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Zaklady — kvalita elektrické energie Rockwell
Zakladni schema soustavy Automation
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Zaklady — kvalita elektrické energie Rockwell
Zakladni pojmy

Automation
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Zaklady — kvalita elektricke energie Rockwell
Harmonicke slozky Automation

= Spektralni rozlozeni signalu jako soucet jednotlivych slozek

()= i A -sin(nI1t/T)

A, amplitude of the nth harmonic component

\/\/ ] f(t) time domain function
: n  harmonic number (only odd values of n are required)
5
T length of one cycle in seconds
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Zaklady — kvalita elektrické energie Rockwell
Harmonicke proudy Automation

= Zkresleni zakladni sinusovky

= Zpusobené nelinearnimi spotfebici, v nasem pfipadé usmériovadi

lforSCR

= Tyristorovy 6P mistek .
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Zaklady — kvalita elektricke energie Rockwell
VlySSi harmonické Automation

= Sudé harmonické

pulsy vzorec vliv harmonickych

h=(nxp)1

h=(nx 1)1 2,3,4,5,6,7
h=(nx2)+1 3,5,7,9
h=(nx 6) £1 5,7,11,13,17,19
h

h

h

= Liché harmonické

=(x12)+1  11,13,23,25,35,37
=(nx18)+1  17,19,35,37
=(nx24)+1 23,25 47,49

Valtage (V)
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VySsSi harmonicke Rockwvell
Automation

Problémy zplsobené harmonickymi proudy

= pretizeni stfedniho vodiCe

pfehfati transformatoru

ruSeni pfi spinani vypinacu

pfetéZovani kompenzacnich kondenzator(

skinefekt
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VySsSi harmonicke Rockwvell
Automation

Pretizeni stredniho vodice

-----
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Faze 1 - 3. harmonicka
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Faze 3 - 3. harmonicka
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Proud 3. harmonické ve stfednim vodiéi
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VySsSi harmonicke Rockwell
Automation

Vliv proudovych harmonickych na napéti

OO 0 —
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VySsSi harmonicke Rockwell
Automation

Vliv proudovych harmonickych na napéti

OO
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Il Current
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VySsSi harmonicke Rockwvell
Automation

Problémy zplusobené harmonickymi napétimi

= harmonické zkresleni napéti

= pretizeni indukénich motoru

= poruchy pfi pruchodu nulou

= interference s telekomunikacnimi zarizenimi,HDO a podobné

PUBLIC Copyright © 2014 Rockwell Automation, Inc. All Rights Reserved. 2



Celkové harmonické zkresleni p——
\Vzorce ® Automation

= Total harmonic current distortion THDi
= nékde THDI ¢i THID

>0 % \/152+1§+1121+1123+---+1520
Z =] x100% = * 100%
n=2 ]1 ]1

= <10%  skvélé hodnoty bez rizika poskozeni zafizeni
= 10 to 50% vyznamny podil harmonickych slozek, nutno uvaZzit ztraty, popf. kontrola dimenzovani N
= 250%  velké zkresleni, analyza a pfipadné korekeni zafizeni (filtry apod.)

PUBLIC Copyright © 2014 Rockwell Automation, Inc. All Rights Reserved. 13



Celkové harmonické zkresleni p——
\Vzorce ® Automation

= Total harmonic voltage distortion THDu
= nékde THvD ¢i THUD
= vysledek priichodu harmonickych proudl soustavou s jejimi impedancemi

Uz + Uz +UZ +UZ + -+ UZ,

50 2

Z In) 41009 = ‘/

.\ Uy ’ Uy
n=2

= <5% normalni stav
= 5t08%  zvySeny podil harmonickych, mozné selhani citlivych pfistroju
= 28% velké zkresleni, analyza a pfipadné korekc¢ni zafizeni (filtry apod.)
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Celkové harmonickeé zkresleni p——
Vzorce @ porovnani dvou scénarl Automation

Drive 1 Input

e o CremeneneS="  http://webdc.transim.com/rockwell//
Il oltage VTHD 3.63 %
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10004
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\{«_ IEEE Standards
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Time (s) B special Fail
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Total HP Rating 500 hp

