Ingenieria e Investigacion

1 '1 G E n R Iﬂ ISSN: 0120-5609

E INVESTIG 1ar revii_bog@unal.edu.co
Universidad Nacional de Colombia
Colombia

Pefia Huaringa, Oscar J.

Studying and simulating transformer configuration to improve power quality
Ingenieria e Investigacion, vol. 31, nim. 2, octubre, 2011, pp. 125-130
Universidad Nacional de Colombia
Bogotéa, Colombia

Available in: http://www.redalyc.org/articulo.oa?id=64322338019

How to cite [ &\_ /"

Complete issue o .
P Scientific Information System

More information about this article Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal
Journal's homepage in redalyc.org Non-profit academic project, developed under the open access initiative


http://www.redalyc.org/revista.oa?id=643
http://www.redalyc.org/articulo.oa?id=64322338019
http://www.redalyc.org/comocitar.oa?id=64322338019
http://www.redalyc.org/fasciculo.oa?id=643&numero=22338
http://www.redalyc.org/articulo.oa?id=64322338019
http://www.redalyc.org/revista.oa?id=643
http://www.redalyc.org

REVISTA INGENIERIA E INVESTIGACION Vol. 31 Suplemento No. 2 (SICEL 2011), OCTUBRE DE 2011 (125-130)

Studying and simulating transformer configurationmhprove power
quality

Estudio y Simulacion de las Configuraciones de 3fi@madores para el Mejoramiento
de la Calidad de Energia

Oscar J. Pefia Huaringa

Abstract - This paper presents a study and simulation of become reduced, especially where converters have &
transformer configurations to improve power quality; it provides  connected so that their harmonics are terminated by harmo
theoretical support based on the expansion of thedtrier series produced by other converters.

and analysis of symmetrical components. A test Sgsti was SetUp * g haner analyses different transformer configuratio
in the laboratory, taking measurements and checking . . L .
configuration effectiveness in reducing the systerm’ harmonic allowing harmonlcd Cohntarrplnatthlon to become reduced In
content. The configurations were modelled with PSCB / System caused by“35" 7" 11" and 18 harmonics. A test
EMTDC software, using two 6 pulse rectifiers as tadoads and system was set up in the laboratory and software was ose
two variable speed drives. model configurations in PSCAD / EMTDC, considerin
_ _ i nonlinear loads (rectifiers and variable speed drives).
Keywords: harmonics, power  quality, —symmetiical — The simulated systems assigned forces regarding harmi

components, converters, transformers. . . .
P ’ ' modelling and simulatioIEEE Trans,1996a; IEEE Trans, 1996b).

Resumen- Este articulo presenta el estudio y la simulaciode
las configuraciones de transformadores para el mejamiento de 2. OBJECTIVE
la calidad de energia, mostrando el sustento teéadasado en la Showing and analysing transformer configurations lettit

expansion de las series de fourier y el analisis ties componentes them decrease the degree of harmonic pollution in
simétricas. Se implementa un sistema de prueba enl e

laboratorio, realizando mediciones y verificando laefectividad de system; and

las configuraciones en la reduccién del contenidorménico del * Presenting the results of theoretical-experimen
sistema. Las configuraciones son modeladas utilizda el comparison (PSCAD / EMTDC laboratory - software).
software PSCAD/EMTDC empleando como cargas de pruab

rectificadores de 6 pulsos, asi como variadores @elocidad. 3. CONFIGURATION OF TRANSFORMERS FOR

- . . REDUCING THIRD HARMONIC AND ITS MULTIPLES
Palabras claves. Armonicos, Calidad de Energia,
Componentes Simétricas, Convertidores, Transformades A. System Analysis

The most commonly used three-phase transforn
1 INTRODUCTION configurations in power systems &e-Y,Y —D. Such

. . .configurations are shown in Figurel where a ratio of "
The effects of power system harmonics are varied, i€ g 9

. A ; Pe'tween the primary and secondary transformer was assu
instantaneous (on measuring instruments and communica 100" 300 . .
with 30° phase displacement between primary and seconc

systems) and long-term effects (additional losses in machiﬂﬁs currents which would be forward or backward dependi
and transformers, capacitor banks, wire heating ande - .

