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Icerigimiz/Bugiin Nelerden Bahsedecegiz?

e Harmonikler

[l Standartlar Ne Diyor? O O

e 2 —150kHz Arasi Harmonikler — Supraharmoniker ' I

 GES/RES/EDS ve Elektrikli Arac Sarj Istasyonlarindaki Gu¢ Kalitesi

Sorunlari

* COozim Ne?
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Waveform Distortion — Harmonics

3. Harmonik: 150Hz
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Harmonik Nedir?
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5. Harmonik
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7. Harmonik: 350Hz
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Standartlar

IEC 61000-2-4: Environment - Compatibility levels in
industrial plants for low-frequency conducted disturbances
35kV’ a kadar nominal gerilimlerde, 50Hz veya 60Hz nominal
frekansta endiistriyel ve kamuya agik olmayan gii¢ dagitim
sistemlerini amaglar.

Bu standardin bir 6zelligi, farkli tiketicilerin bagl oldugu farkli
tipteki elektrik gebekeleri i¢cin uyumluluk seviyelerinin
tanimlanmi$ olmasidir. Bunlar:

Sinif 1 — Laboratuvar ekipmanlari, otomasyon ve koruma
ekipmanlari, bilgisayar ve UPS kullaniminin yaygin oldugu
iSletmeler igin gegerlidir.

Sinif 2 — Genel olarak endustriyel tesisler icin gecerlidir.

Sinif 3 — Kaynak makineleri, agir Sart motorlari, strticiiler gibi
yuklere sahip olan 6zel igletmeler igin gegerlidir.

Bozulma seviyeleri Sinif 1’ den Sinif 3’ e dogru artmaktadir.

IEC61000—-2 -2

Disturbance Class 1 Class 2 Class 3
Voltage Tolerance +8% +10% +10-15%
Voltage Unbalance 2% 2% 2%
Power Frequency Deviations +1 +1 +1
Order (h) Class 1 Class 2 Class 3
Un (%) Un (%) Un (%)
5 3 6 8
o 3 5 %
11 3 3,5 5
13 3 3 45
17 2 2 4
17<h <49 2,27 x(17/h)-0,27) 2,27 x (17/h) - 0,27] 4,5 x (17/h) - 0,5
Orderth) Class 1 Class 2 Class 3
Un (%) Un (%) Un (%)
3 3 5 6
9 1,5 1,5 2.5
15 0,3 0,4 2
21 0,2 0,3 1
21<h<45 0,2 0,2 1
Order (h) Class 1 Class 2 Class 3
Un (%) Un (%) Un (%)
2 2 2 3
4 1 1 1,5
6 0,5 0,5 1
8 0,5 0,5 1
10 0,5 0,5 1
10<h £50 0,25 x (10/h) +0,2910,25 x (10/h) + 0,25 1
Disturbance Class 1 Class 2 Class 3

Total Harmonic Distortion (THD)
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Standartlar

|EEE 519-2022

Individual Total harmonic
Bus voltage I at PCC harmonic (%i h <50 distortion THD (%)
V<=10KkV 5.0 8.0
1kV<V=<69kV 3.0 5.0
69KV <V <161kV 1.3 25
161 kV <=V 1.0 1.5%

High-voltage systems are allowed to have up to 2.0% THD where the cause is an HVDC terminal
whose effects are found to be attenuated at points in the network where future users may be
connected.

total harmonic distortion (THD): The ratio of the root mean square of the harmonic content, considering
harmonic components up to the 50th order and specifically excluding interharmonics, expressed as a
percent of the fundamental. Harmonic components of order greater than 50 may be included when

necessary.



Standartlar

IEEE 519-2022 Maximum harmonic current distortion in percent of I,
Individual harmonic order”

Isc/IL 2Ch<11™ 119 A<1T| 17=h<23 | 23=h<35 | 35=<h450 DD

<20° 4.0 2.0 1.3 0.6 0.3 5.0

20<50 7.0 3.5 2.5 1.0 0.5 8.0

50<100 10.0 4.5 4.0 15 0.7 12.0

100 <1000 12.0 55 5.0 2.0 1.0 15.0

= 1000 150 7.0 6.0 25 1.4 20.0

AFor h < 6. even harmonics are limited to 50% of the harmonic limits shown in the table.

