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This paper explains the enhancement on the perimmaf conventional
High voltage metalized film capacitor doped witle tNanoparticles; the
studied model has been discussed how the charstitsriof High voltage
metalized film capacitor has been enhanced depgmai the concentration
of the doped Nanoparticles and also their elecamna dielectric properties.
Also, this research investigates novel Nano-metrdustrial materials for
enhancing the electrical performance of multi smttimetalized film
capacitors which satisfy a large variety of ac apglions, electronic
applications, and optimizing the characteristicsnoétalized film capacitors
for specific applications by selecting suitable oemmposite materials.
Adding nanofillers to the conventional materialsnofilti section metalized
film capacitors has enhanced the dielectric constdiglectric strength, self-
healing properties, temperature stability and uroktric efficiency that
allowing achieving the highest capacitance per waiume for this type of
capacitors. Theoretical results have been investid for comparing with
conventional structure materials and new nanocont@osndustrial

materials of multi section metalized film capacit®inally, the present
contribution has computed equivalent series inducta(ESI), equivalent
series resistance (ESR), volumetric energy dengégk discharge current
...etc. for multi section, high voltage windings,luding limitations caused
by various new nanocomposite materials.

KEYWORDS: ESI, ESR, volumetric energy density, Nano-comgosit
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1. INTRODUCTION

Over the recent years particulate composites heagived much attention particularly
with the introduction of nanoparticles. Nanopaescloffer improved mechanical,
electrical, and thermal properties of compositeeehdtively low concentrations. One
of the important properties of composites in gelniertheir dielectric properties which
have been studied extensively. More recently howeesearch tends to suggest that
the dielectric properties of the interphase are slBomogeneous, varying with respect
to the radial distance from the centre of the gphkrinclusion [1-3]. Such an
inhomogeneous transition is due to the bonding @@sms occurring in the space
between the inclusion and matrix. A controlled dasof the spatial varying property
also enables one to control the overall propertycarhposites [2]. Results for the
dielectric constant have been published for twospheomposites in which perfect
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bonding is assumed to exist between the inclusimhtiae matrix. The results are from
Maxwell-Garnett theory [1] with the same resultided later by using the composite
spheres assemblage model [4]. This same resulilsarbe used for the electrical and
thermal conductivity, magnetic permeability andusivity, provided that the spherical
inclusions and matrix are isotropic. There has beeffirst principles approach
developed to find the effective dielectric resporsfe composites with a dilute
suspension of graded spherical particles. Vo amdn®hsured the dielectric properties
of composites as a function of inclusion concemnausing a proposed theoretical
model based on effective medium theory [4 - 6].afgk high voltage film capacitor
typically consists of numerous “windings” connected series and parallel, as
necessary to achieve the desired voltage and c¢apeei rating. The discharge
properties of such a capacitor are determined &éyetiuivalent series resistance (ESR)
and equivalent series inductance (ESI). THE incve#aESR, and implications thereof
for pulsed power applications of single sectionaiie¢d film capacitor windings were
discussed in a recent publication [7]. High voltagetalized film capacitor windings
usually employ multiple sections in series basedttan use of floating electrodes,
which introduces a substantial number of issuesoh@ythose considered in the
obvious advantage of a multiple section windinghis support of high voltages in a
compact structure. The disadvantages are sevedlding: firstly when clearing
occurs in one section, the voltage of that seasanansferred to other sections. For a
small number of sections, this can cause clearirapother section. In the worst case,
continuous clearing may destroy the capacitor. ofdly the potential between
sections which occurs along the surface of the,fibetween wound layers. The
breakdown strength of the film is laminar systehe breakdown strength along the
layer surface is weak and depends on the inteHjp@asure, which means the pressure
between layers after “curing” of the winding, i.thermal relaxation of mechanical
stresses therein. In general, the interfacial pressicreases with decreasing radius
within the winding. This study metalized capaciteith nanocomposite filmaere
newly introducednd fully characterized. Nanocomposite film improwbarge density
and performance of the capacitor. Recently pubtish study of the relationship of
winding inductance (ESI) and equivalent seriesstasce (ESR) to winding design
based on bringing current from one end of the wigdiack to the other, either along
the outside radius or through the center of thedimgi8]. The former generally
resulted in lower inductance than the latter. Asidde expected, ESR was reduced
by using narrower film to produce a more “pancalded winding, which also tended
to reduce the ESThus the relationships among film metallizationigtegty, film
dielectric constant, winding design, ESR, and E8lexplained. Current rise times has
been suggested less than a few hundred ns areelynliased on metalized film
windings, although very high peak current can laized if the end connections can
sustain them[9]. The nature of end connectionsaemaplex subject beyond the scope
of the present discussion [10, 11].

