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Abstract: This paper addresses the more delicate issues@gscharge. The conduction and breakdown mechanism

electrostatic industry and the phenomena that leathe
equipments breakdown. The partial discharge evauith
mixed dielectric is multifactorial process. The tiwli
potential as well as the temperature are knowmtiuénce
the partial discharge evolution. The aim of thegamt work
is to demonstrate the effectiveness of the expetahe
design methodology for evaluating the effects esé¢h
factors. Thus, a full factorial experimental desigms
carried out on mixed dielectric structures. It cts of a
plastic material (Teflon) in which two aluminiunbbions
disposed at 90 degree and separated by polypropyiken
of 13.6um thickness. The study cell is filled with a dielec
liquid: The Jarylec C100. The variation domainstfoe two
factors are respectively: 5000 V to 7000 V; + 28-188°C.
The partial discharge evolution was characterizgdwo
output variables: The number of negative partigitharge
and the number of positive partial discharge. dsviound
that the effect of temperature is more importaanthitial
potential. This effect is observed in the two maihtical
models but also the influence of negative tempezai
more important than positive.

of concerning gas or solid insulation have beeayeligr
studied and the evaluation of characteristics ef th
partial discharge in the space and in the time is
relatively well understood. The study of partial
discharge in mixed dielectric structures makes ydwa
the object of intense investigations. Indeed, mixed
dielectric structures (solid-liquid) offer the adwage

to have a best dielectric rigidity [4,5].

In a previous work [6], experimental measurement on
the partial discharge evolution in the models of
capacity made in impregnated polypropylene film
pointed out the effect of the low temperature dre t
initial potential on the regime of discharge indtian

of time. The aim of the present work is to dematstr
the effectiveness of Experimental Design Methodplog
[7,8] in quantifying the effects of these factas well

as the interactions between them, by evaluating the
number of negative partial discharge and the nuwiber
positive partial discharge.
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experiments, capacitor model, low temperature..

1. Introduction

It allows predicting the number of experimentbédo
performed in accordance to a clear objective,dace

During the last decades, the development tiie dispersion related to the measure, to evathate
electrostatic industry has been accompanied bycaupling effects between factors, to assess the
growing interest in understanding the phenomenta thafluence of factors and their interaction. Thisthael
leads to breakdown of equipment. Since, numeroigsbased on statistical rules and analytical mdaiel
studies have shown that the insulation can Istudying the process to reduce and control the
submissive to transitional phenomena causing isaximum time for testing and to detect the doubtful
progressive deterioration. One of the most impdrtaexperimental measurement. Regardless the domain of

phenomenon is partial discharge [1,2,3]. Moreoiter,
is acknowledged thatefects accidentally introducedobjectives:

during manufacturing of electrical equipments {figl
of impregnation, hole in a film ...) can generatetiphr

application Experimental Design is useful for three
screening, optimization, and robustnes
testing [8,9,10]. The screening experiments desdrib
hereafter were designed to explore tow of the facto



that might affect the partial discharge evolutiothe The statistical significance of the coefficiemtisand
models of capacity made of impregnated polyproylerai,j can be evaluated by calculating the resicigse.,

films: the difference between the experimental value had t
- initial potentialV, [V]; one predicted by the model, and then estimating the
- Low temperaturd [°C]; variance
The full-factorial experimental design [9] supsort 2= 1 Se 6)
linear polynomial models. With such models, the n-p
response of the process is expressed as a functi@ ofVhere n is the number of experiments apdthe
factorsu; (i = 1,...€): number of the model coefficients. A coefficientof
y=fu=c+lcu+lcjuy @ the model is statistically significant if it sates the
A normalized centered value can be defined for eaér%UdemﬂteSt

factor as follows:

Xi = (U - U VAU = u¥, 2) t = Hﬂcm (7)
where 3
Ui = (Uimax + Uimin)/2; AU = (Uimax - Umin)/ 2. (3)  With tcrit as a function of the degrees of freedom
. . (n-p), and
So defined,x; obviously takes the value -1 for the
minimum input valueu,, and the value + 1, for the
maximum input valueina. With the above notations, , &
the response function becomes: S = n (8)
y=f(x)=ao+ Xax+2a;xx 4 In the

_ _ present study, the software was employed for viatiga
For the two factors considered in the present study the models using the Fischer's test [11] for eviga
X1 =V, X%=T, the linear model is: their predictive ability.

y=ao+ta Vo +aT + apVoT +anVe® +axl’ .
5 3 Experimental procedure

In the above equatiom, is the predicted value of the Te getection and measurements of partial discharge
responsey in the centre of the expenme_ntal domainyas carried out with a device manufactuaédlEMD
(iLe.,u=uc (i=1,.g),0orx =u*=0),a estimates the Grengble [4]. This device uses the electrical and
effect of the factok, anda;; quantifies the_lnteracnon optical expressions of partial discharge. An appiare
between the factoss andx. These coefficients can becyrent flows through the external circuit due he t
computed from the measured values of the procegspearance of partial discharge in the study tell.
response in the conditions prescribed by the Coitp0s,j0\ws making measures of discharge in the ordi 0.
experimental design (Fig. 1), using a commercigc and the minimum duration between two successive
software (MODDE 8.0, developed by Umetrics, Umegjischarges is 330 ns. The diagram representedeon th
Sweden). s Figure 2 shows the basic circuit for the principfe
electric partial discharge detection. The current
circulates in the RLC impedance that allows to
suppress the low component frequency of the cuirrent

c 1¢] D Impetuses are put in form and amortized with a time
constant RC =40 ns. When a discharge is detdtded,
= oE G -~ amplitude, its polarity as well as the instant tsf i
- 1 K/O appearance are measured. The phase of the discharge
appearance is deduced from this instant. The device
. includes a thermostatic drying-room that reaches
A -1 H B temperatures until - 40 °C.

