mmmm —e=a(5,

1, = Q¢ (5.4)
2
No“ the ezirtion (5.,1) ma, be written as
A
- (TR
RL (—f;—) ;] I :
I, = —73 & 5,5
= o+ 1+ ('1__.“)’“ )
. A

Tor frecuencies whose wave lengths in air are small
chrrnerad vth  2JPR both equation(S.S) and (5.3) indicate a
variation in intensity anproximately as the square of the
radius,

For wave lengths that arz of the same order of mrgni-
tide as 2 WR equation(5.5) indicetes a highsr rate of veriation
which annroaches 4th mover of the radius for wave lengths large
corpored with 2 X R,

At & frequeney of 100 c¢/s the wave length in air is
anrroximately 12 ft, s> thet if equation(5.5) is valid it may
be possible to obsaerve a 4th nower variation for small trans-
frrmers, For large vower transformers the rate of variation will
be close tha second power of linear dimension.

Based on the above reaconing, we wuld expact the
rel~tive size of the tw» transformers to oroduce at a remote

noint, a differsnce in level pgiven by



i

i

: oo Ly | ®
Decihal d4iff, 10 logqg ( 5 )

the retio of linear dimensions of the two
tronsformars.

[}

vhere L /Lz

it

n An index,may var, from 2 to 4

If for evamn~le nne transformsr has twice the linear
dimension of another, th2n even though they have indentical
levels measured at 1 foot, the small trensformer may still be
6 tr 12 decibels lower than the larger transformer says at 200 ft.
distance.

Becrase of the siniplifying assumpntions mnade in the
drrivotinn, the exact effect of size on the resuiltant level must
be est~blished by field tests. The above analysis is only for the
purpose of showing the influence of transformer size,

From field tests it has been found that there is a
reduction »f 4.5 decibels for every doubling of distance from
the soulce 21,27 + The average of 4.5 is quite reliable for

preliminary estimetion.

(5.2.2) Use of Wibration Isolators

It has been observed thot when a large transformer is
located within 50 ft. of dwellings, the hum level in these
residences 1s generally caused by the combined effects of
(i)Air-borne sound
(1i)Ground transmitted vibrations

Normally it is necessary to reduce both the ground-
brrne and air-borne socund to minimise the hum level inside the
nearby house. The transformer must be isnlated from its enclosing
strictuire to present the ground or structure borne vibrations fra
excit*ng the walls and thereby reducing the acoustic effective-

n2ss of the enclosure if any.



To obtain effective ¥ibration is»l-tion it is first
Nf a1l necessery to satisfy the following condition521.

(») The ratio »f the exciting frecuency to the natural fregaency
of the system must be greater than 3.

(b) The stiffness of the isnlator must be very much lover than
that of the sunporting structure.

(¢) The damping should be kept to a minimum.

The ground is a comnlex medium and very little is known
of hov it behrves in a vibrating system., It may be considered as
a complicetad soring - mass system, or in eigétrical terms as a
non uniformly distributed inductance and capacitance having some
resultentr impedence. The isolator may be considered as an
impedence. arranged to provide: a mis-match between the source
(transformer)and the foundation.

To illustrate the imnortance of the elastpicity of
the foundation, the gro'nd may be greatly simplified and
represented as a spring of constant K« The transformer may
be represented by a mass M and the épring constant for the

issletor Ky as shovn in Fig. 5.4

According to the standard vibration theory
Transmitted Force 1
Disturbing force

u

TR(Transmissibility) =

Where

w = 2mX Exciting freguency

Wy = 2m X Natural frequency of the s;stem.
K = Spring constant

X = Mass



M <—+—TRANSFORMER+—> M

L 'K (GROUND) %kl (1S0LATOR)

E K (GROUND)

FIG.No. 5.4
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If the natural frequency of the transformer and 1ts
£5 .ndation is say 20 ¢/s. Ihen fundamental exciting
frequenc, being 120 c/Se
TR = 0,0286
Interposing a vibratiin isolator with a snring
¢ nstant K1 comnarable with K, Then the spring constant

of Lthe s,sstem will be

Ko= KKl _{
2 K;Kl {2)..'...1 (5.7)

fnd consequently

L}

Navr the resulsant TR= 0,014

Decibel reductisn= 20 logg Original (IR) ceereno(5aB)
New (?R)
= 6 dh.

From the above relstisn »f Iquation (5.8) we find that
decibel reductin will be low if the snring contant »f the
isnlator is greater than that of the frundation. Hence

choice 0f o _ _
praner/isolator material is ver, essential,

(5.2.3.) Use of Barriers.

