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EMC Emissions in the Machine Industry

> European Directives

> European requirements

> US requirements

> Applicable Standard EN55011

> Applicable Standard FCC Title 47, Part 15

> Practical Examples
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Standards E.SCHURTER

Basic Requirements
European Directives

>The basic requirements for EMC are laid down in the European

directives:
- Machines directive 2006/42/EC
- Low voltage directive 2014/35/EU
- EMC directive 2014/30/EU
- Atex directive 2014/34/EU
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Standards E.SCHURTER

Basic Requirements
Machines Directive

>Chapter 1.5.2 Static Electricity: Machines must be designed and
manufactured in a manner such that any dangerous electrostatic discharges are
avoided....

>Chapter 1.5.10 Radiation: Unwanted radiation emissions from a machine
must be prevented or reduced to a level such that these have no harmful effects
on human life.

>Chapter 1.5.11 External Radiation: Machines must be designed and
manufactured in a manner such that their function is not impaired by external
radiation.

EMC for Business 2018 — praktycy dla praktykow - www.emc4b.com



Standards E.SCHURTER

Basic Requirements
EMC Directive 2014/30/EU

>Chapter 1: Protection requirments

Equipment shall be so designed and manufctured, having regard to the state of the art, so as
to ensure that:

a) the electromagnetic disturbance generated does not exceed the level above which radio
and telecommunications equipment or other equipment cannot operate as intended,;
=> Emission

b) it has a level of immunity to the electromagnetic distrubance to be expected in its intended
use, which allows it to operate without unacceptable degradation of its intended use.
=> Immunity
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Standards E.SCHURTER

ELECTRONIC COMPONENTS

Basic Requirements
EMC Directive 2014/30/EU

>Article 13: Fixed installations

(2) Where there are indications of non-compliance of the fixed installation, in particular where
there are complaints about disturbances being generated by the installation, the competent
authorities of the Member State concerned may request evidence of compliance of the fixed
installation and, when appropriate, initiate an assessment.

If it is ascertained that a fixed installation does not fulfil the requirements, the competent
authorities can issue an injunction for the taking of suitable measures to ensure conformity
with the protection requirements of Appendix 1 Chapter 1 (Slide no. 5).
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Standards 5.SCHURTER

ECTRONIC COMPONENTS

Basic Requirements
EMC Directive vs. Machines Directive

>EMC is to be taken into consideration with the safety and security of
machines.

>EMC product requirements are legally binding and defined in the
EMC directive.

>EMC requirements can also be found in other directives, e.g., in the
machines directive.
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Standards E.SCHURTER

ELECTRONIC COMPONENTS

Basic Requirements
Indices in the EMC Directive

> (13) Harmonised standards reflect the generally acknowledged state of the art
as regards electromagnetic compatibility matters in the European Union. It is
thus in the interest of the functioning of the internal market to have standards for
the electromagnetic compatibility of equipment which have been harmonised at
Community level. Once the reference to such a standard has been published in
the Official Journal of the European Union, compliance with it should raise a
presumption of conformity with the relevant essential requirements, although
other means of demonstrating such conformity should be permitted. Compliance
with a harmonised standard means conformity with its provisions and
demonstration thereof by the methods the harmonised standard describes or
refers to.
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E.SCHURTER

Standards

Basic Requirements
Listing In the Official European

(Publication des titres et des réferences des normes harmonisées au titre de la directive)

(2010/C 306/01)

i : . i Date de cessation
- Référence et titre de la norme harmonisée Référence . i -
QEN (1) i . . de la présomption de conformité
(et document de référence) de la norme remplacée :
' de la norme remplacée Note |

CEN EN 617:2001
Equipements et S}Etémes de Ynanutention continue - Prescriptions de

securité et de CEM pour les éqyipements de stockage des produits en
vrac en silos, soutes, réservoirs X trémies

the reference

15.09.2016/BLU 10
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Standards E.SCHURTER

ELECTRONIC COMPONENTS

Basic Requirements
Listing in the Official European Journal

Link to the Official European Journal (updated daily):
http://eur-lex.europa.eu/de/index.htm
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Standards E.SCHURTER

Basic Requirements
Application of the Testing Standards

>The manufacturer is responsible for knowing and applying the
standards necessary for his system .

>Should there be no product standards available for the conformity
part, the following generic standards are to be used :

IEC61000-6-1 Domestic and business | Immunity
premises
IEC61000-6-2 Industrial premises Immunity
IEC61000-6-3 Domestic and business | Emission
premises
o o IEC61000-6-4 Industrial premises Emission
X\

12
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Standards E.SCHURTER

Basic Requirements
Application of the Testing Standards

>|f a product standard exists, this should be used.

