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SUMMARY 

1 11th the instail~ti~n of an ever increasing 

number of transformer sub-stations in built un 	Rreas. 

the noise emitted by the transformer has bec-)me a 

nrnri (,m of or-~'rir- concern. Tn this dissertati-)n ; an a 

at t-met is made to revie7r the r.resent day kno1arledge on 

the subject of transformer n~iso. Though all the major 

sources of noise are listed, -particular attention  is 

given t) the ma--netostriction nro-)erties of the  core 

material., since m<agnetostriction is 'ono rn to be the 

chief source of dob1e fref7uenc., "hum" emitted by the 

transformer. Theoretical and design considerations 

affecting the level of transformer noise are discussed 

in some detail and the characteristics of noise with 

na.rticular reference to the human ear are examined 

critically. Various methods of limitation and reduction 

of transformer noise are described and it is shown that 

economic considerations do not usually permit the uuse 

of very lov noise levels in commercial transformers. 
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LIST "I`{ PP77'CIPAL SYM:30LS. 

A= Attenu'tic,n in decibels.  

D= Build un effect in decibels. 

Ed : eference flux densit,; 1.n lines/sgcm. 

Borax- Maxin,im flux densit; in lines/s4cm. 

C= Velocit; of sound in Air=331.6 m/sec. 

D2= Densi.t j of lea 12 

.L.= r;f fect ive loudness. 

R2= i4Mcd,ilus of elasticit; -)f 	he core material. 

hi= Harmonic-Index. 

I= Intensity of sound at a point under consideration 

in watts/sgcm. 

Io= Reference intensit, of sod and eual ti 10-16 watts/'  cm. 

12= Moment of Inertia if the cross section of the core. 

K2= tatic of the lengths of two legs. 

t Length of he core in cms. 

m.2= pass ner unit length. 

P= round ores sure at a point under c nsideratiin in d;/nes/s xcm, 

Pc= the refer,nce sound -ress+.2re in dynes/scm. and is 

eq,ial to 0.000204 d Ines/s~cm. 

0 = Percent increase in the core length due t ria netistrictior 

Sa = "ercent increase in the core length for reference 

level of induction Fie 

TR = Transmi.ssibilit,; = Transmitted force Disturbing Force 

~^! = leinht cif tb- core. 

•1ft'-1~ 	4-h - leg '2 

= '1Pnsa.~'~' n " AAr. 

- ';avn length of th sound wave for the fre;uu.ency f c/s. 
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I N T R G D U C T I 0 N 

In most c -vv.).ntr. ies of the world, the last decade 

has witnessed a phenomenal increase in the domestic 

consumption of electric power. To meet this evergrowing 

demend of 'o~Ter, it has become necessary for the power 

utility crncerns to install an increasing number of 

transformer sub-stations in residential districts. Such 

instnl.lations have alwwra,,s bro'.ght forth complaints from 

tho inhabitants of the locality, based mainly on the 

grounds of the objectionalbe "hum" emitted b,y 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 countries 

of the West noise-levels are siecified at the design stage 

and t1le suDo1y c-)meanies undertake the resnonsibility of 

restricting the noise emitted by ;heir sub-stai_sns to 

values rhich are not objectionalbe. 

The demand for "sjlent" transformers has led to 

an ex onsive study of mechanism of transformer noise. The 

first significant crntribution was due to Rober B.George(1) 

of the U.S.A. and :{,.T. Norris(29) I B.G.Churcher and A.J. 

iing27 in U.K. In 1940,B.G.Churcher and A. J. King published 

a classical vvnor on transformer noise(Limitati)n of 

Transf'-rmpr Noise) rhic,i deals with the chief sources of 

transformer noise and math - ds of reducinc; noiso levels. 

Tn U.S.A. in _hh, year 1941 W.C. Sealy5 and H. Fahnoe6 
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nublishod naners i n t.rhh-h the effect f ' hysical dimensions 

of th-i transformer and vveratin flax-density Vere discussed 

annn theoretical results were confirmed b; measurements of 

noise levels in act,tal transformers. 

In tae year 195(. there were six raaners9' ,11o72QJ3,1 

published  in the Transactions of the A.I.E.E. Some of the 

naners dealt with th-i noise oroblern as faced by the 

:l octric s?~rn ly c )meanies,)some dealt ,,rith the aco~.ist ical 

measure cents on trasfirmer10 o12and some dealing wito 

theoretical and design considnrations9i14. Briggs Gettys and 

i.E. Conover made investigations on Acoustic Models of 

transformers and there from developed a method of calculating 

transformer noise levels, based rn a s uudj of small scale 

models of the transformers. 

William B Conover and R. J.Ringleel9ha.ve given a 

meth 	by t•*'')ich noise of nartic,ilar freuenc; can be 

cancelled in a particullr direction b; the use of loudspeakers 

which generate a, noise at a fre yuuencj e j,al to tie one ',rhich 

is to ''e cancel.^d. rhe principle of operation is the 

interference-hen,rr..enon which the soind waves under. 

. T . 4:d►ard2l published a paper in 1957 on the use of 

Vibration-Isolators and their importance in reducing; the 

noise levels. 2r getting 1y sc'ind levels in large power- 

transformers ""reassembled nclosures" are becoming very 

nonular in the U.S.A. 



In short the  blished literature in transformer 

niise is ver,; mach diversified and there is•not a single 
na.,jr T►hich deals with all the aspects of transformer noise. 

In tris dissertation=  an attempt has been made to examine 

all the aspects of transformer noise nriblem, and, to 

s':gaest methods of limiting and reduci.n, the noise. 

Any study of an a.co,istical problem involves a 

detailed examination of (1) the source of noise and the 

mechanism of its nrcduction,(2) the transmission of noise 

and its attenuation and(3) the reception of noise with 

oarticiilar reference ti the characteristics of the hearer. 

Audio noise is produced when vibrations associated 

with noise are within the frequents range of 20c/s to 

20000c/s. hough there are various sources of such vibrations 

in the transformer, the chief source of mise is the 

vibrations set up in thi core due to magnetostriction pro-oerty 

of the core material.lV5
18 0912 ?. The transmission of this 

noise and its attenuation depend on the acoustical properties 

of the medium., and the length and nature of the path taken 

by the sound waves from the source to the hearer. 

Once a transformer has been manufactured, the level 

of noise generated ;.n the transformer under operating 

cinditi.ons is fixed and any-  reduction of noise level can he 

attempted only through external means. It is therefore, 

desirable that a thorough exam nation of the feasibility of 

limiting the generated noise be undertaken at the design stage 

and the problem kept under constant review at all the 



manufactaring stages, since fault;,' manufacture ma, add 

c nsiderably to the inherent electromagnetic n3ise of the 

anraratus. 

very engineering problem re+yuires a solution 

which is not inl;r technicaLly practicable but also econo-

micatly justifiable. Noise limitation or reduction is an 

expensive business and economics plays a very important 

part in deciding the permissible noise levels of the 

transf-)rmers. 

v 

-0- 



CH A PT'],R-2 

SOURCES OF TRANSFORMER N3ISE. 

(2.1)  Vibrations due to magneto strict ion 

(2.1.1) Magnetostricti'n characteristics. 

(2.1.2) Influence of supplj voltage wave form. 

(2.2)'. dwrations produced at the gaps and joints. 

(2.3)  Vibrations due to interaction between the core 

and the coils. 

(2.4)  Resonant parts and structures. 

(2.5) 	his produced by auxilisr; euipment 

associated with the transformer, 

P1 
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`fRC _;C JF 	 N9 _.:. 

Linc' noise .s emitted thr- ;gh mechanical 

vibrations in th^ audio-frequency rang°, all. Sources If 

noise are 'rimarlly s~ ,rc~s of audiD-frec~uencI oscillations. 

In uransf,r;r:eers s'?c 	ci11at1Ons are -present in ncarlj every 

nvrt of 	' 	r ctt, re, and hence the noise level is fairl,~ 

h1 'i. F'o an^1y;:~ca' n'zrnoses 3 the vibrations can be 

C'essifiod 'ander tr.:; follo~rin.0 general headi.ngs:- 

(a) Vibrnti)ns due to magnetostriction. 

(h) Vihratiens nrodgzced at the gaps and joints. 

(c) Vihrati)ns due to interaction betT,Teen care 

& coil. 

(d) Res-nn+ -pasts and structures. 

(e) Neise rr-)d, zced by a.uxilia.r,j 3c linmcent 

ass )cisted vat', the transformer. 

(2.1) Va :roti ,fir _4, zv _t? N'a,netestri.ctihn:- 

( .1.1) "a-net-stri_cti _n _ch rncteristics: 

NN1a-net7stricti~n r'j be dcfin.d as the 

change in d?.mensiins of a magnetic material under magnetic 

stimulus, When t'e field is varied. Vilume and transverse 

changes also ^cc zr 't are not of great importance. 