Optimizing the dispersion of nanosized ceramiciglad has been occurred for
achieving higher dielectric constant, thereby higheapacitance density in
nanocomposites. It has been observed that higtissldading leads to entrapment of
porosity in the microstructure which lowers theeefive dielectric constant of the
films. Also, it is cleared that, the interplay been the rheological properties of the
nanoparticles and polymer matrix have effectivedescon the dielectric properties of
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the film capacitors. And so, the use of multipletems within a metalized film
capacitor facilitates high voltage and reduced \ejant series resistance within a
compact winding. As a result of high voltage and laductance, large peak currents
are, in principle, possible. The limitation to theak current and power density is the
ability of the end connection to withstand the peakrent. The energy density of
multi-section windings is also limited by the mangiwhich are required between
sections, the total width of which is limited sgldly the rated voltage and margin
operating field. Nanocomposites of organically nfiedi nanoparticles in an epoxy
matrix have been synthesized and evaluated asttietefor the fabrication of integral
thin film capacitor arrays. Organic modificationtbe polymer inorganic interface has
been used as a design tool to control the croksiknsity of the polymeric matrix and
the interfacial interactions [13-18].

In this work, a new dielectric nanocomposites whagdmnsist of a polymer and
various types of nanoparticles have been develdpedapplication in thin film
metalized capacitors. The nanocomposite polymecuistom formulated for high
dielectric constant and strength with minimum digie losses. The nanocomposite
can be wound and processed using conventional wblmatapacitor manufacturing
equipment. Also, the present contribution focugeshe effect of adding nandfillers to
high voltage capacitor to enhance ESR and ES],hoev to minimize the contribution
to ESR and ESI which results from connecting mldtipindings in series and parallel
as necessary to meet a given voltage and capaeitatiag.

2. ANALYTICAL MODEL

In order to minimize inductance, the connectionsthie at one end of the winding so
that the magnetic field outside the winding camieimized. One option for achieving
this is to employ two coaxial windings separatedabgoaxial insulator so that the
current goes down one winding, transfers to therotvinding, and comes back to the
same end of the capacitor as shown in Fig. (zh&) réduces the required width of the
winding by a factor of two and reduces inductarigghty [13]. Another option is to
have one, very wide winding with the return on axal conductor Figure 2. (b). For a
single winding as shown in Fig. (2), the total fimdth is:

W= N (Ws+Wmn) 1)

Where, N is the number of sections, Ws is the ctedde overlap width for
each section, and Wm is the margin width betweeti®ge as illustrated in Figure 1
for a 4-section winding. In the case of two coawaldings the width of each winding
is half of W.

It can be defined the “volumetric efficiency” orréttion of useful volume”,
Vf, as the ratio of the volume of the overlap saetpart of the winding which stores
energy to the total volume V.