>For emissions of fixtures and fittings in the machine industry,
EN55011: 2009 is normally used.

IEC61000-6-1 Domestic and business | Immunity
premises
IEC61000-6-2 Industrial premises Immunity
IEC61000-6-3 Domestic and business | Emission
premises EN55011
IEC61000-6-4 Industrial premises Emission
/'><'\ EN55011

08.09.2017/BLU 15.09.2016/BLU _ Product Marketing 13 13
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E.SCHURTER

Standards

Applicable Standard EN55011:2015
Actual status

> Industrial, scientific and medical devices — radio disturbance
— limiting values and measurement procedures
(IEC/CISPR 11:2015, modified); German text EN 55011:2016

> The EN 55011:2015 has adopted the 6™ edition of the International
standard IEC/CISPR 11 (edition 2015) with common European

modifications.

14
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Standards SN
EN55011Classification of ISM Devices

Group 1 Group 2 ISM devices with HF
all other ISM devices effective energy O9kHz — 400GHz
Industry Industry

Class | Example: Example:

A Machine tool El. Welding machines

controls Erosion machines
Domestic / office premises Domestic / office premises
Class | Example: ' | Examples:
B Laboratory Microwave devices
equipment Induction cookers \=
Medical-scientific Dielectric heaters
® o equipment Medical equipment

/X

with HF application
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Standards 5.SCHURTER

Applicable Standard EN55011
Measurement Setup Emission

> Measurement of the disturbance voltage at the mains supply
connection with a network simulation according to CISPR16.2

(150kHz — 30MH2z)

> Measurement of the disturbance radiation with an antenna at a
distance of 3m or 10m (BOMHz — 1GHz)

Product Marketing 16 16
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Practical Example I

ELECTRONIC COMPONENTS

fuses
connectors
circuit breakers

. T T Ee——

Filter back: FMBC-0994-1000 (10A, 2 stage)
Filter front: FMAC-091C-1610 (16A, 1 stage)

J ,
Drive Emerson 0.75kW Motor 0.65kW
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ELECTRONIC COMPONENTS

Practical Example E.SCHURTER

> Set up according IEC/EN 55011 Conducted emission

PC Measurement
Receiver

2380 ¥
L ] L )

Reference Plate

- 2 Ve
+2REEE O,
a  easgeo

"‘Eﬁ‘ AC

=T

.
o

DC i

DC-LISN Voltage Probe PV Inverter  Atrtificial Mains Network

X\ \ connected with reference plate
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Practical Example e e i

fuses
conneclors
circuit breakers
input systems

omc-products

o

Ground plané solid copper
on floor and wall

et

19 19
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Practical Example E.SCHURTER

ELECTRONIC COMPONENTS

Limiting values

a0 EN55011 Quasi Peak
R 1 Class A

?’5 4 l— ——————————————————————————————

T EN55011 Quasi Peak

65 T / Class B

ED:\

55+ EN55011 Average
\ /Class B

50+

= 5]
% :EI Class A = Industrial
NI environment
!
Il Cl B =D ti
1 M en?/?rsonmen?mes ©
251 J |
-0 1l \I | |||III |i ! Average
151 \JUI | WIJFJ' i M”’h l'w V “I m
i “ ‘} "I N Peak

/X\ 150k 300 400500 800 1M M M AM EME B 10M 206 30M

Frequency in Hz

08.09.2017/BLU _ Product Marketing 20 20
EMC for Business 2018 — praktycy dla praktykow - www.emc4b.com



Practical Example e e i

Measurement of the base level in an
Industrial environment

& Despite the network simulation, the
. test system displays a high level of
. | disturbance in the 150-200kHz

60 EN 55011 Voltage on Mains QP ran g e

The measurement should therefore be
carried out in a testing chamber better
suited for the purpose.

The test setup is tested to limiting
values class B.

