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Mission

x% “To develop the innovation and
technology In order to offer total

solutions to the market”
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Power Quality Indices
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Cost of Power Quality

Calculated by the sum of the cost of
the measures taken to improve PQ
or the cost of customer lost In
Industrial production or the payment
to customers for PQ problems or the
total active energy loss plus
metering error plus loss of life plus
cost to serve peak demand including
harmonic loss?
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Cost of Power Quality

1. Power quality indices / pitfalls / three phase

phenomena and applications / ‘interharmonics’
and other non-harmonics

2. Power acceptability, when is electric power
delivered ‘acceptable’, vulnerability of loads

3. Series voltage boost hardware
4. Rectifier loads
5. Power quality standards

6. Why is power quality important? The salability of
power quality
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To Overcome the Power Quality Issues...

* To Improve anything before you must control it
* To control anything before you must measure it

* To Measure anything , before you must
measure it
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Measuring and Control

cir

Powerstydio
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POWER ANALYZERS
CVM Analyzers

CVMkZ2: Network and Power quality analyzer
Equipment to be mounted in LV general panel, to be connected
either LV or MV. Modular equipment with possible extensions. (3
slots) throughout 1/O digitals cards, 1/O analogical cards,
Ethernet.

CVM-NRG96: Power analyzer
Equipment to be mounted in LV big panels. Panel assembly
96x96. More than 250 electrical parameters. RS 485
Communication port with Modbus/RTU protocol.

CVM-Mini: Power analyzer
Equipment to be mounted in LV modular panels. Din rail
assembly, 3 moduls. More than 250 electrical parameters. RS
485 Communication port with Modbus/RTU protocol. The smaller
analyzer available in the market
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POWER ANALYZERS

CVI\/I 1D

Single phase analyzer
»  RS485 Modbus/RTU communication.
= 1 Digital Output NPN

= Electrical parameters:
= \oltage
= Current
= Active and Apparent Power
» Reactive Power (kVArL / kVArC)
= Active and Reactive Energy
= Power Factor

= 4 Quadrants Device
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CVM-NRGO6

CVM-NRG96 is a power panel meter that
measures, calculates and displays main electric
parameters for balanced or unbalanced three-
phase networks.

CVM-NRG96 is compact and small-sized instrument.

Due to its minimum depth, the CVM-NRG96 is an ideal complement
for most electric panels where the “space” is determinant factor.

Power analyzer of networks of 4 quadrants.
llluminated Display LCD of 4 lines .
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CVM-M I N I - LONWORKS. 2

3 Modules in DIN Rail.

Possibility of measurement in Medium and Low Voltage.
Balanced or unbalanced three-phase networks in true effective value.
More than 50 electrical parameters throw LonWorks comunication.
SNVT (Standard Network Variables Types).

Current by means of external transformer ../5 A. or .../1A

Assembly in panel 72x72 mm with frontal adapter . E——

2 Digital Outputs. e ]
Universal Power Supply. &
Sealable. o,

O
eso 0w,

\:'v'-'-";

—
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POWER ANALYZERS

CVML .2

Features: | v'Power and Precision

—Class 0.2 0r 0.51n
Power and Energy

— Harmonic Spectrum /
Waverforms

— Sag/swells/interruptions

— For the most demanding
customer.
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L1 i | L U Qual Ity

M 31272006 161 T 22630

— Voltage events register

— Evaluation EN50160.

— STD Register file

— Flicker Assessment

— Unbalance Calculation,kd
— Asymmetry calculation, ka
— Evaluation factor K

:QSNMDDE 168:13:23.160

|
16:13:23
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CURRENT TRANSFORMERS
MC/-MC=

Efficient transformers

“Small units, top performance”
Built-in current measurement s vstem
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Portable Analyzers
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= 5 voltage inputs to measure phases, neutral and ground

voltage.

current.

5 current inputs to measure phases, neutral and leak

= More than 500 electrical parameters.

