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EMC in Industrial electronics
PE:Region
EMC/EMI in overview – basic principles, current state of technology

Flensburg, Per Thåstrup Jensen – February 2018

Agenda

• Why bother with EMC?

• The basic EMC parameters

• International standardisation on EMC

• Accreditation, 3. party

• Approval Management and assessment

• Europe, CE mark, Notified Body

• USA, Canada, Japan, CB scheme, Korea

• RISK, extended requirements, EMC HALT

• Related approvals, other than EMC
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Why bother with EMC?

Conclusion:

You MUST comply with EMC requirements! Both EU- and 
international requirements.

The benefit:

It makes sense to establish good EMC performance

– and properly applied, the EMC requirements can even improve
your position on the market and reduce your costs on field return of
defective products.
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•
United Arab Emirates

Denmark 
(HQ)

13 locations

Rusland
Skt. Petersborg

•••

•
China

•Singapore

Norway
8 locations

Sweden
22 locations

1600 employees
60% export
95% commercial

FORCE Technology
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FORCE Technology

• Turnover of DKK 1.4 billion per year. 75 years background.

• About 30 employees working with EMC at 3 locations in Denmark 
and 1 in Sweden.

• Since 2017, DELTA is merged with FORCE Technology. 
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Basic electrical phenomena

VOLTAGE DIPS LIGHTNING ELECTROSTATIC CELLPHONE RADAR
INTERRUPTIONS DISCHARGE (ESD) RADIO, WIRELESS

HARMONICS TRANSIENTS
FLICKER

Basic electrical phenomena

EMC topics
- emission

CONDUCTED
EMISSION

RADIATED
EMISSION

CONDUCTED
EMISSION

RADIATED
EMISSION
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Basic electrical phenomena

EMC topics
- immunity

CONDUCTED
IMMUNITY

(OR SUSCEPTIBILITY)

RADIATED
IMMUNITY

(OR SUSCEPTIBILITY)

ELECTROSTATIC 
DISCHARGE

(ESD)

MIL-STD
461G
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Radiated immunity test in 10 m chamber

Elevator disturbing ultrasound scanning
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Standardization

International Standardization

• Standards are developed by 
technical experts

• Standards are approved by voting 
of National Committees
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International standardization

International Electrotechnical
Commission (IEC) Founded in 1906, 
National electrotechnical committees,
More than 70 membership countries

CISPR International Special Committee
on Radio Interference (part of IEC)

International Telecommunications Union (ITU)
Founded in 1865, UN organisation
Approx. 200 membership countries

International Organisation for Standardisation
(ISO). Founded in i 1947, National standardisation
organisations, more than 159 members

European standardization

Comité Européen de Normalisation
Electrotechnique (CENELEC) Founded in 1973, 
national electro-technical committees
31 membership countries

European Telecommunications
Standards Institute (ETSI) founded in 1988, 
Europrean membership organisation
Approx. 200 members

Comité Européen de Normalisation (CEN)
Founded in 1961, National standardisation
organisations, 31 membership countries
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Standardization

World

• IEC produces standards for electrical equipment

• ISO produces standards for non electrical equipment (!)

• CISPR produces standards for protection of the radio spectrum 

EU

• CENELEC produces standards for electrical equipment

• CEN produces standards for non electrical equipment

• ETSI produces standards for Telecom equipment

CDCD

A possible path to a new standard

Idea NP

VOTING

CD CD

HEARING
COMMEN-

TING

CDCDV

VOTING

CDFDIS

VOTING

STD

HEARING
COMMEN-

TING

RVN CC RVN RVNCC
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IEC immunity testing specialist, HF phenomena

TC 77B, WG 10
(Secretary)

Basic standards. Test signals, test methods and uncertainty budgets:
IEC 61000-4-3 (Radiated RF immunity)
IEC 61000-4-6 (Conducted RF immunity)
(IEC 61000-4-22 (RF reverberation test))
IEC 61000-4-31 (Conducted wideband RF immunity)
IEC 61000-4-39 (RF immunity, Close Proximity test)

S-650 og S-710
(Chairman)

Per Thåstrup

Who participates in the WGs?
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Contents of an Approval Management process