Fig.1. Central composite experimental design fer th
study of partial discharge evolution
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Fig.2. Principle of partial discharge measure

The study cell figure 3 is a model for any film

impregnated capacitor.

Fig.3. Study cell, top view

It consists of a plastic material (Teflon) in whitto
aluminium ribbons disposed at 90 degrees and
separated by polypropylene films of 188 thickness.
The study cell is filled with a dielectric liquidhe

jarylec C100, used in powers capacitors.

The Jarylec is a mixture of monobenzyltoluene and
dibenzyltoluene, also with traces of tribenzyltalae
The impregnation’s role is to fill any air pocké@ighe
dielectric in order to avoid the initiation of arpal
discharge at relatively low voltage. This type of
insulation is used in condensers for the compeosati
of reactive energy here the evaluation of discharge
often constitutes a precursory factor of theiretgiic

rupture.

Based on the previous study re$@it the limits of the

experiments domain were established:
Potential: Vomin = 5000 V,Vomax= 7000 V
TemperatureTmi, = -28°C |, Thax= + 28°C
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10.

. - . N_ =3078+6050/, ~733B3T + 20/2 +77D2672 -33/,T
‘ v 9)

N, =3663+1250V,-11447T + 3922 +113A2T? + 225;T
(10)

-14

L T R The statistical analysis of the data, using Studéest
Fig. 4 The evolution of the apparent charge Q in pdicates that the initial potential effecté) and the
during the acquisition duration at different tengtere.  interaction between the initial potential and
5000 V correspond to the first regime of dischamgg temperature in negative discharge)(Bnd positive
7000 V to the second regime discharge (M) are not significant. The descriptive and
predictive capabilities of the two models are eatdd

by the statistical coefficients?@nd @. The goodness
of fit coefficient R which is a measure of how well the
The experimental study has allowed in identifyiwgt regression model can fit the raw data is closejoak
regimes of partial discharge which exist at différe to 1 for models, 0.998 and 1.00 respectively. The
temperature values, this confirms the results af ogoodness of prediction coefficienté € two models is
previous work [6]. also rather elevated: 0.970 and 1.00 respectively.
The transition from the first to the second regisie The aspect of the predicted response curves, cachput
carried out by a roughly rise in the frequency andith (9) and (10) are respectively representedhirb f
intensity of discharge. Figure 4, shows the appgarem
charge Q in pC during the acquisition.
The left picture of this figure corresponds to finst
regime and the right one to the second regime.

Based on the experimental data shown in tableel, th ™
following linear models of the partial discharge
evolution are proposed by the software Modde 8.0. *~

4. Resultsand discussion

Table 1: Results of experiments centered composite

design ;//4/0,//
S
Factors Responses
N° [Vo(V) | TCCC)| N- | N+ | Sum b
N
1 | 5000 -28 | 1410 2320| 3730
2 | 7000 -28 | 1650 2336 | 3986
3 | 5000| +28 30 19 49
4 | 7000 | +28 | 138 44| 182
5 | 5000 0 20 25 45
6 | 7000 0 40 54 94
7 | 6000 -28 | 1560 2308 | 3868
8 | 6000| +28 49 33 82 o — —
9 | 6000 0 30 38 68
10 | 6000 0 32 39 71
11 | 6000 0 31 40 71

Fig 5. Predicted response of the partial discharge



evolution, negative partial dischar¢@) and positive 5. Conclusions
partial discharge (b)

The interesting point revealed by the examinatibn
the coefficients of the two polynomial models iatth
the effect of the initial potential gy and to a much
lesser extent that of the temperatlirés stronger on
the number of positive partial discharges, thaithen
number of negative partial discharges (fig. 5 ahd

gxperimental Design Methodology proves to be an
effective tool in the analysis of the partial diaghes
evolution in mixed dielectric structures composéd o
impregnated polypropylene of Jarylec. Mathematical
models have allowed the quantification of the eftéc
6each considered factor§, (\p). The results show that

This might reflect the fact that the physicafhe low temperature has a more influence on the

mechanisms affecting the positive partial dischsargcg\]unl]b.er céfglsfﬁarge thal_rt1 th‘;lﬂ"‘?‘ voltage ;Nz“m .
evolution is more influenced by this factor thangé explained by the viscosity of the impregnated liqui

that are responsible for the negative partial disgés Mﬁ? retove;;]t is found that thfe volta;ge 2"."3 ;m gt
evolution in mixed dielectric structures. effect on the appearance of negative dischargeid

Figures 5 and 6 shows that in the range [0°C _Bsoéess important ianu_enqe on positive discharge (Ns

the temperature does not affect significantly thgonsequence p?‘”“?" dlschgrges are more pronounced
number of partial discharges, on the other sidé)e in cold climate like in the winter morning.

range [-28°C — 0°C ] it has an important influertbe,

decreasing of temperature increases the number of

partial discharges. It can also be noted that tfecknowledgments

increasing ofthe potential accelerates the initial , ) _
number of partial discharges (fig. 5). Part of work reported in this paper was carried out

Another interesting result is thifluence of the Within the  framework —of the —programme
voltage whichis greater on the number of negativéMEPOIMDUS23 jointly financed by the French and
discharges (N-) (fig. 5). Algerian Governments.
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