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The subject matter of this paper keepe closely to the electric
machine because other speakers are covaring comprehensively the nolse
from coupled items of equipment such as fans, pumps and pipes, and
the transminmsion of airborne nolse and vibhration. The sources of
noise in an electric machine are first briefly described. Then tha
pattern of nolse to be fournd round an alectric machine 1s deascribed.
After this desoription of the acoustic field the measurement of that
noise and ita specification are next considered. The latter ie the
gubject of s fortheoming British Standard, which ie very relevant,
and the probable general form will be deacribed.

Blectric machines consist of m stator amd a rotor and, ususlly,
have a bearing at each end, mechanically Joined to the stator. The
atator amd rotor each carry a winding, and those set up two component
olectronagnetic field patterns 1n the air-gap. Thess flux patterns
have an angle betwoon them and the tendency to aligment of the two
patterns leads to the torqus., The flux patterns may both be atatlon-

‘ ary, as in a d.e. machine, or thay may both bs rotating, as in most
synchronous and induction machines. The flux patterns are set up by
currents flowing in the windingsi the flux pasases in cloaed loops
round a magnetlc circuit mainly of iron,part on the stator, part on
the rotor and with the air-gap betwaen them. The windings are embed-
ded in elote arranged round the periphery of one or both members. The
variations in flux in the iron parts of the magmetic circuit lead to
heat loseea - the so-called core leosses. The currents flowin- in the

. windings lead to ohmic lossss, that is, sdditional heat losses.
Thete and other amaller loases are Temoved by cooling air -hioh is
drawn through the machine by a fan.

From this brief description of the principlesof operation of
electric machlinea the sources of noise will be clear. Briefly, they
are in threa groupst mechanical, magnetic amd asrodynamic. Forcesof
mechanical. and magnetic origin produce vibration directly in the
machine structure; aerodynamic sources cause diract pressure fluctua-
tione in the surrourding air. Hechanical vibtratory forces may be
produced by a dynamic out—of-balance e¢onditicn of the roter, amd by
rubbing and rolling motions of the bearings. Out—of-balance condi-
tions producs a nolse at low frequency - at the frequeney of rotation
of the machine. They thersfore produce mainly structure-born vibra-
tion, most machines being poor radilatoeras at these low frequenciesand
the ear being relatively insensitive. All conventional bearings
involve rolling or sliding between two surfaces and produce noles
owing to irregularities of those purfaces. Sleeve bearings are
usually quieter than ball or roller bearings because a wedge of oll b
mora sasily maintained in sleeve bearings.




Magnetic nolse is produced in the following way. The flux die-
tribution may be imagined as composed of m series of space harmonica,
and each may be considered separately. The force between atator and
rotor at each point of the air-gap ie proportional to the square of
the flux density. In this way it may be aeen that a series of pos—
itively and negatively travelling waves of force is produced. These
result in corresponding waves of displacement rounmd the stator sur—
face and corresponding waves in the air amd therefore moise. Clearly,
eccantricity of the rotor will affect the flux distribution in the
air-gap and will lead to additional noise. The most important facter
in all this is resonance, as the largest displacements and loudest
noises will be produced when foreing freguencies are equal to or
cloas to the natura)l frequencies of the structure.

Asrodynamic noise occurs whenever there is any rapid local
change in the pressure of the ventilating air flowing through a mach-
ine, The pressure variations are usually radiated directly from the
air etreams in some cases they may exciie remonances of the ventil-
ating duots, Aerodynamle noises are produced partically as a result
of periocdic fluctuationa in the flow resistance of the air paths.
These are due to pressure fluctuations at the ocutlets and inlets of
fans, by vortezea formed im the wake of an obJect in the air flow
breaking against other objecis, and by the irregular flow of air thr-
ough ducts of rapidly changing cross section, or in which the air
flow is suddenly changed in direction.

The pattern of noise to be found arcund an electric machine will
now be deseribed. This nolse field is produced by those varying
internal forces and pressure fluctuations in the cooling air already
described, amd which are by-producta of the operation of the machine.’
The field depends on the shape and dimensions of the outer surface,
which determine the sound radiation properties, The variation of the
sound pressure in the space around a machine ia therefore complicated,
and varies conaiderably with position.