N. W Se
|5

Se = 2Ls.Lf (3)

Vi = 23



802 A. Thabet

(a) Multisession coaxial winding @ngle winding capacitor
Fig.1 Construction of high voltage metalized filapacitor

Where Seis the end connection arebs is the film length andDf is the
thickness of dielectric material in one turn of thieding. Rois the outer radius of the
outer winding Fig. (1) in theoaxial case this can be expressed as:

Rc = J(% +{(R1+ Dg)*2 (4)
R1= | +R1%) ()

WhereRL1is the outer radius of the inner winding aRd is the thickness of
the insulation between the coaxial windings in Figa) or between the winding and
conductor in Fig. (1.b)Ri is the inner radius of the windings. In equatigh.8can be
expressed as

Ls=Ss/Ws (6)

Ssis the overlap area for each section which is glwen

__ C=Df

53 - LE.E0 (7)
whereCae is the capacitance for each section
Co=N.C (8)

C is the total capacitance of the multi-section cépaavinding andN is the
number of sections.

As section electrode overlap increases, the windiégmgth decreases which
increases the ESR. The contribution to the ESRethhyg the overlap regions is given

by [1],
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4N. 2. po.go. Ws.
E5Ro = 3 DiCo )]
And the resistance caused by the resistivity of ntfa@gin regions between

winding sections is:

ESRm = emiVm (10)

L=

Where, the unit gbm andpo is Q or Q/sq. The total ESR is the sum of these
two contributions.

ESRm = ESRm+ ESRo (11)

Assuming the current through a capacitor is |, itfiictance can be obtained
from integrating the energy in the magnetic fiekdslhown in equation (12). In this
work, Ampere’s law was applied to approximate thegmetic field from the current
and to derive the magnetic energy density.

1 2Wm

= B?dV =
I=.ua / I*

L= (12)

Based on equation (12), the inductance for the maghdith similarly, for the
coaxial winding structure discussed above, thedtahce is given by the outer return
structure can be obtained with reasonable accudragyequation (13)

rapmrW(R? —Ri?)? +f r1pumW iR 3

Rt 8.R.Ls*.Df* Rt 2mR

Similarly, for the coaxial winding structure dissed above, the inductance is
given by

L2=J

r1unW(R? — Ri?)?

:fRi

w‘rW(RG: —R%)*

R1+ﬂg,u.7rW
dR-l—f R1+Dg g R Ls2 D}:‘E (14&

8.R.Ls2.Df? R1

In any application, the load resistance shoulduiestantially greater than the
capacitor winding ESR in order to transfer mosthaf energy stored in the capacitor
winding to the load. In much of the analysis beldvas been assumed that “as shown
in ref [13]” the load resistance is 9 times gredtan the ESR so that total resistance in
the circuit is 10 times the ESR. Since the loadedamce may be fixed, the load
impedance may dictate a maximum capacitor ESR. #ederive the time to peak
current, Tp, and the peak current, Ip

de

Ln(%) R || R2 1
T 1,2 = + - 15
P=07—pt (P27 g JAESP ESIC ° (5)
The peak current:
—u
Ip = 0 (eP1Tr — gp2Te) (16)

ESI(P2—P1)



804 A. Thabet

The useful volume of the capacitor is defined aswblume of the overlap
sections which store energy, given by:

Vuse=2"N'LsDfWs a7

The overall volume of the capacitor:

M
V1 = m. Ro? E(W's + Wm) (18)
If the core volume is excluded, the overall voluse
V2 = n(Ro? — Ri2).~. (Ws + Wm) (19)

The multi-section, coaxial winding structure ha® teomponents of volume
which increase in proportion to the section overiap, the volumes of (i) the core and
(i) the coaxial insulator between the two coaxi@hdings. The power density at peak
current will be as follows, where g is the load resistance, here 9 times the ESR.

Pd = Ip* Ripaq /V2 (20)

3. SUGGESTED INDUSTRIAL MATERIALS

3.1 Nanoparticles

= Clay mineral used in the polymer industry is kaitdin Kaolinite is the main
constituent of filler clays, significant quantitie$ other minerals can often be
present. The particle shape is the most importhatacteristic of kaolinite for
polymer applications. The platy nature means thay €illers have a greater
effect on properties such as viscosity, stiffness strength, using clay as nano
filler (10-100nm) gives high levels of flame retanty to the produced
composite, and it's selected in this study. Coss lef Clay catalyst to be the best
filler among nano-fillers industrial materials.

