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it the overall behavior of the device 1dcr consideration is {efficiency,
ue of rowlng dcv cesy is not influenced by the audib.e noise behavior.
2V y { can exhibit vibrations that can genarate audible noise

ised by cicctro nagnetic and aerodynamic sourczs. The fundamen-

.
otors wiil be discussed here. No mathematical details
gocs back almost 80 years {11. The aim of this re-

but rather to give insight in the physical
s and acoustics. Already 1 1919, Stiel [1]
'=’f‘,rcm siot numbers. e ‘m\x xd that the audible

to sce how a minor change m
a major influcnce on the mudi"ﬂe noise lcv*
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i1, whiic the bending resonances are 0o heav-

m ~E b Sty tim cxrtmiete s sttt das el o
ICT O Tt WU i WO NBC HHIUIC AU vlae OUU 1010
72 (2] T it development.

it v eyien 1 1600, H L
3 audioig NOoIsC 1N mdany aii;e I Ways. { Admost Mg~

of prime numbers icading to rciat;onsmp with respect 1o tie
i ruies, aiming at a “good fiux density distitbution” {4}, The
niven by he voltage induced in a coil surrounding one siator tooth.
bers were given, that can be found in the important textbooks. A fun-
'f) Which ml’c is real, is not clear. The wosst thing to do s to
¢ in the past.

3 'B\"N notor with 36 stator and 30 rotor slots. Duce
in pmcmc the motor was very noisy (825
mbination 36/30 should be siient. One can

flucnce whatsoever. ‘i’".ereaore, sordan started a full study

o

C.

: E? '%6 stator and 30 rotor slois, with rated nower S, 10, 15 ) 100,
5 and 10 ;\W were shioat, the 15 KW could be noticed, 30 kW extremely noisy, and the 100
255 shioan. This Points o hu fact that the siot number combination and the dimensions of

O TGGIGT @3 WIODONRENN0

The real probier iy fnal not the slot combination as such s important, but thit the magnetic and

. Figure 1 shows the sieps that {ead to a correct pre-

liscuss some of the aspects more in detar in which we con-

stemns for power transformation, and especially in in-
s proviems caused by the distortion of the suppiicd volt-

i

- avdsble :‘n’)ise ievel whern compared to the moiors
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/\«ul\lx('\nlxr or Firorwric Macuo o NE Y

s force machine manufacturers (o use
ae is less stiff, the machine becomes more !

ddition, less iron is used ia the stator,
ess iron also yields higher fiux density
Sigher Hela levels, the forces causing the audibie noise increase.

AT
ARSFRIFLVA B wLoad =3

wanlied machines have been installed recently in emvironments
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operation, &S e.g. in air conditioning systems, printers,

er audible noise level is a prerequisite.

s encourage the designer of eicclromagnetic sys-
advanccd tcchniques to r)redict thc audible

is

-._“.; [

the electromagnetic aspecis [17-19] of the prob-
rst analysis accounting for the influence of the

e T
i

ysis contains the sieps, shown i i. Clearly,
setic-mechanic-acoustic p st portion
Mications will not be treated here. Axth(m 1 magnetostric-

T

uds‘m noise of rotating electric ma-

TR
1 0Ch
. motor
Lo :;pce:,‘i conirol sysiem 18
-~ al - wr il bl
Z. CULATIONS: MA W-_LL STRESS
Sonen 3 g ; Ay Pe IS EUPUR S
ace of nighly permeabie ferromagnetic materiai, a force is generaled that can be ob-
limard e, mec tamame Tm oalantelnal monhinae tha eadinl farea at the tecth qurface 1s:
GO R the \/.uxwp.‘ SIFCSS (eAS0r. 11 clecliical Mmalhninds, il 7aGlail 1O7C0 d il Ll Suliall s
I =
[ 2 Ay P 7 !
5= 5} ——|B"
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¢ th &y - . 1
at the surface 1s recommendea.

Lo RolaTngG
For elecinical o motor, the best known technique is the ro-

v

s the superposition of an infinite number of
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Sl QORI wa, the space harmonic nuirbers {or three phase ma-
.
v={52+ 00 SREED TN (3)
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e weeth surface, yielding a simphified

v be found in literature
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ciion (2) is the supply puisa ton or one of fhe harmonic COmpOnents
i

leads to a nurmber of traveiing wave type forces all acting on

Tae: components that act on thc stator assemnbly. If the fle:quency of

e coA-.ao ‘eqtﬂ ‘eteracts with one of the stator natural frequencies, resonance occurs and
ievel may be expected. This way of ihinking clearly indicates the importance of the

O

<&
A
2]
[¢]
-

csoldal voitage end current shapes in the supply: every harmonic leads to new force components, that
leud 1o SuGidie Noise Componenls.

