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Yalitim Koordinasyonu

Dalga bicimi
Genligi
Frekansi
Periyotu
Suresi
Kutbu

‘ Konumu

[ d11ULIT] Yonu, ...

Asiri Gerilim

Yalitim

Asin Gerilimden
Korunacak Nesneler, '

Ve . Balaler \
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Asiri Gerilimden

Devreler, Canlilar Koruma
insanlar, hayvanlar, bitkiler, binalar, Malzeme tiirt, boyutu, bicimi, konumu, kogullar, ...
konutlar, fabrikalar, okullar, kuleler, Koruma Yontemleri ve araclar,
kopriler, tarihi eserler, yapilar, ... Secimi, kurulumu, denetimi, bakimi

Topraklama, espotansiyelleme
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konutlar, fabrikalar, okullar, kuleler, Koruma Yontemleri ve araclar,
kopriler, tarihi eserler, yapilar, ... Secimi, kurulumu, denetimi, bakimi

Topraklama, espotansiyelleme



/’ﬂ

A§1r1 Gerilimden Korunma

* Asiri gerilim kaynaldar
e I¢ asin gerilimler
* Anahtarlama darbeé gerilimi (SIV: Switching Impulse Voltage)
* Dis asiri gerilimler"‘?

* Yildirim darbe geriiimi (LIV: Lightning Impulse Voltage)
 Korunacak nesneler

* Koruma yontemleri ve araclari

* Yalitim koordinasyonu (esgudimii)



TR

Elektriksel Bosalma Turleri

Asir gerilim
Gerilim

Ylizeysel kismi
bosalma

Ic kismi Atlama

bosalma



Asir1 Akimdan Korunma

Asir1 Akim
Akim

[s1k, ses, 1s1, kimyasal tepkime,

Gerilim elektrotermal, elektromekanik

Malzeme, etkiler
Devre,
Nesne, [sinma, Genlesme,
Canh Yumusama, Erime,
Direnci Yanma, Patlama



Yalitim

* Yalitim (ses, 151K, su, elektrik alan, gerilim, ...)
e Yalitkan: Yalitim malzemesi

L

Vakum

(seri, paralel, egik, karisik)



Gerilim
2
Gerilim: Potansiyel farki lu=v,-v,
* Potansiyel: Bir referansa gore elektriksel konum Va ._XV
* Referans: Toprak, notr, diger faz, govde, sase, ... U Vg

Referans (Reference)
Fazlararasi Faz-Notr

I L1. R A * Referansa gore gerilim
URS URT“UR — .- Y .
12,S,B + ~ * Faz - notr gerilimi
JUsr Us b .
] L3,T,C _ * Faz - toprak gerilimi
Ur
- Notr (N) * Faz - faz (Fazlar arasi) gerilim
PE + N = PEN . _ N
Toprak (PE) * Anma gerilimi (nominal gerilim)



Gerilim, u(t)

[V]u

e Isletme gerilimi Uny: Tepe deger

* Izin verilen en yiiksek isletme gerilimi /J\
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Gerilim

u(t) = U,, sinot

U.: Etkin deger

(rms value)
/*\

* Yiiksek gerilim

* Asiri gerilim

* Asir1 akim

* Gerilim turleri (t: zaman; T: periyot; f: frekans)

“Periyot, T = 1/f [s]

[
>

Zaman, t [s]

f: Frekans [1/s] veya [HZ]

 Alternatif gerilim (0,1 Hz, 50 Hz, 10 kHz, 900 MHz, 1800 MHz, 2100 MHz)

* Dogru gerilim (+, -) (sabit, dalgali)

* Darbe gerilimi (yi1ldirim, anahtarlama) (+, -) (tam,

kesik)



Asir1 Gerilimden ve Akimdan Korunma

Asin gerilim ve akimlardan elektrikli ve elektronik aygitlar kolaylikla etkilenip
hasar gorebilirler.