0 + + + —t—+— + + + + —t—+— + + 1
150k 300 400 500 800 1M M 3M 4M 5M 6 8 10M 20M  30M

Freauency in Hz
M
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Practical Example 1 S Sl =

ELECTRONIC COMPONENTS

Measurement O without any filter

dBuV

R Limits
v v 55011BQP
80.0 c AV 7 55011BAV
X W XS

. Peak
Transducer
\\\#\k VALNLISN
40.0

e Traces Ave rag e

PK+
30.0 AV
20.0
10.0
0.0
150 kHz 1MHz 10 MHz 30 MHz

Noise level on a wide
frequency range

L over the limits!
X\
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Practical Example 1 A

ELECTRONIC COMPONENTS

Universal Configurable Test Filter

> Universal filter for
training and
measurements
3 phases 760V,
25 / 50A

> 3X common mode
chokes with
magnetically short
bars

> 4x connectors for
various capacitors in
X or Y mode

S QN

08.09.2017/BLU _ Product Marketing 23 23
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Practical Example 1 A

ELECTRONIC COMPONENTS

Universal Configurable Test Filter

> Filter with plugged in
capacitors modules

>2xL1, L2, L3 =N (X)
> 1x L1, L2, L3 — PE (Y)

08.09.2017/BLU _ Product Marketing 24 24
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Practical Example 1 E.SCHURTER

Measurement 1

dBuV

100.0
90.0 .
Limits
55011BQP
80.0 55011BAV

AT g

Y
e A |
50.0 W/ \’W\"L | I Transducer
w00 ' v “on m W VALNLISN

N EBAZAC AN MR\ SV
\/\/\r\w ./,/

20.0 s
10.0
0.0
150 kHz 1MHz 10 MHz 30 MHz

Universal Test Filter

° o Cx 3X 1uF, Cx 3x 330nF Cy 3x 10nF
X\
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Practical Example 1 E.SCHURTER

Measurement 2

dBpv

100.0

90.0 L
Limits
55011BQP

80.0 55011BAV

70.0 X

oo v X

A I

400 e A/rJ ,,VX '\\‘WM IM \V\\\ /"A‘\/“\,,JW\V /\ \T/L?_?:_?;CNH

Y RBIY: YA N S\ A

™7 TN DT
Wv

10.0

0.0

150 kHz 1MHz 10 MHz 30 MHz

Universal Test Filter

° o Cx 3X 1uF, 2x 2.o6mH, Cy 3x 10nF
L X\
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Practical Example

Measurement 3

dBuV
100.0

90.0

80.0

70.0

60.0

50.0

40.0

30.0

20.0

10.0

0.0

\
M

AN

AT

f/\‘WV . W/

VI

A

(o |
VAN,

va

W

150 kHz

1MHz

Universal Test Filter
Cx 3x 3.3uF, 2x 2.6mH, Cy 3x 10nF

10 MHz 30 MHz

) Product Marketing
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Limits
55011BQP
55011BAV

Transducer
VALnLISN

Traces
PK+
AV

27
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Practical Example e e i

Measurement 4

dBpV
100.0
90.0 .
Limits
55011BQP
80.0 55011BAV

%00 X ;_/X\ |
0 | !/'[ \\ rva Transducer
M FAPVA BT M VA S R

. WA%AMNWWW AN Ve S S
o[ \oA N

10.0

0.0

150 kHz 1MHz 10 MHz 30 MHz

Universal Test Filter

° o Cx 3x 3.3uF, 2x 2.6mH, Cx 3x 2.2uF Cy 3x 10nF
L X\
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Practical Example E.SCHURTER

Measurement 5

dBuV

100.0
90.0 L
Limits
55011BQP
80.0 55011BAV
70.0

c00 ALY
A X
A AL N”” | o /|
YA T, I
IS VL

20.0 v . 7
10.0
0.0

150 kHz 1MHz 10 MHz 30 MHz

Universal Test Filter

° o Cx 3X 2.2UF, 2x 2.6mH, 2x 2.6mH, Cy 3x 10nF
L X\
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Practical Example 1 e e i

Measurement 6

dBuVv
100.0
90.0 o
Limits
55011BQP
80.0 55011BAV
70.0

I
AV e e ALYV,
300 \JI AW \,\\\ V/\J N\/\\AV\ A /F;Ef .
AR CANERNIN \W\/

10.0

0.0

150 kHz 1MHz 10 MHz 30 MHz

Universal Test Filter

° o Cx 3x 3.3uF, 2x 2.6mH, 2x 2.6mH, Cy 3x 10nF
L X\
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E.SCHURTER

ELECTRONIC COMPONENTS

ject2”

"080531_Pro

Darstellung der Messung

B U r LSS S

—

a5
a0
a5
704
65
60

N
9
o
=
©
>
LLI
©
e
O
o
al

Messtec » »

> Filter + Inverter + Motor
> Filter not connected

30 M

20M
gemessen am: 05.31.2006 15:10:17

Frequenz [Hz]
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S00k

300k
ject2 (150 k - 30 M). DT:Peak, ATT:20dB, STEP:7.5 kHz, BWW.9 kHz, MT:10ms.