ND) ACCURATE FORCE ASSESSMENT

i ~ant for the behavior of several classes of ¢ ciectromagnetic de-
‘ ,~'¢ tion is rcqum I*orc* ;m( fxcid quammes are (xcnmnw"

i

Tihe exact soluiion .
ey ed on the direct evaluation of the Maxwei il s
AU ‘o“cn made, but with timpited success due 0 th explicit or i

>- " o e el
Tadn WK DIN

\,.A.b.w..xumm ercouniered in each of them leading o a reduce d ac cm"«.”y Tn surm {
s of higher orGer can be used. On the oiher hand, this wouid

nses. A good trade-oif between 'both considerations is the use
i !()Lm C»m‘d’(C oum(m obtained hy an anaiy'.:c:u formu-

cice (mx nagnetic devices often local values ot thc Sield qu‘mn
: :‘.\, .o.ws are of interest and thercfore, the pnmoscd local solution does not restrict the applica

ssional field problem, the basic idea 1s to determine the potential inside a
nce [23

“iven potentials applicd as the bound dar y values at its circumferes 237, {241 The

sosed 1o be known from previous camp sutations. This avouds the foss in order o1
sation. Although othe tcc‘nmc;ucs could be used, the FEM 15 em
t "“m boundary vaiues of the local {ield probiem are eqm‘ii/ rlis‘n iH

from an existing FEM potential solution, the method de
: "OCESSOT Opera tor appited to the air gap region of an electiro-
etic device. No restrictions concerning the finite ciement discretizaiion
The mposcd in ct‘nod is independent of the finite clement mesh
omain. The results converge towards the values obtained by the
aluation of the potential soiution using numerical derivatives if a
very rough discretization or not suitable parameters are chosen e.g. the num-
oer of bou nc‘:xr/ sotential valaes or the radius of the local fieid problem.
her possibie method uses the values of the magnetic vector po-
ncentric circles with radii R; and R,, as boundary conditions

1

T oeal field values on the circular contour € with radius R <7< R

R; s ken as a reference, the generai solution of the LAPLACE'S equation is




o~

Once

for each circular harmonic.

o L
nea i

caro
S Ak,
K

(RN

of tiic

went

i

d tangential compor

¥

€ Normaly an

nowi, h

$ K

the contour C i

+

fend

sined:

I

v

i

De gete

KA

WO
J

fo
'~

N

~—

5.26]

2

it can be shown |

o
g
>

TINGH

.

N

gorithm, when the overall

al
di
&

Ccr

can be extended to time-harmonic prob

I3
t

lting in a fas

y on e contour, rasu

J

.
t

X densi

§

retic fiu

St
&

Slol e s LS

10 11

f vajuces

¥

If ai
ind the imag

iCms.

v

A

A ¥}

metiio

3
18

Sel

1ary-

i

«

i1
i

ing the rea

ited usi

1
ié

the torgue caicu

1

y adding

.
Tde

& L0

3 ecd

g Al m e
REAZETRSTON

raik

g

(8)

2ot uf

v
i

treilnd

4
i

-
0




3 199X FoROAN O
Tiouze 4 shows ihe variation of the torque for a varying radius 7 of the circular contour in the air

i of the induction machine. 1024 points are equidistantly distributed aiong the contour. The dashec
1 applying the MAXWELL stress method classicaily. The first contour is placed in the mid-
Joxoof the st ayer of elaments in the air gap, the last one in the middie of the third layer. The solid line

s ore resuh of the LAPLACE based torque calculation. The result is symmetrical because two COMMours are
s 1
! i