Annrther methnd of obtaining external
attennatisn s <o nse a barrier(i.e. a bric wa 1) bstween the
transformer snd the locatiosn at which it is desired to limit
tha nhise., 'mlese the barrier is of infimibe height and width
the atfenuatisn that it would afford will nev:.r anproach the
valie that it ould »roduce if it formed onee of the sides
of a comrlete enclosure. At the freg-encies of transformer
noise there is a considerable amunt »f defraction of s-und
raind a barrier of fini%e dimensisns. The at.enuatisn
ybtainabla by this methnd denends on a nmber »f factors,

the maat imnartant beine the fallowing:



II

(1) The effective height of the barrier ahdve a line
jaining the s-irce to the hearer.
(11)The nearness 2% tha s rce and hearer tothe barrier,
Taking the case »f a transformer of mean
height 5 ft, situated 24ft. from a two storey residence.
The at*amiation with distance without a barrier would be
158b, he table No. 5.6 helo shovs the estimated effect
of internnsing barriers of 10ft and 15ft height at a
distance of 4ft from th» transformer.e”’ The verious valies
are calcilated far the ummer and lower flonrs of the
h~se and for 100 and 300 ¢/s, the frequencies with which
W are myst concerned .,

Table N2.(5.6).

Attennatisn obtained from different height barriers.

o D B e St Ml e Tk e e D e e s W Y D e D W o R e P Pt M S g T e s Yt B ey S P bew " gy VT vy e TP M S g e T ® e

Height »f the ¢ Floor ¢ Frequency ¢ Attenuatinn in
darrder ik b ¢ i 4b
10 ft. : Ground : 100 g 10
10 ft. : Ground : 300 5
10 ft. Unper 100 : 7
10 ft. :  Uoper : 300 : 10,5
...............
15 ft. ; Ground : 100 : 14
5 ft. Ground : 300 18.5
15 ft. Uoper  : 100 11.5
15 *t, Upper ¢ 300 16,0

S T e T e iy e e et ks S e G @ AN it s o TR et o e D e G e s i S A e (S o e T e s i S Ty e @ S e Mo s - S o



The attenuatisn values shown in the table (5.6)
ave additional t» that due to distance; and may be just
sufficient to bring the effective loudness belov 40 phons.

From the table it can be noted that:

(a) The attenuation t> the uvver floors is less than
that due to the lower floor
(b) That 50 % increase in the height of the barrier increases

the attenuati-n »nly by 4 db,

(5,2.4) Use of Znclosures.

The need for the enclosure >f a transformer

for the nurnose of noise limitatisn is in general confined
t» outdoor type of transformers. It would seem that the only
case vhere enclosure fHr an indror type »f transformer would
be needed is where juletness is required in .the ro>m in which
the transformer 1is located. This is an unusual requirement.
There are tv» types »f enclosures.
(i) Completely enclosiny the transformers by a rosfed

brilding and s metimes with enclssures without a roof.
(11)Pre-assembled enclosures. These are very; useful for large

transformers and very novoular in U.S.2.

(5.2.4,1) Tssential reanirements ->f an enclosure:

(a) ’he enclosure must be weather proof.

(b) he il gauge and the temnerature indicat-r
must bhe visible.

(¢) Zmpt/ing valve and the filter valves misc be
accessible.

(d) Invest nyssinle " Build=un iffect™

(e) I% shn1d not immair tha eaoline f Sha transformer.



(5,2,4,2) Acostical Aspects,

P

Nor we can cohnsider some accoustical asmacts
af th~ enclosire. Normall,, “h- attemation is measured by
insertine a rertition »f Fh= material in%to an omening between
tws rooms, entirely isylated from nne another. 4 source of
so'md ~f th» desired freqiency is onerated in osne »f the rooms,
The acnustic nressure on either side of the nartition is measured
by ealibrated micronhonecs and the attenuation in decibel is
given by: ,

Attenuation in db = 20 1og16 (g%}

The most important conclusions arrimed at

from sich investigations?’ are

(1) Ihe attenuation is a functisn »f the mass/ unit area.

(ii)ihe attenuatisn is prorortisnal to fhe frequency, i.e.
if the frequency is drablad;the attemiotion will be
increased by 6db,.

Thus at 200 or 300 ¢/s, ths frequencies with
vhich we are most concorned, t1n atfteniatisn varies from
12db far nertition weighing 0.5 1b/sy ft.to aprroximately
49db £5r ane weighing 50 bls/sq.ft.27 This is trus for
materials s-ch as biilding-hoard,nlate glass,word and bricomri.

