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Abstract

Purpose -The purpose of this paper is to present the aigitudy of an industrial device. Industrial indarstare used to
decrease the current variations, resulting fromueeof modern power converters. To reduce thasations, the magnetic
energy stored in these components is automatioag when the receptor is unconnected to the paheburces.Such
storage is generally obtained by using a magnéticit containing air-gaps. The rigidity of thigauit, associated to the
magnetic stresses which appear in these areastheasisucture to produce mechanical vibrationtaremit audible sounds.
Design/methodology/approach -Experiments, simulations and test devices are wgedetermine the main physical
phenomena that generates the undesirable audilsle. ide resulting knowledge is used to designietguudevice.
Findings —The mechanical vibrations and emitted noises saelad to magnetic effects. Even if it is not polesio suppress
all these effects, the level of sound emitted caxdcreased through a suitable design of the nmagmee.

Originality/value — Industrial inductors are usually built and designsithg methods coming from the transformer studies.
new concept for the design of the magnetic copeasented. Experimental approaches and numerigaliegions are performed
in order to point out the physical behaviours @& tloils and their magnetic coupling to the magnetie. It appears that
breaking the magnetic core into free parts is &jir@al solution that decreases the emitted noise.

Keywords - numerical resolutions, mechanical stress, magfietit effects, power apparatus design, acoustiseno
Paper type -Research paper

Introduction.

Electromagnetic devices; such as transformers laacelectric motors, have been used for a centungirTacoustic
behaviours have been and are still studied. Thesticdoehaviour of an electric motor is differenairfi the acoustic behaviour
of a transformer. The inductors are commonly usedléctronic power systems. The electronic switéheeduce a high
efficiency in terms of power conversion but indecerent modulations. These modulations generatesirable noise. The
magnetic core is often presented as the main saidinceise in magnetic devices such as transforimensductors, but this
element is not a source of magnetic field. It amigergoes a mechanical excitation coming from thgmeatic field and this one
is imposed by the coils. The mechanical behaviduhe entire magnetic core is often studied. Magsteiction, local
mechanical vibrations of the magnetic sheets cuotistly the magnetic core and Lorentz-forces arepthesical phenomena
associated to this device that are usually invastiy This article first studies the effect of soilhey are the only active parts
in the noise emissions and their study can be irea@i interesting information to produce solutitmseduce noise, even if the
magnetic core is usually considered as the maira@doof investigation. This presentation is orgadigmund the mechanical
effect of the magnetic field. In the first parttbé article, a simple coil is studied and the diffiy associated to the realisation
of the mechanical model of such assembly is higkdid. In the second part, a ferromagnetic padded. Its effect on the field
distribution and its effect on the mechanical stessare studied. These two parts, coil and cardingeed by the magnetic field
and such a link is important. It appears, for examhat any change on the geometry of the calfficient to change the
mechanical behaviour of the magnetic core. In el tpart, numerical simulations are applied. Is ieeen possible to
understand how the physical phenomena link théfeelt substructures to each other. By usingdiisviedge, coming from
experiments and numerical simulations, a prototfdew-noise inductor was performed and is presirighe last part.

The source of noise in single coils.

A Lorentz-force acts immediately on a wire whes filunged into a magnetic field. Even if such@aldaw is well known,
its mechanical effect is not easily described. Békaviour of wires in a coil is different from thehaviour of a single wire,
alone and moving free. Using experiments, it appteat, without magnetic core, the coils may predundesirable noises.
Even if it is natural to associate the Lorentz-&srto the sources of such mechanical vibratioesatialysis of the spectrum
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attached to the audible noise shows that this phenon is more complex. The calculation of the exdittoise, using the
Helmholtz equation, only takes into account thedinbehaviour (Bauer ait 1999). Generally, numerical simulations are used
to calculate the distribution of the magnetic initut around the wires and the effect of Lorentzzés are considered as an
effect that pushes all the wires and joins therettogr (Fig. 1.). Using simulations where each vgimaodelled individually, it
appears that the effect of these forces on thescoivt homogeneous. It means that such a stregdtion on the coil may
excite modes of free vibrations of the coil an@aisay introduce unbalanced forces that can generathanical deformations
(Leohold J. andl. 1988; Tang Y.Q. andl., 1990Wang Z.Q. anal., 2002). A publication has described such deforomasti
through the study of a single coil (Euxibie E. @hgd1986). According to the linear hypothesis, thernsities of the magnetic
forces that are acting on the wires are assoctatéte square of the input current. The frequencidke noises attached to
these mechanical vibrations are twice the frequefdlyis input current.
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Fig. 1. With a single coil, (1.a) magnetic flurdis can be calculated (1.b). Under such magnelitdistribution, the magnetic stress joins wicggther (1.c

the forces intensities on such wires are not homeges and coil deformations appear.