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

¢ Power generation facilities are limited to these values of current distortion. regardless of
actual L/Ir unless covered by other standards with applicable scope.
where:
I = maximum short-circuit current at PCC
I = maximum demand load current at PCC under normal load operating conditions

total demand distortion (TDD): The ratio of the root mean square of the harmonic content, considering
harmonic components up to the 50th order and specifically excluding interharmonics, expressed as a
percent of the maximum demand current. Harmonic components of order greater than 50 may be included
when necessary.



Standartlar
EN50160:2023

TS EN 50160 : 2023-02

EN 50160:2022 (E)

Table 1 — Values of individual harmonic voltages at LV supply terminals

Odd harmonics
Even harmonics
Not multiples of 3 Multiples of 3
Order Relative Order Relative Order Relative
h amplitude h amplitude h amplitude
Up Up Up,

5 6,0 % 3 5,0% 2,0%

7 5,0 % 9 1,5 % - 1,0 %

11 3.5% 19 1,0 % 6..24 0,5 %

13 3,0% 21 0,75 %

17 2,0 %

19 1,9 %

23 1,5 %

25 1,5 %
Values are given in percent of the fundamental u1.
NOTE No values are given for harmonics of order higher than 25, as they are usually small, but largely unpredictable due
to resonance effects.




Standart

Supraharmonik — Gelece@in En Bilyiik Endigesi

EC 61800~ 3 L

Std IEEE 519 (Gerektiginde 50. harmonik ve lzeri dahil edilir.)

E IEC 61800—-3 -2, IEC61800—-3—12, vb.
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SUPRAHARMONIKLER

(Ust Harmonikler)
GELECEGIN EN BUYUK ENDISESI



Supraharmonik — Gelece@in En Bilyiik Endigesi

Supraharmonikler, 2-150kHz frekans araliginda gerilim ve 4 Genlik
akim dalga formu bozukluklari ve emisyonlari olarak
adlandirihr Subharmonics Harmonics Conducted EMI
| I | |
kV : | I
Supraharmonikler, elektrikli ekipmanlarda gesitli Sekillerde v | . ! !
sorunlara ve arizalara neden olur: : !
mV PQ, THD [ | !
0 Gurdltd ! ! |
| I |
0 Termal Stres . | " CISPRA | CISPRB |
0 Ekipmanda Yaslanma — : : i >
0 Diger elektriksel ekipmanlara girilti yayilimi - AR — 25 s SOME ]
0 PLC sinyallerinin sénimlenmesi/sapmasi CUER — VoitERe
Elektriksel 27
. . . Ekipman el - CISPR 15
Harmonics Interharmonics  Supraharmonics Y ————
1 SOkHz Sebeke EN50 160

IEC 61000-2-2



Supraharmonik — Gelece@in En Bilyiik Endigesi

Supraharmonik Kaynaklari: Anahtarlama Frekanslari:

 Aktif Dogrultucular ve SMPS’ ler 0 Frekans Konvertoéri : 4kHz — 20kHz
0 Elektrikli Ara¢ Sarj Istasyonlari 0 Solar Inverter(400V) : 16kHz — 22kHz
0 AFE/LHD Suriculer 0 EA Sarj Istasyonu : 10kHz — 80kHz
0 LED Sirtculer 0 Aktif Harmonik Filtre : 8kHz — 20kHz

* Inverter Tabanlh Alternatif Enerji Sistemleri(IBR) [0 UPS Sistemleri : 15kHz — 25kHz
0 Solar Sistemler 0 LED Suruculer : 20kHz — 200kHz

[0 Rizgar Tiurbinleri 0 SMPS Gui¢ Kaynaklari : 30kHz — 300kHz
[0 Enerji Depolama Sistemleri
[0 UPS Sistemleri

e Aktif Harmonik Filtreler



Supraharmonik — Gelece@in En Biiyiik Endigesi
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Supraharmonik — Gelecegin En Biiyiik Endigesi — Cati Tipi GES Ornegi

EN50160 ve Elektrik Sebeke Yonetmeligine Gore Inceleme
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Supraharmonik — Gelecegin En Biiyiik Endigesi — Cati Tipi GES Ornegi