VGA

2AGE . owerVision+
= High resolution 5,7” colour graph screen display ‘I’ e

Friendly use.
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Portable Analyzers

= 128 samples by cycle of 10 channels

= Class 0,5

= Internal clock for maximums and minimums values
= Photo captures. K2

= Colors, measures and intallations customized

=N VEIs[-Fll English
Time to switch off display: minutes
Time to lock keyboard: [N GGG iutes

L1 2 L3 . LN LK .

SEGIHIIGGE Fondo 1. png

= o BEDREE 2 - ~ " -
—
|, [SfeJelele] (S)oJolole,
~
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Portable Analyzers

WAVEFORM OF TRANSIENTS

Measure activated: monophasic

EEER0

Transients.

Voltage [L1]

voltage [LZ] voltage [L3]

ara
3
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Instantanecus Violtage andjor Current
L1 L2

230.5

388.6

222.6
390.9
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QUADRANTES e

OSCILOSCOPIO

Medifa aalivnta ect

Tensin [L1] Tengdn LI Terwlin [L3]

i I ] 3
Instentaneos de Tensidn yio Corrlente
L1 L2
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Medid sl ot
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Fundamental Measures

* RMS Values:
M
b= s (4
1

* Individual Distorsion:

L(%;.c
» Total Harmonic Distorsion:
JE2)

THDI (%) = ;

100
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Example of Fundamental Measures

|11=65A; I3=13A; 15=39A; I7=31A; [9=2A

200,00 /\

Y N B WA

N AVAN . | < ‘éV:XEE
00 B A SR v/ A

-100,00 \ / \ /

-150,00 \/ \/

T T d
15 17
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Example of Fundamental Measures

|11=65A; I3=13A; 15=39A; I7=31A; [9=2A

* RMS Values:

([EBS=—— ——_ = == i

* Individual Distorsion:
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What is the effect of harmonics?

Usually in isolated
L
FREQUENCY - Eﬁiﬁg@gﬁ diesel groups
42,5 to 57,5 Hz
& SLOW VOLTAGE +10% -10%%
CHANGES
| TRANSIENTS |}
& OVERVOLTAGES _ *10% +25%
=] TIME > 1 CYCLE ® DROPOUTS -10%  -100%
| .| & FLUCTUATIONS Modulation
PERIODIC # FLICKER 0,5Hz to 30Hz
AMPLITUDE ® FAST VOLTAGE Steps with
TRANSIENTS CHANGES high dv/dt
| 1°* ;FL:E:L{HSIEI:ITf h Pulses with
pikes o Notches high dv/dt
- TIME < 1 CYCLE
| Amplitude <100%:
PERIODIC |1 & HARMONICS 100Hz to 2500Hz
Inverse
THREE PHASE . | ® UNBALANCE Seguence
SYMETRY o fero sequence
® LEAKAGE 30 mA , 500 ma
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Harmonic Effects

e Wires

Q Increase of RMS current, so Effects
Increase losses by Joules effect.

 Trip of protections

* Overheating the cable

ﬁ Ippg 1o — P m

U Increase of R with the frequency

0 “Skin effect”

Conductive

7(‘\“’\
Z=OUTTIC
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Harmonic Effects

 Neutral Wire

U Return of homopolar
current throught neutral

Effects
 Trip of protections.
» Overheating of neutral wire.

* Overcurrent throught
neutral.

» Voltage neutral-earth.

L1
L2
LOADS
L3
N <+
n
S
Cuado | e
e | sB0UNdariO Limparas
<—
-+
—
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Solutions

Effects

. Overheating of winding.
Motor J J

Increase magnetic losses.
)
[ Increase Joule’s effect losses. Efficiency of motor

d Increase magnetic losses. «  Reduction of torque.