Sound presmure probe —m. I]X

—u

Mechanical acceleration probe

2a 2.b (structure of the test coil)
Fig. 2. A test coil with spaced wires is built (2.8he emitted noise and the level of vibrationragasured. The space distance between theiwsasilar tc
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their diameter. A material with a very low eladtianodulus is used to maintain the wires (2.b)sThaterial can damp mechanical vibrations andavihes
can move under electrodynamics forces.

Using the energy approach, this mechanical enaspgciated to the mechanical vibrations, can bsidered as losses.
These losses can produce noises and also heah&dtisomes from the mechanical friction of theewiand has no relation
with the joule losses. The mechanical effect ofdntz forces, and especially the noises, can bdidgiigéd with a simple
experiment (Fig. 2). A test coil, built with wirélsat are not tightly maintained, is examined uralsinusoidal current. The
level of mechanical vibrations and the level of #eai noises are measured.

The sinusoidal current is imposed in this test@&od in a coil built with a more conventional pess. The intensity of the
current is constant and its frequency is variabie mechanical acceleration and the level of sguedsure associated to the
noise are measured on these two coils. It appbatghe level of mechanical vibration is higheithe test coil (Fig. 3).
Unfortunately, this conclusion is too simple. Dygrithe experiment associated to the test coil, @ fnede of vibration is
excited. It is associated to a 600 Hz frequencyssiidal current and consequently the frequencihi@fechanical effects is
1200 Hz.
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Fig. 3: Measures of intensities of the mechanicegékrations on the coils associated to the fastonic of the input current. For the test cogwhres cal
move and for the conventional coil, the wires behdnrode of free vibration appears in the test @Goput current 600 Hz, vibration 1200 Hz).
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This experiment seems to show that the manufacfpriocesses giving a high rigidity in winding woaldo have a positive
impact on the reduction of the emitted noises. Kbedess, any mechanical structure has a modebgcillation and the rigid
structures have modes of free oscillation with gelhehigh frequencies. Thereafter, another testhés performed. Two coils
with a similar geometry are studied. The first anleuilt with strongly linked wires. In the secoode, the wires are not linked
to each other and each layer is separated by altie from foam. Hence, each wire is free to mawe effects on the other
wires are less important. The physical effectithakpected is the electrodynamics force. Whenuwssidal current is imposed
in a wire, this one generates a magnetic inducimhthis magnetic induction has no global effecthenwire. Such result is
only obtained when there is only one wire. If otiwees are introduced, the magnetic induction irdluglectrodynamics forces
on each wire. Without links between wires, the wéhar of a single wire can easily be expressedgufimite element
resolution. When confronted to sinusoidal currenesfrequency of 50 Hz, the frequency of theseteldynamics forces is 100
Hz. The magnitude of such forces can only be catedlwith a finite element resolution. Neverthel&ss results associated to
these experimental benches are interesting. Thbamézal behaviour of the test coil correspondsquhf to the behaviour
predicted by the linear hypothesis. The main fregy®f the mechanical strength is twice the inputent frequency. In figure
4, the mechanical behaviour of the coil, contaidinkged wires, does not always correspond to thgothesis. It means that
modelling coils must be done with caution when namital effects are calculated.

Mechanical acceleration versus frequencies
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Fig. 4. Two coils, having similar geometries biffedtent wiring structures are tested. In (4.ag thires are bent and it appears thatrtteehanice
behaviour does not correspond to the linear behaViee most important component of the signal assedti@t the mechanical acceleration is not ah
associated to the double of the current frequendy.b), the wires are free to move, the mechanésponse of the coil correspond to the liriieeory, thi

most important level of vibration is linked to ttheuble of the current frequency. In addition, gl of mechanical vibration is lower in this &igoratior
and no free mode of oscillation is excited.