% Load 95.0 %
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Line Reactor [ Filter No Line Reactor or Filter

Distance to Transformer B 350 ft
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Celkové harmonické zkresleni Rockwell

Vzorce ® porovnani dvou scénarl Automation

Drive 1 Input

Waweform Perfarmance Measures
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Type 6-Pulse
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DC Link Choke Yes

Line Reactor [ Filter Mo Line Reactor or Filter

Distance to Transformer B 350 ft
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Celkové harmonické zkresleni p——
\Vzorce ® Automation

= Total demand distortion TDD
= Uvazuje max. proud zatéZe (rizné definovany)
= Pfi100% : TDDi = THDi

= |, = Maximum béhem daného intervalu
= typicky 15 - 30 minut, IEEE 519 rok*, nekde 100% proudu obvodu

PUBLC Copyright ©2014 Rockwell Automation, Inc. All Rights Reserved. 17



Celkové harmonickeé zkresleni Rockwell
ZAVEr Automation

= Proudové vs napétové zkresleni

Harmonické proudy zpusobuji zkresleni napéti
is(t) = i1(t) + = ih(t)

Converter
load

u(t)
|7 ‘.’ ——o<«— Point of Common
Coupling (PCC)
Mains transformer
4| Other
loads

= Jednoduché pravidlo

= vy$§i impedance (dlouhé a poddimenzované kabely, transformatory) ...
= ... NizSi zkratové proudy

= ... VySSi zkresleni

PUBLIC Copyright © 2014 Rockwell Automation, Inc. All Rights Reserved. 18
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Standardy -
Zakladni normy Automation

= Normy a standardy pro kvalitu elektrické energie
= EN 50160 Charakteristiky napéti elektrické energie z vefejné sité

= |EEE 519 Obdobné, ale uklada povinnosti i spotfebitelim

= Normy a standardy pro zafizeni
= |EC 61000-3-2 nn zafizeni do16 A
= |EC 61000-3-12 nn zafizeni16 Aaz 75 A
= |EC 61000-3-4 doporuceni pro zafizeni nad 75 A

PUBLIC Copyright © 2014 Rockwell Automation, Inc. All Rights Reserved.



Standardy Rockwell
Automation
|IEC EN 61000-3-2: 2014

= Rozsah

= Mala elektricka zarizeni > 220V a proud <16 A

= Rozdéleni
= Trida A: domaci zafizeni, tfifazova zafizeni
= Trida B: naradi a svarecky

= Trida C; osvétleni

= Trida D: specificka zafizeni s vykonem < 600 W (PC, TV, malé chladnicky)

= |[EC EN 61000-3-2 str. 21

PUBLIC  Copyright ©2014 Rockwell Automation, Inc. All Rights Reserved. 21
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Standardy Rockwell
Automation
|IEC EN 61000-3-12: 2011

= Rozsah

= Zafizeni s napajecim napétim 240 V jednofazové a do 690V tfifazove,
proud >16 Aa <75 A, pfipojena pfimo k verejné siti

= (rovné

= Dovolené Urovné harmonickych proudu zavisi na Ry, (lsc/l,,.q) [zKratovy proud/proud zatéze]

= Nejsou uvedeny napétové harmonické

= EN61000-3-12 str. 15

PUBLIC Copyright © 2014 Rockwell Automation, Inc. All Rights Reserved.
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Standardy Roclkwell
Automation
IEC EN 61000-3-12; 2011

= Poznamky

= plati pfi pfimém pfipojeni na verejnou sit. Pokud je zafizeni oddéleno od vefejné sité trafem, nejde
0 pfipojeni na verejnou sit

Cili vétSina prumyslovych instalaci nemusi byt normou dotcena

meénice s DC tlumivkou vétSinou spadaji do tabulky 4, R> 120; (l./ I, <40), a to splnuji

malé ménice bez DC tlumivky splni limity s 3% tlumivkou

pro danou instalaci je nutné ovérit vyse uvedenou podminku R> 120

PUBLIC Copyright © 2014 Rockwell Automation, Inc. All Rights Reserved. 23



Standardy Rockwell
Automation
|IEC 61000-3-4

= norma nema za ukol stanovit meze harmonickych, ale doporucit zkuSebni postupy a jejich
vyhodnoceni pro zafizeni, na které se nevztahuji pfedchozi normy