;\

P T
[SPICRES R e *

o iha 175 o N
-anded o calculate he vaue of e resuiting Torque T (Nuvm)
rcue of the rachine. Figure 4 shows that the {300 r 1 ,
\ ? , N :
: 3 ' ! e ;
250 B PR —
j R N C N
—— )
200 } N 'i ' i
v as both con- | ! ! s | u
- 150 ¢ . : L ’ L
TOUTS &T8 h of eiements. : ‘ { ’ | !
‘ j t }
;’ﬁ;::herﬂ‘:;or 2, KWELL siress o0 ! l —j‘— : E
. . ~ N * { ] i i
mothod is sensitive to the uniormity Of the finite | : | 5 \ | i
{50 ! : i '
b i ‘; L
be seen tnat o ! 1 1 SR SO !
nased on tae Maxweil stress | 8975 89.85 89.95 $0.05 90.15 $0.25 {
5
‘or the audipic NOISC ASSCSS- Radius r (mm) ;
. to performed p 4 ) ;
. ) o v >
Wil panicular awenuon. I is iar from evident igure. 4. Torque variation for different values of :
: heory vields the radius r of circular contours C E
i _J

distribution
‘e more advanced ‘.xu’.“e.ic.i Ao’muo'm Due to the numerical differentiation a 1ct of numernical notse

. MECHEANICAL BEAAVIOUR
The eleciroragnetic forces iead to audibie noise by cxciting the mechanical structure. When
.ooking at eizcirical machines, the Maxwell stresses at the surface of the stator zre important. These
tator an' rotor. tccth. These teeth transfer the forces to the yoke,
lncrcfore it is importiant to see what paris
ar ot vibrations Z‘md thus cmtrmute the most to the audible noise
Ore cogid assume that ine teeth vibrations wou.d be the origin of the audibie noise. However, a

] T 1

se W
ible. ¥ this would be the case, a machine has to cstzﬁ tish t
ted (o the number of stator teeih. This is in contradiction with the
otor siots cleari y influence the audibie noise behavior. However,
Jances of the stator teeth may be important. The teeth can oniy
fadinal vibrations, as bending is limited da to the damping effects caused by the winding.
\Jnen such viorations would be feasidie, the acoustic pat h between the vibrations znd the outside world
wouic Se very poor. Wren a tootn with parailel side surfaces is considered to be a beam, firmly con-

T LOnE

LOCICG O e yu.(u,, Wiln ne .;,..‘ ar, he Tirst (ural ..xC“dCi]Cy is?

—
O
~

itk PR o
Vith \.ae Ryelatided of sour

~ c=5260 /s For medium sized machines, the

npth 1S petween 2 and O o Y Jreruenc 46 and 22 KHz, ie. far beyond the audible
x §HECITUI. s ic Joading has to te considered, leading

O eRITemesY SA

¥

© 45 Toree nasier hetween the magnetic forces and the yoke. The
YOKS vioralions are tae banis of e avcinla noisa. In Lteratare a massive number of papers have been pre-

senled all containing Sorraniations for the natural frequency, Iymg to

~NDT o

<y 28T are prodobly the first authors 1o stait this

TNT ~ 0%

5l Vorma (1607 is probably the author that
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weat the deenest into the analytical formulations. Damping of the vibrations is generally neglected.
7-chne shows that the winding adds to the damping, without changing the natural fiequency. In recent
ars, uus situation has changed. Due to the stiffer insulation material used (especielly V.P.I. Vacuum
x‘)“’"’”’“{iO../, the mechanical link between the conductors in the slot and the iron has become
it is now better (o represent the conductors as an exira mass.
his analytical formulation is very tentative, the calculation time involved in solving the
on sysiem is iar ge and may take several hours of computing time. Furthermore, it is essentially an
i 2 on the knowledge from experiments on existing systems, that are, in a certain
u}d for instance, not be possible to extrapolate the results obtained from cylin-
acmms with a bqaare Q"xaped lamination, as found in servomotors and new induc-

et Hionduinmtaman tha Janl AF tankmin b I P ~ s oy~ -
4 ;}HHLA" ai umadvau‘iasua, the ]ia k of technical detail is also a major drawback of
All of them assume the mac..ine stator to be uniformly cylindrical. The effects of

cting box, the non-uniform stator core thickness and otner regularities are
sachine mounting significantly x“ﬂumces the natural frequencies &nd that also intro-
Juces asymmetiies. The finite element method is capable of overcoming most of these problems [30].