Asiri gerilimlerin kaynaklari

Kaynaklari bakimindan asir1 gerilimler iki sinifa ayrilir:

 LEMP (Lightning ElectroMagnetic Pulse) - Yildirim kaynakl asir1 gerilimlerdir.

 SEMP (Switching ElectroMagnetic Pulse) - Anahtarlama kaynakli asir
gerilimlerdir.
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Gerilim, u(t) ) « Yildinm darbesi 1,2/50
(Voltage) 4 Um: Tepe deger Lightning Impulse (LI)

1.0 o (Peak value) « Anahtarlama 250/2500
0,9 ¢ -—=¢

Switching Impulse (SI)
Cephe, alin 4 c Sirt, kuyruk

Front o5 Sy | A °‘Q
A

0,3 ¢-2
0 /
T Zaman, t [psf

4> .
T4 Time
— T2 R T1=T/06




Yildirim Bulutu
Kimiuli-nimbus

Cap: yaklasik 10 km
Yukseklik: yaklasik 14-15 km
Hiz: 5-10 km/h

Yildirim

Yerytuiziindeki ortalama elektrik alana:
Iyi havada: 100 V/m = 0,1 kV/m
Firtinali (yildirimli) havada: 15-20 kV/m
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Bulut ici Yildirnmlar
Bulutlar
Arasi

Yildirimlar

=5
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Yildirim Thrleri

W@

1. Bulutici (IC: Intra-Cloud)
2. Bulutlararasi (IC: Inter-Cloud) (C2C) | o480
3. Buluttan havaya (IC)

4. Bulut-yer (CG: Cloud to Ground)

Bulut-yer yildirimlari, elektriksel bosalmanin
gelisme yontuine (yukari veya asagi) ve gelisen
yuklerin kutbiyetine (pozitif veya negatif
olmasina) gore dort turdiir.

4.1. Negatif buluttan yere (% 70-90); (C2G)
4.2. Pozitif buluttan yere (% 10-30) (C2G) | %20
4.3. Negatif yerden buluta (G2C) 0
4.4, Pozitif yerden buluta (G2C)

+ 4+ + + + +




Yildirimin Ozellikleri

Yildirim, yliksek akimli, yliksek gerilimli, en buiyuk aciklikta gerceklesen
glicli bir elektriksel bosalma olayidir.

Yiiksek akimli (2 kA - 400 kA)

Yiksek gerilimli (100 MV - 1000 MV)
Cok gticlu (200 GW, 400 TW)

Hizl1 (m/mikro saniye - m/mili saniye)
Guriltali (> 120 dB)

Cok parlak (> 2000 lux)

Cok sicak (~30000 °C) ...
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Yildirimin Etkileri

Yildirimin Dogrudan + Dolayl etkileri

1. Termik (1s11) etki
(Joule kaybi1 nedeniyle ortaya cikan 1s1), (yangin, erime)

2. Termodinamik veya elektrodinamik etki
(sekil degistirme, deformasyon)

3. Elektromanyetik etki (endtiksiyon etkisi)

4. Akustik etki (gok gurultisi) (yaklasik 10 km'ye kadar)
5. Gorsel etki (1s1k etkisi) (simsek)

6. Elektrokimyasal etki (Ozon, NO)

7. Canlilara (insan ve hayvanlara) etkisi
tehlikeli yaniklar, kas kasilmalari, kalp ve solunum sorunu, adim gerilimi
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Yildirimdan Korunma

* Atmosfer kaynakli asir1 gerilimler,
yildirimin dogrudan ¢arpmasindan, yakina
diismesinden ve elektromanyetik alanindan
kaynakl gerilimlerdir.

20010 o e Direk yildirim akimi
10/350 ps

* Darbe akiminin karakteristik buyuklukleri
(tepe deger, ylikselme hizi, yuku,
ozenerjisi) 10/350’lik darbe akiminin dalga
sekli lizerinde aciklanabilir.