Q Efficiency of motor Vibration, oscillatlO N

Turn of motor SEQUENCE
N, Harmonic 3k+1
Harmonic 3k-1 S 112|3(4|5|6
-lol+] -

.: '
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Harmonic Effects
e Power Factor

O Without harmonics: Q With harmonics:
O 2 PEES S =
S (P ac S\ Pado D
St
Q
v S
1
\ Coso (pp - Q
P
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Harmonic Effects

 Power Factor (Example)
P =400 kW ; Q =192 Kvar ; THDI% = 48%

]

—

1L g

- -
— —€9
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Previous Information

RED PCC

Power
Transformer
@ With Capacitor Bank

MEASURES AT LV MAIN PANEL
@ Without Capacitor Bank

E 4 HILOS '
S o i
P KR ER f
',"’-“\‘. L1 L2 L3 N ¥ i —|_
M Y '
& MEASURES AT MEASURES AT CAPACITOR
Drsﬁts#gﬁcfg?\gs LT SRARY PANEES DIS;IIUE:::NRES s BANK(S)
WITH SINGLE-PHASE
LOADS
Sn (Power of Transformer): kVA
Power U2 (Rated Voltage): V
Transformer
Ucc (Short-Circuit Voltage): %
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Measures

Points of measure: 1,2,3,4,5,6 .....
Parameters Irms 1 3 5 7 11 13 > THD
Voltage
Current
Neutral

If there is a capacitor bank... | wITHCAPACITOR BANK | WITH CAPACITOR BANK
CONNECTED DISCONNECTED

THD(I) % | THD(I) %
THD(U) % | THD(V) %
Q(Power of CB) kvar
P(Installation) kw
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Example (I): Q Compensation

7 4

TASA DE DISTORSION ARMONICA (SETURIA.STD)

164
14+
124

10+

SV THD

o
|
TTTTTTTITT T T I T T T T T ITTTrT

11:57:30 11:55:00 11:53:30 11:59:00 11:59:30
Mar 27 Feb 2007 Fecha de la muestra

Yariable Seleccionada; 2%y L1

Act: 27/02/2007 11,5729 Desde : 27/02/2007 11:57.29 Hasta : 27/02/2007 11:59:26
Act 1 13,3 (%Y THD) M} 16.0 (%Y THD) Min ;2.7 (%Y THD)

C%:PPER (M circUTOR
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Example (11): Resonance effect

VN FLl: 228 (V)

FORMA DE ONDA (----.5TD)

13/02/2007 16:40:33

VN F2: 228 (V)

YN F3: 229 (V)

THD: 16.7 %4 THD: 196 %4 THD: 230 %4
Méx: 361 (V) Méx: 393 (V) Méx: 398 V)
Mirm: =373 (W) Mir: -374 (W) Mim: -337 (V)
00 /jJ\,\/\« /\/\N\/\ ’V\,\/\ /\f
INF1: 216.506 (A) INF2: 253.152 (A) InF3: 248.702 (A)
THD: 80.2 %4 THD: 830 %4 THD: 858 %4
Méx: 632,800 (A) Méx: 891,600 (A) Max: 949,200 (A)
Mir: -710.800 (A) Mir: 750,000 (A) Mir: -873.200 (A)
Act 0 -250 V) Méx @ 361 (V) Mim o -373 (W)

C<PPER
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Example (11): Resonance Effect

Niveles de Tension y Corriente

] [
FUNACSASTD (Tension: Trifasica ~) FUNACSASTD (Corriente: Trifasica ~)

232+

230+
=28+

226t

2241

________________________________________________________________________________|

400+
< B

350

300+

16:35 1636 1637 16:33 1639 16:40 1641 16:42 16:43
Mar 13 Feb 2007 Fecha de la muestra
Wariable Seleccionada: FUMNACSA STD (Tension: Trifasica ~)

Act o 13/02/2007 16:38:42 Desde  13/02/2007 16:34.37 Hasta ; 13/02/2007 16:43:.06
Act 226 (V) Max . 233 (V) Min 224 (V)
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Example (lll): Transformer

W FL 377 (W)
THD: 45.7 %%
Max: 766 (W)
Mir: =744 ()

W F2: 368 (V)