= MgO: is the chemical compound silicon dioxide, éésown as silica nano-silica
with typical particle size of 10~50nm is widely dsas fillers to improve the
mechanical and thermal properties of polymers. Magm Oxide (MgO) film
has high secondary electron emission (SEE) yieid,ia found applications in
flat panel display and other devices. However,wlieile of SEE yield strongly
depends on the surface conditions and crystallindity of MgO film. It is
found applications in flat panel display and otlievices; it can be used in
nanowires and nanocapacitors applications.

= BaTiOs: it can be used in low and high voltage capaciepplications. The
following table contents some properties of Barilitanate. BaTi@production
of spherical BaTi@ powders at 700 and 900°C by the spray pyrolysis of
ethanol/water solutions of BaCI2 and Tj@iat were suspended using two-fluid
and ultrasonic atomizers.
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3.2 Industrial polymers

= Polypropylene: It is one of the most common andatlle thermoplastics in the
plastics industry. Polypropylenes are perhaps tig thermoplastic surpassing
all others in combined electrical properties, treatstance, toughness, chemical
resistance, dimensional stability, and surface glatsa lower cost than most
others. Filling polypropylene with a certain nandjgdes (Clay, MgO, and
BaTiOs) greatly increases electrical properties, tergilength, impact strength,
flexural modulus, and deflection temperature uridad with a corresponding
reduction in elongation according to type and petages of nanofillers. Also, it
is one of the most important polymers where itsedias insulation of modern
HV capacitors. Table (1) shows overview of nandplkas and industrial
materials which are currently presented in thisaesh.

Tablel. Characteristics of Industrial Insulation Materials

Polymers Dielectric Constant
Polypropylene 2.3
Nanoparticles Dielectric Constant
Clay 2.8
BaTiO; 3.8
MgO 9.7
Nanocomposites Dielectric Constant
Polypropylene + 5wt% Clay 2.34
Polypropylene + 10wt% Clay 2.38
Polypropylene + 15wt% Clay 2.42
Polypropylene + 5wt% BaTip 2.41
Polypropylene + 10wt% BaTiO 2.53
Polypropylene + 15wt% BaTiQ 2.62
Polypropylene + 5wt% MgO 2.71
Polypropylene + 10wt% MgO 3.02
Polypropylene + 15wt% MgO 3.35

4. RESULTS AND DISCUSSION

A 100 kV capacitor winding could be based on 4 tayaf 7um capacitor film, two
metalized and two un-metalized. For a single wigdiapacitor, the winding width is
the width of the margins plus the total width oétbverlap of the sections. In the
coaxial configuration, the total winding width witle half this value. We assume a
metallization resistivity in the overlap regionsmE100 Q/sq andp,=10 Q/sq in the
margin regions. High resistivity in the overlapimet improves clearing efficiency and
low resistivity in the margin regions reduces th8RE The winding diameter can
depend on several factors including film thicknasd length of film edge. To support
the 100 kV potential differences across the endections, thickness of the insulator
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layer cannot be less than ~3 mm. And so, with resjeethe multi section structure of
high voltage capacitor, all the parameters can Xpmessed as functions of section
overlap width for studying the effects of variouanoparticles on high voltage
metalized film capacitor.

