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Todays topics

What is EMC?

Some basic concepts

Rules, regulations & standards
Practical examples
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What is EMC / EMI?

Electromagnetic compatibility: the ability of an equipment or
system to function satisfactorily in its electromagnetic environment
without introducing intolerable electromagnetic disturbances to
anything in that environment. (IEC 61000-1-1 1992)

EMLI is the opposite of EMC
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EMC triptych & EMI

EMC and power quality

= DC-400GHz




SOME BASIC CONCEPTS
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Grounding earthing and bonding

Grounding: US English for Earthing

Earthing: Magical drain for
disturbance currents?

Bonding: The connection between
different components to reduce
potential differences between them

Earth Ground Chassis Ground Signal Ground

T 4V
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Equipotential

Hull = Equipotential plane?
As long as there are no currents

&
()

_

NOTE - Incase A, the leads are close to the plane, and
the difference of voltage indicated by the voltmeter is low. In case B, the lengthy path of the
voltmeter Isads aliows induction of an extraneous voage in the loop.

Figure 1- Demonstration of the fallacy of the "equipotentiality” concept
as a uni | rule, especially at high freq y
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A “simple” wire

— R QOQQ AR~ Q000 R~ Q000 —

——c —— ——c

R.: Resistance bonding strap
L.: Inductance bonding strap
C,: Parasitic capacitance

Pigtails / Varkenstaarten
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Wavelength & equipotential

AC Cycle A

Curent Cuamont
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sy it Lt
Equipotential is no longer possible when the dimensions
exceed 1/10 of the wavelength

| = wavelength (m)

f = frequency (Hz)

C = propagation speed m/s (300 106 m/s in air)
Figh vallage
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1/2 Wavelength Dipole

3 AN High Voltage (E)
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Differential versus common mode currents

ICM
= >
—>
R| Iem
PE PE Ugy <M




6-6-2018

Capacitive coupling

= Capacitor: two conductive parallel plates
= Wire: A very long, small copper plate

Coupling by mutual impedance
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Inductive coupling

Coupling by EM fields

u(v)

i(A)

AR

N

E (V/m)

H (A/m)

u(v)

i(A)
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Example

Current paths

11
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Current distribution in earth plane

1.2
1.0
0.8

0.6
=4=2 MHz

0.4 =200 MHz

Relative current level

0.2

0.0
0 2 4 6 8 10 12
Distance (cm)

50.39 dBpU RBU: 300 Hz [ : 200 MHz 87.74 dBuV RBU: 300 Hz
UBW: 300 Hz _ Nef: a5 A2 UBW: 300 Hz

834 ms

Center: 2 MH =F Span: 10 kHz Center: 200 MHz =T Span: 10 kHz

TRACE TRACE TRACE  TRACE-3>
MODE DETECTOR . waTH MODE  MEMORY DETECTOR

Interrupted return pad With return pad but
some resistance
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RULES, REGULATIONS
& STANDARDS

Standards, emission and immunity
10 immunity Conducted (V) | Radiated (V/m) | IEC 61000-6-3
requirements l 1 ‘ IEC 61000-6-3
u (V) A I 61000-6-1
&1 —— e Jo
E (V/m) :_
0.1 i ||
Emission limits
Safety margin 1
0.01 | ||
|
0.001 ¥ | ||
|
0.0001 ! | -
0.1 1 10 100 1000 f (MHz)
* Emission limits converted to a measuring distance of 3m
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Standards, environments
10 |ml‘nlll’|i‘|’\'l Conducted (V) |_Radiated (V/m) IEC 61000-6-3
requirements I I || IEC 61000-6-3
u(v) A I '| LI 61000-6-1
&1 ™ 61000-6-1
E (V/m) | —I|EC 61000-6-4
01 Safety margin | —IEC 61000-6-4
: — 1 —61000-6-2
Emission limits I
0.01 Y ] I
I__I
0.001 l
| [
0.0001 ! T
0.1 1 10 100 1000 f (MHz)
* Emission limits converted to a measuring distance of 3m
Standards, challenges
| i 61000-6-1
10 llluullu.y CGHWWIW% 61000-6-1
reguirements —61800-3
U (V) I
1 === b= o == [+ — — —61800-3
. \f‘ [ Cat3>100A : —61800-3
(V/m) —61800-3
0.1 l Protection-of-wireless=——————-—— =61800-3
Cat3< 100A I communication —61800-3
0.01 - 71 . | | —61800-3
Emission limits 2 // \\!
0,001 L~ a1~ [ Cat3 | ]
| Cat1l I_
0.0001 7 —
0.1 * Emission limits cé‘nverted to a measuring ]dgtance of 3m 100 1000 f (MHZ)
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Example

= Navigation lights were compliant
= Disturbances stop when lights are switched off

= Aerials are placed at 10 to 50 cm from navigation lights;