THD: 46.7 %%
Max: 757 (W)
Mir: 739 ()

FORMA DE ONDA (MIX5_M2.A5I)

10/01/2007 14:00:00

W F3: 357 (W)
THD: 48.0 %%
Max: 747 (W)
Mir: =729 (W)

0o

-

L

InFi; 907 (A)
THD: 45.2 %

Méx: 1689 (A)
Min: -1712 (&)

Act -3 (V)

C<PPER
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InF2; 915 (A)

THD: 44.4 %

M 1702 [A)
Min: -1793 (A)

Max 1 766 (W)

InF3: 928 (A)

THD: 44.0 %
Méx: 1712 (A)
Min: -1726 (A)

Min ;o -744 ()
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Example (1V): Office

MULTIGRAFICA

SALA3.STD (Factor de potencia: Trifasica +)

-0.8904

-0.8803

-0.8707

-0.8603

-0.8509 Frodeooo-o kel -- B9 1 [5° PRSPV O PP FPPPUPS IS 1 FPR N PR PR YUY SO PR FPUIVIOS B B TS SR P URORS YRR Y SRR PP

-0.8410

-0.8311

-0.8213

-0.8114

-0.2015

-0.7916
8:55 8:56 8:57 8:58 8:59 9:00

Jue 8 Mar 2007 Fecha de la muestra ;

Act . 08/03/2007 08:55:01 Desde : 08/03/2007 08:55:01 Hasta : 08/03/2007 09:01: 14
Act . -0.85 Max . -0.88 Min 061

C%:PPER (M circUTOR
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Solutions

Accordingly, all the possible objectives

oomii)

HF Filtering Filtering

Objective

Blocking systems

Power Factor
Compensation

Phase
balancing

C<PPER

ferrawremal L apper Premesnieor Comeci] ¢ lnaai

(8 cIRCUTOR

Technology for electrical energy efficiency



ASIA
POWER
QUALITY
INITIATIVE

Defining Objective: PEC

Power factor compensation in
the presence of harmonics:

» Detuned banks with electro- v - :
mechanic contactors Protecting capacitors
and networks of

(FR Sel 5 overloads and
> Static detuned banks with > 8 .
amplifications when

static contactors (thyristors) .
(FRE Series) when: compensating PF

v'Charges are very
variable.

v"Need of avoiding Y.
transients

C+:PPER
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Defining Objective: Harmonic Filtering

To reduce the THDI :

» FA absorption filters . Passive
filters with different tunings h
according each case.

» LCL absorption filters Passive
filters for 6 pulses converters

v Arranging of | and V
waveform

THDI reduction (5th and 7 th v Decreasing of the

harmonic) > active losses (kW), so
» APF Active filters. For the money saving

electronic compensation of a v Discharge of cables

v" Avoiding malfunctions

wide range of harmonics. _
of equipments

» Sinus Filter. For avoid
overvoltage and malfunction in
electric motors after converter. )

C+PPER
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Defining Objective: HF Filtering

To avoid the flow of HF currents\: v Control of HE current

> EMR Single phase EMI Filters. and voltage generated
by commutation effects

> v To avoid dv/dt in
» EMR Three phase EMI filters voltage wave

> 3 wires EMI filters for VSD v To avoid wrong

> 4 wires EMI filters for UPS y ope[atilons_ of , PLC,
control equipments..

C<PPER
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Defining Objective: Phase Symmetry

To balance the current of the phases:

> APF active filter

Balances the current of the phases
upstream of the connecting point

C+:PPER
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Harmonic Filtering Strategies

Location Effects
(v To reduce the THDI at the utility )
[ LV General Panel }un:> network (above point of common

coupling).
N\

J
4 O
Secondary Panel m——>| v Reduces RMS current at

main distribution line without
decreasing active power.

9 ,

k Decreasing of Losses Y

Individual Filtering === v Reduces RMS current just in the

place harmonics are generated.
v Reduces Losses in the whole
distribution system.