An ultimate experiment is performed on the effd¢he linked wires. The magnitude of the locaktimenical acceleration
is related to the current coupled to the magnetiadtion. Hence, it means that the magnitude ofrteehanical acceleration

versus the square of the current must be a stiigighinder linear behaviour hypotheses. If theegixpents do not correspond
to this behaviour, such mismatching can be assatitata non linear behaviour (Fig. 5)
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Fig. 5. A sinusoidal current at a fixed frequer@90 Hz, is imposed in the two preceding coils. Wrexhanical acceleration is measured for differe

current intensities. The coil, using free wiresresponds to the linear behavior theory. It mehasthe mechanicakceleration is linear with the squar
the current intensity.

Linear laws are suitable if quick calculationstod tnechanical accelerations need to be perfornfeshypotheses, used in
such calculations, only point out the behavioua sfngle wire. In addition, a non linear behavimaluces an increase in the
spectrum of frequencies of the mechanical accébamtEven if a real linear behaviour can not b&ioled, it is possible to
minimize the effect of such unexpected behaviddosy, if the level of sound pressure associatecbienode of vibration is
taken into account, it appears that a decreaskeofnechanical acceleration is generally linked tieerease of the sound
pressure. Unfortunately, a high level of mecharacakleration is not always associated to a higgl ef sound (Fig. 6); it is
very difficult to predict the noise level which Wile associated to a mechanical vibration appbeal¢oil. In this first step, it
can be concluded that linking wires to each otkendt a solution. The effect of this process dssgnconcerns the
modification of the frequencies of the modes oéfuibrations. It induces mechanical behaviours dwahot correspond to

linear hypotheses. Any local positive effect of aojution will disappear if a mode of free vibratsoof the coil is excited by
the electrodynamics forces.
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Fig. 6. A current having fixed intensities, a wdle frequency and a triangular shape is imposadail. It appears that the level pressure of ewmhiti@ise

depends on the level of mechanical accelerationit®oiuld not be concluded that a low level of nauhal acceleratiomduces a low level of sou
pressure



Effect of magnetic core on magnetic induction and ires response.

With a magnetic core, the magnetic induction, egplgdts distribution on the wires, is modifieduéh disturbances are
sufficient to change the effect of the electrodyitarforces on the wires. On figure 7, it appeaasitie wires which are located
in the centre of the coil undergo mechanical eff@dtich expel them out of the coil. The introductaf a magnetic core also
implies an increase in the level of magnetic inducind also an increase in the mechanical stregeowires. This one is able
to induce winding deformations (Naigiu S. aid 2002). Near the wires, without magnetic core,ntagnetic flux is under

4,5 mT and with the magnetic core, the magnetic ifiereases to 6,5 mT. Such an increase is natwuff to explain the
increase in emitted noise.

Magnetic core

AR UAN

Fig. 7. The magnetic core changes the flux distitim. When the Lorentforee is calculated on each wire, it appears thttaforces are not direct
toward the coil. Some wires, especially the inngesy are expelled out of the coil.

A basic phenomenon must be pointed out. In thidystine magnetic core can be compared to the miagrietuit and the
membrane of a loud speaker. Magnetic forces gesttiat the coils are acting on this structure andiae is emitted. To
understand such unconventional phenomena, a sewrplaple is taken into account (Fig. 8).

Magnetic core
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Fig. 8. Awire, carrying a direct current, is amear a body (8.a). If this body has no magpetiperty, the fludines are presented in figure 8.b, 1
lines are circular. If this body has a magnetigprty, the flux lines are given in figure 8.c.

A wire is placed near a core (Fig. 8.a). In thstfirase (Fig. 8.b); the core does not have magmetperties. In the second
case (Fig. 8.c); the core has a high relative magpermeability. In the first case, the field disution presents a perfect
symmetry. The flux lines are circular and the cegrthe wire. The calculation of the forces actingsuch a wire, using the
Lorentz formulation, gives a result equal to zéBat in the second case, the proximity of a bodyirigaa high relative
permeability, changes the result. The flux linestant and the magnetic induction in the centthefvire is not equal to zero.
It means that such a wire undergoes external fawedsas to move. The wire is attracted by the bddycalculate the force
acting on the wire, the Lorentz formulation is best solution (1). The body is built with a highat&ve permeability material
and it can be considered that the tangential coetarf the magnetic induction at its surface issétmzero. Consequently, it
is possible to use a reduced form of the localddocmulation provided by the energy principle (Phis equation gives the

magnetic pressure that appears on any elementéiagswf the magnetic core. Integrating this presen each side of the core
makes it possible to calculate the force actingach side.