The frequency spectrum of the nolee is usually of ‘the broadband
type, with superimposed pure tones, some of which may be harmonics.
Fig. 1.
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S.P.L. in octave and {-octave bands ar o single point in acoustic field

a Octave bands
& 111-0ci1ave bands

shows 1/3-cctave and octave analyses of the sound pressure level
{a.p.1.) at cne poeition in the acoustic field of an alectricmachine.
Such analyses are useful if an estimate of the fregusencydistributicn
of the sound 19 required for the design of an encloswre or resilient
mounting, or 1f the total subjective effect of the sound ie to be
¢caleulated.

If more detail of the spectrum is regquired, a narrow-band ana-
lyser with a continuwmsly variable centre frequency is uesed.




Fig. 2 shows a narrow-band =r
analyeis of the same noise a0
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other planes through the
machine, and at other frequencies. The number of lobes on the

: radiation pattern varies
with frequency and the
shape and dimensions of
the radiating surfaces.
The magmitude of the
variation depends on the
vandwidth of the filter
and whether pure-tone or
wide-band noise ispresent.

After that brief
description of the noise
field around an electric
machine it is now approp-
riate to describe how that
noise is measured and
apacified. Clearly,
s8ince the s.p.l. varies
conBiderably with dis-
tance and angular positiom,
B single=point frequency
analyeis 13 insuffient to

e represent completely the

tul 12 noise produced by a

o i machine. It is therefore

nacessary to make

measurements which represent the entire noise output of themachine.
The parameter which is measured most often is the level of the total
acoustic powsr -output in apecified frequency bands. It .may be
measured in several different ways. In the firat way, the total
sourd power radiating from the source ias measured under free field
conditions i.e. in an anechole chamber. "hen this is inconvenient
the machina may be mounted on a sound-reflecting floor ard similar

Fig. 3
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measurements made. With appropriate corrections to the readings,
results of good accuracy may be obtained.

As mentioned earlier, there will bs before long a British Stand-
ard epecifying how the noiee of electrioc machines ie to be measursd.
That specification will be based on a fortheoming internation speci-
fication. Both will include tablea stating, for eleotric machings
within s stepped series of power rating limits esnd aspeed limits, the
maximum noise permitted. The figures will have been measursd in ace-
ordance with the methods specified, which will now be briefly des-—
cribed and will be typical of gocd modern engineering practioce, both
in the U.EK. and on the Continent.

Machines will bedivided into three classes according to the
permitted nolse. Machines of Nermal Nolse Rating will be of manu-
facturers' atandard design where the output has not been limited nor
has special mcoustic treatment been provided to reduce the nocise
emitted. Machinae of Reduced Noise Rating will have the noise power
reduced by a stated amouht. Machines of this clues will be basieally
atanderd but will have some aimple modifications , for example
speoial fane, to obtain a moderate reduction in the nolae emitted.
Such modifications may not-be practiomble for standard machines be—
loew a rating of about 132kW. The third class of machine will be of
Specinl Noiee Rating. Machimes in this class will have special elec—
trical and mechanical design to obtain noise levels below those of the
first two clesses, for speoial applications. Noise powers for such
nmachines will be s matter of special agreement between manufacturer
and purchaser.

Teste determining mackine noise usually consist of measurements
of sound pressutelevel in a free field over a reflecting plane,
taken at certain points on a specified semi-cylirdrisal surface
enclosing a horizontal-shaft machine or a cylindrical one for a
. vartical-shaft machine. Hence, for each octave band, the level of
mean squars sound preassurs is caloulated and using the radium of
an squivalent hemiephere, derived from dimensions of the measuring
surface, the sound power 1s calculated as a level above 1 picowatt.

As tha relevant Intsrnational and British Standard Specifica~
tione have not yet been finaliged, there are several posaible forms
of specifying machine noise1 gag a8 total noiwe power in each
ootave band stated es alevel;{b) aB a Nolae Rating Number, obtained
by plotting the level of the mean square sound preasure in octave
bands at specified distances on & chart of Noise Rating Curvea(see
Ref.2) 3 (ogas a Noise Power Rating Number, similarly obtained,which
avolda the need of epecifying distance. For comparing two similar
wachines single sound pressure levels in 'A' weighting (dEA),
meapured at the same position, omn be used.

Tests described above, are usually taken at no losd. To assess
the effect of load, near fleld measurements (eliminating moise due
to coupled apparatus and surrcundings) both on load end at no load,
can be made. :

The author is grateful to The Inatitution of Electrical
Engineers for parmiasion to use Fig. 1, 2 smd 3 and other material
from Raf.l.
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