From the sbove theor, we will expect that if
attenirtin varice Hnly as inertia, (Mass/unitarea),xsxkdxis
The attenuatiosn »f a »artitisn for dritling the thic''ness
wo1ld be increased by 6db., lymeriments alsy show that this
figire holds govd an-ryximetely. lhus if a 4%" brick wall
has an attenu~tisn of 47db at 200 or 30N c¢/s a 9" wall will

have a velue an roximately 53 db,
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Instead of doubline the wall thicrness, if we
use t indemendent walls of the same thickness or a double
wall, the attenustisns will be additive if the following
conditions are fulfilled.
(2) There shall he negligidble machenical c¢.unling bet'reen
the tv» walls by bties or other solid connectinn.
(b) The air snace be large tn make thez air cHupling ﬁegligble.
Thus the attenuations of the order of 100 db
are thenretically possible. Although such high values of attenuati
are rerely req:ired in nractice, bit the other sound leslkage

vaths will normally reduce the effect >f double walls,

(5.2.4.3) Impairing effect of openings in _zn enclosure:

This can be illustrated by an example.
Cornsider a partition giving én attenuation of 40 db. The
energ, density on incident side is 10000 times that on the
emerzent side. IT now holes are made in the partition, having
a trtal area eguivalent to 1% of the area of the partition.
Then the average energ, density on the emsrgent side will be
increased 100 times, [hus the attenuati»rn will be reduced
from 40 db to 20 db. [his effect has a very impértant bearing
»n the enclosures of naturally cooled transformers.
(5¢24444) Build-up Bffect:

Annther acoustical effect which arises when a
transformer is placed in an énclosure is vhat may be termed as
"Auild=up Iffect". The absorovtion coefficients of bricik,
econerete and metal surfaces are very low, of the order of few
nercent. Thus with the usual briclk »r concrete walls 97%

2T more of the s und energy radiated by the transformer tank is
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reflected from “he enclosure surfaces, and multiple reflections
take nlace. The sound energy is conserved rathsar than
dissinated, so that tha averags intensity lsvel at a :iven

short distance from the transformer is greater with enclosure
vresent thah without it, This "Build-up %ffect" which can be
expressed in decibels off sets the attenuation effected by

the enclosure. This is illustrated diagrammatically in Fig.(5.5)

In diagram(a) a transformer T ismounted on
resilient supports on a substantial foundation, when the
transformer is excited, sound waves are radiated from the sides
and the top. Sup-ose the intensity level in decibels of a
narticuler ¢ mnonent near the tani side is X. When thz enclosure
is placed in positinn, the internal intensity level will
increase to (X+B), where B is the build up effect. [he intensity
level immediatel, outside the enclosure will be (X+B-A), where
A is the attemustiosn »f the enclosure for the freqiency.

The build up effect in practical cases ma; reach
considerable values. If it is desired to utilize A, more fully
build up effect must »e reduced by increasing - the total
absorntion inside the enclosure, by maring use of suitable
sorund abs»rbing material,

Fig(5.,6) illustrates a transformer in an
enclosure with an external radiator,

(542.445) Pre-assembled nelosures:-

the preasrembled s»und enclosures are being
extensively used for large transformers in the U.S.A. This is
buildt arvind a transformer of conventional design. hen

c mnletely asrcembled the nuter tank or enclosure surryinds
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tha main tank.2? The standard accessories (oil level indicator,
tharmrmeters and valves) are readily accessible from the outside »f
the enclosure. &L s>uand absorbing material is nlaced in the dead
air-snace teitween “he two tanxks to reduce the build un effect
5f so1nd within the enclosure. All connectiosns from the main

tnr the »Huter tan- are flexible %o rrevent the direct
transmissisn »f vibrations. *lthough both the tanks rest »n the
same frundation, resilient nads are vlaced under the base of the
main tank to minimize coupling through “he frindation. The
enclosure has » senarable channel bars which is removed for
shipment.

Advantages 2f the Preassembled Sound ‘‘nelosures:

(1) Large reductinns in s>und level can be obtained.

(i1) Tt is a lover cost methnd of sbtaining large reductions
in s7mnd level.

(111) Radiati’n of noise in all directions is at-enuated because
it c~mnletely enclnses the main sound radiating surface.