4.1 Effect of clay nanoparticles on high voltage capacitors
characteristics
Figures ((2.a) - (2.h)) illustrate the Equivalerdri8s Resistance (ESR), Equivalent
Series Inductance (ESI), current rise time, thek mearent, fraction of useful volume
(excluding core), fraction of useful volume (incling core), energy density (excluding
core), and energy density (including core) respebtiof the metallized film capacitors
as a function of section overlap width by usindedint nanocomposite film materials
PP with Clay nanoparticles. Figure (2.a) showsetfect of clay nanoparticles on the
Equivalent Series Resistance (ESR). It is clednatl increasing percentage of clay
nanoparticles in the polypropylene matrix increathes equivalent series resistance.
Figure (2.b) shows the effect of clay nanopartideshe Equivalent Series Inductance
(ESI). It is cleared that increasing percentage ct#fy nanoparticles in the
polypropylene matrix decreases the equivalent sanductance value in the high
voltage metalized film capacitor clearly.

10 T T . . ‘
PP 72 T

— — PP-Clay 5wi%
— = - PP-Clay 10 wi%
Al PP-Clay 15 wi%

PP

7l = +— - PPClay 5 wi%
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6.8l —*— PP-Clay 15 wi%

-3
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Section Overlap Width(m) Section Qverlap Width(m)

Fig. (2.a): ESR for metalized film capacitor Fig. (2.b): ESI for metalized film capacitor

Figure (2.c) shows the effect of clay nanopartidasthe current rise time in
the metallized film capacitors. It is shown thacreasing percentage of clay
nanoparticles in the polypropylene matrix has rfeatfin the current rise time for the
high voltage metalized film capacitor. The sameavér of peak current has been
shown in Figure (2.d) and has cleared the effeatlaf nanoparticles on the current
rise time in the metallized film capacitors. ItsBown that increasing percentage of
clay nanopatrticles in the polypropylene matrix haseffect in the peak current for the
high voltage metalized film capacitor.
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Section Overlap Width(m)

Fig. (2.c): Current rise time for metalized filmpescitor  Fig.(2.d): Peak current time for

Fraction Of Useful Wolume

metalized film canacitr

Figure (2.e) shows the effect of clay nanopartidasthe fraction of useful
volume (excluding core) in the metallized film capars. It is shown that increasing
percentage of clay nanoparticles in the polyprapylenmatrix has low effect for
decreasing the fraction of useful volume (excludinge) in the high voltage metalized
film capacitor. Figure (2.f) shows the effect oaglnanoparticles on the fraction of
useful volume (including core) in the metallizetinficapacitors. It is shown that
increasing percentage of clay nanoparticles inpblgpropylene matrix has a clear
effect for decreasing the fraction of useful volufimeluding core) in the high voltage
metalized film capacitor.

Metalized Film Capachor(Echuding Core)

055 024 metalized film capacitor(including care)
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Fig. (2.e) Metalized film capacitor Fig. (2.f): Metalized film capacitor
(Excluding Core) (Including Core)

Figure (2.g) shows the effect of clay nanopartictes energy density
(excluding core) in the metallized film capacitorslt is shown that increasing
percentage of clay nanoparticles in the polyprapylenatrix has a clear effect for
increasing energy density (excluding core) in tigh lvoltage metalized film capacitor.
Figure (2.h) shows the effect of clay nanopartidasenergy density (including core)
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in the metallized film capacitors. It is shown tthacreasing percentage of clay
nanoparticles in the polypropylene matrix has arcleffect for decreasing energy

density (including core) in the high voltage metadi film canacitor.
metalized film capacitor(exclude care) metalized film capacitor(including care)
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Fig. 2 Effects of clay nanoparticles concentrabarcharacteristics of metalized high
voltage capacitors

4.2 Effect of BaTiOz nanoparticles on high voltage capacitors
characteristics
Figures ((3.a) - (3.h)) illustrate the Equivalerdri8s Resistance (ESR), Equivalent
Series Inductance (ESI), current rise time, th&kmearent, fraction of useful volume
(excluding core), fraction of useful volume (inclinig core), energy density (excluding
core), and energy density (including core) respebtiof the metallized film capacitors
as a function of section overlap width by usindet#gnt nanocomposite film materials
PP with BaTiQ nanoparticles. Figure (3.a) shows the effect ay clanoparticles on
the Equivalent Series Resistance (ESR). It isretedhat increasing percentage of
BaTiO; nanoparticles in the polypropylene matrix increasiee equivalent series.
Figure (3.b) shows the effect of BaEkianoparticles on the Equivalent Series
Inductance (ESI). It is cleared that increasingc@etage of BaTi@nanoparticles in
the polypropylene matrix decreases the equivalenes inductance value in the high

voltage metalized film capacitor clearly.
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Fig. (3.a): ESR for metalized film capacitor Fig. (3.b): ESI for metalized film capacitor