?`agnet-)strict ion is a )rorerty of the material and a true 

evalu<rtien I :h? s nrenerty ma,,- be obtained by us!n D.C. 

sir:.xlus. ..hen 	netostriction measuro ents are made 

the result 	rn sire lar 	D.C.fluxdensity end field 



4. 

C 

i.ntensity data and a single valued relation •hetTwreen 

ma 
netostriction and fluxdensity is obtained nn initial 

rr,aanetistltion of the material. A loop is obtained when the 

.tux density is increased and then decreased. The change in 

demensions rartl or wholly disappears when the magnetizing 

force is removed; and is independent of the direction of 

macnetization. Magnetostr. icti-)n characteristics depend )n 

the f 011owino: 
(a,) surface cn~idition of the sample. 

(h' The strain in the sam?ale• 

(c) Heat treatment of the samnle. 

(d) C;henical c-)mrosit i -)n of the sample 

material. 

(d 

a) 

2C "/o '40 % 60 % 80 	/00% 

FLUX DENS/TY 

(C) 

SHAPES OF D.C. MAGNETOSTRICT/OAN 
VERSUS FLUX DENSITY 

CURVES (a>, (b) X, (C) REPRESEN7A7/VE SMPESN 
CURVE (dj LESS FREQUENT SHAPE 

7 

FIG. ,2°i 
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REPRESCNTtJT,y& D.c. MAf'It T05T/?/CTi/y 
LOOP OF 4 rP?.l A/SI OL- L1F ly C Qi £ ST'IL, 

/4.C.MANE TCSTR/( 1/ON / OOP 
CORL 5HEE7 AT I/f// 5/1T(J/ 

DENS/TIES 

Or TRA/V51t2/?MFR 

AHON FLUX 



The vihrntion of D.C. mnffnetostriction of 

tra.nsfo"mer c-re-steel trith flux densit:r is given, in 

general, rte a concave shared of type(a)(b) or (c) of 

Fig.2.1. Ocassi-)nally a cinvex-shaped curve similar to 

curve(d) in this Fic. is also encountered. The curves of 

are fir initial excitation of the sarnnle. If 

the flux densit;r is varied throne n a c~mnlete cycle of 

nocitivo and n-;ative values, sta.rtinF, 1-rites an 

initia.11; un-mpcinptized samnle, the maanetostriction 

charac'eristis is n loner given by s, single valued 

curve but a loon similar to tho ane ►hoen in Fig.(2.2) 

is obtained. 

All magnetostricti~n curves show a nonlinear 

rel.ationship between ma.gnetostriction and flux-density. 

m~?is nonlinesrity indicates the presence of harmonics in 

tho maanetoswriction, if the flux-densit; varies 

sinusoidall. 

The magnetos`ri.cticn characteristics of 

ferr-ima-ne, t i c materials lrnder ,. c. excit at ion are 

re-resentod by l-res similar to d.c. loon of 'ig.(2.?) 

This is ho•.ev^r, true Trhcn the rea' flax-density is 

not very; hi"i. If tho nea,'r a.c. flux-density be 

increased to sat>>ration vale, the a.c. loop becomes 

very m ic', distorted as shorn in Fig(2.3) givin ; rise to 

vibration harmonics. 

iv 



Since thn maannt)strici- n effect occurs in t''-e same 

y for p ,ivon *? t r 	n + e 	 ± ~i.recti -~ , 	 s~~ ial i.rres ec~ly, ~f he 

xtcrna.l fi%ld, a sine rave s -urce s1. p' 1v: o f the 

transformer f^rind.in' ¶,Till rraduce a dimensional change 

in the core a" tl.rice the exciting fretuencJ. 

T yip. (2.4) is sho'-Tn t',-) order of 

mannil-ido 	Maa-netostvicti n effect in 4% silicoon- 

stQel 	r ne c m'leto circle of' magnetization. It 

is seen -̀ ht the extension rer unit length ~ is 

e ceed'noly sma1!, h-i.na if the order of 10-6 inch/ 

inch 1^n';th(10-6 cm/cm len th) of t h core for a 

rnaximrinr flux-(?rnsity of 10000 gauss(l.O , rb/r-2 ) 

Cv°rth1e c, the length of t`ie core of transofrrrer of 

a fev, hundred KVP is sufficient to caf , se an 

und-sirahly loud Heise, o'l-rin ~Othr, ver; small amnlitiude 

re ire to nr^.'ice an arnreciable sv'nd. This nwint 

ma; be ill!ms±rated b; a simple examnla; t',~ t is a 

surface if area 1(ln sr+.cm9 vi?-ratin7 sinus~icially an 	H 

'lniformly ith an a.rnnlitud,- of 0.0001" at 3(0 c/s then 

the 	C' j (To—] 1dns n 1 1. meter e'l s anc 	ii11 ` e 

70 nY ins27' 

m 



0 
0 
0 

z 
0 

W 

9 
0 
0 
0 

q  N 

LL 

z 
0 

z 
x 
w 
4 z 
Q 

W 

z 
w 
W 

WI 

0 

LJ 

9 

0 
0 
0 

t 
0 

z 
z 
ti 

0 
0 
O 
N 



4r. 

The loudness spectrum from the simplest possible form 

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

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

Table (2.1 

Loudness spectrum of a core of single ring pushing. 

Equivalent loudness of components at distance of 
Frequency of : 1 metre in Phons  
Component. : Bmax = 10500 gauss. Bmax = 14800 gauss. 

100 	c/s 0.5 9.5 

200 	" : 6.0 16.0 

300 	" 36.5 : 50.5 

400 	" 28.0 40.5 

500  't 26,5 52.5 

600  " 14.5 32.0 

700 	" : 19.5 33.0 

800 	T' 18,5 3200 

900 	" 16,5 : 22,0 

1000 	" 13.0 : 19.5 

1100 	" 18.0 25,5 

1200 	" • - 24.0 

1300 	" a 1865 

1400 	" - 21.5 

From the above table it is easily seen that components of 

appreciable magnitude exist uptollOO c/s at Bmax=10500 gauss(1.05wb/m` 
and extending to 1400 c/s for Bmax=14800 gauss(1.48 wb/m ). 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 se( 

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



(2.1.2) Influence of the supply voltage wave form 

. 
We have seen that even with a sinusoidal flt 

wave form, the wave form of the magnetostriction 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 so2nd wave, and an increase in the effective 

loudness. 

It is to be stressed that not only 

is the magnitude of the magnetortrict ion 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 sinusoidal voltage 

supply. This is due to a number of harmonic frequency components of 

sound waves generated by the first. 

(202)  Vibrations fit the Qs and Joi is 

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 

which 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 &emitted from the transformer. 

(2.3)  Vibrations due to Interaction between core -and coil.  
When 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 appreciable 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. 

(2.4)  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 



Depending on its geometrical shape, mass, elasticity 

and material, the structure or part under eonsideration may 

have natural frequencies 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 dub 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 

undect able, 
PS 

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 
9 

squared , but also a function of other parameters as well. 

The natural frequency of a rectangular frame with legs of 

length tl, and 4 can be expressed as 

2 

f~ 2 J TT2 
27t~i 	— 	..........(2.1) 

m2 

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

E 2= Modulus of elasticity of the core material. l 



IV 

1 2= Moment of Inertia of the cross section of the core 

m 2= Mass per unit length 

for the leg length 1 2 

In a transformer, the distributed parameters 

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

ratio. K 2 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 2 
f = C. F(r)----2-  ----- ....... (2.2) -~, 2 	D 2 

Where: 
C is a constant having different values for core type 

and shell type construction. 

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

Wz= width of leg t 2 

D 2 = Density of log -2 

The equation (2,2) indicates 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 squared. 

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. 



1! 

(2.5) Noise produced by Auxiliary 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 coolers. Usually this equipment is mounted on 

radiator tubes or headers and therefore is a source of 

noise from one to - several feet from the transformer tank. 

-o - 
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CHAPTER-3 

SOME THIGH? T ICAL ANI) DESIGN C'JNSID RAT IOIJSAF CT ING 

NOISE--L V} LS_OF QAIJSF)RMLRS. 

(3.1) Effect of the physical dimensions of the 

transformer. 

(3.2) Tffect of the operating flux density. 

(3.3) Effect of the magnitude and Power Factor 

of the load. 

-o- 
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C H A P T E R - 3. 

SOME THEORETICAL AND DESIGN CONSIDERATIONS AFFECTING 

THE NOISE LEVELS OF TRANSFORMERS. 

Power transformer noise-level is dependant not 

only upon 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. 

