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Zakaj EMC?

http://www.compliance-club.com/archive/old archive/Bananaskins.htm
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Banana skin #1

A (CE marked) portable PC carried up the stairs in a domestic household whilst
operating, reliably caused the "power shower" in the bathroom to turn itself off if it
was in use at the time. (Personal communication in 1997)
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Banana skin #2

When a piezo-electric cigarette lighter was lit near the cabinet of a car park barrier
control box, the radiated pulse caused the barrier to open and drivers were able to
park free of charge.
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Banana skin #3
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Excessive mains harmonics in the London area, due mainly to the rapidly increasing use of personal computers, are causing
overheating problem in AC power cables (including those that run under the Thames). In the offices where the computers are, it is
increasingly common for the power-factor correction capacitors normally fitted to fluorescent lamps to blow (the electricians
usually just remove the blown capacitors). Damaged and overheated neutrals, and damaged electrical switchgear is increasingly
seen as a result of harmonic mains pollution. In the US, fire insurance companies are being urged not to take on any new policies
unless they have had the size of the neutral cables in the company concerned checked for their adequacy for the heating effects
of harmonic currents. (Personal communications, January 1998)
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Banana skin #4

Catastrophe with H.M.S. Sheffield during the Falkland crisis. An Exocet missile hit this frigate
because its search radar was switched off (so its anti-missile guns couldn’t be used — Editor) It
was switched off because it was known that the satellite communication system was interfered

with by this radar.
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Osnovna delitev EMC podrocja

Motnja/ J B Prevodna (Conducted)
emisija e Sevalna (Radiated)

Odpornost/< e Prevodna (Conducted)

imunost e Sevalna (Radiated)
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Standardi s podrocja EMC

* Osnovni standardi
= |EC 61000-1-1: Definicije izrazov
IEC 61000-2-x: Definicije okolij
IEC 61000-3-x: Omejitve emisij
IEC 61000-4-x: Imunost na sevanja in razelektritve
IEC 61000-5-x: Priporocila za povezovanje in ozemljevanje

* Genericni standardi za posamezna okolja uporabe

o |munost
 |[EC 61000-6-1 (domaca, komercialna, lazja industrijska)
 |[EC 61000-6-2 (industrijska)

o Emisije
 |[EC 61000-6-1 (domaca, komercialna, lazja industrijska)
 |[EC 61000-6-2 (industrijska)

O
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EMC razredi naprav

EMC 22.3.2017

Razred A

Razred B

* Uporaba
= industrijsko okolje
* Nadziran dostop

- Casovno omejena izpostavljenost
uporabnikom

 Kvalificirani uporabniki
* Vecje razdalje med napravami
* Dopustno sevanje je vecje

o + 10 dB glede na razred B

* Uporaba
= Domace okolje
= Komercialno okolje
= Lazja industrija
* Neomejen dostop in uporaba
* Nekvalificirani uporabniki
= Siroka potroénja
* OstrejSe zahteve za sevanje




NACRTOVANJE ELEKTRONIKE ZA EMC

EMC 22.3.2017

Omejitve prevodnih RF motenj (< 30 MHz)
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Tim Wiliams, EMC for product designers
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Omejitve sevalnih RF motenj (> 30 MHz)
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Doseganje EMC

Resitve in cena

Resitve na voljo

Faza tesitranja

Cena

--l--‘-‘-‘-‘-l-.-'-'—'—-—-_

L

Faza v razvoju
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Model EMC

* Model, s katerim se prikaze elektromagnetne
motnje, ima tri osnovne gradnike:
@ jzvor sevanja (motenj),
o sprejemnik,
o povezava med izvorom in sprejemnikom.

Povezava

Naravni * Prevodne » Bioloske
Umetni » ElektriCno polje  Umetne
Namerni * Magnetno polje

Nenamerni « Elektromagnetno polje
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lzvori motenj

VF potenciali VF tokovne zanke
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lzvori moten|

* Vprasanja:
= Kje teCe tok?
o Kje so napetostna
nihanja?
= Kaksna je frekvencCna
vsebina toka, napetosti? T2V dB/dek
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Povezava - mehanizmi sklapljanja moten]

Radiated, caseto —

mains cable ”

- W= == = = - - =

Source equipment

Peripheral

/
! Conducted,
! across common

,' earth impedance
I {
\

\\ Conducted,

-~

i ;adiated, \\sﬁ//

Radiated,
cable to cable

case to case

\ across common
‘ mains impedance

~
e - e - -

e —— 9
External mains interference

Victim equipment

Tim Wiliams, EMC for product designers
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EMC razdelitev glede na vire in sklope

e Sevalne
e Prevodne
e NF magnetna polja

Hitri prehodni pojavi (FTB)
Prenapetosti (Surge)

Elektrostati¢ne izpraznitve (ESD)
I m u n OSt Sevalne motnje

Prevodne motnje
NF magnetna polja
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Kapacitivni prenos motenj (prek E polja)
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Induktivni prenos motenj (prek H polja)
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EMC meritve sevalnih emisij v bliznjem polju

o =
T T r
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Antene za bliznje E polje (precompliance)