(iv) The efficiency of the enclosing s;stem is no: decreased
2s 1t w114 be with a masonry enclosure arrund the crmplete
transformer, bacause the c¢yline surface is locaied
externs1 to *the encloenre,

(v)  .we insta.lation is simnler than f»r other %t pes of
enclosires. It requires a slightly more time for instaliing
than th~t reriired for a standard transfrrmer. [his is due
o the fact that thes enclosure is nreassembled at the
factrry.

(vi) It is less bulky #»r shipment then a sanarately assembled

metal enclhsure.
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(vii) Mo snecial nverhead clszarance is rejuired at the
installatisn site for assembl, »° She enclosure.
(viii)Substitution »f a larger unit at th~ same site is not
limited »; the size of the enclosure, since the
enclos re is an integral part of the unit and moves
with it,
Complete enclosures of all types have the
advantage »f vr-ducing very large reductions of soind level
in a1l directions. Zhe factor, built (Preassembled) enclosures
can nrovide reductions of ‘“he order of 15 to 20 db at a lower
cnst than other methnds. ‘he nreassembled enclnsures vrovide
+he most desired simnlicity for instsalling and erecting.

(5.2¢5) Sound Cancellation Method.

Tecent tests have demonstrated the practicability
¥ nrojecting a "Beam of silence" *throuzh the ¢ormolex sound
field which surr-ounds a transf‘ormer.l9 At the nresent stase
of develonment tha beam is limited tn a width of 309, [his
is sufficient t» reduce comnlaints in s?me installations. The
emivment consists 2% from one to four loidsveakers, a snurce
of a fraction »f a watt of electric nower, and a means »f

adivs% ‘ne the nhase and amnrlitude of cach harmonic. Jhe ¢os%

e

of this equinment is a few nercent »f the cost of conventional

¥

sy nd barriers.

Thenr, n¥ oneracione.

In nnderstand as t> how s»ind cancellation can
be s™tained, *be transfarmer ma, he c-'nsider d as a moint source,
vhich s triae for lares distances when measnrements are made
alymns » Tixed radjal lire, Tt is well 'movn that the nlacement

2T a see nd noint & wree in “h~ vicinity of the first -ne will



~ive rise t» intereference natterns, which result in large
varistion in so'ind vressure with angular vositisn. Lthe forms
of thrse natterns depend up-n the number of wavelengths of
separatisn between the shurces and the nhase angle between
their nressure variations,

Pig(5.7) shovs srme tynicel nolar rlots of
s:'nd nresere ar>y:ind a nair of noint shurces of egual strength,
P stidy »f these curves indicates the =7fact of separation
and »Maca angls 0° the sHhund pressure field at large distances
froz tha source. It is alsoy avrarent that by nroner adjustment
of th? nhase angle »f the second s»irce(i.e. a loud spealer),
the s»mnd from the first can he cancelled in a desired
directisn,

For the first few harmonics of the transformer
nrise a 12inch 1oud snea*er in a closed baffle is a fairly
accirate mhdel H»f a woint source,

In Fig(5.8) a bloc diagram »f sond
cancallati-n eguiovment is given.

(5.,2.6) Penetratiin of Noise ints Buildingss

o e AT iy e oume et

he firal attennating factnr in the sequience
fr-m the syirce >f noise to hearer in transformer noise
nroblem in residential distriet is the attenuatisn nrovided
by the house, The difference between the in.ensity incident
undn the osutside »f a hnuse and that within a ro>m depends
unm the following factors.
(1) The area of *ths oneningsf the window.

(ii) The amoint of acoustical absorption within the room.



NO S /713N TeLO L
A0 NOyL 23 U




ANIWNAINDT NOILVITIINVYI aNnos H0 wvdovid MDO0714

S/> oof 31 nd
DI LIS
- Yoyinod IsuHd Ssva dNwg
JansLiidwy si> oog
r -~

- ! HIL Ty

./jlzmt_._uit LIN2212 BT A HALAIHS ssvd anvg ¥3141103 ”
A3Mmog [ |NortLidavw FdnLitd Wy Isvidd 1||l_ 5/5 00z < FJAYM VTN d
| J ,
23Hw3IdS Sl>08 Ao%EZ
anon Alddns dimod
SYd ANYE |
3ansitdwy 3SvHd Sio oot




©o

Yhere tha windas are closed; 312 attenuation
derends n
(a) the total window area
(b) the thickness »f thn glass.
Depending unon the amount of absorption,
th: windov area, attenuations upto 15db are poscible, In
bed ro>-ms where mrst attnuation is needed, absorntinn is
grester than in 2ther rooms. An at:enuation ~f 10 db has
been fHund for oven windsvs by exneriments?? and these
may te assumed f-r calculations. Tor closed windows attenuation

may rise unto 15 to 20 db.