(c) 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 America, 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 

weight W isproportional to the length of the core L raised 

to the third power.5 Thus 

W = K 1 L3 ...............  (3.1) 
Where K1 is a constant 

4. 
L= UJ 3 	 (3.2) ,[~,1 



r.v 

Further it is assumes that the transformers under 

c')nsideration 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 proportional 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= K,2L2 ........... 	(3.3) 
Where K2 is a constant, 

But L=  3 
1) 

Substituting the value of L in equation (3.3) 

we have 

I --K 	(W) 
 = Kg W~ .....  (3DA) 

( ) 1 

Where K3 = K2 
(K1 )A 

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 logl,0-I 
0 

db = 10 log10 K3 W 

or db = 10 logy p 20 log 10 (W) 

nr Ah = VA ,4- 9n , 	(IAn 	 r c 
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Where K4 = constant when the reference intensity Io is constant 

= 10 10g10 (K3  
Io 

Therefore we find that the noise level in decibels is 

equal to a constant + 6.67 times log 10W. 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.5 

That is, the sound level of a transformer increases as the 

induction in the iron is increased. 

The curve of change in length due to magnetization 

is obtained from tests on small samples of iron tested one 

sheet at a time in a device for determining the change in 

length due to magnetization of st@el. 

If " S " 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~=KS2 

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 
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Io = KSo2 

Hence the sound level in decibels 

	

db- 10 1og10 4.-o 10 log10 logi0 20 So = 	
(SO) 

Choosing the reference intensity as 12000 gauss 

	

(1.2 tab/m2) So= 0.000177% and db= 20 log10 	S 
0.000177 

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 1•rhen the maximum induction in the iron-changes. 
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Under no load conditions, the variation of sound 

level with excitation voltage is dependent on 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 Bund level per percent change 

in excitati - n voltage will vary as the excitation voltage 

is varried. This is shown in $ig(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)ffect orternagnie and,P.F~oftheload. 

The pr-sent American standard Associations' Audio-

Noise standards f-)r transformer specify that noise test be made 

at 100% excitrition volta,e with no load on the transformer. In 

actal operation of the transformer the problem still remains 

to determine what noise level the transformer will have under 

lopd if the no load noise level of the unit is known. 

The exten,; to Thich the load changes thenoise 

level is mostly dependent on the way in which the flux in the 

core is affected by load. Naturally thea type of core, the type 

of ',,Findings 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 m.ich as hale the total core steel operates at this 

fluxdensity. The problem then reduces to one of determining the 

variation of core fl ix density with load. 



From the basic transformer theory we know that the 

induced voltag of a Tinding varies with the magnitude and poww►er-

factor of the load. Confining our attention to the core type 

concentric winding designs it is seen that - 

(i) Prr.ctically all the leakage flux returns through 

the core because of the hi#!,permeability of the core 

material as compered with the parallel air paths. 

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

flux .rill be vectorial, the resultant flux in the core will 
be'a function of the load magnitude and power- 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 i7 rwhether the inside or 

outside winding is primary or secondary. 

(iv) The resultant flux will depend upon whether the 

innut or output voltage is maintained constant. 

It will be seen that the variation ofnoise level with 

load is closely related to the transformer design, as is the 

regilation and must be considered as another characteristic 

dependent 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 leakage flux. For example if the inside winding is 

excited and constant output voltage is maintained, a load of 

0.1 potTer-factor lagging be sunplied and the leakage reactance 

of the transformer be 10%, then the change in noise level 

wild be between 2 to 3 decibe}.sw This would be an extreme case 

and for higher poTer -factor loads with the inside winding as 

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

C ARACTERISTICS 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 immeEsed 

transformers the vibrations are transmitted through the 

oil to the tank walls before being radiated as sound waves. 

The ±txtxkxk kftz Vibrations originate mainly in the core 

and this is due to magnetostriction property of the core material. 

The fundamental frequency of core vibrations will be double the 

exciting current frequency, that is 100 c/s in the case of 50 c/s 

transformer. As discussed in Sec(3.3) 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 broximity 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 composition 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) 	for obctibility of~t~nsformex Naise. 

The problem of determining whether a noise is 

objectionable is a very c-mplex one. Generally speaking the 
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loudness of a noise is the best measure of its undesirability. 

Ac-)usticall;T there is a basic difference between 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 c/s and the components of higher frequencies 

than 500 c/s are usually unimportant because of the negligibly 

samli amplitude of vibration. 

In general unpitched noises, that is noises 

which do not have any Darticular frequency components are 

not objectionable if from 15 to 20 decibels below the total 

noise at the location under c nsideration.5  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 below the ambient noise level 

in order not to be objectionable. 

(a) Noises of the higher frequencies are more objectionable 

than equally loud lbw 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 object i)nable. 

(4.3)  Response 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.8  

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 curves. An inspection of the contours shows that the 

response of the ear depends on both intensity level and 

frequency of the tone. All pure tines having intensity levels 

and frequencies on the same contour are equally loud. A 300 

cycle note having an intensity of 57 decibels is just as loud 

as a 100 cycle note having an intensity of level of 71 decibels 

both of them being on 50 phon contour. Poth of these tones have 

a loudness level of 50 phons. 

The loudness level of a sound in phons 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 function of 

loudness level. The loudness scale is such that the ratio of 

any two loudness values indicates the relative 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 relative loudness 

from Fig(4.3) 

Figs. (4.2) and (4.3) are based on pure tones and 

are obtained under conditions 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.5  Satisfactory methods of measuring noise 

and convenient units of elpressing the amount of noise are also 

required. 

Noise can be expressed in a wide variety of ways. 

Recurrent sound may be expressed as the sum of its various 

harmonics each expressed in terms of maximum amplitude. Such 

an analysis is very useful for sound analysis and is generally 

used for the purpose of noise reduction measurements. It may be 

obtained by recording the curve of intensity versus time and 

analysing it into its harmonics or by more usual mehtod of 

obtaining each harmonic separately by a harmonic analyser. 

To take account of the variation in response of 

the ear to the various frequencies, the measurements must give 
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weighted values of the intensities of various frequencies. 

Standard curves for such weig1ntings have been e;tablished. 

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 h.2man 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 1022times as much. 

The decibel is so expressed mathematically that 

the sound intensity increases 10 times for each 10 decibel 

increase in sound level. Mathematically the sound level in db 

db= 10 log10 rI '..........  (4.1) 
\ o 

Where Io= The reference intensity for the scale 

in watts/sgcm. 

I = The measured intensity in the same units.. 

The referene level Io= 10716watts/sgcm. 

This corresponds to a pressure of 0.000204 dynes/sqcm. 

at a temperature of 20oc. and a pressure of 760 mm of mercury 

for plane and spherical waves. 

When expressed in terms of pressure, the sound 

level in decibel db= 20 log10 rP ~....,..,. (4,2) 
`o 

Where Po= The reference sound pressure in dynes/sqcm. 

and P= The measured sound pressure in dynes/sqcm. 
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(4.4.1) General:— 

The objective principle of Noise m'asurement is 

generally employed in transformer noise measurements in the 

United States.5 The 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 type in terms of primary standards. In order to design 

this meter, the response of the ear must be known; not only 

for Faure tones but also for any complex sound,such as that 

emitted by transformer. The evaluation of the response of the 

ear to complex sounds is still in the experimental stage. 

(4.4,2)  Subjective Method. 

The subjective method of measuring noise consists 

of c)mnaring the noise under measurement with an equally loud 

reference tone either pure or complex. For example the noise 

under siidy may be listened with one ear, and the reference tone 

listened with the other. The reference tone is adjusted until it 

is equally loud to the noise 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 human element 

would play an important part in the values obtained. 

(4,4,3)  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 c/s value. This type of meter equipped with all the equal 
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loudness contours given in Big (4.2) can be used to obtain 

loudness of a pure t)ne. When a complex soui.d is to be measured 

the meter sums up the energy in the equivalent 1000 c/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 as loud regardless of the presence of other tones. 

Measurements show that the ear is not responsive to an 

equivalent energy summation. 

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. 

(4.4J4)  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 'pork. 

(b) B or 70 db net'erork. 

(c) C or Flat network. 

On It or 40 db network of the sound level 

meter, the frequencies lower than 1000 c/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 net-ork , the meter measures 

the R.M.S. sound pressure at the microphone. The instantaneous 

sound pressure is the difference between the instantaneous 

total pressure and the static pressure at the point of 
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respect to a riven reference pressure. 

db F = 20 log10 -P--- ------------ 	(4.3) 
0.0002 

Where P= R.M.S. sound pressure in d;;nes/sqcm. 

On the B or 70 db network, the response 

characteristic is bet'•reen 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 r.m.s. of the weighted pressures of the various component 

frequencies. The reading of a sound level meter is 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, covering a wide range of frequencies, 

it ma - be possible for the loudness level to be 5 to 15 phons 

numerically higher than the sound level. 

Nevertheless, the sound level meter is the 

simplest device made for the purpose of measuring sound. 

Transformer sound levels are being measured on the 40 db 

weighting network of he 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 method in which the noise is 

specified by its loudness level. The octave band analyzer 

is the most practical method of determining the loudness of 

a broad band noise. fhe octave band analyzer has eight 

bands in the audis range. 
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There is anther method of calculating the loudness 

of complex sounds consisting of a number of ddfinite frequencies. 