Specify Implement Document

Begin Finish

Conformity Requirement 
Specification

Tests & Assessments Technical Construction File

Test plan

Applicable tests, pass limits,
frequency & temp. ranges,…

Performance criteria & test setups.
Designation of samples to be 

prepared for test

Performing the tests and 
assessments specified in the CRS
- In-house or via third party labs

Compiling (accredited) test reports

Project management for third party 
labs and internal testing

Guidance on requirements for contents of 
the technical file

Folder structure and descriptions for each 
entry in the technical file

Templates for specific entries, such as an 
EU Declaration of Conformity or a US 

agent letter

Advising requirements for products labels 
and user- / service manuals

Obtaining Notified Body Opinions, Grants, 
safety marks, certifications

Review of technical data for completion of 
the technical file

Description of product and intended use

Description of markets and conformity 
assessment procedures

Applicable directives, rule parts, standards

Conformity strategy; product family 
synergies, inheriting modular approvals

Maintenance service: CRS & TCF still updated?

Test – and more?

+ Accreditation

Foundation Test

TCF
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Accreditation, ILAC and DANAK

ILAC
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Notified
Body

NB
NANDO
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Conformity modules – CE marking

Start CE

Production PhaseDesign Phase
Internal control of design and production

No NB

EC type examination
Certificate issued by NB

Conformity to type
As described in certificate. No NB

Production quality assurance
NB approve and control production QS (ISO 9002)

Product quality assurance 
NB approve and control product QS (ISO 9003)  

Product verification
NB controls conformity with certificate from B + new certificate

Unit verification
Each individual product is examined by a NB who issues a certificate of conformity

Full quality assurance
NB approve and control QS for design, manufacture, final product inspection and tesing

A

C

D

E

F

G

H

B

Test, accreditation – and even more?

+ CB

+ Accreditation

Foundation Test

TCF
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CB Testing laboratories

CB National Certification Body NCB
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The CB scheme
IEC

CB 
Scheme

IECEE

Mutual recognition of test results
between certification organisations

Certification

Standardization

25-02-2018Corporate presentation31

Rusland
Skt. Petersborg

CB
and
national approvals

Outside Europe

25-02-2018Corporate presentation32
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Outside Europe

FCC (USA)
Accredited.

ICED registered
(Canada).

Organization: Industry Canada, Certification and Engineering Bureau 
Registration Number:   IC4187A-5
Facilities: EMI room Hørsholm (EMC-5)

25-02-2018Corporate presentation33

25-02-2018Corporate presentation

Korea

Outside Europe

Japan
VCCI
recognized

34
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26-02-2018Corporate presentation

Vehicles

KBA (D) E1 marking of 
vehicles etc. 

Transportstyrelsen (S)
E5 marking of vehicles etc.

35
26-02-2018Corporate presentation35

Beyond the approval requirements

25-02-2018Corporate presentation36

Real world radiated signals:

Pulsed fields
From multiple sides
Broadbanded with complex modulation
Non-homogenous
Possibility of high field strength

Quite different from the
immunity test environment!
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EMC assessment – mission profile

Example: tramway
through a hospital.

Risk assessment – is 
required for EMCD and 
RED directives.

Does the user
environment
match the approval?

What happens in
extreme conditions?

25-02-2018Corporate presentation37

EMC assessment – also on-site

Gathering information for 
an EMC assessment:

• In-situ testing

• On-site recording
troubleshooting etc.

Maritime, off-shore, 
industry, client premises

25-02-2018Corporate presentation38
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25-02-2018Corporate presentation

User environment.       ”Normal”?       95%?       99.7%?

Mission profile – how long time outside ”normal”?

39

Essential requirements
New approach EU directives

All of the directives require a risk assessment of the product.

The essential requirements are usually given in Annex 1 of directive text

• EMC directive: ½ page

• Radio Equipment Directive (RED): 1 page

• LVD directive: 1 page

• Machinery directive: Risk analysis + 30 pages

• Medical Device directive: 82 essential requirements

25-02-2018Corporate presentation40
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EMC HALT (Highly Accelerated Limit Testing)

To know the failures due to 
Electrical disturbance:

• Radiated fields

• Burst/surge

• ESD

• UWB pulses 

25-02-2018Corporate presentation41

ZCM

CM
current

ZCM

How much current? From duality, comparison to 
transmission from an ideal dipole:

Ideal dipole: 10 V/m => approx. 200 mA
BUT EUT MAY DIFFER VERY MUCH FROM A 
DIPOLE !!!!