. oil phase sequence (positive or negative).
equipment, etc.). The consequences are many, for examp e_IL ) ] B, windi

loss of equipment insulating capacity (shorter life timeotalt hese settings involveld. winding.

inoperability) or protection systems’ inadequate performance

(Ieadiljg to important loads becoming disconnected and thus ., o+ o+
penalties). #—@—% * #@—# *
There are different solutions for each specific problem D ¥ I ¥ b L -
regarding harmonic pollution in electrical systems, such as
Converter Converter

shock reactance, passive filters, anti-resonance inductances
and other solutions involving power electronics, such ageact

I Grid —
and hybrid filters. #@_# *
Using transformers allows a system’s harmonic content to
DD ==
Converter

1 0. J. Pefia Ingeniero electricista en la Universidagdional de Ingenieria
LIMA- PERU. Estudiante de Maestria en Sistemas deeriRia de la Figure 1 Transformers with) winding configurations
Universidad Nacional de Ingenieria. UNI-MINEM CAREC, Actualmente

trabaja en SCHNEIDER ELECTRIC en la linea de nematg Energy (e-
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STUDYING AND SIMULATING TRANSFORMER CONFIGURATION TO IMPROVE POWER QUALITY

B. Harmonics and sequence components Then la, = Ib, = Ic,

Fourier series represents an alternative for analysingFigure 2 shows how @D —Y connection trapped the
current and voltage harmonic distortion when inter-harmoni1i

and sub-harmonic components are not consid@redsdo). t rd-o.rder hgrmonlcs and its nr_1u|‘up|es Db, megnlng that.
tggy did not circulate as harmonic components in primary |

A periodic waveform can be represented in Fourier series =
f(t)=a + [ S(h t)+ b. si (h t)] currents. If the winding inY were not grounded, there woulc
(t) = 8 Z a, CO]ha, h SIN\Na, @) not be a neutral current and as zero sequence compor
n=t were in phase there would be no possible path for th

Where: currents in the secondary line (Dugan and McGranaghan)

f(t) is a function of frecuencyf,, angular frequency 1ag=0 e
8= : Lo,

.20 .
5=0 ¢

«, =27f, andT period.

Tag
R,

I
1 T -v-E\ *n l‘:i._ .
=—| f(t)dt Is the average value of the function '::xr@e T
% T'([ 1&1\ :%; Hﬂu_].
e T (e
E b

f(t)
1 T Figure 2. Third-order harmonics trap
a, = | f () coshet)dt (2  c ysemSnulation
0 Figure 3 shows a system where the fundamental current

Ihg
—

1k . injected at 60Hz (40A) and 180Hz current (20A) to obser
b, = f_[ f(t)sin(hayt)dt 3) D winding performance as a trap for third-order harmonics.
0
However, this expression can also be expressed as follows: I alimec Al

0.005[MVA] IV

W\ e
0.06 0.01

0.22 0.13

f(t)y=h, +h + Zn:hi+ Zn:hk... @)

i=2468... k=3579... c
Donde: 0002

h,: Continue component.

hl: Fundamental component

p=e}

] [’ (K]

h, : Pair harmonic components

el

o)

h, : Odd harmonic components

It was considered that the value &f, equalled zero = - - = = =

. . 40A 20A 40A 20A 40A 20A
because this component was saturating the transformers. ith  sth h  3th  ith  3th

Their pair harmonics were caused by arc furnaces, cycle
converters, semi-controlled rectifiers (now obsolete due to Figure 3. A simulation of ® —Y connection system
their instability).

The odd harmonics were generated by computers basedrR8 simulation results are shown in Figure 4. The cuirent

static rectifiers and controlled rectifiers, mainly found ig,e primary transformer IQ\) only contained fundamental
electrical systems. components.

To approach this system by simplifying expression (4)

n 100 THOA L0115
gave:f (t) =h + Z h, (5) 0801
k=3579 0.60
We consider the currents: S 0407
la, =1, sin(at) B2y
. 0.00
Ib, =1, sin(at —12C°) T —
Ic, =1, sin(at —240) 0.060
Then for the 3th we have: 0020
la, =1, sin(3at) s 00
b, = 1, sin@Bat -360) = |, sin(3at) 006
Ic, =1, sin@Bat =720 =1, sin@at) 020 ' 0270 029 = 0310

Figure 4. | A current without third order harmonics
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PENA-HUARINGA

The THDI fell from 50% to 0%; it verified that third-orderthere was -30° phase displacement and therefore T2 prin
harmonics were trapped in tH® winding. currents had phase displacement at -150 - 30 =- 180° = 18(
If TL and T2 primary current magnitudes were equal, th

4. TRANSFORMERS CONFIGURATION FOR the 3h would be cancelled and would not flow to the source.

REDUCING FIFTH AND SEVENTH HARMONIC The equations for sequence analysis of the:@re as follows:

. la, =1, sin(7at)
A. System Analysis _ . _ .
A transformer is a device which can change electrical” -I7s.|n(7(~t 840 =1, sin(7et ~120
signal phase angle, letting it minimise a system’s harmor = ! Sin(7at-1680Q = I, sin(7at +120)
content when two equal loads are connected in parallelDue to the -30° phase displacement caused by intiog
through power transformers having different connectiohis Tthe T2 transformer, the secondary currents correfipg to
technique is very used in controlling harmonics generated thg 3" harmonic had phase displacement at -30 * 7 =- 210

multipulse converters (Paice, 1995). 150°, regarding the T1 transformer. As tHfs hehaved as
Figure 5 shows the configuration of a system fqositive sequence components then there was -3@%epl
minimising 8" and 7 content in a system. displacement and therefore T2 primary currentsltdd+30 =

The T1 transformer had & —Y configuration; the § 180 phase displacement.
component would evidently become trapped in the T2 If T1 and T2 primary current magnitudes were eqtren
transformersD winding. the 7" would be cancelled and would not flow to the seurc
The T2 transformer entered a 30° phase displacemenif six-pulse rectifiers were placed on the low agl side of
between primary side current and secondary side currdf@nsformers T1 and T2, then the current on the $ide

while primary and secondary currents were in phase in they@uld be given by: (Wakileh, 2011)
transformer. I =1, Sina,t—1g, sinba,t—1,, sin7a,t +

[ 11, SIN1dest + 1,5, SiN13at... ©
n =+ Then when this current is reflected in the highesifithe Y-Y
* transformer we have:
Grid ¥ ¥ — - I, =1, sin&,t — I 5sinbagt — I, sin7at + @
12 . I,,Sin1legt + 1,5 Sin13wt...
And in the D-Y transformer we have:
* ] I, =1, singgt —3C) —ISinbat —150) ()
¥ D — — 1, sinfet -218) +1_,sin kgt ~330)...
ER;T:]-,}:H Then the total current in the high side willlge+ | 5 :
Figure 5. Connection of transformers to redutaid 7" harmonics |Y+D = |l sin “ot -1 5 sinSaOt -1 ; sin?aot +
If the 5" harmonic was from a negative sequence then lit1 SIN11Eht +1,38IN13wt... + 1, sin(@yt - 30°) ©

would produce a magnetic field in an engine rotating contraryl . sin(Ga,t —15C) - |, sin(7e,t — 210°) +
to the fundamental component, thereby causing such emgine t _. _
overheat and have lower than expected shaft speed. ?11 sin@Llayt = 330)....
ly.p =2[l;sinagt +1,,sinlla,t +1,,Sin13c,t...] (10)

If the 7" harmonic were from a positive sequence, then an
engine would produce a magnetic field rotating in the same

way as the fundamental component causing current to increase>- USING A ZIG ZAG TRANSFORMER FOR
and greater than expected shaft speed. REDUCING HARMONIC CONTENT
B. Harmonic and sequence components A. System Analysis

The equations for the sequence analysis of theasmonic ~ Phase shifting transformers are used to reduceipieult
were as follows: converters’ harmonic currents.
la, = I sinGat) The phase change should be appropriate for the euoib

_ . _ _ . converters. The phase shifting required for the immimn
Ibs =15 5in(et ~60Q = I sin(et +120 number of converters having 6 pulse waveforms wbetd
Ic, =1, sin(Gat —1200 = | 4 sin(Gat —120)
. _ 60° (11)
Due to the -30° phase which the T2 transformer introduced,dISpIacemm—anglé_ N _converters
the 8" harmonic secondary currents had phase displacement aj, multipulse circuits the individual harmonic cemts of
* — o H
-30 * 5 =- 150°, regarding the T1 transformer. each converter bridge would be the same. Suchgements
As the B's behaved as negative sequence components thg5ly the harmonic currents produced by a convedebe
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STUDYING AND SIMULATING TRANSFORMER CONFIGURATION TO IMPROVE POWER QUALITY

compensated by others. 6. IMPLEMENTING AND SIMULATING A
The fact that the negative sequence voltages and currett ARMONIC FILTERING SYSTEM FOR 5TH AND 7TH
were moving in the opposite course to the positivaisece HARMONICS USING A TRANSFORMER ARRAY

values would also provide a mechanism for cancelling System Description

harmonics in pairs. ; . . .
P Figure 8 shows the proper basic system connection diag

Zig-zag .tran_sformer conr_1ect|on_ types are prlmaryW? for testing a harmonic filtering system. The network haal t
secondary in zig-zag4 ), primary in D and secondary in following components:

zig-zag (Z ), both having positivé " and negativeZ ~ phase e 220Vef supply voltage
displacement. e 2 5kVA transformers
Figure 6 shows transformer array configuration for « 3 network analysers with connection to a P
minimising the harmonic content of four 6-pulse rectifiers internal data software
(i.e. 24 pulses). « 2 6-pulse power rectifiers/ 2 variable frequenc
speed drives
15 =t -15° o+ « 3PCs
@/‘* « Resistance, capacitance, inductance kits
- G:D/ﬁL o - * Connection wires.
" e+ Analysers B and C showed each transformer’s individt