_, Endiklenen yildirim akimi
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* Bunlar uluslararasi (IEC, EN, ...) ve ulusal
(TS, BS, ...) standartlarda dogrudan yildirim B0ps 200ps 350 ps e e Hroall
carpmasl durumunda koruma icin
bilesenler ve aygitlar icin deney akimlari
olarak tanimlanmistir.




Direct/close-up strike

1 Strike in outer lightning protection,
' Process framework (in industrial plants),
Cables, etc. 'Za'é

/1 2) Voltage drop at

\.=/ surge grounding resistance R_,

b Induced voltage in loops E
(1)

20 kV

Remote strike:

. Strike in medium-
' voltage overhead lines

Overvoltage transformer
\ waves on overhead lines,
" as a result of

cloud-cloud lightning strikes

(2¢) Fields of lightning channel
IT system —




Yildirimdan Koruma Duzeyleri (LPL)
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Yildirimdan Koruma Bolgeleri (LPZ)




Yildirimdan Korunma

Lightning Description
protection
zone

Oa Zone where objects are exposed to direct lightning st
and must therefore ¢ :.rru thw whole lightning current.
undamped \,le:tra_.n'a;uwtm field occurs in this case.

-

rikes
t. The

O Zone where objects are not exposed to direct lightning strikes
but where the undam ped electromagnetic field still occurs.

Zone where objects are not exposed to direct lightning strike
and in which the currents are reduced cc ompared to Zone El;;‘.
In this zone, the electromagnetic field may be damped,
depending on the insulation measures implemented.
significant reduction in the conducted currents and/ or the
ctromagnetic field is required, subsequent zones must be
up. The demand on these zones must be geared towards

fa

he required environment zones of the system to be protected.




Binadisi

Yildirimdan

Korunma

Time —=
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- Yildirim

Yuvarlanan Kiire
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*
Y

Korunan hacim




Binaici Yildirimdan Koruma

Darbe Dayanma Darbe Dayanma Actklama
Gerilimi Sinifi Gerilimi ¢

IV 6 kV Dagitim panosunun ust tarafinda olan aygitlar i¢in

Sabit sistemin pargasi olan cihazlar icin (6rnegin

2L dagitim panolari)

Normal darbe dayanma gerilimi cihazlari icin

2,5kV (6rnegin ev aletleri)

1,5kV Cok duyarh cihazlar i¢in (6rnegin elektronik cihazlar)

Alman Taslak Standardi1 | Uluslararasi Standart Avrupa Standardi Actklam
VDE 0675-6 IEC 61643-1 EN 61643-11 ¢lklama

Parafudr

Class B Class I Type 1 (Lightning arrester)

Dagitim i¢in SPD

Class C Class II Type 2 (Surge Protective Device)

Uc¢ cihazi i¢cin SPD
(Surge Protective Device)

Class D Class III Type 3
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SPD Koordinasyonu




SPD Koordinasyonu

Protec-
tion Designation Protection level
stage

Arrester

1+2 combination

Device protection




Hated surge withstand capability and overvoltage class _:_
acc.to DIN VDEO110 Par 1 -
6 kV [4 KV {2.5 kV 1.5kV
v Il _ I
\_\/ S~ \//
g - - .
Y (Y —e— ()Y H-
? ( J \_\

7777 \ SE M
400 Vv

v | vl Y

N

/_.'/-“'\\ - / ’\_“ - / "“\\
B | C ' l D
Protection <l kV <15 kV <1.3 kV

Hequirement category acc. to E DIN 0675 Part 6/A1
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Yildirimdan Koruma Bolgelerine Gore
SPD Secimi