BLIN i1 KW Type LKM408MO2F3B

]

Y
£
i
H
H
]

U= 2201350V f=50Hz
T=45/2,6A i = 2800 /min
cos ©=0,85 P54

17 rotor slots

]
]

Table 2 Dara of the induction motor used for experimental verificaiion

Aadibic Noise peak {Hz) § Excitation [Hz] é Natural frequency [Hz]

: (measured)
fan
532 500-540

: 720 572

§ 932 -

; 1200 1198
1626 1736

1760 1736

? 1926 1736
2360 2280

t 2266 2280

3 2506 2576
2586 2576

, 2719 2616

2740 i f

Tunle 3 Theoretical (column 2) and experimental (column 1) audible noise spectrum
- nearest natural frequency is also given (column 3)

oL EAVUY kNP &
The fintte element metiod has the following basic advantages:
) A YA S R G S , O O Ny 3TN M +
E accuraie ropreseniniion of U stator iron cross-seciion, including the reeth;

due to the awrduct spacers, the non-uniform stator core

L ocasymmet

s,
oz and other irremularities may be accounted

{HICKnCRs, o

chine mounting can be taken into considera-
el s tochnigues regarding the stator as being sus-




pended freely: 18 evident that both eigenvalues and eigenmodes are influenced by the
mounting
a - p The approach i: used to calculate the natu-
Mode nui : Frequency [Hz} -
: =55 ral frequencies of a 1.1 kW three phase squirre!
i ; i Lo e
: : : hF cage Induction motor with rated data given in Tablc
2 : 1474 A
? 2515 -
2 0! The stator frame material is aluminium.

i

o)

N

N
wn

v ‘ 2463 Figure S represents the grid used and the most im-
3 ; 346
N ! 4156 portant modal shapes. In Table 4 the calculated
v : jkf natural frequencies between {.000 and 6.500 H~
: ; 44930
: 7 : ) are shown
: 3 ! 5126 o s e A
; ! The stator tecth are accounicd 107T. AS the
G ; 5552 b 1,1 £ i
: ) i 6357 elasticity moduius of copper '$ small with respect
; =t . - to the mOdLlLS Qf steel, the mess supplement due to
Tuble & Calculated natural frequencies of the the windings is more important than the supple
I, j,,z,/ machine mentary xmfneqs introduced by it. However here
both quantities are accountec for. The end wind-
are represenied by miasses Ldded at the end of cach siot. These adaptations to the mo del were neces
. or the smali motor as the influence of the windings on the natural frequencies is more important for
- machine ratings. The simpie displacement ge ometries, as proposed in literature are not found in
‘ i S fsence of the machine mounting that becomes more impoitan!

her. Tnc experimental verificaiion of the natural frequencies of a

rmed using the modai analysis method. One of the experimentaiy
As

7, is not found in the theoretical study. This may be due to some of
m‘,‘nﬁczm oy Tlaing more detatis fn the anaiysis
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ound natural frequencies, 2 468 Tiz ana
jue to the fact that the a ccc‘:cmmerer Wis
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= INVERTER SUPPLIED iINDUCTION #OTORS

s claira that the increased swilching frequencies lead to a low harmonic content re-

orobleras [31-36]. Due to the increased switching frequency, the harmonic content

suppited voitages and currents is improved, leading to a diminished possibility of encountering

-ssonance frequencies and thus high audible Soise levels. This section describes a large number of ex-

mmernis comparing audible noise in induction motor drives with different types of inverters and
ag switching frequency.

O

n

(
-
s
(¢
W

Tesis are perisrmk fifi motor and inverter combinations (Figure 6). The first motor
?3.5 KW machine with a double cage rotor The rated speed is 1455 rpm. The double
is a standard design by Buropean manufacturers. The rotor bars are skewed and made
mMiniun. ""husc bars are not insulated with respect to the rotor iron lead ing to supplemen-
to interbar currenis. This type of rotor is requxrec to increase the starting torque when
wotor directly from the mains (veference: 5o

//'—\ ‘ In order to introduce temperature sensors in the
A standard 13.5 "‘% stator, it is rewound. The original double layer winding
is substituted by a single layer winding (RS motor: Re-
wound stator; Standard rotor).

: Standard stator; Standard rotor).