C<PPER
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Mszes,
DETUNED FILTER BT %

How it works?:

« Compensare reactive power and avoid resonance
effects.

How to select it?

When THD(V) initial is aprox. > 2,5%

 When standard Capacitor Bank produce
amplification of THD(V)

« Always when at the installation there are drives
and converters.

Models: (FR, FRE)

» p = 7%: To installation where there are so much
disturbance loads (fundamnetal drives) and poor
level of 3rd harmonic of current.

> p=14%, To install where there are so much loads

that generate 3rd harmonIC p% Wr Armonico rechazado
7% 189 Hz h>5° f > 250Hz
14% 134 Hz h>3°, f> 150Hz

C<PPER
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Absorption Filter & Hibrid Filter

How it works?:

« Absorbe current of 5th and 7th harmonic
(other harmonic could be available)

* Regulate reactive power in the
installation.

How to select?

 When ther are 5th and 7th harmonic and
you want compansate and also filtering

Models: (FAR-H, FAR-Q, FARE-Q) J \

» FAR-H: Absolutly tuned at harmonic @
frequency. Important: its necessary a ? cnoaue
more accurate study, because a wrong | hinpia
regulation, filter could not work properly. Larménicos
> FAR-Q/FARE-Q: Special tuned to —V {
provide more compensation, but also ¥ rno | Zenmo
absorve 5th and 7th harmonic. ® e
CARGA A
FILTRAR

C<PPER
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Converter’s Filter: LCL

How it works?:
« Special passive filters for individual filtering of 6P converters (drives,

rectifier, UPS, etc.).
How to select?
* When ther are 5th and 7th harmonic and you want filtering directly at

load.

Models: LCL & LCL-TH
« To agree with standard EN-61000-3-4 & IEEE-519

FILTRO LCL
CONVERTIDOR

IMPEDANCIA
DE LA RED L1 L2

o S'Z -|< (D)

L3

A c

C<PPER
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Why to install LCL filters?

O To reduce the THD in current to values below 10% according with IEC
61000-3-4 and IEEE-519.

O Thereis aload fitted with a converter of 6 pulses.

O Energy saving by the reduction of the RMS current ,and so that,
reduction of KVA.

O No need to forecast any future expansion of the installation.

O Increase the equipment life consequence of the decrease the losses
by hot produced by the harmonics.

O Strong equipment with a very low maintenance.

O Lower price comparing with other systems of filtering

C4PPER

fereramyonal Lapp Cramcil {lneviai

(@ cirCcUTOR

Technology for electrical energy efficiency




ASIA
POWER
INITIATIVE

L CL real case

[ WITHOUT FILTER } [WITH FILTER, 70% OF LOAD}

FORMA DE ONDA (ccm©tr22.a5i) FORMA DE ONDA (TPDCLC.A3I)
2171172001 15:45:40 19/0811992 11:22:04
1F1:232 (V) VnF2:233 (V) vnF Vn F1:234 (V) Vn F2: 234 (V) VnF3:233 V)
1D: 44 % THD: 4.4 % T THD: 1.4 % THD: 14% THD: 1.5 %
ax: 352 (V) Max: 353 (V) M Méx: 334 (V) Méx: 334 (V) Méx: 333 (V)
in:-352 (V) Min: -352 (V) Min Min: -334 (v) Min: -334 (V) Min: -333 (V)

N AN /\\ /\ N/
AV NN N

VA A [N /AN A

..... IS N L T NN

............ N (S Bl (I T O Y YO |

InF1: 213 (8) InF2: 219 (8) InF3: 220 (A)