F=1d OB 1)

— — — 1 1 2 = ~

F = FSdS = I o Bn n . ds 2
boundary boundary H 0



With a numerical simulation, based on the vectaeptial formulation, the distribution of magnetimduction can be
calculated. The total force acting on the wire lsamvaluated with equation (1). The strength oftagnetic induction used to
calculate the force acting on the wire is the mégrieduction in the centre of the wire. The tdtaice acting on the body can
be obtained by an integration of the local forcesity given by equation (2) and such integratiomlmareduced to the nearest
border. When a direct current of 7.5 A is imposethe wire, the magnitude of the total force Fégeal to 1,05 16N/m and
is directed to the body. The magnitude of the tfete F2 is equal to 1,034 10i/m and is directed outside (Fig. 9). It
immediately appears that such mechanical effeetba@anced. In addition, in this example, one wgiset near the side named
(ab). If another wire is set near the side namdylgtthe same level, it is possible to balancedts forces acting on the core.
In this case, local forces are not equal to zerbiiremains mechanical effort. It is sure thatrsatfort does not induce a
movement of the magnetic core and will not geneadiggh level of vibration if variable current istsn the wire.

Magnetic core

9.b
Fig. 9. The system presented in figure 9.a hasttve. The wire and the magnetic core are adth@.b). F1 and F2 can be calculated using theritor
equation and the local force equation given byeifrergy method.

In the first part of this article, it has been urited that the determination of the behaviour oba is not directly linked to
the calculated forces. Non linear behaviours ared hterogeneity of the structure of the coil distany calculation.
Nevertheless, the calculation of the forces actingvires is necessary and such result is easilyirdad with the Lorentz
formulation. The total force acting on a part afodl is also the total force that is acting on tlearest border of the magnetic
body. Knowing this, it will appear that such infaation is suitable to decrease the level of mechawibration of the magnetic
core. The structure of the core is rigid and #efmodes of vibration may be excited by forces ngrfriom wires. Exciting one
mode is enough to increase much more the levehiferl noise. The prediction of the noise levelaseasy even if the main
physical phenomenon is identified (Colin G.G., 197B.E.E. Committee report, 1968; Sasaki ahd1987; van der Veen,
2000). It should be a better solution to suppreedree modes of vibration.

Mechanical behaviour of the magnetic core.

The mechanical structure of the magnetic corederglly designed in terms of low electric powesdes. The magnetic
core is built with silicon-iron magnetic sheetseR\f air-gaps are inserted, the magnetic core iresza assembly of parts that
are firmly maintained. Such a solution and esphciihis mechanical assembly presents drawbackaul&tions show that the
frequencies of the modes of free vibrations assedito this magnetic core parts are audible. Witieements, it appears that
the level of these noises, associated to suchdreges, is high enough to overcome any other safrseund (Fig.10.).

10.a o ' 10.b

Fig. 10. An inductor is built with iron parts, r@aps and one coil (10.a). The maimntjpé the magnetic core 10.b is sensible to medzdeixcitations ar
presents an undesirable free mode of vibratiofiglme 10.b, the frequency associated to this aeéat shape is 2 822 Hz.
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The main part of this core presents a mode ofdsedlation the frequency of which is 2 822 Hz. Wiaesinusoidal current,
the frequency of which is half this value, is impdsn the coil, a high level of vibration is obsedv Such an undesirable
behaviour will occur whenever the spectrum of tlneent contains a component at this frequency. Kmgpthat any frequency
and any shape of current are possible in an induteetter solution in order to decrease sounel Ewuld be to suppress the
free modes of vibration associated to the maguetie. The main idea consists in suppressing thaeetiagore rigidity. All the
parts are geometrically similar and the air gapsistributed along the structure and placed dhaltorner. These air gaps are
filled with a material which damps out the vibraiso In addition, the parts can also move freelyg ().
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Fig. 11. This inductor is built with iron partschair gaps are distributed along the magnetic @dre). The air gaps are filled with a materialeths able
to damp vibrations, the free modes of oscillatitinched to this material have low frequencies amdeformation is noticed on the rigid parts (11.b).