5 I
~%
o
:‘1
@

- A /\ In the double cage rotor current redistribution
P ~ N . B
{ - £ engic tayer swot | produces the high starting torque when the motor is
P\ snvered aN /\ /\nandam ro(or/ t s = o
N \//\ >(, — B8 — connected to the mains. In inverter supphed induction
motors, these starting problems are not present and cur-

: //\\ A rent redistribution merely leads to an increase of the
: m\/ (,t e tayer stao®\ | losses duc to the harmonics of the non sinusoidal volt-
]

»Q“U w age. In order to assess the influcnce of current redistri-
2R - /3T
‘ bution, a special rotor is buiit (XR motor, Rewound
L. s s - . ) .
e &: Different motor-supply combina stator: Recomstracted rotor). This rotor has insulated

4

round copper bars in open slots. The number of rotor
The cross section area of the bars 18 chosen in a way that

e de resistance is equal to the originai standard rotor. When mounted in the rewound stator, the motor
is referred {o as the A( ( THOWOT.

tions

Gars is kept the same and no skewing is applied.

s. Both are voltage sourc inverters with Pulse
has a pre-set switching {requency. The sec-
ency b between | and 12 kHz. Uniess otherwise
i.e. the Volts/Hertz ratio is kept constant. As
idal supply, since tis yizlds the ultimate opti-

[ TR SN
L 4e nGucuon U

¥l atha o L
GVerali ‘s.l/ out 0 Ui ties e

Loan eddy u.acr.t Srake that can be controlled accurately. The

amber, avoidinv interference with the fre-
rials near 1o the set-up. The load
g Both the overall noise levels
1sing a condenser microphone.

:‘uc—ﬂcy inverter auGiowe Lo il Te

545 & very 10w audivic

L AT SYY /AN S RSN g T
GGt OF Qbfay, andG e LOTRCY SDECnim art measured
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' Tﬁ;ﬁ‘}imvhw ‘ Even if the switching frequency can be con-
: 4" Torque trotied, as ia the IGBT inverter, the inverter changes
> — 5 “‘““’“"”J) l1 the operating switching frequency with respect to the
= T ‘ \3“/14" LFFJ, tad) | nre-set and displayed value due to the internal logic
i ] H . .
i | L P ] motor | circuit. Therefore, voltage and current spectra arc
et power ‘ ! monitored and recorded. From these specira, the ac-
T e ‘ : i
S %N onge | Loorque | U switching frequency can be determined. In tables

Y tansducer  L__speea | and graphs below, the actual switching frequencies
imi‘@ are provided.

y noise ]evel Tne dlﬂcrmce re} tive to the
is less than 1 dB(A). Zf a sthchmg fre(,uency of 1 kHz is used, (IGBT or transistor bascd
ine increase is more pmnoamec The influence of switching frequency can be seen more

/i .,mrc 3, where me ov audible noise level at different fundamental frequencies is presented
. = gk N N N T e
KCLiU Hoy FRIionnY )'r} ;
ws th : standard motor (SS) | o  [9BA)
with 60 Nm torque and supplied by the
{G37T mverter, while the bottom graph gives the
iits for the rewound stator with the original ro-
N V‘i \‘- e e ]
o these measurements the fallowino 65 4’ e
OV S SRR S IV LU § 9192 bul\./lllblllb, e IUiiuwil 15 |
. L e e e T e ek T K S T
1S can be drawn, e e ,
i ya 3 4 5 [¢] 7 " 5 10 1] i2
o s fswitch Tkiiz]
e YT n0i : —- : 2 - - -
i/:j’;’ui" = “‘b e noise [dB(A)’(fdiffereni 44tz —=— 30 H2z 40 Hz ~w— 50 1z w60 Hz ~- 70 11
maior-sipply combinations al a load of 60 Nm (dB(A)]
qni fundamental frequency of 50 He (top) and | |
ant fundamental frequen Hz (top) and RO . . e
36 # iZ {b(’/"()i‘n) 75 ‘A‘f:—-:j‘e":— ,‘.’w”k*"""‘*"“%——'»‘w—s__g-——a
70 4 N R NG
Mowr IGB T-Inverter Transistor | 65 + - e —w
Inverter Y t ~—
v ———
Sinusoical 1.2 %z 12 %0z Tki, LS5 T i
50 4 bt i | i P . | ;
74.8 78.0 75.5 77.0 Pozod o4 s 67 8 9 00 112 i
P ; fswitch [kHiz]
62.8 7.5 694 74.6 5 o ) , !
o < 70 75 4 777 ; -+ 20 Hz -~ 30 Hz 40 Hz ~ 50 Hz —»- 60 Hz —- 70 Hz
tFigure 8: Overall cudible noise level of standard
o o~ ‘ m‘r“c‘ motor (top) and single layer wound stator
ks {bottom) as a function of the inverter switching
 frequency at different fundamental frequencies
$s 752 0 751
Zs‘ o oo i 3 and a loud torque of 60 Nm.
A% s G trlw
¢ Ata switching frequency of 3 kHz, the overall
augible noise level is higher than expected in
the case of Tundamental frequencies up to
40 Tiz. This is due o the 2xcitation of a natural
.:"'r\:c‘;icr.cy stator by the frequency of one of the vibrations produced by the electromagnetic
[OTCes Cnuas the swiching frequency. For the motor with double {ayer stetor winding at higher