B LA A i
Fliaath In F2: 355 (A) L THD: 77 % THD: 80% THD: 8.0 %

AD:31.8 % THD: 31.8 % T

Corriente de linea sin filtro, THD(1)=32%; THD(V)=4,4% Corriente de linea con filtro, THD()=8%; THD(V)=1,4%
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3rd Harmonic blocking system Tﬂn

v'  TheTSAis a blocking system made by:
O Insulating D-y transformer
O  5th harmonic filter

v' The objective is to avoid the flow of the
3th harmonic in the secondary, so in the
network

v' Tofilter the 5th harmonic

Without Filter With Filter

A Z PN 2

50 Hz and harmonics with n # k.3 harmonics with n = k.3 50 Hz and harmonics with n £ k.3 harmonics with n = k.3

Utility distribution transformer
' /220 V phase to neutral 7 - - 220 V phase to phase

—rvv U L1 _

% Rl = .. / : Lz _
L~y L3 L3 _ FILTER

/ ___NC
i - PE |[7\| (] (] TSA isolation transformer I\ \\I || \I I[ |
- = Infinite impedance to k.3 harmonics = = e
2o

C{PPER (W circuTOR
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3rd Harmonic blocking system: FB3/T

Single-Phase Installation 3-Phase Installation
| carga
u
L2
Cuadro de Baja Fa3 {+ Cuadro de Baja L3
tension tension ol P t-_": | l l

230V fase - neutro
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Active Filters

v \ 4

Multifunction
Active Filter

Filtros activos AF

3-Phase 3-Phase of

of 3 wires

4 wires :
4 wires

2 wires

*Harmonic Filtering Harmonic filterin
*Phases Balance With or without Harmonic filtering
=Reactive Power Compensation PFC
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Active Filters

«“ r a4 C
41 RED © © CARGA
Y . - 5
| T T
s Trafos Tl | | Trafos Tl
Linea APF-4W-xxx Carga

I

-

i
AL l:g {

Driver con aislamiento galvanico
| PWM |
L[ wmediday
Interface
laptacid PROCESADOR
placion RS.232 :>
de sefial
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GE Wind Power
*THD | and V

TOTAL HARMONIC DISTORSION (STD-PROG.STD)

[ 1 || [ [ [
%WVn L1 %\Vn L2 %Vn L3 %In L1 %ln L2 %lIn L3

0.5+

Y
=]
|
TTTTTTTTT I TTTITITTTIT]

0.0
400+

%l d

11:30 12-00 12-:30 13:00 13:30 14-00
Sun 2 Jan 2011 Date of sample
Selected Variable: %Vn L1
Act - 02-01-2011 11:32:00 From - 02-01-2011 11:32:00 To - 02-01-2011 14:10:00
Act: 210 (%V d) Maximum - 2.43 (%V d) Minimum : 1.04 (%V d)
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Voltage & Current Waveform .....the crest and trough

Vn F1: 232 (V)
d:3.1%
Maximum: 330 (V)
Minimum: -333 (V)

WAVE FORM (HPEB1.STD)

07-10-2009 16:10:00

Vn F2: 230 (V)
d3.1%
Maximum: 319 (V)
Minimum: -319 (V)

Vn F3: 235 (V)
d29%
Maximum: 348 (V)
Minimum: -342 (V)

N

0.0

\
S

0.0

Y

N
TN

In F1: 2801.920 (A)
d:11.3%

Maximum: 3788.000 (A)
Minimum: -3924.000 (A)

Act : -287 (V)

C<PPER
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In F2: 2929.395 (A)
d91%
Maximum: 4652.000 (A)
Minimum: -4480.000 (A)

Maximum : 330 (V)

In F3: 2893.221 (A)
d74%

Maximum: 4280.000 (A)
Minimum: -4268.000 (A)

Minimum : -333 (V)
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For PQ Solutions:
Contact us:

Circutor India

Plot A - 198, 4th Cross, 1st Stage, Peenya
Industrial Area

Bengalore, Karnataka - 560 058, India
Email: purushotham@circutorindia.com ,
enquiry@circutorindia.com
Telephone:+(91)-(80)-28390035/ 28390036
Mobile:+(91)-9379949015

Fax:+(91)-(80)-28393139 WWW.Circutor.com

WWWw.circutorindia.com
http://energyefficiency.circutor.com
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