(5.2.7) Psych-logical Factars in Limitine Transformer Noise.

Shme measures *hich can be adovted in
influencing the nhychylogy »f the veonle residing in the
houses near the transformer suhstation will be described.
these methnds d» not reduce the nyise as emitted by the
transformer bnt s-metimes remove the cause of potential
comnlaint.
(1) Tmoroving the an-earance ~fthe substation and tha nropert, as
mich as economicaily justifiable by landscaping, lighting
and nainting of structures.
(i1) Emergize the transformer two weeks before construction is
started and as much as possible during construction in an
effart ty accust m the neighbrurhniod t1 the noise of the

transformer and thereb, a psychiloeica. advantage may be

obtained.



CONCLUSIONS

Heavy load srowth and economics necessitate
theernstructiom of outdoor substations close to the
1oad centres. This re-unires large transf-rmers t2 be
ins-alled near,residential buildings and makes veopls
mAre nnhise c¢onscinus. The manufacturers are trying to
build smaller end more economical transfrrmers by the
use of grain-oriented cold rolled steel. The following

are the imonrtant c-nclusions »f this study.

(i) canses »f Transformer Noise:=

phastp it

(a) The transfarmer nnise »riginates nrincipally
in the magnetorstriction »f the core-iron.

(b) Pulsation of the flux in the cors-joints also
increases the total noise due to vibratinn of
core plates,

(¢) The transfrrmer nnise may be increased due to
reswnancé at the natural frequency of either
core,tank, radiator tubes, junction boxes etc,
wit'y the excidting frequency nf the core
vibrations.

(d) Nnhise may also increase due t- interaction
between core and coils.

(e) Txternal choling equivment(Fans & pumns etc.)
5f the transformer considerabl; increases the

noise of the “ransformer.

(2) Theoretical cmsideratiins in determinine the Noise

Level »f Transformers.

Y
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(1) The Transformer Noise can be calculated from
the design constants using as a base the
magnetostriction tests »f the core material.

(i1) Sound intensity.vnroduced by similar transformers
wit1 the same inductiosn in the core varies as
the 2/3T4 nower of the weight., .

(1ii1) The sound intensity produced by a transformer
with the core-iron having normal magnetostriction
varies as the square of the meagnetostriction.
This relation can be used to c¢ompare the sound
intensities nroduced at varisus flux-densitges
or to compare the sound levels of varisus
types of core steels.

(iv) Variation of noise=level due to load variati§n
is of the order of 2 to 3 decibels under the
worst ¢h)nditions of loading and may vary to
zero under the best onerating conditions.

(v) Thesretically svealing reduction of noise from
a transformer is possible by designing it at low
flux dansities, but from economic considerations

this method is impracticable,

(3) Methods of Limiting Transformer Noise.
(Internal Methods)

(a) The core:

(1) Use of special steels witﬁ/low
4 /

5

magnetostriction.
(i1) Reductiorn of flux density to retain the

advantages ~f low magnetostriction in



(1i1) Careful design and construction of the
core and coils to avoid resonance and
vibration »f parts.

(b) Transmission between the core tank walls,

(i) Isnlating the core from the tank by
naddings to avoid the transmission of
vibrations t» the tank walls.

(ii)Use of acchustical impedences or
noise barriers in the oil,

(¢) The tank:

(i) Desiegn and construction »f tank %> avoid
resonance,

(ii) Sound insulatiosn »f the tank.

(d) Fittine and Auxiliaries:

Mountl them on resilient cushions and

avoid resonance.

(Zxternal Methods)

(1) Effect of Distance:

Adequate distance between the transformer
and the nearest dwellings, The distance
1tself contributes towvards the limitation
of transformer noise,

(1i) Use_»f barriers around the transformer:

The height of the barrier is the most
important factor in determining the
attenuation of transformer noise. At
least the hoight »f the barrier must be

2 or 3ft.more than ths heisht of the
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transfyrmer tonk. The reduction in sound level
affected by a vwall diminlshes ar the anguler
height of observer with resnect tn Lh2 source
increases. %ingle wall barriers are useful
sthen a small attenustion in one direction only
is required. However for Jarge reductions in
noise and when a-tenustion in all directions is
desired, barriers are uneconomic.