)

150k
Limit 003a EN 55022, ITE-devices voltage class A, Detector QP.

060531 _Proj




Practical Example 2 i LU

ELECTRONIC COMPONENTS

> Filter + Inverter + Motor
> Filter connected
> Earth not connected
> No cable crossover

Messtec b »
Darstellung der Messung "060531_Project2"

a5

a0

Messwert [dB(UY)]

m
w
[l

L) L]
Frequenz [Hz]
Limit 003a EN 55022, ITE-devices voltage class A, Detector QP.

060531 _Project2 (150 k - 30 M): DT:Peak, ATT:20dB, STEP:7.5 kHz, BWW.9 kHz, MT:10ms.

gemessen am: 05.31.2006 15:26:49
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Practical Example 2 I

ELECTRONIC COMPONENTS

> Filter + Inverter + Motor
> Filter connected
> Earth connected
> Cable crossover

Messtec b »
Darstellung der Messung "060601_Project?”

Messwert [dB(UV)]
(4, m -
o o o
L 1 L

=
o
L

304

T T T
. . 150k 300k 500k 1M 2M 3M 5M 10M 20M 30M

Frequenz [Hz)]
Limit 003a EN 55022, ITE-devices voltage class A, Detector QP.
060601_Project! (150 k - 30 M): DT:Peak, ATT:20dB, STEP:7 .5 kHz, B9 kHz, MT:10ms.

gemessen am: 06.01.2006 08:26:53
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Practical Example 2 I

ELECTRONIC COMPONENTS

> Filter + Inverter + Motor
> Filter connected
> Earth connected
> No cable crossover

Messtec b »
Darstellung der Messung "060531_Project2"

90

80

@ =1
o o
1 1

Messwert [dB(u')]
o
o
L

aoti

Freguenz [Hz]
Limit 003a EN 55022, ITE-devices voltage class A, Detector QP.
060531 _Project2 (150 k - 30 M): DT:Peak, ATT:20dB, STEP:7 .5 kHz, B9 kHz, MT:10ms.

gemessen am: 05.31.2006 15:21:48
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Practical Example 3 E.SCHURTER

ELECTRONIC COMPONENTS

> Filter mounted in a standard case
> Reduced connection area for earth

[dB]
10
N
/T
8@ ,:V/" Y \'\\ '/\
'A’ />A\~ \\ } \,‘\
Filter [ A QV \"/\'\\5

/ s ’IF" ; = \\_, \,\\ . -

(5round Plate ; Mo
40 N {\‘

20

o o .81 ol 1 10 i@ 300
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Practical Example 3 E.SCHURTER

ELECTRONIC COMPONENTS

> Filter mounted top down in a standard case
> medium connection area for earth

[dB]

10
™
/X
80 N N \'\\ ’/\‘
7‘ ,\‘ . »\\ I.\ \,‘\
P b L
Filter Ny TNV
[ 62 i =
// / : U i \ ) .\\
/ Ground Plate l V . ] _,\ \
- | 40 \'\I' ‘\\l -
I
\ I/
@
PP .21 -4 1 10 1020 300
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Practical Example 3 E.SCHURTER

ELECTRONIC COMPONENTS

> Filter mounted flat in a standard case
> |arge connection area for earth

[dB]
10

80 adla AN
N (| '
M |-
1 i SN } %%
7 4 \\.\V "\/‘ ~
60 [ TIf 7 \\- P .
Filter | 4T N \
1, .,\
40 - I \\\ 6
. ';
ﬁ

LY
7x

/4

N~
)
< -:J

Ground Plate

- —
—

. PY .21 «q i 10 182 300
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Practical Example 4 E.SCHURTER

ELECTRONIC COMPONENTS

> Filter connected outside the
Device Under Test [DUT]

,///,/.
Fower + earth connection
Lisn DT
Filter
o Ay i ]
/.XQ\
08.09.2017/BLU Product Marketing 38
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Practical Example 4 e e i

> Filter connected outside the DUT
but connected on a good earth
plate

(T oy :
‘ { ‘ \T EN PP/0F
b ‘ \ | ‘
BB |
[ [ |
| | |
} i | ™1 1 | |
; et ‘ ‘
| ‘ ‘ |
| 1 | ‘ LIMI
: ‘ B B i :
Power + earth connection s Sl RGue Arse y"CTEI 2
~d ey ‘ wiE LINI