Reported by
IMO [3]

Rational VHF requirements

15 meter

A

:ﬂ_‘- ) *
\ll/
3 meter

P - —

A\ i

65 pW EIRP QP in 9 kHz 24 dBpV/m
15 pV/m

N

v

3 uV/m
9.5 dBuV/m
1uV (4.9dBi)
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EMC directive

= 89/336/EEC: No reference to risk
= 2004/108/EC: No reference to risk
= 2014/30/EU: 17 references to risk
= The manufacturer shall establish the technical documentation. The documentation
shall make it possible to assess the apparatus conformity to the relevant
requirements, and shall include an adequate analysis and assessment of the risk(s)
= 2014/53/EU: Radio equipment directive
= Replaces the EMC directive for all electrical or electronic product, which intentionally
emits and/or receives radio waves for the purpose of radio communication and/or
radiodetermination,

SOME PRACTICAL EXAMPLES

16
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Frequency converters
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Common mode attenuation

= Common mode
attenuation at
low frequencies

As long as
proper shape
transformer
core is chosen!!!
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Differential mode current

Common mode current
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Reduction of harmonics, multiples of three
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Reduction of harmonics # n*3

6 pulse 6*n + 1: X

12 pulse 12*n £ 1 X X X X
18 pulse 18*n + 1 X X

24 pulse 24*n = 1 X X
48 pulse 48*n £ 1

X X
X X

X

Generated 7 17 37 47
harmonics
X X X X X X X X X X X X X X X

X

Common mode reduction HF

&

Transformer
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Example
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Common mode attenuation

Transformer attenuation

10.0

0.0
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Damage caused by transients

Damage caused by transients

Layer: 1 23456

Transformer 4 :
Inter-layer fault between layer 2 and 3 |

Transformer 8
Earth fault, developing into inter-turn fault in laver 1
Inter-layer fault between layer 2 and 3

Transformer 5
Inter-turn fault in layer 1

22



6-6-2018

Phase shifting windings

7\

Damage caused by transients

High voltage peaks?
No:
Highest peak measured was 17
kV. For a 11 kV transformer
winding this is not high at all.

High rate of rise (dU/dt)?
Yes:
dU/dt measured as high as 130
kV/us. This is extremely high.

23
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Damage caused by transients

Eliminate pigtails

Separate wires have an inductance of 1uH/m

Coupling wire — screen, for example 50pF/m

IMHz 2> Z =6Q/m &Z-=32kQ/m  Frequency converters
10MHz > Z =60Q/m &Z =318 Q/m Radio communication
100MHz > Z, = 600 Q/m & Z- =32 Q/m FM radio / VHF radio
1GHz > Z =6kQ/m &Z-=3Q/m GSM

=00 z2ja

24



6-6-2018

Demo low impedance bonding

Unscreened cable

Screened cable
isolated from EMC
gland, earthed with

pigtail

Connection cable
to test set-up

Measurement —7
Screened cable —_— receiver with FM
properly connected to radio signals
EMC gland

Unscreened cable
/ screened cable
with long pigtail

25
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Screened cable
isolated from EMC
gland, earthed with
long pigtail / short

pigtail

Screened cable,
short pigtail /
properly connected
to EMC gland

26
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Shielding

* Faraday cage

e Openings > 0.1\ = risk

Who is to blame?

Supplier A

filters

Frequency |
converter cabinet
(couple of
hundred kW)
earthed grid, no

Hydraulic platform

MG ) //

440V

/4

Supplier C

@__ 230V

Supplier B

27
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FTL Fump pressur e
P2 iy eyl pressure
P13 Sup, l';.f|. | pressure

PT4 Sup, eyl 2 pressure

PTG Supy eyl 3 pressure

Al pressure readouts in bar

| Heydraulics it - Alarms B Irgs

The disturbance

Common mode current at pressure sensor line Common mode voltage at 440V supply voltage

28
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The standards

140

130

80

70

60
100 1000 10000 100000

f(kHz)

e |EC 61800: Adjustable speed electrical
power drive systems — Part 3: EMC
requirements and specific test methods

e |EC 61000 6-4: Electromagnetic
compatibility (EMC) — Generic standards —
Emission standard for industrial
environments

IEC 61000-6-4

=—=61800-3 Cat3 >100A

The installation

No separation between supply and signal cables

No separation in the cabinet

29
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Who is to blame?

= Supplier drives?
= Too much emission
= Separate supply grid

= Electrical contractor?
= No cable separation
= No screened cables
= No separation between supply grids

= Supplier hydraulic platform?
= No instructions for electrical contractor
= No shielded cables
= No twisted pair data cables

= Rules?

= Discrepancy between IEC 61800-3 & other
EMC standards

= No proper requirements between 2 and 150
kHz

= Client?
= No system integration

Thank you

for your attention

Questions?
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