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Introduction:-

Discrete passive components occupyvirtually no space in staticconverters. They are generallycumbersome,
expensive and loss-making. Apart fromthis, weencounter the problem of heat dissipation whichreduces the
performance and longevity of magnetic components. Theseauthorspresented an electrothermal model of a magnetic
component. The losses in the magneticmaterial are modelledusing the model of Jules and Atherton,
whichtheymodified to takeintoaccount the effects of temperature. On the other hand, the model
presentedtakesintoaccountlosses in windings, includingeddycurrentlosses. The model has been successfullyapplied
to a transformer but only for lowfrequency excitations [1]. In theirworktheyalsopresented the thermal model of a
power transformer (61.6 kVA) operating at medium frequency (2kHz). In the first part, the authorsspecify the
approachesused to determinelosses in the transformer. To this end they use the Steinmetz formula for
determininglosses in magneticmaterial and the Dowell formula for losses in conductors. The transformer consists
of two C Met glas POWERLITE cores. The authors have introduced a dynamic thermal model withtemperature-
dependent thermal resistors. Theyalso show itslimits for heat dissipation and coolingthroughout the process.For the
purpose of studyingtemperature distribution and highlighting hot spots for different insulations [2]. In order to
improve the heattransferbetweenrooms, air and alsoreduce the heatthatiscaused by the passage of current in the
conductor. [3] conductedtheirstudy on the PSEM model (mail-in metalenvelope). Theyused a finiteelementtool
and CFD software for simulation. Afterevaluation of the performance of thisconductor, experimental test results
show a reduction in temperature of 15 to 18% comparedwith the standard conductor.

Knowledge of thermal behaviouris essential for the properfunctioning of electronicsystems. Note thatwhen a
component is run by a current, it releases heatreducingits performance and sometimes leads to its destruction.
Thus, poorheat flow management has a detrimental impact on the reliability and properoperation of electronic
system. It isthereforeimperative to conductstudies in order to know the evolution of temperature in toricinductor.
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Background

The integrated components are highlythermosensitive, beyond certain temperaturelimits, theirreliability and
performance deteriorate. To ensuretheirproperfunctioning and guaranteetheirlongevity, the operating temperature
must thereforebeverywellcontrolled. For this, the analysis of thermal behaviourbecomes indispensable from the
design and realization of anyelectronic component due to the increasingdensity of components. Therefore, a study
of the geometricparametersis made on the structure. Our objective is to find an acceptable temperature for the
properfunctioning of the inductorunderconsideration. It is in thiscontextthat, to meettheserequirements, we have
made the study of influence of geometricparameters on the characteristics of toricmagneticcore 3D inductor in
order to optimize and realize the component.

Description Of The Technological Process
The design of the studiedinductorisshown in figure 1

Fig.1:- Design of the inductor.

Description And GeometricParameters Of The Inductor

Description of software

COMSOL software takesintoaccount the geometries of multilayer structures and
correctlysimulatescomplexelectromagneticeffectssuch as couplings and parasiticeffects. It allowsyou to draw a 3D
structure and thencalculatemanyquantitiessuch as propagation constants, parameters S, parameters admittance Y
and impedance Z. It allowsyou to obtainaccurateresultswith a minimum of steps and simulation time.

COMSOL containsseveralphysical modules: electrochemistry, fluid flow, optics, radio frequency, heattransfer, etc.
The module we are interested in is the heattransfer but more precisely the heattransferinto the solid.

Geometricalparameters of the inductor
The geometricparameters of the simulatedinductor are listed in the following table:
Table 1:-Geometricparameter of the inductor.

Parametres Designations Values
Wcu Conductor width 300pum
Dext Outside diameter 20mm
Dint Inside diameter 8mm

H Vertical height of the via Epf+ 2* Epc
D Distance between spires 200pum
Px Width of outer vias 0.6mm
Py Length of outer posts Imm

\Y Gap between the plot and the ground plane 0.45mm
N Number of turns 15

Epf Thickness of the ferrite 200pm
Ecu Thickness of the conductor 140pm
Esub Substrate thickness 200um
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| ur | MnZn Permeability

Characteristics of the materialused

For our structure, weusedthree (3) materialswhich are copper, aluminum and 3C90. Theircharacteristics are

recorded in table 2 below.
Table 2:-MaterialCharacteristics.

Characteristics Copper Alumina 3C90
Thermal conductivity (W/m*K) 400 35 5
Electrical conductivity [S/m] 5.998.10° 0 2,088 .10
Density (kg/m”3) 8700 3965 4800
Thermal capacity (J/kg*K) 385 730 440
Relative permeability 2300
Volume losses (KW/m3) 450

Formulas, Models And Transfer Methods

In order to calculate to extract the values of inductor, resistor and quality factor of our structure, weused an
electrical model whichis the RL model usable in lowfrequency. It does not takeintoaccount capacitive couplings
and is as follows:

Formulas

Analytically, the values of resistor and temperature are calculatedfrom the following formulas:

For the determination of resistor:

N
R, =2 (1)
S

5= p _ 6.6
Mo b b VF

e  For the determination of thermal resistor:

Withit :

AT T, -T,
=— = 2
n=p P (2
e  For the determination of thermal capacity:
T
Ch ==—@
w = ®

e  For the thermal time constant:
T =Ry *Cay, 4)
e  For temperaturedetermination:

—t
T= T + B Ry * (1—€7) (5)

S: conductor section in [m2]; 1: effective length of the magneticcore in metres [m]; 8: skin thickness; f: frequency
in Hz : resistivity of the conductor in Q.m (1.7.10-8Q.m for copper). Rth: Thermal resistor in [°C/W]; Cth:
Thermal capacity in [J/°C]; t: Tau in [s] and Temperature in [°C].