The mechanical behaviour of the test inductor sspkeially the modes of free oscillations are stidiéh numerical
simulations that take only into account the deasitéind the elasticity of the materials used. TWferg@int ranges of frequencies
appear. The first one starts at 73 Hz and stog®@tHz. The second one starts at 8 000 Hz. Therfirge of frequencies
depends on the properties of the material insent#te air gap and also depends on the methodtageth each part to the
others. The second range depends on the shapeloékementary magnetic part. It means that ingsiple to build a structure
without modes of free oscillation in a large ramjdrequencies. It is known that active solutioas ceduce the level of
mechanical vibration; this study, using a passbletin, also provide the same result (Mandayamd®k, 1994; Teoh C. and
al., 1998).

Prototype of a low-noise industrial inductor.

The tests performed in the two preceding partsimessoidal currents. This current shape enhaneesdichanical effect of
the magnetic field. It means that magnetic effeatsced by such currents in inductors are lessiitaptthan the effect induced
by a pure sinusoidal current having the same efiity value. Such currents are not usual in indalstrductors. The real
currents generally associate a direct current dessamportant modulated current. The frequerassesciated to the modulated
current are linked to the switch frequencies ofgbeer supply. The effects of magnetostrictiorhiesie devices are naturally
undervalued. Such a conclusion is not present &édora and transformers (Vandevelde L. ah@003). The first concept of a
new magnetic structure is studied; each elemeptantyof this structure has free modes of oscilfeiwhose frequencies are
high. Two different solutions have been studied bath magnetic and mechanical behaviours were @i For each
elementary part, the lowest frequency of modees fribration has been calculated. It is always al#0000 Hz. As shown in
figure 12, the geometry of the structure remaims/eational. The typical inductance value for thisdnoise inductor is similar
to the typical value of an industrial inductor, 198 at 50 Hz.

Magentic core

H

|
R
1

12.a 12.b 12.c

Fig. 12. The prototype of the low-noise induc®bdilt with iron parts and air gaps are distribudong the magnetic core (12.a and 12Tijo coils ar
added and simulations are used to calculate theatyyalue of inductance and also the effect ofwives on the core (12.c). 7



An undesirable phenomenon must be pointed out. 8Vith a structure, it is possible to define a rafiflrequencies where
each elementary part of the prototype presentsiaaidehaviour for mechanical external excitatidth®ust be noticed that for
the whole structure, a free mode remains and it breudealt with. In particular, the coils are aoléhduce mechanical strains
on the structure (Kumar amdl, 2005). These strains can excite this remainieg fnode. Even if the material used to fill the air
gaps is able to damp vibrations, it will not sugsréhis mechanical phenomenon (Fig. 13).
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13.a

Fig. 13. Even if the rigidity of the magnetic core disapped!3.a), an undesirable mode of free vibrationaies(13.b). Its associated frequency is i
audible range (1976 Hz).

13.b

The second part of the article shows that the ntagoere and wires are attracted. It is more rédiatcalculate this force on
the wires. The magnetic field distribution on tloee is not reliable, especially near corners.camdequently this computation
is a problem (Barré aral. 2005). Doing this, it is assumed that the globedé acting on one side of the core is also thieajlo
force acting on the coil. Moreover, regarding teetical part of the core, the symmetry of this stinve indicates that forces
densities should be equivalent on the upper anbbtter part of the core. It is not necessary foudate the forces acting on
the core; these forces are balanced with the fahegsre acting on each part of the coil. Herlgepgh numerical simulations,
it is possible to point out the suitable areasfirh part of the coils. In these areas, the fahagsre acting on each part of the
wires are balanced. Consequently, the forces thataing on the magnetic core are also balandes sblution diminishes the

mechanical excitation on the magnetic core. (Fig. 1#he main effect of this solution is linkedtkee mode of free oscillation
shown in figure 13.b and its amplitude can draBidee diminished.

Magnetic core

(A) < B
Fi F2
] . Coil
B e

Fig. 14. With a suitable position for each partadd B) of thecoil, F1 is equal to F2 and the calculated free enafdvibrations (1976 Hz) will not |
excited. In this test inductor, d1=2 mm and d0=44.m

The coil is divided into two different substructsi@ig. 14). The first one (A) is surrounded by thagnetic core and the
second one (B) is outside the magnetic core.th&llpositions for these two substructures are ossiple. In particular, the
first part of the coils (A) must be very close e tmagnetic circuit. The second part (B) must beed at an average distance
from the core. As shown in figure 15, this choinereases the force associated to the wires. Itgil&s a more suitable
homogeneity to the direction of each elementargd@ssociated to each wire. About the prototypedistance d0 is 44 mm

and the distance d1 is 2 mm. Generally such eftddtsrentz-forces are studied in coils under shduit conditions (Wang
Z.Q. andal., 2002).