This method is based on the principle that a sound in the presence 

other salinds 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 cmponent 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 c/s and 150-300 c/s bands will each c:3ntain 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 

it is quite possible to have complete cancellation at a 

point. In such cases it may be necessary to resort to 

lorithmic average. 

(4.4.6)  Audibility Method. 

-:Audibility in presence of Background Noise;- 

The level at which a transformer becomes just 

audible above the ambient noise can be determined. The ear 

behaves as though it were an analyzer. Composed of a group 

of narroir filter bands called the ear-critical bands, Asingle 

frocy ,iency tone is barely audible in a " White Noise" background 

if the ener^y of the single frequency tine equals the total 

energy contained rithin the ear critical band. 
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Hence, when a pure tone is sounded in the presence 

of a random noise, only the noise within such a critical band 

centered unin the tone serves to mask it. And by definition 

the width of )ne of these bands(in db) is equal to the degree 

in db to which the cure tone must be elevated above the 

spectrum level of a random noise to ma1ce it just audible. The 

width of these ear-critical bands is tabulated in Table No.(4.1) 

for those centre frequencies which are of importance to 

transformer noise. 

Table No. (4. 

Width of ear-critical Bands two ear listening. 

Cps. 120 240 360 480 600 720 840 960 1080 1200 

db.  17.5 15 15.5 15.5 16 16 16 16 16.5 	17 

db = 10 log10  d.fwidth of the ear critical band in cps. 
1 cps. 

The average ?width of these bands is about 16 db 

or 40 cps. Hence each of the single frequency components present 

in the transformer noise spectrum falls into one of these 

critical bands. Then, according to the foregoing definition, a 

single frequency tone is just audible if its sound 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 off' the single tone. 

Determination of the level at the Residence. 

This concept can be used to determine when a 

transformer becimes just audible at a neighboir..ng residence. 
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The background noise at the location of the residence must be 

known. Measurement of background noise in residential areas can 

be easily made. The curve of ambient noise 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 frequencies. These values are given in the 

table below.  

TableNo.(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) 

Cps.  120 240 360 480 600 720 840 960 1080 120( 

Db Flat. 49  39 33.5 30  29  28 27.5 26  26  2 

32 30 27.5 26 26.5 26.5 27 26 26.5 2E  

(4.47)  Harmonic Index. 

Definition:- The harmonic index, hi, is defined as the differencE 

between the noise level measured by the flat 

response and the noise level measured by the 
10 

40 decibel response curve 

Since the noise level measured by the "flat" 

response is equal to the physical noise present and the noise 

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

measure of attenuatiin 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 eliplained 

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

480 cycles and both having a physical noise intensity of 55 decibe] 

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

is approximately 39 decibels and the harmonic index for this is

i(120 c/s)- 55-39= 16 db. 

With a pure-tone of 480 cycles, the attenuation 

of the ear is less and the ear would experience a sensation 

equivalent to 51,5 decibel. The harmonic index for this 

particular tone is 

hi  (480 c/s)- 55-51.5= 3.5 db 

Obviously the energy, as detected by the ear, 

equivalent to a physical noise level of 55 db is less 

objectionalbe when generated at 120 cycles than it would be 

at 480 cycles. 

Applicat ion: - 
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 tines, donot take place in a transformer because of the 

complex nature of the noise;however then significant factor in 



Do 

the application of the harmonic index is the manner in which 

it changes. 

Transformer Noise level determination b_, the an'lication of 
harmonic Index. 

For a given size transformer core, the sound 

energy will be a function of the harmonic content and the 

maximum amplitude of the magnetostriction in the steel used. 

Using the amplitude of each frequency obtained from a harmonic a 

analysis of the magnetostriction versus time characteristic, 

it is possible to determine the average harmonic 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 assemblj for maximum noise 

attenuation. 

When the transformer s tanked most of the 

vibrations are transmitted from the core and coil assembly 

through the oil, The magnitude of these vibrations is decreased 

by the damping force of the oil. Other vibrations are 

transmitted directly to the tank wall by the structural 

members which support the core and coil in the tank with 

very little damping. 



J/ 

By comparing both the physical noise level and 

the hprnnnic 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 physical 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 

probable 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 Pool 
Nos  Noise  Index.  Resonance. _  Resonance  DaMgir 

1.  + + --- x x - 
2.  + 0 X X XX 3.  + - XX --- --- 
4.  0 + --- X -_- 
5.  0 0 --- --- X 
6.  0 - X --- _-_ 
?. - + --_ X ___ 
8. - 0 --- --- --- 

+ Increase  - Decrease  0 No change 
X Probable cause  X X Most probable cause. 

Item 8 represents the ideal case in which physical 

noise level is decreased, while the harmonic index remains 

practically constant. 

After resonance has been eliminated and if the 

harm3nic index remains practically c)nstant before & after 

taking, then the change in physical noise level is an 

indication of the damping properties of the oil and the core 

and coil assembly supports etc. 

-0- 
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C H A PT E R -5 

LIMITATION AND .DEDUCTION __OF__TRANSFORMER NOISE. 

(5.1) Internal Methods. 

(5.1.1.) Choice of core Material. 

(5.1,2.) Core construction. 

(5.1.3.) Reduction of flux density. 

(5,1.4.) Interception of vibrations transmitted from 
core to tank. 

(5.1.5.) Tank construction. 

(5,2) External Methods. 

(5.2.1.) Reduction of Noise with distance. 

(5.2.2.) Use of vibration-isolators. 

(5.2.3.) Use of Barriers. 

(5.2.4.) Use of enclosures. 

(5,2.4.1) Essential requirements of an enclosure. 

(5.2.4,2) Ac)nstical aspects. 

(5.2.4.3) Impairing effect of openings in an enclosu 

(5.2.4.4) Build-up effect. 

(5.2.4.5) Preassembled enclosures. 

(5.2.5) Sound Cancellation Method. 

(5.2.6) Penetration of noise into buildings. 

(5.2.7) asychological-Factors. 
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C H A P T E R -5 

LIMITATIJN  AND Ri DIJCCTTION OF TRANSFORMER NOISE. 

The methods of noise reduction in transformers 

can be divided in to two categories: 

(a) Inte.rnal Ngth2ds:- Methods by which noise is limited 

by the design of the transformer or by incorporating 

noise suppressing devices inside the transformer or 

devices which form part of the transformer as a unit. 

(b) External Methods:- Those in which the noise is limited 

or reduced by devices external to and separate from 

thetransformer. 

(5.1) Internalthods. 

(5.1.1) CHOICE CF COREMATER.JAL:- This is a direct and 

fundamental method of limiting transformer noise 5.9,27. If a 

magnetic material of low magnetostriction effect is chose the 

noise level of the transformer will be lore. 6 to 6.5% silicon-

steel has g 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 / 

impracticable since it is very brittle. 

Estimation of the noise levels for different 

types of steels involves some what lengthy calculations. 

Determining the magnetostriction curves for different types of 

steel having ring shaped cores is quite simple. From these curves 

the relative amplitudes of harmonics produced can be analyzed 

1.rhen the core is excited at a given flux density and frequency. 
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Table N_. 5.11 * 
Magnetostrr ction_~ffeet with different Grades of sheat-steel.. 

Grade of steel % silicon  / ,x 106 

x x  ;Bmax= 10000 gauss.  Borax= 13000 gau s. 

= ============-===== === 

0.2 	 0.9 	1.4 

1,5 	: 	• 0.75 	•: 	2.5 

4.0(transformer: 	1.3 	 2.8 
steel) 

Some noise tests on these three core materials 

using ring cores gave the following results.27 The noise 

produced is entirely due to magnetostriction. 

Table No. c5,.? * 
~ fact o 	st~~7.~YA 	i. 

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

----------- 

 

--- -_------  ----------------------- -----------------._--~ 

0.2  39 

	

1.5 	 36 

	

4.0 	 36 

(5.1.2) Core Construct 

Power transformers are mostly of the core type. 

Fgcm the view point of reducing the noise,it has been established 

by experience that 5, 90 27 

0 0 0  ..  SI  ..  ..  555  ..  ..  .. .. . 

* Reference 27. 



(i) -''h^ core must be caref'illy interleaved. 

(ii)P -i clamping pressure should be adequately distributed. 

The use of exceptionally lnrge clamping press~kres 
27 

does not reduce th? noise.  This is to be exnected, since 

the noise is daze to magnetostriction; the les and the joke 

of the core will extend as a twrholn with each alteration of the 

f1,ix. Hence lateral pressure '-rill not -vopreciably affect the 

extension. This theore is?1 pre-position is confirmed by results 

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

TABLE, NO. 5.3 

FffPet_oi' T ghteni! g oe-Bow n Noise 

Tr' -sfirner specifications 100 KVA S 3 phase,core ty 

Bmax =(10500 ga'.i s~ ~ I 
(1.05 1Jb/m ) 

f 50c s -̀~~ 

Clamning condition   OPhones ---- ----------------------------------------4 
0 1. Core bolts thumb tight 	51 

02. C' re well clamped by 3 
turns of the nuts.  52 

13. Core very tightly clnmoedO  50  

TAT 	NO. 5.4 'k 
ori 

Core  Condition  Noise level in 

 

10 KVA,pl nhnse core ' Before oil Immersion'  49 

 

After "  "  '  37 
Cemented 	'r n 	' 	26 

----r-.--rrr_r---------
--r-_-----r--_----------r------------- 

	

60 KVA,3-nh-se corn t After oil Immersion ' 	65 
Cem^nted & cil imm- 

 

.... i  64 

* ...P-'Arence 27. 
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Fv,r the above table 1,re fin that there is no aprreci_'bl 

reductiin in noise for large size 3-nhnse transformer on cement-

ins of the core. The interleaving of the core andproper joints 

red;ce the noise and resl`s in lo,.r noise level transformer. 

