International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:6, No:9, 2012

Influence of Number Parallels Paths of a
Winding on Overvoltage in thesA\inchronous
Motors Fed by PWMconverters
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Abstract—This work is devoted to the calculation of the Reis the resistance of a section, equivalent toldsses by
undulatory parameters and the study of the infleesicte number hysteresis in steel and in the conductors, takimg account
parallel path of a winding on overvoltage compathe frame and the effect of the coating;
gg“ﬁ’iﬁpontgl:gsmgstgg'gzs) ”'2 p ait?g%ﬁncgmi?grsmgdm an Ke is the longitudinal capacitance of the sectios, the

4 PP ' partial capacitance between the first and thetlast over the

Keywords—Asynchronous Motors, Parallel path, PWM—length.Of the winding; ) . o
converters, Undulatory process, Undulatory pararsgténdulatory Cs is the transverse capacitance of a section,peetial
voltage capacitance of these conductors compared to threefra

Gs is the active admittance of the section, equivate the
I. INTRODUCTION dielectric losses in the insulation of the housing.
HE most common c controllable ac drives are based o
asynchronous motors (AM) and frequency converte® ( This calculation method will be applied for tri-ea
with an element; the output voltages are formed®¥WM, i.e., asynchronous motor with a cage having the following
a series of rectangular pulses is created. Mostemmo&C characteristics:

employ (IGBT) with a switching frequency of 2-8 kHEhe Rated power R, KW ... 3

length of the pulse front is determined by the tgpeonverter Inputvoltage U, V ..., 380/660

switch and may be 0.2-1 (usec). Terminals NUMbEr 2p .......coovviiiiiiiiiiiieeen 4
As we know from the theory of transient processes, Stator SlotS Z .........coviviiiieiiiiiiiiiiiiiiee e, 36

supplying rectangular pulses with rapid voltageease to an

AM winding induces wave processes (WP) in the wigdi  Slot form is oval, number of turns per slot w=541a108

The wave processes constitute a complex set ofiqalys respectively for a=1 and a=2. This machine is matiene

phenomena accompanying the appearance propagatioh, concentric winding with a single layer at the stato

rapid change in the electromagnetic field of autror system.  The calculation of the wavelength constants isfitise stage

The phenomena causes considerable voltage surgéein of solving the problem and is based on the knowrivedent

winding, with damage to the motor insulation angp@imment  circuit (Fig. 1a). The calculation procedure ofsheonstants

of the machine’s strength and longevity. Moreoweth rapid  for the motor under considerations is describefL}a[5] and
increase in electric field strength at the watenfran the [7].

insulation, the machine sustains marked electlicsses.

The many studies of wave processes in electricehimas I1l. DETERMINATION OF THEUNDULATORY VOLTAGES
and transformers have mainly focused on protectigainst
lightning surges. However, we also need to considave
phenomena in electrical machines operating togethién

Analytic calculation of the voltage surges in thé Wwinding
[1]-[7]-[8] entails the solution of the differenti@quation of
semiconductor (FC) and investigate their influerme the € Wave process (WP), which is written for the ieajent
insulation, so as to predict (AM) reliability ancurability. ~ Circuitin (Fig.1b). _
Computer simulation may be used to study these ghena, The relation between the parameters of the twordiag

with experimental verification where possible. (Fig.1 a and b) is given:

One of the means of lutes against the overvoltagsed by
(PMW) is the research of resistant constructions to L=l + R’ . R=R+ (aby)? 1)
overvoltage. s @l R,

Il. CALCULATION OF THE UNDULATORY PARAMETERS

The calculation of the wavelength constants idfitsestage ~ 1he voltage distribution in the given circuit issdeibed by
of solving the problem and based on the known edeint & hyperbolic partial differential equation [1-7]:
circuit (Fig.1a):

Ls is the inductance of a section, which takes axttoount
both the self and mutual inductances of an element;

Belassel M. T is with the Département d'électrotéghe, Faculté de
Génie électrique et Informatique, Univercité dei # Ouzou, BP RP17
15000 Algerie, (phone: 00 213 552777250; e-maibetassel@yahoo.fr.

1074



International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:6, No:9, 2012

» *u0) _ yzau(x,O)
o} —"—g a%xot ot
= where y=+/C/K
The ends of the winding are insulated, with follogi

G2 ‘|‘ G2 Cs/2 T G, 2 boundary conditions:

o for the ends of the windingx(=1); U (,t) =u,, ()

(4)

o <
b) o for the ends of the winding (x=0).
L
[ P o e Y <
R u@y _, (5)
I } ox
RS
1 It should noted that while solving the differentedquation
c cn «(2)», by Fourier's method, the dependency of theumeters
2 c2 G2 of frequency,R, L, andG have been taken into account by
using the iterative method discussed in [1] {E&e algorithm,
© @ (Fig.2).
Fig. 1 Equivalent circuit of one winding coil of & stator with the
series a) and parallel connection b} gandRg
64u(x t) 1 £3U(X t) 1 E?ZU(X t) Parameters comm t
K = A Wl v putation
aotr R Ot L o ) ® L G

WValues of angular
Rank of the harmonic l

; frequency oin

Computation of parameters
depending on frequency

%u(x,t) - du(xt)
-G
ot? ot

-C =0

Here the x-coordinates vary continuously in thegean
0<x<I; | — is the length of the conductors in the parallel
branch of the phase winding. Variationnin the opposite
direction to the incident wave motion, i.e., fronetend of the n=1-@i-1)
winding (x= 0) to its beginning X = |), is assumed to be where i=1,2,3,..
positive. —1

All the parameters in the equation are referredutit
length.