Total Force F1 versus d1 Total Force F2 versus d0
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Fig. 15. Calculation of the forces acting on eaitte of the magnetic core: F1 and F2 abbgained calculating the force acting on the

substructures of the coil. F1 is calculated usirgrhagnetic flux distribution in the inner area.@)®f the inductor and F2 is calculatethgsthe
magnetic flux distribution outside of the magnetice (15.b).

The most undesirable phenomena are the mechaitications with low frequencies. Due to air gapg, strength of the
flux remains below the saturation level of the metgnmaterial used. It explains why the simulatioas be achieved with a
linear model. Simulations use the magnetic vecttemtial formulation (3). About the mechanical agpespecially the free
modes of oscillation, the basic equation is theaéiqu (4) where, [K] is the rigid matrix of the stture, [M] is the mass matrix,
[U] the displacement vector associated to the whttlecture attu the pulsation of the free mode of oscillation (Ziemvicz
andal. 1989).
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Comparison between the prototype inductor and thendustrial inductor.

Considering the prototype inductor, the measuréeftypical inductance value at 50 Hz is 89 mH. Techanical
behaviour is not acceptable for low frequencielse figidity of the structure, due to the materigedi to damp the vibration, is
low and high levels of vibration can be producedvéitheless, the associated level of emitted risikav and these low
frequencies are not considered as disturbancéisddruman ear. To compare the prototype inductbtranindustrial inductor,
a load, a pure resistor, is coupled to an eleatrpoiver supply and the two inductors are addedigdircuit. The main
frequency of the electronic power supply can be ifiexl] the level of sound pressure and the meclahnibrations are
thereafter measured. The prototype inductor cainmsge the level of emitted noise for average frempies only. Above 800
HZ and under 9 000 Hz, the prototype has a flaatsielur. The main aspect that must be pointed dhbeidisappearance of any
mode of free vibration in this range of frequenciBise industrial inductor presents noisy modesis tange and the sound
pressure immediately reaches a high level. It appthat the switching frequency of the power sypples not change the
behaviour of the core; the modes of free osciltetiappear at each frequency (Fig. 16).
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Fig. 16. The industrial inductor has many freelemof oscillation. For example, The Z referenddstie strength of the mechanical aaegien measure
on the prototype or industrial inductor. It appeargure 16.b that free modes of oscillation é&gis the industrial inductor especially at 1,5; 38 Khz(X
reference). A high level of acceleration is nafie¢ these frequencies for all the switch frequesased in the power supply (500 to 4500 Hz, Yresiee).
The prototype of the inductor (16.a) does not pres®des of free oscillation in the range of fragmeusually used by the power supply.

Conclusion.

The Inductors are commonly used in the power sapmbntaining electronic switches. Even if the raedatal
structures of these inductors are similar to theharical structures of transformers, the air gapstitally modify their
physical behaviors. In the first part of this dejavires carrying currents and surrounded by mtigfields induced an audible
effect. But even if the Laplace force exists, itdg the main effect associated to the emittedaioithe industrial inductors. In
the following part, using experiments, it appeda the magnetic core is important sources for sigbes. Such result is
explained by the presence of air gaps distributedgathe magnetic circuit. They induce magneticcaliginuities and
consequently generate sources of mechanical eff@tsan excite free modes of oscillation of ttele structure. In keeping
air gaps in the structure, a possible solutioretrélase the emitted noise consists in handlinfyejaency of the free modes of
oscillation. In the last part of this article, te@lution is experimented with a prototype inductires are not the main source
of noise, but they are always a source of mechbstiess. In particular, putting the core in theldhé of the coil is not suitable.
This geometrical symmetry does not imply a balafaress on each side of the core. Cyclic efi@msain on the core. They
can be diminished with a suitable position of thigscin the core. Hence, it appears that the recengted position is not the
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solution used in industrial inductors. As a cosida, this study introduces a design of a new stresture which presents a
neutral behavior in front of any mechanical ex@tat It means that a reduction of noise is possilifle a passive solution if
this one is integrated in the first step of theuictdr design.
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