EMC HALT (Highly Accelerated Limit Testing)

25-02-2018Corporate presentation42
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What does the current do?

25-02-2018Corporate presentation43

What does the current do?

Field strengths:

>200 V/m, 80-40000 GHz

In some frequency
ranges up to near 1000 V/m

25-02-2018Corporate presentation44
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18 kV trapezoidal pulse from FORCE test generator

25-02-2018Corporate presentation45

EMC HALT on compact fluorescent lamp

The lamp short-circuits
and is destroyed using a 
18 kV UWB puls

(around 100 kV/m pulse 
amplitude).

25-02-2018Corporate presentation46
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Reverberation chamber for high field strength
The stirrer is an oscillating stirrer wall with a stroke of approx. 2.6 m.

1 m

SET OF
HORN ANTENNAS

1-18 GHz
18-26.5 GHz
26.5-40 GHz

GUIDE RAILS ON 
SIDE WALLS

100 %

TRANSMIT
LOG. PERIODIC  

ANTENNA
80-1000 MHz

DIPOLE 
MONITOR ANTENNA 80-

1000 MHz

25-02-2018Corporate presentation47

The stirrer is an oscillating stirrer wall with a stroke of approx. 2.6 m.

1 m

GUIDE RAILS ON 
SIDE WALLS

60 %
SET OF

HORN ANTENNAS
1-18 GHz

18-26.5 GHz
26.5-40 GHz

TRANSMIT
LOG. PERIODIC  

ANTENNA
80-1000 MHz

DIPOLE 
MONITOR ANTENNA 80-

1000 MHz

Reverberation chamber for high field strength

25-02-2018Corporate presentation48
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The stirrer is an oscillating stirrer wall with a stroke of approx. 2.6 m.

1 m

GUIDE RAILS ON 
SIDE WALLS

0 %
SET OF

HORN ANTENNAS
1-18 GHz

18-26.5 GHz
26.5-40 GHz

TRANSMIT
LOG. PERIODIC  

ANTENNA
80-1000 MHz

DIPOLE 
MONITOR ANTENNA 80-

1000 MHz

Reverberation chamber for high field strength

25-02-2018Corporate presentation49

The stirrer is an oscillating stirrer wall

with a stroke of approx. 2.6 m.

Reverberation chamber

25-02-2018Corporate presentation50
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Corporate presentation

Antennas in the chamber
Photos of the installed antennas

placed on the end wall opposite the stirrer.

1 m

SET OF
HORN ANTENNAS

1-18 GHz
18-26.5 GHz
26.5-40 GHz

TRANSMIT
LOG. PERIODIC  

ANTENNA
80-1000 MHz

DIPOLE 
MONITOR ANTENNA

80-1000 MHz

25-02-201851

Corporate presentation 25-02-2018

Reverberation chamber HALT test (video)

52
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Findings from EMC HALT activities

• EMC HALT analysis includes extreme cases of the user
environment.

• The extreme cases can reveal circuit behavior that may
not have been anticipated by even an experienced
designer.

• ”Anything can happen” – but the EMC HALT testing
shows some examples of what happens first – or gives 
even the full picture of failure responses.

• Risks can be more easily assessed when they are
identified. 

25-02-2018Corporate presentation53

Summary

• The fundamental EMC parameters.

• Test requirements, Accreditation.

• Approvals in EU – Notified Bodies (NB).

• National approvals, IECEE CB scheme, NCB.

• Approval Management process, including risk assessment.

• Mission profile. Extreme use cases. Risk.

• EMC HALT using reverb chamber for high field strength.

• EMC HALT using UWB pulses (and other test signals).

• (And a full palette of environmental tests, failure analysis, calibration, 
approval, technical services etc.) 

25-02-2018Corporate presentation54
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Questions

Per Thaastrup Jensen – ptj@force.dk

Henrik Kaagaard Hansen – hekh@force.dk

Questions
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