Increrse in damning nress•lre has no effect on noise redaction. 

(5.1.3)Rodaction of overrating flux density. 

Some times it is suggested that; the transformer be 

designed for a flux densitf lo'er than That would normally be 

used. This simole solution to reduce the noise-level, is dependent 

-)n the circ'imstanc% particularly the size of the unit and the 

level to which it is desired to reduce the noise. 

Fig. 5.1 c )nsi ;s of a family of curvds giving approxi-

mate noise levels for trrnsforrners of different ratings and at 

different flux densities. The noise levels are in no way definit~r►E 

and apply oni; to particular conditions. They are quite sufficient 

for the purpose of comn:nris,on. For these transform -irs the normal 

flux density is 13000 gauss(l.3 wb/m2 ). By making suitable assum-

ptions we ca.n al~*ays assess the effect of redzction in flux-

dens it:r. 

Assuming a 1n% reduction in flux density , and also 

that the core section, winding depth and the conductor size 

ret ins unaltered. We find that in order to rel^in the list 

voltage, the number of turns and hence the length of the winding 

must be increased by 100. This means that the len-'th of the leg 

is increased by 10g. If the iron and corner losses were to be 

e"ua1, then this change in flux density will create a large 

disproportion in the t•.To losses. 

Sec)ndly an increase in dimensions of the transformer 

T•ro'il give rise to a small increase in noise level to overtpke 
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bin nr'ded. 

Thirdly,  her factors such as leakage reactance etc. 

may be affected by the change in dimensions. 

To'irthly, a redaction of 1O in the flux d-nsity t•,o,, Id 

involve an increase in active material of the sane order ith a 

corresponding increase in tank Size and the quantity of oil. 

Under these circumstances; the increased cost of the 

trnnrform,r for a given redaction in noise 1cvel must be compa-

red •pith the cost involved for the sane reduction in noise level 

by othr mntrods. By comparison we can find which me'.hod is 

cheaner, 

we therefore, find that it is technically possih1e to 

of rict - subst^rtia.l reduction in noise level b;/ reducing the 

flux density, but for specially large tr=insformer this method is 

-u -ite im-ract cable due to economic considerations. 

(5.]44'Tnterceation of Vibrations transmi':ted from core to tn 

In a normal transformer transmission of sound energy 

takes nlace by tt•ro paths. 

By direct ccnf-act 	core 1•Tith the bottom of the 

tank and thence to the sides. 

(i1.) 	B; d4 rect transirissinn through the oil or a ir(in dry 

type transformer) 

Some vibrations ma; be transmitted through leads from 

the core to tank, but unless the leads are unusually stiff,the 

amount of vibration transmitted in this ways is quite negli.# ble. 

rii  effect of noise reduction by mounting the core on 

resilient snorts having a large attenurticn constvnt is sho~•~n 

in tnhle No. (5.5) 27 



Table N. (.5) 

ect o mounting oil immerses _r.-)re on resilient sunnorts_ 

60 KVA, 3 phase Transformer 50 c/s 

(Flux density remaining constant) 

I 

' Condition  
----------------------------------- 

I 	 I 

'With-)ut resilient  
sunnorts ' 56 

I 

' I"lith  rip 	c 	52 	,. 

I 	 t 

_________ 

The The use of resilient supports alone does not reduce 

the noise to substantial amount; but the sunnorts are of great 

imnort=nce, if a consider^ble amount of attention.: is to be 

inrod'iced in the oil ?path. 

Experiments TTere made by B.G.Churcher and A.J.King in 

England in 1939-40 by using an absorber which readily yields to 

pressure pulsations in the oild. The arrangement used is shown 

in Fig. 5.2 and tho results of noise level with absorber in 

position and rithout absorber in nosition are shown graphically 

i n Fig. 5.3. 

Fr-m the above curves we conclude that reductions 

in transformer noise of the order of 25 to 30 phons are 

possible by the use of absorbers in the tank at normal working 

flux densities. This reduction is sufficient to remove the cause 

of coriplaint. 

* Reference 27. 
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(5.7..5) Tank Construction. 

This section deals with the constructional modifies-

tions and the attachments which may be incorporated in the tanks 

of oil immersed transformers for the purpose of noise reduction. 

Generally speaking a normal transformer tank• has ;zany 

modes of vibrations  the correspond&ng nat'zral frequencies extend 

over a wide ranine of audible frequencies. As we have seen the 

impressed vibratory frequencies for a transformer core extend 

from 100 to 1400 c/s in steps of 100 cycles for 50 cycle excited 

tr?nsformer. : stimation o-^ the natural frequencies of a tank 

is a very complex and uncertain matter. 

The addition of mass to the ?galls of the tank or 

stiffening the tank may simply shift the naturl frequencies 

of Vibration, and thereby either increase or decrease the 

contribution of particular components without greatly affecting 

the total noise. 

It is possible to reduce the radiation of noise from 

transf-)rmer tani_s by providing false sides resiliently mo1nted 
27 

on the tan 1 . In this case it will be necessary to effect cooling 

by a separate rediator niped to the tankt or bd some other means. 

To obtni.n a sufficient reduction the follor'ring two conditions 

sho,i.ld be fulfilled. 

(a) The a.mplitu.,ie of vibration of the false sides should 

be reduced to the order of 1/10th that of normal tank sides. 

This req'iires very effective resilient mounting of the false 

sides. 

(b) The tank should be completely covered by the false 

sides so that the acoustic energy emitted is rediced to 1/100 

of that emitted rithout false sides. 



-7v 

The 1st no int re ;•.ires a serious consideration 

d ih  t- tho follolrina nature of sound Lraves. 

" The propagation of sound waves of a few hundred c;cles 

ner second does not follow the usual optical laws, i.e. such 

10- ,  frequency sound 1rives are not directional but spread out 

readily in all directions." Hence sound rill not be emitted 

from the top of a tank purely vertiaily but would be heard even 

if none were emitted from sides. 

ft 

Forrest in his investigation with false sides had 

reported a reduction of 10 phins for a 20,000 'SVA unit. 

TJsef'il noise red fiction can be obtained by "lagging 

thntransformer tank with sound absorbing material." 
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(5.2) xternnl e thods. 

This section deals with the methods by which the 

effective loudness of the noise reaching the hearer can bo 

controlled. In practice some attenuation is often provided 

bar the circumstances which are due to other considerations 

than noise. It is useful to utilize such a.tter ion supple-

menting it wherever necessary be attenuation obtained by 

artificial means. 

(5.2.1)pedction of noise with distanceL  

The distance between the source and the hearer itself 

g^nera.11,y makes some contribution towards the limitations of 

transformer noise. The rate at 1-rhich the effective loudness 

falls 'rith increase in distance depends on a number of factors. 

Calc'a.lat-i.on of sound intensity for n point source. 

If a point source emitting a single tone of 1000 c/s 

is imaR ned, then spherical radiations will res'zlt. Neglecting 

th- energjj absorption in th^ atmosphere, which is negligible for 

this freq•iency andmoderate distances, the total energy radiated 

will be constant at all radii. Hence the energy per unit area va-

ries inversely as the square of the radius and the acoustic 

pr-ssu.zre inv?rsel.,  Ps the first noi.Ter of Jbadius. 

Hence, 
P 

if the intensity level at radius R = 20  
0.0002 

then the intensity level at radius 2 R  = 20 lo.  P  
10 0.0004 

and there is a. difference of 6 db betf►een the inbensit, level s.t 

the two points. 
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Since at 1000 c/s the intensit; level is e,,,usl to the 

E.L. ('lff'ect've to idness), the effective loudness at a radius 2R 

'rill be 6 nhons less than at R. In other T,Tords, each time the 

distance from the source is doubled, the E.L. falls by 6 phons 

until the threshold intensit; level corresponding to a pressure 

of 0.0002 dynes/cm is reached after Trhich the sound becomes 

inaudible. 

p.l:?ation of sound level for large distances considering 
the transfora.er as a spherical source. 