= obdobné tabulky jako v pfedchozich normach, ale dileZita poznamka:

pfekraCuje-li vstupni proud zafizeni 75 A, mlze dodavatel elektfiny pfipustit pfipojeni zafizeni
na zakladé dohodnutého Cinného prikonu instalace odbératele.V tomto pfipadé se aplikuji
mistni pozadavky dodavatele elektfiny.

PUBLIC Copyright © 2014 Rockwell Automation, Inc. All Rights Reserved.



Standardy o -
IEEE 519-2014 Automation

= Rozsah

= doporuceni pro projektovani a stavbu rozvodnych siti
= dodavatel musi dodavat energii v pfedepsané kvalité

= spotiebitel je odpovédny za svoje zafizeni a jeho vliv na sit

= TFidy
= Specialni instalace
= |etiSté, nemocnice apod.
= Standardni sité

= jednouceloveé instalace

= pramyslové instalace s ménici

PUBLIC Copyright © 2014 Rockwell Automation, Inc. All Rights Reserved. 25



Standardy
IEEE 519-2014

Rockwell
Automation

= zkresleni v PCC

Bus Voltage at PCC

Individual Voltage
Distortion (%)

Total Voltage
Distortion THD (%)

69 kV and below

69.001 kV through 161 kV
161.001 kV and above

5.0

2 5.0
1.0

attenuate by the time it is tapped for a user.

NOTE: High-voltage systems can have up to 2.0% THD where the cause is an HVDC terminal that will

PUBLIC
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Standardy
IEEE 519-2014

Rockwell
Automation

= THDi
(Standardni sit)

= Opét zavisi na zkratovych pomeérech(lsc/I.)

= Vetsi I pfisnéjSi limity oproti EN
= menSi lgc: prisnéjsi limity oproti EN

pfisnéjsi i u harmonickych vyssich radi

Maximum Harmonic Current Distortion in Percent of I

Individual Harmonic Order (Odd Harmonics)

Iscll. <11 11<h<17 17<h<23 23<h<35

<20* 4.0 2.0 1.5 0.6
20<50 7.0 3.5 2.5 1.0
50<100 10.0 4.5 4.0 1.5

100<1000 12.0 5.5 5.0 20
>1000 15.0 7.0 6.0 25

Even harmonics are limited to 25% of the odd harmonic limits above.

Current distortions that result in a dc offset, e.g. half-wave converters, are not allowed.

* All power generation equipment is limited to these values of current distortion, regardless of actual /s¢/IL.

Where
= maximum short-circuit current at PCC.
= maximum demand load current (fundamental frequency component) at PCC.

= Total demand distortion (RSS), harmonic current distortion in % of maximum demand load
current (15 or 30 min demand).

= Point of common coupling.

PUBLIC
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LISTEN.
THINK.
SOLVE:

Zakladni topologie menicu
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Ménice bez DC tlumivky (DC Link) Automation

= Typicky THDi kolem 80%
= citlive na prepéti

= Malé PF4x, PF520
= VetSi méniCe uz maji DC Link

il

Bl
\




PUBLIC

Menice bez DC tlumivky (DC Link), . Rockwelt
s tlumivkou na vstupu

- Typ|Cky THD| Transformer
mezi 30 - 45% “

WARAYY

162 A7 187

Copyright © 2008 Rockwell Automation, Inc. All rights reserved.
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Rockwell

MeniCe s DC tlumivkou (DC Link) AR san

= Typicky THDi
od 30 do 40%

= odolné i proti
prepetovym
Spickam

Transformer

O

1

W W

i

162 A7 187

Copyright © 2008 Rockwell Automation, Inc. All rights reserved.