Therefore, the dimensions of the parameters af@llass: — !
« for the longitudinal branch: Equalization of ftequency

Computation of frequency

Wy

Choice of another value
for frequency oy

yes

o the inductancel]]=H/m; Grn On
o the resistanceR] = Ohm/m; i
o the longitudinal capacitanc&J=F-m. Display of ‘parameters
« for the transverse branch: for "’rf ©On
o the transversal capacitandg F F/m; ¥
o the conductivity 5] = 1 / Ohm-m. Compuation of the corresponding
values for undulatory veltage u(x,t)

The equation is solved by the Fourier method. T® ¢ind, '
the initial and boundary conditions determining thteysical
characteristics of the phenomena in the winding are
preliminary specified. They are formulated as falo a Fig. 2 Calculation algorithm for oscillatory voleg
voltage wave characterized by the following equatis
incident at the winding. IV. COMPUTATION RESULTS OF THEUNDULATORY

PARAMETERSAND OVERVOLTAGES

Computation results of the paramet&@sand Ky without
considering their variation according to the freqmeandG;,

where U = 10 (V) — is the pulse amplitude;and g — are Ls Rsfor afrequency of 20kHz
constantsu = 1.210° (sec), B = 2.10° (sec). The numerical values of these parameters for thallph

Zero initial conditons are assumed. The state faths numberg=1anda=2are given on the table I.
characterized by the following equation.

Uy =UE" -e*) whent>0 (3)
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NUMERICAL VALUES FOR THEUNDULATORY PARAMETERS
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Parameters
a=1

Number of parallel Paths of a Winding

a=2

Ce, pF 1085

850

=
n

Ks, pF
G, 11Q
Rs, Q
Ls,uH

10,44

3,25.10°
173,92

1250

18
3,25:%0
347,6
2499

The computational results of the undulatory volfage
assuming that the windings is supplied with a simil
impulsion as for an impulsion generated by a PWMtrcd
equipped with IGBT transistors are shown in figuge 4 and
5, for various values numbeif parallel branches winding .
Figure 3, represents the undulatory process omehral of
winding, Figure 4. gives (WP) on the first and thst section
of a winding and Fig.5. presents the voltage distion for
every six turns along the parallel path for twonggiin times:
t=3.107 (sec) and t= 1,2.10 (sec).
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Fig. 5 Distribution of voltage through every sixrg along the
parallel paths of a windinfpr two points in times
1231075, 0oe t=1,2.107 5
a)a=1; b)a=2.

V.CONCLUSION

The arrival of a rectangular impulsion voltage $mito
the one of a PWM variable frequency control in an
asynchronous motor winding will trigger in the wing an
undulatory process. By treating several casesnotiees
that the overvoltage calculated with this methodeexis
twice the voltage applied initially and the processany
point of the winding has a deadened oscillatoryratiar
(fig. 3).

Fig. 3 Shows that overvoltages compared to thedrtath
with increase in the number of parallel path.

The results of simulation obtained show that the
overvoltage between turns (sections) in a multiturn
winding decreased considerably with the decreasief
number of the parallel path of a winding (figadd 5).

It can be seen from Fig. 5 that the voltage digtitin at
section and turns along the parallel path at tlierdnt
points in time becomes more uniform with the inseea
the time of the undulatory process.

The presented calculation procedure for wave-length
constants and overvoltage’s in the pulls supplabtens

The possibilities of investigation and the designaa
insulation system for variable-speed drives anovalthe
choice for much correct values for interturn testages.

REFERENCES
BELASSEL M-T. “The effect of the Thickness of Elgcal sheet on
Overvoltage in the Asynchronous Motors Fed byPWMnwerters”,
Waset, ISSUE 73. JANUARY 2011, pp.668.
M.T Belassel and V.YA Bespalov. . “High-frequencgrameters and
voltage surges between the whorls of flexible wigdito several
winding of induction motors,fed by PMW" Electrotedka., no.7,
2008, pp. 14-17.
M.T Belassel and V.YA Bespalov. "High-frequency aaeters and
voltage surges in different types windings of iaiilon motors fed by
PWM?”, Electrotekhnika., no. 3, 2006, pp. 56-63.
M.T Belassel., Bespalov V.YA. and Chetate Boukherf@apacitive
parameters and voltage surges in the winding afsgmchronous motor
with power supply from a PWM- converter”, Electikitaika. no .1,
2005, pp. 44-48,.
M.T. BELASSEL. “Calculation of over voltages inettAsynchronous
Motors Supplied with Frequency converters of theetjlodulation of

Impulsion Breadth (PWM)”, 16 th International Corgiece on the
Computation of Electromagnetic Fields «Compumag720lune 24-28,
2007 Aachen, Germany.

Boukhemis Chetate, Mohand-Tahar Belassel, Stéplginard and
Rachid Beguenane, “Influence of Overvoltages irugttbn Motors fed
by PWM voltage inverters on Power efficiency”, Btamal Power
Conference, 2007. EPC 2007. IEEE Canada Numbes23XY, pp.
399-404.

Kaganov Z.G. “Electrical circuit with distributecapameters and chain
circuits”, Energoatomizdat, Moscow, 1990.

Vataev A.C. “High frequency electromagnetic procasd overvoltages
in the squirrel cage induction motors, suppliedhwihe frequency
converters”, PHD, Saint Petersburg, 2009, Russia.

1077