stator, a higher level is aiso recognised at 50 Hz (Fowitern= 3.4 -6 KHz) ana at
his is due to the occurrenice of suoharmomcs in the voltage spectium, as no-

o Cenerally ti“c overall audiblc noise level decreases when the switching frequency increases. Particu-
z‘*'v up to 8 kHz and fundamental frequencies below 50 Hz, there is a large drop in the audible noise.

~.us, at jower motor speeds the overall audible noise is strongly reduced by applying higher switch-
scies. Once the switching frequency 18 above 8 kHz, the overall audible noise level is stabi-

adamental frequencies respectively at higher motor speeds the overall audible noise level
e e as the switching frequency increases: the audible noise of the fan dominates the

e If no resonance occurs between the forees caused by the spacc harmonics in the ﬂu d nsity distribu-

n the air gap, and the stator natural frequencies, the motor with the single

iay
fuces less audible noise than the ongmal motor. This is due to the more stif

::‘.;uenz‘a’; used during rewinding: a higher class of insulation material is used, gcmral y le ‘di“" to
“Faess of the link between stator winding and stator iron as indicated by Verdyck et al

&.
C‘

’

Co;‘.sidcrfnb {he raoior with the copper rotor, it can be stated that the audibie noise level is higher than
e m.o...u rotor {Table 5), caused by the high number of slotting harmonics. The harmonics
due to the fact that tne new rotor has open rotor siots, while the original one has closed oncs. fur

~more, (he copper rotor is not skewed, again increasing the fluence of the harmonics, and thus in-

e .«u(uiu( nOxSLZ el.

[
?

e Spectrom WB) e o f

in o . ‘

al of the fhw}\ﬁ P

o Nty M s P
sing.e ones may ue noticed in the spectia, °: ‘ inatiahe SN EE VI
™ order to show ihe influence of the ph i e e T P
Jrequency spectrun of the supplied voltage :
. I S S . !

he specira of the audible noisc are com- ! } ;
: i d :

sarcd. AS an exampic, figure 9 shows the i~ 1}\“
~&

BA T iy ' L
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in some cases, howevcr strong subharmonics appear causing more singlc tones. Figure 11 shows

m for the same motor at a fundamental frequency of 40 Hz and a switching
the overall noise level increases, as noticed above (figure 8). As the hmn:m

particuia to single tones, the audible noise of inverter supplied machines containing
nes 1s found to be very disturbing. This problem may be cured by using random PWM technigues:
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e noise. ifowever, the overall dB(A) values, often used when ordering drives, 1s higher.
ore, the resuits of the s.uc.y mmcz:tc the rmurm ice Of & correc (qunl“()d of the mirimlc 10588

PR 59 ~ P et e a3 -
(Liasty O @ Grive, taat Cai L'\.»)J

Raracteristics of the magnetic circutt is very important with respect to the audi-
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mie neise behavior of eleciromagnetic energy transducers. The magnetic forces excite the mechanical
siuciure, especially when resonance occurs, large vibration magnitudes and thus high audibic noise lev-

r
’y e exDt CTwo tyne of Torces are imnor(am' Maxweli stress and magnetostricion. It is shown
i the audible noise of induction motors, but can contribute to
hines, transformers, inductors, in a noticeable way. The analysis
t can be used to calcuiate the magnetic field, the forces and the

on. widh snecial emphasis towards the pitfalls that may be encountered, giv-

 ways 10 come around et in ihe last portion, the importance of the inverter supply, becoming in-
controling the speed of induction motors with the aim of energy con-
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servalion, is given. {tis shown how the high switching {requencies contribute to a significant reduction of
{ac audibic nowse level.
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