One of the factors entering into the resultant sound 

level at large distances, —hic i,s normally over looked is the 

x~h; sical size of the transformer. Although the actlil sound 

levels in the vicinit of a. transformer are complex, it is 

osrihle to draw some general conclusions by considering the 

21 
transformer as a special source 

It = So'ind intensity measured one foot from the transformer 

Id = Sound intensity in decibel at a distance "d' 

R = Radius of theequivalent sphere(Eepresenting transformer) 

v = Velocit; amplitude of pulsation. 

A = Wave length for frequency `f' C~s 

q = Density of air ' 

c = Velocity of sound in air. 

For spherical waves  
2 c y' - 	R 	~- —~ 

Id e 	1) 

l ~ 
In order to express Id in terms of It we assume the sound WVO 

to be spherical. 
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It = 	k  
R  L 	J 	-. 

Whore R1 _ (R + 1) ft. 
Suhrvituting equation (5.2) in (5.1) *.Te get 

	

=xItL  ---(5.3) Id (—~-) 	--- ---- --- --- 

If the wave at one foot distance is assumed as a plane 
wave then, 

It 	eC ~~ 	----- 	---- 	---- ---- (5.4) 

No the e ,.cation (5.1) ma j be ,rritten as 
2 

d = 	dz 	+, 	,__ 2- 	I E 	 (5.5) 

For frerluencies w'zose grave lengths in air are srr.all 

cI)mn^reci T'; th 27("R both equntion(5.5) and (5.3) indicate a 

variation in intensity approximately as the square of the 

radius. 

For •r ave lengths that are of the same order of magni-

tide as 2)' R e quation(5.5) indicates a high?r rate of variation 

w1ii_c'i an-r)nc'i s 4th no7rer of the radius for wave lengths large 

corp^red. with 2 	R. 

At 	frequency of 100 c/s the *.wave length in air is 

sn-roxit tely t2 ft. s) t t if equation(5.5) is valid it may 

be possible to observe a 4th power variation for small trans- 

f ermers. For large Dower transformers the rate of variation drill_ 

be close the second power of linear dimension. 

Based on the above real-ning, we 1,,Duld expect the 

rel-dive size of the tt•rc transformers to produce at a remote 

point,a difference in level given by 
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L1 x 
i)pcihel t~ f'f'. = 10 log10 ( 2)- 

rhere Ll /y = t n 
	f ~ h 	do o

f 	dimensions of the tiro 2  

n = An index,ma.y vary° from 2 to 4 

If for exam,'la one transformer has trice the linear 

dimension of anoth?r, then even though they have indentical 

levels measured at 1 foot, the small transformer may still be 

6 to 12 decibels lower than the larger transformer saf at 200 ft. 

distance. 

Bec^ase of the si-iplifying assurnntions made in the 

d'r3v,tion, the exact effect of size on the resultant 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 of 4.5 decibels for ever;; doubling of distance from 

the source 21,27 . The average of 4.5 is quite reliable for 

preliminary estinv'tion. 

(5 2.2 Use of Vibration Isolators 

It has been observed that when a large transformer is 

located Tithin 50 ft. of dlJell.in;s, the hum level in these 

residences is generally caused by the combined effects of 

(i)Air-borne sound 

(ii)Gro.i.nd transmitted vibrations 

Normally it is necessary to reduce both the ground-

borne and air-borne sound to minimise the hum level inside the 

nearby house. The.transfor mer must be isolated from its enclosing 

strilcttlre to present the ground or structure borne vibrations fro 

excit-ng the galls and thereby reducing the acoustic effective-

ness of the enclosure if any. 



To obtain effective Vibration is-)lntion it is first 

21 
-)f ^11 necess=2r,,f to satisfy the following conditions 

() The ratio -)f the exciting freruenc,r to the natural frec~a.ency 

of the system must be greater than 3. 

(b) The stiffness of the isolator must be very mach lover than 

that of the supporting structure. 

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

The ground is a complex medium and very little is known 

of h-)Ii it behves in a vibrating system. It may be considered as 

a complicated spring - mass system, or in electrical terms as a 

non uniformly distributed inductance and capacitance hr#.vin; some 

resultpnt  impedence. The isolator may be cinsidered as an 

impedence.arDanged to provide'=a mis-match between the source 

(transformer)and the foundation. 

To illustrate the importance of the elastiicity of 

the foundation, the groind may be greatly simplified and 

represented as a spring of constant K. The transformer may 

be represented by a mass M and the spring constant for the 

isolator. Iii a.s shiwn in Fig. 5.4 

Accordin to the standard vibration theory 

Transmitted Force  1 TR(Transmissibility) = 	 _,...._ 
Disturbing force 	 ? ^ 1 

(5.6) 
Where 

ter = 27'X Exciting frequency 

w,k = 21r * Natural frequency of the s;stem. 
K 

K = Spring constant 

11, = Mass 
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If the natural freauencf of the transformer and its 

f ; ,nc~nti -7n is say 20 c/s. .hen fundamental exciting 

fi equenc. being 120 c/s. 

TR = 0.0236 

Interposing P vibration isolator with a spring 

c)nstant Ki comnarable with K. Then the spring constant 

of the system will be 

K2' 	= )....... (5.7) 

And cinsecrientl,f 

No- the resul -ant TR= 0.014 

Decibel reduction= 20 10810 Original (TR 
New ~TR) 

= 6 dh. 

From the above relnti.on of .quati-)n (5.8) we find that 

decibel rQducti -)n 11,.11 be lo if the spring contant 7f the 

isoletor is greater than that of the foundation. Hence 

choice 4 
rrronerLisolator material is ver,; essential, 

(5.2.3.)  Use of Barriers. 

Another mots icl of obtaining extorna.l 

atten'iatiin ' s ' to ise a barrier(i. e. a bric wa 1) bet-een the 

transformer and the location at which it is desired to limit 

thA noise. TTnl~ss the barrier is of infinite height and width 

tre attenuation that it I,►ould afford will nev r approach the 

vsiuue that it ,,Tould nrodice if it formed ones Of the sides 

of a complete enclosure. At the freq•'encies of transformer 

noise there is a considerable amount of defraction of s)und 

ro-ind a h crier of finite dimensions. The at .enuation 

obtainable by this method depends on a. nrimber if factors, 

i- re m ~t imrortant heinc? the followine: 
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(i) she effective height of the harrier shove a line 

j-ininn the s -irce to the hearer. 

(ii)The nearness of the s'irce and hearer tothe barrier. 

Taking the case of a transformer of mean 

height 5 ft, situated 24ft. fr-m a two stere, residence. 

The at n'astion with distance without a barrier wild be 

15db. she table No. 5.6 belo•T shows the estimated effect 

of inernmsing harriers of 10ft and 15ft height at a 

distance of 4ft from the transformer.27 the various val'ies 

are cnlc'ilpted for the unner and lower floors of the 

h- 'se and for 100 and 300 c/s, the fre lulencies with which 

we nre most cincerned . 

Table N,.(5.6) 

Atten'iati~n obtained from different height barriers. 

Height if the : Floor : Frequency : Attenuation in 
3arrier ::~ db 

10 ft. Ground . 100 . 10 

10 ft. Ground : 300 5 

10 ft. 'Jasper : 100 7 

10 ft. Upper : 300 10.5 

---------------+-------------$--------------+------------------- 
115 ft. Ground : 100 : 14 

15 ft. Ground : 300 : 18.5 

15 ft. Upper 100 : 11.5 

15 ft. Upper 300 : 16.0 
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The attenuation values shown in the table (5.6) 

a,e additional to that due t-) distance; and may be just 

sufficient to bring the effective loudness below 40 nhons. 

From the table it can be noted that: 

(a) The attenuation t) the unner fl)ors is less than 

that due to the lower floor 

(b) fhat 50 % increase in the height of the barrier increases 

the attenuati-n only by 4 db. 

(5.2.4)  Use of enclosures. 

The need for the enclosure of a transformer 

for the nurnose of noise limitation is in general confined 

to outdoor type of transformers. It T,tould seem that the only 

case where enclosure f-)r an indoor type of transformer would 

be needed is where quietness is required in .the roam in which 

the transformer is located. This is an unusual requirement. 

There are tI.To types of enclosures. 

(i) Completely enclosin_; the transformers by a roofed 

bl?ildi.ng and s,metimes Tith enclosures without a roof. 

(ii)Pre-assembled enclosures. These are very useful for large 

transformers anc very norular in U.S.A. 

(5.2.4.1) 7,ssentia.l reryiiirements -f an enclosure: 

(a) 2he enclosure must be eather proof. 

(b) she oil gauge and the temperature indicator 

must he visible. 

(c) 'mptjing valve and tho filter valves muse be 

accessible. 

(d) I- .'v'est r-ssinle  3uild-un affect" 

(e) I, shy•'lc no'; impair the coolie'; of the transformer. 
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(5.2.4,2) 	z.co ;stical Asnect ss. 

Noy-, "e can c rnsider some accoustical asnocts 

of the encLosuure. Normoll,, , Th- P"Iteniation is measured by 

inserting a rrtition of 	materia.' into an anening between 

twi r'oms, entirely is)la.ted from one another. A sm)urce of 

so ,nd if' Ih- desired freq'zency, is operated in one of the rooms. 