.~ 1—=

D.U.T [ ‘ { =~ ' " s | “' \‘7' o  wE l ‘{ ,7471"' 0 s |
| | —t—1— | e, . ol
= / RSN udlll 1
IR, SEiiha
S{ Filter A = | S S N _ mu‘} "W“W l*‘,
[ Wi p = F i S )
W { | ,\}‘ V ‘v.“\'i,“ "‘k’“

‘ |
i ‘ f| Ll
| | [l ; Vi M ||
_ ™1 = A ‘ | | ! “m T i 130 e AT ‘ *w |
\ | L ”'”"“‘“**‘W“-‘*” W o v
R et e vt e S 20 ‘ s e ek b | ‘
| | W@ hae e e e
B em e g SR e Gl |

hetal Plate ‘ : e ! = | v e 1 )
AH
M
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Practical Example 4 E.SCHURTER

ELECTRONIC COMPONENTS

> Filter connected inside the DUT

> Note that the DUT is not placed
over the earth plate

RN g ol
11\ 7} ﬁ—‘i{ I ii < R PP/ R
i) [ ||
|
I i i | | E "1 | N % I T T “‘ |1 I é E
1 ' ] ‘ \ R = | {
| kst ' ST B e
i 1 See S S B ) } B =
Power Connection | G ImEEN :,1 ‘ E
. ] e P i Ry i e
Lisn | i ’ ‘ | I ! | LINE LIMIT } |
\ | e = 5 G S S T Ba RS O
(N \ : o ;
T T B E | | | BN - 5
L _ IR ] ™ LR
Earth Connection R o w}‘ xm;—f{f ; M#ﬂpﬁ" : ‘I T “m l =
W T VWY “\jf"”l" TN“ e ] ‘A‘JWJ"V‘-“ Iwr’ ! “wk“p_.., M |
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Motor Drives E.SCHURTER

ELECTRONIC COMPONENTS

o UM UM uM
o

/\j /\!/i‘] M it @ "I|IJ||I ”:!|s1
. (L

e

Line In_put- — Line Choke Frequency Ogtput
Filter Converter Filter

y High Current Choke

FMAC LL High Current Choke ﬁ ﬁ dU/dT-Filter
AR EED “ AhC SN
FMAC Linear Chokes FMAC SINE DCL
FMAD Storage Chokes
FMBC ECO Pulse Transformers
FMBC
FMBC-NEO

o o FMBD-NEO

/X\ Application-specific products available on request
with over 40 years of custom design experience.
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Motor Drives E.SCHURTER

ELECTRONIC COMPONENTS

General Rules

> |nput filter
> close to the motor drive
> one central input filter for several inverters

> use of 4 line filter (3L + N) instead of 3 line to reduce leakage
currents

> Power-line choke
> reduces the current's ripple factor along with harmonics

> Filter elements inside the inverter

> Common mode / linear chokes on the inner DC circuit help to
o o reduce on direct on the source

/X

08.09.2017/BLU _ Product Marketing 42
EMC for Business 2018 — praktycy dla praktykow - www.emc4b.com



Motor Drives e

General Rules
> Qutput filters

> Sinewave filter

> converts the PWM signal into corresponding sine
waves

> reduces noise and leakage currents to ground Bearing “fluting”
] _ (NEMA Application Guide)
> The noise current can damage the motor bear rings

> dvidtTilter RIS R

> on the drive output «thsp

filter :

> reducing the slew rate of the motor voltage EEERISN. a8

GER= 20.8V | CH2 = 20.8U | |G» 8080.08ns | Time S88.0ns

/X
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EMC Measurement Service E.SCHURTER

ELECTRONIC COMPONENTS

Mains borne Immunity Central testing laboratory
emission Surge/burst in Lucerne

Radiated Mobile for testing on

/X N\ emission* ESD site

* = The measurements for radiated emission are carried out in an unscreened hall. The results lend themselves as reference value fixings during the development
phase.
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E.SCHURTER

ELECTRONIC COMPONENTS

SCHURTER AG
Herbert Blum
Product Manager EMC

/.><!\ herbert.blum@schurter.ch
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KONFERENCJA
EMC FOR BUSINESS

Kompatybilnosc Elektromagnetyczna w przemysle,

na przyktadzie systemow sterowania silnikami

Sponsorzy Gloéwny patronat medialny Patronat medialny
W= EBE.SCHURTER Elckironik AFAS eeKTRY [N i ot
WURTH ELEKTRONI ELECTRONIC COMPONENTS Elekgronikdgzg AUTOMATYKA @ Automatyka e @skgn m@

SPONSOR KONFERENCJI
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Prelegent:
Herbert Blum
Product Manager EMC

herbert.blum@schurter.ch
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ELECTRONIC COMPONENTS
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