—a+ o
Gnd

-

- =6(%

spectral harmonics. Analyser A showed the array of b
| .- transformers’ total contribution to the network.

i e e R
i e o e

—+ B A
@—A‘f‘ @—A‘F A § YYOD K F4
a0 —o - 30 —o- R—G—1 —
|+ —+ A
O ) D ) . c -
g
—a - —a - T v [ YD5 | K 2
B-pulse B-pulse T
Fectifier Rectifier

. . . . ) Figure 8. System connection diagram
Figure 6. Using zig-zag transformer for reducingtegns’ harmonic content
. ) FHD: Figure 9 shows the system which was set up in t
Figure7 shows that the reduction i I system |aporatory; this included measuring devices and PCs

harmonic content of a converter was 25.5% and 8.2% for g#kerve the harmonic spectra, as well as necessary equipn
equivalent system. ey T -

250 " THD%A = THDI % a2

30.01
25.0
20.0 1
15.0 1
10.0 1

5.0 1

0.0

0.0030 1
0.0020-
0.0010-
0.0000
= Qe \/ \\/
-0.0020 1
-Nn.NN2AN -
01200 = 01300 = 01400  0.1500

Figure 7. Reducing a system’s harmonic content

THD(%)

Figure 9 Photos of system set up

B. Results

Figure 10 shows the harmonic spectra obtained from |
measurement equipment for each rectifier and source input

. 12 8 REVISTA INGENIERIA E INVESTIGACION Vol. 31 Suplemento No. 2 (SICEL 2011), OCTUBRE DE 2011 (125-130)
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o o
1 «
Harmonic order
a) (b
100
80 1
<
60 =
<
40
20 1
(R NUIPREE | PPN S —
o4 1 o MmN d b o o
4 4 N NN o®
Harmonic order

(©
Figure 10. Measurement results: a) Trafo YYo reatif
b) Trafo YD5 rectifier ¢) system equivalent

= THDilal

- ) A

The results are shown in Figure 12 where it can be seen the
THDI on the high side of the transformer was 27.45%, anc

THDi at the source was 10.25%. They confirmed harmoni
content reduction in the system.

10

0

0.030
0.020
0.010
0.000
-0.010
-0.020

- A

-0.030 -

0090

0.100

0110

0120

0140 0150

Figure 12. Reduction of the system’s harmonic curéed waveforms

APPLICATION OF THETRANSFORMERSARRAY FOR
VARIABLE SPEEDDRIVES

Figure 13 shows the system’s configuration. Shaping
variable speed according to (Pefia and Montes, 2007) it \
considered here that the drives did not have choke reactanc
mechanisms reducing the system’s degree of contaminatio
appreciate the system'’s effectiveness.

ET AT T

ImaS1
—

05 001

2£\'m—é”mw

05 001
g21

C. System Smulation <
Figure 11 shows the system configuration.
A [z S
BN 5
o
Icl cC 022 013 C_lerl
o~ =
o)A \ \ 5
3 P 7.
C
la2 AumeOc.OOS[MVA] A lar2 E ED
b2 B, ii \ﬁz B Ibr2 §
2 Cl 022 o013 %
\ - =
Figure 11.System configuration — two 6 pulse rectifiers
ﬁiﬁi 0.0002
umec
Bl AP ooospvey A5
B8 Y B
Il C o22 o013 & sl
AT \ \ Lo g%%
— D\ 5D
Ly e
L) =
- RO
=
g&ﬁi 0.0002
umec
a2 AP ooospvey A2
128/ \ Y B2
12 Cl 022 o013 G Is@2
\ Th 5 g%%
EQD; EQD;

ETE T AT

ImaS2

05 001

2£\'m—i2mw

I 05 001

g22

Figure 13.System configuration — two speed drives
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STUDYING AND SIMULATING TRANSFORMER CONFIGURATION TO IMPROVE POWER QUALITY

Figure 14 shows that thdHDi on high side of the amplitude would not allow efficiently filtering the

transformer was 111.48%, and tAédDi at the source was harmonics in such system. This configuration could also

41.15%. They confirmed reduction of the system’s harmonic USed t0 power loads having correct input, as shownisn
paper (rectifiers and speed drives).

content.
— — * When a larger number of converters’ harmonics need to
160 filtered, zig-zag connection transformers should be used
140 . . .
1204 e Using these coupled transformer configurations
100 networks is recommended since, in many cases, it is
< 80+ profitable than installing other filtering systems.
< 60 o
40
20
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