The acoustic pressure on either side of the partition is measured 

by calibrated microphones and the attenuation in decibel is 

given by: 

Attenuation in db = 20 log.. ('L 11 

The most important conclusions arrived at 

from s,ach investigations27 are 

(i) the attenuation is a function of the mass/ unit area. 

(i1)he attenuate )n. is nrorortirnal to the frequency, i.e. 

if the frequency is d'uubled;the attenul7tion will bo 

increased by 6db. 

Rhus at 2nO or 300 c/s, the frequencies with 

which ire are most cont"rn-d, t' 	atten'ieti)n varies from 

12db for ;artitI )n wei}hinrf 0.5 lb/sq ft.to apvroyim.ately 

49db f r one weighing 50 bls/sq. ft.27 This is true for 

mntar1 zls s'ch as h iilding-',00ard, plate glass,wood and bric'r.  wror. 

From the abDve theor; 'T,e ',rill expect that if 

attenuati ,n varics only as inertia, (Mass/'anitarea).x ttxxkx 

The attenuation )f a partition for doibling the thicness 

T,ro ,zld ho increased by 6db. '.-neriments also show that this 

figure holds good a~ roxim^tely. thus if a 4z'r brick ral1 

his an atten'?rytiin of 47db at 2n(' or 30° c/s a 9" wall will 

have a value an roximately 53 db. 
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Instead of doubling the wall th 4  c'-ness, if we 

use tT) independent ia.11 s of the same thi.chness or a. double 

1'ralt, tho attenunticns will bo additive if the following 

conditions are fulfilled. 

(a) there shall he negligible mechPnical c >unling bet'-Teen 

the tt.*o !.Talcs by ties or other solid connection. 

(b) The air space be large to make the air c)upling negligble. 

Thus the attenuations of the order of 100 db 

are theoretically possible. Although such high values of attenuati 

are rarely recd fired in practice, bit the other sound leakage 

-oaths will normally reduce the effect of doable walls, 

(5.2.4.3) ImnairiT17 effect  of_oneninns in,_anenclosure: 

This can be illustrated by an example. 

Consider a partition giving an attenuation of 40 db. The 

energ, density on :incident side is 10000 times that on the 

emer-,ent side. I" now holes are made in the partition, having 

a total area eLiuivalent to l$ of the area of the partition. 

'hen the average energy density on the emergent side will be 

increased 100 times, thus the attenuation will be reduced 

fr)m 40 db to 20 db. .his effect has a very important bearing 

on the enclosures of naturally cooled transformers. 

(5.2.4.4)Ruild- _Effect: 

Another acoustical effect which arises when a. 

transformer is placed in an enclosure is what may be termed as 

"-Iuild-up "effect". The absoretion coefficients of brick, 

concrete and metal surfaces are very lo'•, of the order of few 

percent. Thus with the usual brie: or concrete ,falls 97% 

or more of the s-)and energy radiated by the transformer tank is 
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reflected from the enclosure surfaces, and multiple reflections 

take n1=ice. The sound energy is conserved rather than 

dissina.ted, Si that the average intensity level at a .,iven 

shirt distance from th,, transformer is greater with enclosure 

present than without it. This "Build-up Ef ect" 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 

narticul r c ,mnonent near the tank side is X. When the enclosure 

is placed in position, the internal intensity level will 

increase to (X+B)t  'Where B is the build up effect. The intensity 

level immediately; outside the enclosure will be (X+B-A), where 

A is the attenuation of the enclosure for the frequency. 

The build up effect in practical cases may reach 

considerable values. If it is desired to utilize A, more fully 

build up effect must e reduced by increasing the total 

absorption inside the enclosure, by mar .ng use of suitable 

sound absorbing material, 

Fig(5.6) illustrates a transformer in an 

enclosure with a.n external radiator.  , 

(5.2.4.5) Pre-assembled Bnclosures:- 

The preassembled sound enclosures are being 

extensively used for large transformers in the U.S.A. This is 

buildt ar-'ind a transformer of conventional design. :'Then 

c)mnletely assembled the outer tank or enclosure surr-ends 
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the main tankk.22  the standard accessories (oil level indicator, 

thermometers and valves) are readily accessible from the outside if 

the enclosure. 	s aund absorbing material is placed in t1  e dead 

air-space between `:ho to tanks to reduce the build up effect 

of soind within th- enclosure. All cinnections from the main 

to the later tan'-  are flexible to prevent the direct 

transmissiiI-i of vibrations. lthough both the tanks rest in the 

same fundation, resilient rads are placed under the base of the 

main tank to minimize coupling through the fua.ndation. The 

enclosure has P separable channel bars which is removed for 
shirnment. 

Advantages of the Preassembled Round  'nclosures: 
(i) Large reductions in s)und level can be obtained. 

(ii) It is a loi°er cost methoc9 of obtaining large reductions 
in so!znd level. 

(iii) fadiatiin of noise in all directions is at.:enuated because 

it c,mnletely encloses the main sound radiating surface. 
(iv) The efficiency of the enclosing s; stem i s not decreased 

as it ' )-lld be with a masonry enclosure ar )u.tnd th- c-mnlet e 

tra nsformcr, because tho ciolinc surface is loca`:ed. 

external to the encloc)tre. 

(v) e instalation is simpler than for other t,fpes of 

enclosures. It requires a slightly more time for installing 
than th-t retired for a standard transformer, this is due 

to the fact that the enclosure is nreassembled 'at the 

factir/. 

(vi) It is lers 'ou,il'cy or shipment than a separately assembled 
metal enclosure. 
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(vii) No special overhead clearance is re.juaired at the 

installati7n site for assernbl C the enclosure. 

(viii)Subst 4 tut1cn of a larger unit at tv same site is not 

limited h1 the size of the enclosure, since the 

enclos,re is an integral part of the unit and moves 

r►1 vh  it. 

Complete enclosures of all types have the 

advantage of rr ,ducinF very large reductions of so ind level 

in a11 directions. she factor built (Preassemhled) enclosures 

can provide reductions of the order of 15 to 20 db at a lower 

cost than other methods. 'he nreassemhled enclosures provide 

the most desired simplicity for installing and erecting. 

(5.2.5)  Sound, C .ncellation, t•Teth,)d. 

recent tests have demonstrated the practicability 

of projecting a "Beam of silence" throu h the comblex sound 

field which surrounds a transformer.19  At the present sta<7e 

of development th' beam is limited to a width of 30°. his 

is sufficient t- reduce complaints in came installations. The 

eTTlirment consists of from one to four toidspeakers, a source 

of a ract±on of a 1,ratt of electric noer, and a means of 

adi"st'na tho phase and amplitude of each harmonic. she cost 

of this equipment is a few percent -f the cost of conventional 

so'ind harriers. 

oT o'era ion. 

fa understand as to hofr s ),ind cancellation can 

he -o`'tained, the transformer ma; e c •nsider d as a point source, 

which is true for laro,e distances `'''en measurements are made 

al ,1n,r a fixed radial line. It is —ell ':no,,,n that the placement 

of a sec nd point s rce n  vicinity of the first one will 
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dive rise to intereference patterns, which result in large 

variatiin in so,ind pressure with angular r.osi.ti. m. The forms 

of th'se natterns depend up)n the number of wavelengths of 

serarn imp. hetveen th- s varces and the phase angle between 

their pressure vnrinti•ons. 

Fig(5. ?) shoTs s )me typical polar clots of 

s -,nd pressure are :nd a nvir of noint sources of equal strength. 

t. st'iriy .)f' these curves indicates thn e"f'ect of separation 

and 

 

rhe angle or the si-.lnd pressure field at large distances 

fr -or the source. It is also an-arent that by ironer adjustment 

of th,) phase angle of the second so rrce(i.e. a loud spec!:er), 

the s-vend from the first can be cancelled in a desired 

direction. 

For the first few harmonics of the tra.nsforrier 

n-)ise a 12inch loud snna'cer in a closed baffle is a fairly 

ncc,i-n~.e model of a noint source. 

In Fig(5.8) a bloc', diagram of sound 

cancellation eq',.ipment is given. 

(5.2.6) "enetration of Noise into Buildings: 

fee fir;al atten'iating factor in the sequence 

fr-'m the s)ua.rce )f noise to hearer in transformer noise 

nro'.,lem in residential district is the attenuation provided 

by the h irzse. The difference hetwTeen. the in ,ensity incident 

unon the outside of a house and that 1•Ti thin a room depends 

unon the following factors. 

(i) Lhp area of th-i oneningof the window. 

(ii) she amoiint of acoustical absorption within the room. 
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Where the r ndo1,,s are closed;  e attenuation 

depends •,n 

(a) the total window area 

(b) the t'iacness of vho glass. 