Zone transition Designation

LPZ 0, = LPZ 1 Lightning current arrester

LPZ0, » LPZ 1 Surge protective device

LPZ 1= LPZ?2 Surge protective device

LPZ2—» LPZ3 Device protection



air-termination system

[t
|
I
|
l
l
l ventilation terminal device
l jé
l
l
l
l
l
|
| A— U
'I )y '1 : u
|.v. power . _/\/\_
supply system <' S
.
ol foundation earth electrode
IT system ' l ________________________________
N\_steel reinforcement
ﬂ Lightning equipotential bonding Lightning equipotential bonding Lightning electro- 1PZ | Lightning
Lightning current arrester (SPD Type 1) Lightning cument amester magneti pulse protection zone
ﬂ Local equipotential bonding Local equipotential bonding _J s’;.; > Switching electro-
Surge arrester (SPD Type 2, SPD Type 3) Surge arrester +. 77 magnetic pulse
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LPZ0g

Power-
engineering
system

Lightning protection
equipotential bonding
Lightning conductor

IT system (1) Local equipotential bonding
Surge arrester



Sebeke Turu

TN-C system TN-S system
L1

L2
L3

Applications in the TT system




Surge arrester

Minimum cable lengths:
» 5 mif PE conductoris
not integrated in cable

= 15 mif PE conductor is

integrated in cable I

Or: application of a
decoupling reactor




= TN-C system
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* consumer’s circuits A electronic equipment

® ®
— [
meter heating antenna line
- N
® ®
service lJJ
entrance box
\\

gas

water

Fig.7.5.2.4 Intemal lightning protection with a common entry of all supply lines
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Yildirimdan Korunma

Lightning protection level Lightning impulse current carrying capability

LPL in TN systems in TT systems in TT systems
(former: Type of LPS) (L -N) (N - PE)

71V =50kA/m =50kA/m

m: Quantity of conductors, e.g. for L1, L2, L3, Nand PE; m=5

Table 7.5.2.1  Required lightning impulse current carrying capability of surge protective devices SPDs Type 1 according to the lightning protec-
tion level LPL and the type of low voltage consumer’s installation




Darbe Koruma Duzeni (SPD) icin
Temel Buyuklukler

* Anma gerilimi (Uy)

* Anma yuk akimi (1)

* Kisa devre dayanma kapasitesi (ISCCR)

¢ Maksimum surekli gerilim (U_) (anma geriliminden en az %10 ytksek gerilim)
* Gerilim koruma duzeyi (U,)

* Darbe bosalma akimi (I;,,,) (10/350 ps)

* Anma bosalma akimi (1) (8/20 ps)
* Yukstz gerilim (U,.) (1.2/50 ps)-(8/20 us) karma darbe deneyi



Nominal voltage of the
power supply system
(mains) according to

IEC 60038

Three- Single-
phase phase

v \'

120 — 240

230/400
2771480

400/690
1000

Conductor-neutral
conductor voltage
derived from the total
nominal AC voltage
or nominal DC

voltage

\%

50
100
150

300

600
1000

Rated
surge voltage

Overvoltage category

\' \' \'

330
500
800

1500

2500
4000

Table 3: Overvoltage categories based on the nominal voltage



Yildirimdan Korunma

* Enduklenen asir1 gerilimlerin enerjisi ve sonucu olan darbe akimlari, dogrudan
yildirim ¢arpmasindan kaynakli akimlardan daha kicuktir ve 8/20 darbe akim dalga
sekliyle tanimlanirlar.

* Dogrudan yildirim carpmasi akimlarini tasimayan aygitlar ve bilesenleri, 8/20’lik
darbe akimlari ile denenirler.

Darbe akimi ornekleri

Test pulse current for

2 lightnung arresters

4 Test pulse current for
lightning conductors




external

lightning
protection
system lightning current arrester surge arrester I—-— —
- . terminal device
Y/L SPD class Y/L SPD class (severity 1)

combined lightning current and surge arrester

]
""""" shielded cable |
_
— terminal device
1 Y/L SPD class (severity 1)

Fig. 7.6.3.1 Combination aid for Yellows/Line SPD classes (see also Figure 7.8.2.2)



o, H : : () Primary source of interference defined
C 6 & peimary sourc of Infarferance Ho according to the chosen lightning protection