Current Rise Time (ns)

ENHANCING PERFORMANCE OF HIGH VOLTAGE METALLIZED ... 809

Figure (3.c) shows the effect of Baki@anoparticles on the current rise time
in the metallized film capacitors. It is shown ttliacreasing percentage of BagiO
nanoparticles in the polypropylene matrix has |déiect for decreasing the current rise
time in the high voltage metalized film capacitdbhe same behavior of peak current
has been shown in Figure (3.d) and has been cl#zezffect of BaTi@nanoparticles
on the current rise time in the metallized film aejpors. It is shown that increasing
percentage of BaTiOnanoparticles in the polypropylene matrix has leffect for
decreasing the peak current in the high voltagelmed film capacitor.
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Fig. (3.c): Current rise time for metalized filmpescitor  Fig.(3.d): Peak current time for
metalized film capacit

Figure (3.e) shows the effect of BaTi@anoparticles on the fraction of useful
volume (excluding core) in the metallized film capars. It is shown that increasing
percentage of BaTiOnanoparticles in the polypropylene matrix has leffiect for
decreasing the fraction of useful volume (excludinge) in the high voltage metalized
film capacitor. Figure (3.f) shows the effect oflB@; nanoparticles on the fraction of
useful volume (including core) in the metallizedimficapacitors. It is shown that
increasing percentage of BaEi@anoparticles in the polypropylene matrix haseaicl
effect for decreasing the fraction of useful volufimeluding core) in the high voltage
metalized film capacitor. Figure (3.g) shows tliftect of BaTiO3 nanoparticles on
energy density (excluding core) in the metallizéoh fcapacitors. It is shown that
increasing percentage of BaTiO3 nanoparticles énpiblypropylene matrix has a clear
effect for increasing energy density (excludingegan the high voltage metalized film
capacitor. Figure (3.h) shows the effect of Bali@noparticles on energy density
(including core) in the metallized film capacitorslt is shown that increasing
percentage of BaTi{Onanoparticles in the polypropylene matrix haseaickffect for
decreasing energy density (including core) in tigh kroltage metalized film capacitor.
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Metalized Film Capacitor(Excluding Core)
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Fig. (3.e) Metalized film capacitor (Excluding Cpre  Fig. (3.f): Metalized film capacitor (llucling Core)
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Fig. 3 Effects of BaTiO3 nanoparticles concentratia characteristics of
metalized high voltage capacitors