Depending upon the amount of absorption, 

th window area, attenuations upto 15db are possible. In 

bed ro -)ms where most attnuation is needed, absorntion is 

greater than in other rooms. An at ;enuation -)f 10 db has 

been found for open windol,►s by exneriments27  and these 

may be assumed for calculations. For closed windoirs attenuation 

may rise upto 15 to 20 db. 

(5.2.?) psych-lov:ical Factors in Limiting Transformer Noise. 

Some measures which can be adopted in 

influencing the nhych-logy of tho reople residing in the 

houses near he transformer substation will be described. 

These methods do not reduce the noise as emitted by the 

transformer but sometimes remove the cause of potential 

comnlaint. 

(i) Tmnroving the anwearance ofthe substation and the nropert., as 

much as economically justifiable by landscaping, lighting 

and n-q.irting of structures. 

(ii) Energize the transformer two wee'cs before construction is 

started and as much as possible during construction in an 

e Fort t) accust )m tho neighbourhood to the noise o . the 

transformer and therebd -  a. psych )logica _ advantage maj be 

obt a.ined. 
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Heavy load aro'rth and economics necessitate 

theconstruction of outdoor substations close to the 

load centres. This re ;u.ires large transformers to be 

installed near,r.esidential buildings and makes people 

mire noise crnsci0us. The manufacturers are tr.ing to 

build smaller and more economical transformers by the 

use of grain-oriented cold rolled steel. The following 

are the important conclusions of this stu!.dy. 

(i)  ises Y  F Transformer _Noise:- 

(a) The transformer noise originates nrincipally 

in the magnetorstriction of the core-iron. 

(b) Pulsation of the flux in th' core-joints also 

increases the total noise due to vibration of 

coreplates. 

(c) The transformer noise may be increased due to 

resonance at the natural frequency of either 

core,tank f  radiator tubes, junction boxes etc, 

tait.i the exciting frequency of ',,he core 

vibrations. 

(d) Noise may also increase due to interaction 

between core and coils. 

(e) xternal cooling equinment(Fans & numns etc.) 

of the transformer cinsiderably increases the 

noise of the transformer. 

(2) Tvieoretical c )nsiderati rns in detern'i.nin} the Noise 

Level _oL Transfo, mens. 
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(i) The Transformer Noise can be calculated from 

the design constants using as a base the 

magneto strict ion tests of the core material. 

(ii) Sound intensity produced by similar transformers 

irit'i the same induction in the core varies as 

the 2/3rd nos -Ter of the weight. 

(iii) The sound intensity produced by a transformer 

with the core-iron having normal magnetostriction 

varies as the square of the msgnetostriction. 

This relation can be used to cimpare the sound 

intensities produced at various flux-densities 

or to compare the sound levels of various 

types of core steels. 

(iv) Variation of noise-level due to load variation 

is of the order of 2 to 3 decibels under the 

r,rorst c rnditions of loading and ma,; vary to 

zero under the best operating conditions. 

(v) The,)retically speal:ing reduction of noise from 

a transformer is possible by designing it at low 

flux densities, but from economic considerations 

this method is impracticable. 

(3) Methods of Limiting Transformer Noise. 

(Internal Methods) 

(a) The core: 

(i) Use of special steels wit/low 

magnetostriction. 

(ii) feductimn of flux density to retain the 

advantages ^f low magneto strict ion in 
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(iii) Careful design and construction of the 

core and coils to avoid resonance and 

vibration of parts. 

(b) Transmission between the core tanks walls. 

(i) Isolating the core from the tank by 

Waddings to avoid the transmission of 

vibrations to the tank walls. 

(ii)Use of accoustical impedances or 

noise barriers in the oil. 

(c) The tank: 

(i) Design and construction of tank t) avoid 

resonance. 

(ii) Sound insulation of the tank. 

(d) Fitting and Auxiliaries: 

Mountj. them on resilient cushions and 

avoid resonance. 

( xternal Methods) 

(i) Fffect of Distance: 

Adequate distance between the transformer 

and the nearest direllings. The distance 

itself contributes torsrds the limitation 

of transformer noise. 

(ii) Use of barriers around the transformer 

Tho h3ight of the barrier is the most 

important factor in determining the 

attenuation of transformer noise. At 

last t'ne hoi.ghht of the barrier must be 

2 or 3ft.more than the height of the 



transformer trni~.. The reduction in sound level 

affected by a irail diminishes as the angular 

height of observer .,,ith res-nct to ho s-)urce 

increases. Sin la wall barriers are useful 

when a small attenuation in one direction only 

is required. However foi large reductions in 

noise and when attenuation in all directions is 

desired, barriers are uneconomic. 

(iii) RnclosuT'as: 

Four wall total enclosures are very effective 

for large noise redictions3 Noise reduction of 

the order of 20 to 25 db is possible by this 

method; but this method impairs the cooling of 

the transformer. Attenuation of noise is obtained 

in all the directions. otal enclosures of 

brick work and masonry are vory nopula.r in U.K. 

and the continent but in the J.S.A. preassembled 

enclosures are very popular  since they have 

many advantages over brick wall enclosures. 

(iv) Nois ~xeducao~n by _sound cncell 	 l"ethod: 

This method gives reduction of transformer noise 

in an angular space of 300 from the sampce . It 

is a ver; cheap method of transformer noise 

reduction. Maintenance cost is negligibly small. 

More investigation is needed, in order that this 

method may give:l cancellation of noise in a 

greater angular space. 
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At the present time, there is not a single 

satisfactory general solution. Depending uion the 

importance of a noise problem one or a combinption 

of the methods discussed can be applied. 

The transformer noise is trouble some in 

relatively few cases, but non themselves lend to a 

r;Aneral solution. "Each is an economic problem to balance 

tho additional cost of quiet transformer against the cost 

of providing a suitable enclosure or locating the 

transformer away for the noise not to be objectionable". 

Each case has to be studied individually and the 

most adequate solution for the reduction of noise con-

sistent with economic considerations has to be adopted. 

Lower noise level transformer obtained by reducing the 

flux densities in the core requires more iron, more cop'er, 

more insulation , a large tank and more oil, This results 

in an increase in the cost some times as high as 25% for 

the desired noise reduction. 

-0- 
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APP  a N  D I X 

AC''1S'TICAL-'l RMINOLDGY (23) 

Ambient  ?Noise:,- General back ground noise in a neighbourhood 

excluding the source under investigation as well as any 

temnnrar/ or unusual noise which can not be counted on to 

• produce masking of the sound from the source under 

investigation. 

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

sound which has been modified in accordance with A-weighting 

is said to be A--weighted. 

Weighting;- Weighting is the relative frequency resp - nse 

charRcteristic of a standard soind level meter. Three 

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

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

a single frequency. 

Harmonic  Index:- The harmonic index, hi, is the difference 

between the noise level measured by the flat response and 

the noise level measured by the 40 decibel response curve. 

hi = db(Flt) - db(40) 

Loudness:-  Intensive attribute of an auditory sensation, 

in terms of which sounds may be ordered on a sca7 c extending; 

from soft t-, loud. The America). unit of loudness is Sone. 

Loudness:-(British definition):- It is that su''jective 

;"?alite,  -)f n counrl i"r icb, in general, increasos rea'11a.rly 
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A true or natural loudness scale is such that 1rhen 

the n'imhnr if units in the scale is doubled, the magnitude 

of sensation exaerienced by nirmal listeners is also diiibled. 

The British Unit of Loudness is Phon. 

ryuivalent loudness~F.L. ~- The e luivalent loudness of a 

sound is measured by the intensity level relative to some 

accented reference intensity of a stendard pure tone of 

s,)ecified freçuency, which is judged by the normal observer 

to be as loud as the sound under consideration. The unit 

of equivalent loudness is Phon. 

The standard tone shall be a sinusoidal sound 

wave-train coming, from a position directly infron of the 

observer and having e freuenc j of 1000cps. 

Masking:- Amount b,, 'which the threshold of audibility 

of a sound is raised by the presence of another 

(mr,s'-ing sound). The un .t used is the decibel, 

hon:- she nhon is a unit of lo,idness. T j definition a 

sTmnle true of requ.ency 10(')Oc/s, 4°d'e nt,ove a listerner's 

threshold, produces a loudness of 1 'hon. 

her loudness of any sound that is judged b,, the 

listener to be -n- tines that of 1 Phon is n-"'hens. 

Lound Level:- It is t be -ei hted s wind pressure level. he 

freiuoncy freight in; net1.ror'r 1,B or C should be specified. 
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incl ressure Level - The s~..znd nr ss„re .level, in deci o1s. 

of a sound is 20 tunes the lorarthrrn to he base 10 of the 

rnio of the r_ressure if this sound t-7 the reference pressure, 

¶rhicb is usually 0.0002 dynes/sI,cm. 

~hrPsh,)~.d of_A~tditil.ti~t s- F-r o specified sina1, t'ie 

}'mesh- 1d o° wif9i!)ijity is the minimum rsm.s. sound 

oressure of the signal, that is capable of eving an 

auditory sensation, in a specified fraction of the trials, 

-0- 
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