Merilni
instrument

Skupaj
Zaspajkano

Dipol

/L‘-l—

Merilni
instrument

Oklop

Dielektrik

Notranji voc@ ,

Gjorgji Nusev, Diplomsko delo, 2014
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Antene za bliznje H polje (precompliance)

W = .
Osnovna zanka Oklopljena zanka Oklopliena zanka z rezo
A B C

Gjorgji Nusev, Diplomsko delo, 2014
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EM scan / Detectus
Real-Time Printed Circuit Board - PN

EMC Measurement Detectus AB

Agilent Technologies
and EMSCAN
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Detectus
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Detectus

——
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Primer nizkih emisij
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Prenos motnje preko EM polja

r(m)

d (m)

E-field H-field

Near field Far field

plane of E-field

Radiating direction of
source propagation
Il NI DD DS b . +

plane of H-field

ratio E/H is constant
complex field

geometry, ratio
E/H varies with
position Electromagnetic wave

Tim Wiliams, EMC for product designers
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Prenos motnje preko EM polja

Agresor —

SN

. Zrtev
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Prevodno-sevalni prenos moten]

Napaianie Elektri¢ni tok z Agresor
pajan) motnjami 8
Y /
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Diferencialni in sofazni signali
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Diferencialne in sofazne motnje

e lam(f?Ld
Ean2 Edmpaus () = 131 1071 =222 V/m
Eam I 2Ld
W J Edmmaks(f) = 2,63 ’ 10_14 dm(f}gf V/m
NV o] dm Egm
L
/ "\ I L
l’.:m T Ecm E.p, . (f) =1-10"7 cm(f)f V/m
T maks R
Ecml Em.,
L4 d

Y
¥

R
C. A. Balanis, Antenna theory: analysis and design. John Wiley & Sons, 2012.
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Primer vira diferencialne motnje na TIV

Radiated emission

.’

lllIllII’

Current IS Loop of area A, formed by signal and return tracks

Tim Wiliams, EMC for product designers
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Primer vira sofazne motnje na TIV

ground connection
may be via stray
capacitance

Cable

Radiated emission

Ground plane

3

=

ground noise voltage V)

common-mode current |

Tim Wiliams, EMC for product designers
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Primeriava diferencialne in sofazne motnie

SR A W R s Intel AP-711, EMI DESign Techniques

* Signali na PCB * Signali na povezovalnem kablu
= Majhne tokovne zanke (A) = Velike dipolne antene (dolZine
s Protifazni zan¢ni tokovi (I) L)
o E, =263-10"1 IdmRAf2 = Sofazni tokovi 511) .
- I =1mA,f = 100 MHz, A = * By =1 1077
1 sz - [1=0.8 ,uA,f = 100MHz,L = 1m
g BV . F=926%
* E=26—@1m E=26—@1m

uv 26
26E = 20 -log T)= 28 dBuV/m
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Feritni obrocek
O\

Gl

\~~
~
~
______

Diferencialni (koristni) signal Sofazni (motilni) signal
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Kitajska tablica z dvomljivim CE znakom
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Meritve sevalnih emisij - komora

Antena

3 ali 10 metrov

A
v

— Lesena miza

Visina antene 1-4m. DUT
Obe polarizaciji /

Kovinska tla Vrtljiva mizica



Meritve sevalnih emisij — neodbojna komora

\ aae ,H""'"’ |
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Meritve sevalnih emisij - GTEM celica

50 ohm terminator

EUT test volume area

Septum
Coax to septum
transition point : EUT
H, H,
rg

I 1

|/ 2
Coaxial input / /

Rotational manipulator RF absorbers

(anechoic material)
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Meritve sevalnih emisij - GTEM celica
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Prevodni prenos motenj preko skupne mase

Agresor /rtev

+

Renp /N

Y

Usno = Reno * (11+15)
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Prevodni prenos motenj iz napajalnih linij

[1+1; R l1
> ®
+ +
Napajanje| U U-2R(I1+15) Agresor
- l1+I2 R - Il
- L -
5
|
/rtev
-
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Primer prevodnih motenj

signal cable
____________________ -
isolating transformer |
N __ | mains
o Cc switching | | cable
circuit | | supply
ke '
ViNeet 1 | | | N(L\
< > oV - DM @, N
I
- TVNsupply E
—_— C | —_— C |
L______S _____ c M_E _____ __S__l
A\
measurement
measurement
O //
Figure 5.14 Coupling paths for conducted emissions ©

Tim Wiliams, EMC for product designers
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Meritve prevodnih emisij - LISN
LISN 50 pH

Mains
S0 Mz

R1 R2

ARTIFICIAL MAINS NETWORK L2-163
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Meritve prevodnih emisij - LISN

c *
v
>
e *
r

- B - \
. - \
s = 5
= .
“
5
.- r! -
P o LN
—= - " " [
- - e - &
& e I. l

Slikano na SIQ pri meritvi emisij vezij iz EMC delavnice
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Meritve prevodnih motenj- domaca izdelava
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Odpornost