4.3 Effect of MgO nanoparticles on high voltage capacitors
characteristics

Figures ((4.a) - (4.h)) illustrate the Equivalerdri8s Resistance (ESR), Equivalent
Series Inductance (ESI), current rise time, th&kmearent, fraction of useful volume
(excluding core), fraction of useful volume (incling core), energy density (excluding
core), and energy density (including core) respebtiof the metallized film capacitors
as a function of section overlap width by usinded#gnt nanocomposite film materials
PP with MgO nanoparticles. Figure (4.a) shows ffeceof clay nanoparticles on the
Equivalent Series Resistance (ESR). It is cle#natlincreasing percentage of MgO
nanoparticles in the polypropylene matrix increafes equivalent series resistance
clearly. Figure (4.b) shows the effect of MgO naartiples on the Equivalent Series
Inductance (ESI). It is cleared that increasingcgetage of MgO nanoparticles in the
polypropylene matrix decreases the equivalent sdriductance value in the high
voltage metalized film capacitor very clearly. @iig (4.c) shows the effect of MgO
nanoparticles on the current rise time in the niegal film capacitors. It is shown that
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increasing percentage of MgO nanoparticles in tblyppopylene matrix has high
effect for decreasing the current rise time inhigh voltage metalized film capacitor.
The same behavior of peak current has been showigime (4.d) and has cleared the
effect of MgO nanoparticles on the current riseetim the metallized film capacitors.
It is shown that increasing percentage of MgO nartigdes in the polypropylene
matrix has high effect for decreasing the peakenirin the high voltage metalized
film capacitor.
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Fig. (4.a): ESR fometalized film capacitt Fig. (4.b): ESI fometalized film capacitt
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Figure (4.e) shows the effect of MgO nanoparticasthe fraction of useful
volume (excluding core) in the metallized film capars. It is shown that increasing
percentage of MgO nanoparticles in the polypropylenatrix has high effect for
decreasing the fraction of useful volume (excludinge) in the high voltage metalized
film capacitor. Figure (4.f) shows the effect of @lghanoparticles on the fraction of
useful volume (including core) in the metallizetinficapacitors. It is shown that
increasing percentage of MgO nanoparticles in thlgppopylene matrix has a clear
effect for decreasing the fraction of useful volu¢meluding core) in the high voltage
metalized film capacitor.

Noting that, Figure (4.g) shows the effect of Mg@naparticles on energy
density (excluding core) in the metallized film eajtors. It is shown that increasing
percentage of MgO nanoparticles in the polypropylematrix has a clear effect for
increasing energy density (excluding core) in tigh lvoltage metalized film capacitor.
Fig. (4.h) shows the effect of MgO nanoparticlesearrgy density (including core) in
the metallized film capacitors. It is shown thatcrieasing percentage of MgO
nanoparticles in the polypropylene matrix has arcleffect for decreasing energy
density (including core) in the high voltage metadi film capacitor.

metalized film capacitor(including core) metalized film capacitor(including care)
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Fig. 4 Effects of MgO nanoparticles concentratiorcharacteristics of metalized high
voltage capacitors

4.4 Effect of nanoparticles on ESR of high voltage metalized film

Figure (5) illustrates the Equivalent Series Rasist (ESR) of the metallized film
capacitors as a function of section overlap widtlusing different nanocomposite film
materials (PP with 15wt%Clay, PP with 15wt%BaTi®® with 15wt%MgO). It is
noticed that the Equivalent Series Resistance ef itetallized film capacitors
increases with increasing section overlap widthabrused nanocomposite materials.
Also, it is noticed that nanocomposite film matkriahich composed of 15wt%MgO
is the better one for enhancing the equivalenteseresistance value within the
investigated range.
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Fig. 5 ESR for high voltage metalized film capastwith various new nano-

composites

4.5 Effect of Nanoparticles on ESI of high voltage metalized film
capacitors
Figure (6) illustrates the Equivalent Series Indace (ESI) for the coaxial winding
structure of the metallized film capacitors as action of section overlap width by
using different nanocomposite film materials (PPthwil5wt%Clay, PP with
15wt%BaTiO3, PP with 15wt%MgO). It is noticed thdite nanocomposite film
materials which are composed of 15wt%MgO is thdebetne for decreasing the
equivalent series inductance value in the highagaltmetalized film capacitor within
the investigated range.
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Fig. 6 ESI for high voltage metalized film capacstavith various new nano-
composites
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4.6 Effect of Nanoparticles on discharge characteristics of high
voltage metalized film capacitors