L1 [v]
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26

34 42 46 50 54 58 62 66 70 74 78 82 86 90 94 98 102 106 110 114 118 122 126 130 134 138 142 146 150 154 158 162 166
L2 [v]

L2 34.1V@22kHz

34 42 46 50 54 58 62 66 70 74 78 82 86 90 94 98 102 106 110 114 118 122 126 130 134 138 142 146 150 154 158 162 166

L3 [V]
L3: 34.3V@22kHz

10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 S0 94 98 102 106 110 114 118 122 126 130 134 138 142 146 150 154 158 162 166



Supraharmonik — Gelecegin En Biiyiik Endigesi — Cati Tipi GES Ornegi




Supraharmonik — Gelecegin En Biiyiik Endisesi — EA Sarj Istasyonu Ornegi

Sarj esnasinda kahve
makinesi kendiliginden
kapaniyor

Evdeki isiklar
dalgalanmaya basliyor

Isiklar agildiginda sarj iglemi
duruyor

Dijital gostergeler aSiri
derecede isiniyor

Elektrikli arag Sarj
olmuyor

p Sarj istasyonu oldukga
| glrdltdli caligiyor

Elektrikli arac istasyona her
baglandiginda devre kesiciler
enerjiyi kesiyor




Supraharmonik — Gelecegin En Biiyiik Endigesi — EA Sarj Istasyonu Ornegi

DC Voltage Bus
Uygulama:

Three Phase (rid s
N 3 . Voltage J J J
* 6 Pulse Kopri Diyotlu Dogrultucu vyerine Py

b

tam kontrolll IGBT Uniteleri kullanilmaktadir.

Avantajlari:

* Disuk harmonik icerik (50. harmonige kadar)

* Enerjiyi Sebekeye geri besleyebilme(!)

Dezavantajlari:

Daha pahali
* Yuksek frekansli harmonik icerik(Supraharmonik)

* Yiksek EMI yayilimi

Current [A]

* Yuksek kayiplar

e Daha karmasik yapi
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Supraharmonik — Gelecegin En Biiyiik Endisesi — EA Sarj Istasyonu Ornegi
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Supraharmonik — Gelece@in En Bilyiik Endigesi

Frequency band [kHz] Limit [%] Frequency band [kHz] Limit [%] Frequency band [kHz] Limit [%] 9.0 - 30.0 kHz: 129.5 dB(uV) | < 1 122.0 dB{pV)
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Cozuim: Empedans Yonetimi

V. SUMMARY

A theory 1s presented for harmonics created by resonances in
converter-grid systems. This type of harmonics 1s becoming
increasingly common in renewable energy, HVDC and other
systems involving grid-connected converters. The process by
which such harmonics are created starts from an initially
unstable resonance which leads to growing harmonics at the
resonance frequency. The growing harmonics and the resulting
reduction in the fundamental current due to converter control
action cause the converter impedance to change, which, under
the right condition, moves the system towards stable operation.
This process will eventually bring the system to a critically
stable operation point with stable harmonics at the resonance
frequency. Small-signal sequence impedance models can be
used to quantitatively describe this process and to determine the
resulting harmonics.

The theory presented here also provides a fundation for
developing solutions to this new type of harmonics. Solutions
to conventional harmonic problems include passive and active

filtering, as well as eliminating the generation of harmonics
from nonlinear sources, e.g. by using PWM rectifiers to replace
diode rectifiers. These solutions will not work for harmonics
created by resonance. Instead, since impedance 1s the root
cause, development of solutions to this new type of harmonic
problems must focus on modifying system impedance such that
all resonances are properly damped. This can be achieved by
using passive components or active control, so the
implementation of damping may appear to be similar to
harmonic filtering, but the design criteria and models to be used
are very different, as has been demonstrated in a number of
recent publications, see e.g. [20].

Referans:

A Theory for Harmonics Created by Resonance in Converter-Grid Systems, 12
September 2018, Published in: IEEE Transactions on Power Electronics, Prof. Jian
Sun




Cozuim: Empedans Yonetimi
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Cozuim: Empedans Yonetimi
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