Sevalna Prevodna
e VF EM polja e Prehodni pojavi
e Elektrostati¢na ‘ (Hit”)preh"d”i pojavi
, , FTB
izpraznitev (ESD) e Prenapetost (surge)
e NF magnetna polja o Elektrostati¢na

izpraznitev (ESD)
e Pojavi vomrezni
napetosti
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Odpornost na sevalne motnje — (reciprocnost)

Field coupling with internal

\\——// wiring and components

\l f Vietim
~—

/ ( < possible standing
/ wave in enclosure
7 \\E__ l/

Field coupling to cable induces common-mode ~__
current at input to circuit E

Tim Wiliams, EMC for product designers
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Hitri prehodni pojavi (Fast Transient Bursts FTB)

* Hitri signali, vlaki impulzov

* Vklopi/izklopi EuT [ves | EUT 2
= Preklapljanje stikal v —
blizini - o g | ZZEZTIT] e -, —
* |Induktivna bremena F AT , ,
= Motorji in releji T e Capackivs coupting lamp

= Balasti fluorescencnih Figure 3C The standard EN 6100044 waveshape

sijalk
* Vsopih kablov se ob st evel specifiea
preklopih motnje I
kapacitivno prenasajo z 3 1
vodnikov, ki napajajo “1% \
mocne porabnike na ¢
ostale J.,‘
* Posredni udarci strele, I,
mnogokratni odboji na — e — m
povezovalnih linijah , i ,
e e =
| transient puive (a1 SKHz rate) 00ms

http://www.compliance-club.com/pdf/EMCTestingPart3.pdf
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Prenapetost s (1)~

* Nizkofrekvenéni moénostni - E— T
impulzi. L —
o Preklopi v omrezju M *
= |zolacijski problem PE it
omrezju 'Lli Earth referance
. Vklopi/izklopi mocnih Coupling Line o Line
porabnikov
. Figure 3K The EN 61000-4-5 ‘combination wave'
= Pregorevanje varovalk W
= Udarci strele o e |

* Moc in energija pulzov je
dovoljsna, da povzrodi
eksplozije elementov v
napravi

* AC vticnica v stanovanju

s 3 x 6kV prenapetostnih
pulzov na leto!

Max. 30% undershoot

http://www.compliance-club.com/pdf/EMCTestingPart3.pdf e,
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Elektrostaticne izpraznitve -

Air

Human Skin
Glass
Human Hair
Wool

Fur

Paper

~

\ positive

Neutral

Cotton
Wood
Hard Rubber
Acetate Rayon
Polyester
Polyurethane
PVC

PTFE

negative

Tim Wiliams, EMC for product designers
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L Synthetic
Voltage
kV
57 Wool
W
0
0 25 50 75 100

Relative humidity %

Filgure 3P The standard EN 61000-4-2 current waveshape

For an 88V peak dincharge, 100% current = 30A

A /‘ kv 2.5A
K Ky 184
I 2KV 7.5A
100%
% of maximum
curront discharge o
measured into the
stancard 20) target
) o
;m] v
+ -
26.7% ’ J |
Ay 3  ns
0 20 40 80 80
0.7 ~1ns

30ns 00ns
- - e

i
}
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Elektrostaticne izpraznitve

coupling plane direct discharge \3\

\

Circuit

TN

/ - enclosure

Transient current paths

Tim Wiliams, EMC for product designers
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Sekundarne izpraznitvene poti

secondary discharge current

through PCB
primary discharge \

event /
primary discharge current / L

through enclosure ‘/7\'

secondary discharge
enclosure to PCB

)

Tim Wiliams, EMC for product designers
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Elektrostaticne izpraznitve (ESD)

Figure 3U A modified plezoelectric gas lighter ‘ESD gun'

Barrel conmected to 2 metre earth lead
gmmwmm)

| Centre conductor /(

extendad (of outer
barrel cut back)
'

|
./ :

%
\
' Add Insulation to prevent
‘ centre conducior from
____sparking to barrel

R

o

"
-
N

http://www.compliance-club.com/pdf/EMCTestingPart3.pdf
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Ostale tezave z odpornostjo naprav

NF magnetna polja Tezave v omrezni napetosti
* Indukcija v sklenjenih zankah * Visji harmoniki
o Transformatorji * Nihanje napetosti, kratki in daljsi
= Stikalni napajalniki izpadi in prekinitve napetosti
(transformatoriji) * Neuravnotezenost trifaznega sistema
= Najpogostejse pri 50 Hz * Komunikacije prek napetostnega
- Zailita omrezja
= Qklopi iz visoko permabilnih * Spremembe frekvence omrezne
materialov napetosti

Harmonic distortion Level fluctuation

L AAAAAANAL  AAATA
YV VU

<—.°<—>‘D

AN ANEIANEN AN

T

_— _
Dip Interruption
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Resnica

"Some of the worst printed circuit
boards we've seen were designed by
engineers who were trying to comply
with a list of EMC design rules.,

Todd Hubing
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Level in dBpV/m
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http://Ipvo.fe.uni-lj.si/izobrazevanje/seminariji/nacrtovanje-elektronike-za-emc/
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