PUBLIC
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= vsechny PF700, 750
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Menice s DC tlumivkou (DC Link) .-
a s tlumivkou na vstupu Automation

= Typicky THDi 20 - T (
35% {@_ﬁ/ﬁaj{ P } LAC

Line Reactor

PUBLIC Copyright © 2014 Rockwell Automation, Inc. All Rights Reserved.



Rockwell

Passive Harmonic Filter Automation

= Typicky THDI 4 - 10% {:J ﬂ

T T

Passive Filter

PUBLIC Copyright © 2014 Rockwell Automation, Inc. All Rights Reserve



Rockwell

Active Harmonic Filter Automation

= Typicky THDI3-6% "

@_ﬁ/ﬁi
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, ] . Aufomation
Vicepulzni zapojeni

= 12Puls
Typicky THDi 9 - 12%

= 18Puls
Typicky THDi 4 - 5%




Active Front-End

= Typicky THDi 3 - 5%
= Rekuperace

162

Transformer

xfmr
%Z

¥

0

;N
[\

PUBLIC

Rockwell
Automation

~——

Notch Filter
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LISTEN.
THINK.
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Zarizeni pro omezeni harmonickych
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Moznosti omezeni Rockwell
Tlumivky Automation

= Funkce

= vySSi impedance obvodu omezuje harmonické proudy

Drive

DC Link
Choke
e N

= \/yrobky @

~

Mot

= Bulletin 1321-3R line reactors
= Schaffner RWK AC reactors

PUBLIC Copyright © 2014 Rockwell Automation, Inc. All Rights Reserved.



Moznosti omezeni Rockwell
DC Link versus tlumivka na vstupu

Automation

% Harmonic Distortion

H5 H7 H11

B AC Line Reactor m DC Link Choke

PUBLC . Copyright ©2014 Rockwell Automation, Inc. All Rights Reserved. 39



Moznosti omezeni Rockwell
Vice pulzni zapojeni

Automation

= Funkce

= fazovy posuv mezi jednotlivymi sekundarnimi vinutimi

= na primarni strane se harmonické vyrusi

= 12, 18 az 24-pulzni zapojeni

Transformer

-

~

§

il
:

3
3
3

~— @/

18-Pulse

Auto-transformer

PUBLIC
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Moznosti omezeni Rockwell
12-Pulzni zapojeni Automation

= \/yrobky
= transformatory nejsou standardni produkt RA pro EU trh
= PowerFlex SCR
= 12-Pulse selection and installation guidelines

L

PUBLIC Copyright © 2014 Rockwell Automation, Inc. All Rights Reserved. 4
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Moznosti omezeni Rockwell
Automation

12-Pulzni zapojeni

= \lyhody
= znatelné omezeni harmonickych
Typ THDi THDu THDu
Rec=20 | Rge=100
6-P 30% 10% 2%
12-P 10% 6% 1.2%

= robustni konstrukce

= jednoducha instalace

= vysoka ucinnost

= Nevyhoda

= transformator

PUBLIC Copyright © 2014 Rockwell Automation, Inc. All Rights Reserved. r'y3



Moznosti omezeni Rockwell
Pasivni filtry Automation

= Funkce
= LC obvody, ladéné na kazdou harmonickou

Drive

DC Link

Transformer

Choke
. o Y
e
=

Passive Filter

PUBLIC Copyright © 2014 Rockwell Automation, Inc. All Rights Reserved. 43



Moznosti omezeni Rockwell
Pasivni filtry

Automation

= vyrobky
= Schaffner FN 3410/HV and FN 3412
= 500V/690V, max. 160 kW
= Noveé i 500V, max. 400 kW

= optimalizovano pro ménice s DC tlumivkou

= MTE Matrix AP
= 500V/600V, max. 1200 A

= vySSi uCinnost u malych zatézi



http://www.schaffner.com/en/products/pqharmonics/ecosinetm/product/fn-3410-ecosineTM-50hz-passive-harmonic-filters.html
http://www.schaffner.com/en/products/pqharmonics/ecosinetm/product/fn-3410-ecosineTM-50hz-passive-harmonic-filters.html
http://www.schaffner.com/en/products/pqharmonics/ecosinetm/product/fn-3412-ecosineTM-60hz-passive-harmonic-filters.html
http://www.mtecorp.com/solutions/matrix-ap-harmonic-filters/

Moznosti omezeni Rockwell
Automation

Pasivni filtry

= \lyhody
= vysoke potlaceni harmonickych
= THDi 10..16%

= az k 5% THDi v kombinaci s tlumivkou
= rozmery, cena

= pasivni komponenty

= Nevyhody
- pfidavné ztraty (teplo)

Design ovlivnén situaci v misté instalace M

L

PUBLIC Copyright © 2014 Rockwell Automation, Inc. All Rights Reserved.