With respect to ESI and ESR which computed forehranocomposites in Figures (5,
and 6). Figure (7.a) shows the current rise timthé metallized film capacitors as a
function of section overlap width by using diffeteranocomposite film materials (PP
with 15wt%Clay, PP with 15wt%BaTiO3, PP with 15wtig®). It is noticed that the
current rise time in the metallized film capacitaiscreases with increasing section
overlap width for all used nanocomposte material#\lso, it is noticed that
nanocomposite film materials which composed of 2oMgO is the better one for
decreasing the current rise time.
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Fig. (7.a): Current rise time for metalized filmpegitor Fig.(7.b): Peak current time

metalized film capacit
Fig. 7 Current rise time and Peak current for higllage metalized film capacitors

with various new nano-composites

The same behavior of peak current has been showgime (7.b) which is
showing the peak current in the metallized film a@fors as a function of section
overlap width by using different nanocomposite finaterials (PP with 15wt%Clay,
PP with 15wt%BaTiO3, PP with 15wt%MgO). Fig. (7dds0 depicts that the peak
current in the metallized film capacitors decreasgéh increasing section overlap
width for all used nanocomposite materials. AndtBe nanocomposite film material
which composed of 15wt%MgO is the better one faréeasing the peak current value.

4.7. Effect of Nanoparticles on Fraction of Useful Volume in high
voltage metalized film capacitors

Figure (8.a) depicts that the fraction of usefulumee (excluding core) of the

metallized film capacitors as a function of sectmrerlap width by using different

nanocomposite film materials (PP with 15wt%Clay, Wkh 15wt%BaTiO3, PP with

15wt%MgO).
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Fig. (€.a) Metalizedfilm capacitor(Excluding Core’ Fig. (8.k): Metalizedfilm

Fig. 8 Fraction of useful volume in high voltagetaized film capacitors with various
new nano-composites

Also, it is obvious that the fraction of useful uoie (excluding core) of the
metallized film capacitors increases with incregssection overlap width for all used
nanocomposite materials. And so, it is noticed tm@nocomposite film materials
which composed of 15wt%MgO is the best one for @gging the fraction of useful
volume (excluding core). Figure (8.b) has depidteat the fraction of useful volume
(including core) of the metallized film capacit@s a function of section overlap width
by using different nanocomposite film materials (Rith 15wt%Clay, PP with
15wt%BaTiO3, PP with 15wt%MgO). And so, it is neticthat nanocomposite film
materials which composed of 15wt%MgO is the beaitex for decreasing the fraction
of useful volume (including core).

4.8 Effect of Nanoparticles on Energy density of high voltage

metalized film capacitors

Figure (9.a) depicts that energy density (excludawge) of the metallized film
capacitors as a function of section overlap widtlusing different nanocomposite film
materials (PP with 15wt%Clay, PP with 15wt%BaTi®®, with 15wt%MgO). Also, it
is obvious that energy density (excluding core)tled metallized film capacitors
increases with increasing section overlap widthdibrused nanocomposite materials.
And so, it is noticed that nanocomposite film miader which composed of
15wt%MgO is the best one for increasing energy itefexcluding core). Figure (9.b)
has depicted that energy density (including cofah® metallized film capacitors as a
function of section overlap width by using diffeteranocomposite film materials (PP
with 15wt%Clay, PP with 15wt%BaTiO3, PP with 15wt%®). And so, it is noticed
that nanocomposite film materials which composetimft%MgO is the better one for
increasing energy density (including core).
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Fig. 9 Energy density for the multi-section caparcés a function of section overlap

width and without effect of the core volume

5. CONCLUSIONS

For a multi section, high voltage, low inductan@pacitor, peak current and
peak power density are likely to be dominated by @mnnection current density.
Such windings have the potential for current deesiand power densities far in
excess of what present end connection technolagyvaastand.

Adding nanofillers (Clay, Mgo and BaTiDincrease ESR, ESI and Energy
density and reduce peak current and rise time wiiih high voltage capacitors
with good limitation of end connection current. &ff of Mgo spherical
Nanoparticles is higher than fumed silica and abety characteristic of high
voltage capacitor Adding Mgo Nanoparticles to pobgylene give better values
of ESR, ESI and energy density and peak curradtrése time within the
investigated range.
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