H, level by

m IEC 62305-1 (EN 62305-1):
lo and Hy: impulse 10/350 ps and 0.25/100 ps

hield
e LPZ2. (©) Electronic system (susceptible device) defined
4 by the immunity against conducted (U, I) and
O radiated (H) lightning effects:
Va N
electronic system  — |EC 61000-4-5:

(susceptible device) partial U: impulse 1.2/50 ps
lightning I: impulse 8/20 ps

\shield (enclosure) current

|EC 61000-4-9
H: impulse 8720 ps, (attenuated wave 25 kHz),
Tp =10 Hs

|EC 61000-4-10:
H: (impulse 0.2/5 ps), attenuated wave 1 MHz,
Tp =0.25 ps

Fig. 7.7.2.1 Electromagnetic compatibility in case of a lightning strike




. air-termination rod system cable
|l gcamera monitor

\ camera

inclination and
swivel head

control cable

inclination and

swivel head junction box

coax or two-wire cable

control board

| ZZZZza
rraterd

o ol

junction box -

\control cable \230V power cable

electrical distributor

meshed earth termination system

() Surge arrester () BUTZDUCTOR XTML4BEHFS () BLITZDUCTOR XT ML4 BE...
DEHNguard modular for two-wire cables or (e.q.24V)
UGKF BNC for coax cable

() Combined lightning

current and surge arrester
DEHNventil modular

Fig. 9.7.1 Video surveillance system — Lightning and surge protection




system cable monitor
camera

camera control board

inclination and ey
air-termination rod —— swivel head = ’

control cable

inclinationd

and swivel head S
junction box

coax or
two-wire cable

junction box

control cable 230V power cable - —
. - electrical distributor

O Surge amester o BLITZDUCTOR XT BXT ML4 BE HF 5 O BLITZDUCTOR XT BXT ML4 BD...
DEHNguard modular for two-wire cable (e.g.24V)
or UGKF for coax cable

Fig. 9.7.2 Camera for video surveillance in the protective area of the
air-termination rod Fig. 9.7.3 Video surveillance system — Surge protection




Yildirim Elektromanyetik Alani

field of the field of the

lightning lightning
channel | channel

= — ——y Hy—~~>

{ L P -.’---’h—"-

without shield with shield

| Hy= —H0__

Hp= =
°7 2xs, 10 SFy/20




Ekranlama

Material Shielding factor SF (dB) w = mesh size (m)
25 kHz (first short strike) 1 Mhz (subsequent strike) (W <5 m)

Shielding material p.iINQ2m

COPPET. | 20.1og (8.5M) | 20-log (8.5W) |r = rod radius (m) Copper 17.241 . 109

(8.5/w) u,= 200 Aluminium 28.264 - 10°
20 - log (8.5/w) |(permeability) Lead 214 109

Steel 138- 10°
Table 7.3.1.1  Specific shield resistance p,_ for different materials

Steel 20-log

V1+18.10% /12

Example: Steel lattice

w (m) r(m) dB at 25 kHz dB at 1 MHz
0.012 0.0010 44 57 Examples Electric strength

0.100 0.0060 37 39 LV cable DKV
i . TC cable 5 kV

0.200 0.0090 32 33 TC subscriber’s side 1.5 kV

0.400 0.0125 26 27 Measuring and control equipment|  0.5-1kV

Table 7.3.1  Magnetic attenuation of lattices at a nearby lightning strike acc. to IEC 62305-4 Table 7.3.1.2  Electric strength
(EN 62305-4)




Es Potansiyel Bara- Topraklama

Topraklama Sistemleri

Yildirimdan koruma sistemlerinde topraklama,
cubuk, halka ve temel topraklamasi seklinde olabilir.

Topraklama sistemleri iki ture ayrilir.

1. A turu topraklama
- Yiizeysel topraklama
- Derin topraklama

2. B turu topraklama
- Halka topraklama
- Temel topraklamasi




Izlediginiz icin sagolun ...