Moznosti omezeni Rockwell
Aktivni filtry Automation

= Funkce
= blok vykonové elektroniky, pripojeny sériove Ci paralelné k zatezi
= detekce vytvarenych harmonickych

= injektovani proudu harmonickych v protifazi

Drive

Choke

LLG active

Transformer
DC Link
xfmr |~
@_,’%;’ZV\ Ifund Ifund + lharm
—_— —_— £
=
T tharm T L

AC __l_
DC j

Active Filter

B/

(i
/ [l

|
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Moznosti omezeni Rockwell
Aktivni filtry Automation

= Produkty

= Schaffner EN3420/HV / EN3430
= 480V/690V, do 300 A kompenzacniho proudu

= Comsys ADF P100 / ADF P300
= 480V/690V, do 450 A kompenzaéniho proudu

= (cena

= \/ybér
= podle proudu vysSich harmonickych v PCCC
= nezbytna podrobna specifikace lokalnich poméra v siti

PUBLIC Copyright © 2014 Rockwell Automation, Inc. All Rights Reserved. 47
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http://www.schaffner.com/en/products/pqharmonics/ecosinetm-active/product/fn-3430-ecosineTM-active-harmonic-filters-4-wire.html
http://www.schaffner.com/en/products/pqharmonics/ecosinetm-active/product/fn-3430-ecosineTM-active-harmonic-filters-4-wire.html
http://www.comsys.se/products/adf-p100.html
http://www.comsys.se/products/adf-p300.html

Moznosti omezeni Rockwell
B Automation
Aktivni filtry

= \lyhody
= automaticka kompenzace ~ 100%

= paralelni filtr nelze pretizit

= kompaktni rozmery
= jednoducha instalace

l

= Nevyhody

¢

I

i

= snizeni celkové ucinnosti

//I}m I

Lhier ACtive i
\
’\
|
, I
Ll

= elektronické zarizeni

= Céena

PUBLIC Copyright © 2014 Rockwell Automation, Inc. All Rights Reserved. 48



Moznosti omezeni Rockwell
Active-Front-End Automation

|
= aktivni usmeériovac Il 1 ml
v podstaté stfidac standardniho ménice pracuijici v inverznim
rezimu jako usmeérnovac
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Moznosti omezeni
Active Front-End

= \/yrobky

= PowerFlex 700AFE
= 460, 1300 Apc @ 400..480 V
= 325, 1030 Apc @ 500..690 V
= Rittal TS8 IP20

= PowerFlex AFE
= 460, 1300 Apc @ 400..480 V
= 325, 1030 Apc @ 500..690 V
= CENTERLINE 2500 1P20
= MCC sbérnice pro PowerFlex 755 Hi Hp
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Moznosti omezeni
Active Front-End

Rockwell
Automation

= \/ybér
= podle proudu na DC sbérnici
= \/yhody

= regenerace energie

= nizky obsah harmonickych

= splfuje IEEE519, vétSinou mnohem lepsi

- GGinik blizky jedné

il Wl | |
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Moznosti omezeni Rockwell
Active Front-End Automation

= \yhody

= moznost provozu 480/690 VAC motoru na siti 380/460 VAC mmm m‘m

= ochrana proti kratkodobym vypadkim

= Nevyhody

= nizSi ucinnost
= elektronické zarizeni
= rozmery

= Céena
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Pouzité simulatory Aufomation

Rockwell Automation simulatory

= hitp://webdc.transim.com/rockwell/

Schaffner PQS

= hitp://pgs.schaffner.com/index.php
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