Beforepresenting the results of simulations and theoreticalcalculations, wewillpresent the modelling and transfer
mode.

Toroidalinductormodels

The definition of the model isvery important for a study. In order to preserve the properfunctioning of the structure,
the modeling has the role of making a study for the performance of components in clairvoyance to protect the
working state. It ismost important during design, implementation and ultimately use. The elements of the
studiedinductor are typically as shown in the figures below, the nodal methodisretained for ourtoroidal structures.

e Air
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Fig.2:-Thermal model of air inductor[4].
e  Withmagneticcore

Fig.2:- Thermal model of the inductorwithmagneticmaterial [5].

Transfer mode
There are several modes of transfersuch as conduction, convection... We are interested in the conduction mode of
transfer, because conduction takes place in an opaque medium withoutmaterialdisplacement, under the influence of
a temperaturedifference. It isalso a mode of spontaneousheattransferfrom a region of high temperature to a region
of lowertemperature, and described by the so-called Fourier law [6][7][8].
—AdT
= (6)

[p i
conduction d
X

P eonduction - the density of the flux of the heat [W. m~?]

\: thermal conductivity, of , material [W.m 1K~1]
T: Temperature [°K]

Results of Calculations and Simulations:-
Wecalculated the losses in Table 3 by varying the conductorthickness for a fixedcurrent of 0.5A.
Table 3:- Calculation of losses for differentconductorthicknesses.

For [=0.5A

Ecu (um) P (mW)

70 76,7

140 26,75
200 19

300 12,7

Air and MnZn inductors
We have maintained the geometricalparameters of the air inductor and added the material 3C90 with a thickness of
200pum, the results are in figure 3.
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140 Temperature as a function of time
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Fig.3:-Temperature as a function of time (inductorswith air and MnZn material).
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Inductor: N=15turns, Dext=20mm, Dint=8mm, Epf=200pm,
Ecu=140pm, Wcu=300um, d=200pm, N=15 et [=2A

Time (s)
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The temperature for air structure islowthanwithmagneticcore. It evolvesrapidlythisis due to the thermal capacity of
the air by contrastthatwithmagneticmaterialis slow. The one withmagneticmaterial can berelated to thermal
capacity and losses in the magneticmaterial.

Inductorresultswith MnZn

Temperature as a function of the thickness of the conductor

The purpose of thisparagraphis to study the influence of conductorthickness on the temperature of the conductor.
For this, we have kept the followingparametersfixedsuch as I=2A, N=15, d=200um and variable Ecu of 70, 140,
200 and 300pum. The results are shown in Figure 4 below:
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Temperature as a function of conductor thickness
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Fig.4:-Temperature as a function of conductorthickness

Fig.4 shows the influence of conductorthickness on temperature. The more the conductoristhick, the lower the
temperature. This isexplained by the factthat the thickness of the conductor has a direct impact on the resistoreven
(formula 1). When the thickness of the conductorisincreased, the resistordecreases and therefore the losses by joule
effectalsodecrease. As lossesdecreasewithincreasingconductorthickness, temperaturealsodecreases.

To have an acceptable operating temperature, the thickness of the conductor must beincreased.

Temperature as a function of current

In order to observe the influence of current on the temperature of the 3D inductor, we have varied the currentfrom
0.5 to 2A with a step of 0.5A. The geometricparameters are: Ecu=140pm, Wcu=300um, d=200pum. For
thesedifferentcurrent values, we have plotted the temperature as a function of time in the figure below.

The parabolicevolution of the curves in figure 5 can beexplained by the factthat the temperatureis a function of the
joule losses and these joule losses (P=RI?) are proportional to the square of the currentintensity.

Temperatureaccording to number of turns

To study the influence of the number of turns on the temperature value, weperformed simulations by varying the
number of turns by 3, 5, 7, 9 and 15. The simulatedtemperature values are shown in Figure 6 below.
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Temperature as a function of current
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Fig.5:-Temperature as a function of current
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Fig.6:-Temperature as a function of the number of turns.
Fig.6 shows thatwhen the number of turnsisincreased, the temperatureincreasessharply. As the length of the
conductorincreases, the resistorincreases and the joule lossesbecome more and more important.

The number of turnsstrongly influences temperature.

1127



ISSN: 2320-5407 Int. J. Adv. Res. 13(02), 1121-1128

Conclusion:-

In this article, westudied the influence of geometricparameters on thermal behavior of the inductor over
closedtoricmagnetic circuit. The concept of heattransfer and mode of heattransferwerestudied. The equivalent
thermal model of ourchosen structure is nodal. The simulations allowed us to verifythat the joule losses are
proportional to the square of the injectedcurrent. By applying a current of 2A, the thickness of the
conductorisgreaterthan or equal to 140pum and N=15. At thisthickness, the operating temperatureis stable at 117°C
for the structure withcore. The magneticmaterialused in ourstudyis 3C90 and its curie temperatureis 220°C.
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