(iii) Fnclosurzs:

Four wall to%al enclosures are very eflective

for latge nnise redictionst Noise reduction of
the order of 20 to 25 db is possible by this
methyd; but this method impairs the cooling of
ths transformer. Astenustion of noise is obtained
in all the directions, lotal enclosures of

brick work and masonry are vary popula;‘in 7.K.
and the continent but in the U.S.A, preassembled
enclosures are very popular viam since they have
many advantages over brick wall enclosures.

Llgtion Methods

(iv) Noise reduction by sound can n Metho

= -

This method gives reduction of transformer nolse
in an angular space of 30° from the semece . It
is a ver, cheap methnd of trensformer noise
rediction. Maintenance cost is negligibl, small.
More investigation is needed, in order that this
method may given cancellation of noise in a

greater angular space.
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At the nresent time, therc is not a single
satisfactory general solution. Devending uwon the
imnortance »f a noise problem one or a combination
of the methnds discussed can he applied.

The transformer noise is trouble some in
relatively few cases, but non themselves lend to a
seneral solution. "Hach is an economic nroblem t» balance
thz additional cost of quiet transfopmer against the cost
of providing a suitable enclosure or locating the
transformer away for the noise n»t to be objectionable",

Fach case has tH be studied individually and the
most adequate solution for the reduction of nolse con-
sistent with economic considerations has to be adonted.
Lower noise level transformer obtained by reducing the
flux densities in the core rejuires more iron, moTe cHON er,
more insulation , a large tank and more oil., This results.
in an increase in She cost some times as high as 25% for

the desired nnise reduction.
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APPINDIX

_ | (23)
ACY TSI ICAL=TRMINOLOGY

Ambient Woise:- General back ground noise in a neighbourhood

excludine the source under investigation as well as any
temnorary or unusual noise which can not be c¢ounted on to
nroduce masking of the sound from the source under

investigation,

A-Weighted:= A single tone, band of frequencies or total

sound vwhich has been mhdified in accordance with A-weighting

is said to be A~weighted.

Weightingi- Weighting is the relative frequency resnoinse
characteristic of s standard sHind level meter. Three

standard curves have been adovnted A,B,C(Flat)

Harmonic Level:- Weichted sound pressure level, in db, of

a sinnzle frequency.

Harmonic Index:- The harmonic inde®, hi, is the difference

between the noise level measured by the flat response and

the nnise level measured by thzs 40 decibel response curve.

hi = db(w.4) = db(40)

Loudnesss- Intensive attribute of an auditory sensation,
in terms of which s-unds may be srdered »sn a scalc extending

from s»ft t~ loud. The Americal unit »f loudness is Sone.

Loudness:=(Rritish definitisn):~ It is that subjective

nmalit, 5 a sound which, in seneral, increasss reg:larly
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A true or natural loudness sc¢ale is such that ‘hen
the mmber »f units »n the scale is doubled, the magnitude
of sensatinn exnerienced hy normal listeners is als»n d-nbled,

The British Unit of Loudness is Phon.

Scuivalent loudness(B.L, ):= The equivalent londness of a

sound 1s measured by the intensit, lavel relative t» some
accented reference intensity of a standard pure tone of
smecified frequency, which is judsed by the nohrmal observer
to be as loud as the sound under eonsideration. The unit
of equivalent loudness is Phon.

The standard tone shall be a sinusoidal sound
wave=train coming from a nosition directly infron »f the

observer and having 2 frejyuency of 1000cps.

Masking:= Amount b, which the thresh»ld of audibility
of a shund is raised b, the presence 2F annther

(mes-ing sound). The nnit used is tha deacibel,

™
-

- B

m:- ‘he Phon is 2 unit of lovdness. By definition a
simnle tone »f reguency 10N0c/s, 4"d%H above a listerner's
threshold, ~roduces a loudness of 1 “hon. -~

he loudness 2f any sound that is judged b, tue

listener to be =n= times that of 1 Phon is n="hons.

Sound Tevel:~ It 1s the weightad s~ind pressure level. lhe

frequency weightine networl- A,B »r C should be snecified.



Srind _zessure Leveli- The snund nressnre lavel, in decirvels,
7f a sound is 20 tires the locarthm to She hase 10 2F the
racis of the vressure nf this sound t» thie referencs rressure,

which 1is U.S’lal-l.“,' 00,0002 dynes/sqcm'

zhreshnld of Mditilitys=- Far a snecified sienal, the

threshold »¢ andibhility is the minimum r.m.s. s»ound
nressure »f the signal, that is canable 7f ev>iing an

auditory sensation, in a snecified fractinn >f the trials.
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