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INTERNATIONAL ELECTROTECHNICAL COMMISSION

____________

LOW VOLTAGE POWER SUPPLIES, DC OUTPUT -
Part 3: Electromagnetic compatibility (EMC) 
FOREWORD

1)
The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote international co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and in addition to other activities, the IEC publishes International Standards. Their preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with may participate in this preparatory work. International, governmental and non-governmental organizations liaising with the IEC also participate in this preparation. The IEC collaborates closely with the International Organization for Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2)
The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an international consensus of opinion on the relevant subjects since each technical committee has representation from all interested National Committees.

3)
The documents produced have the form of recommendations for international use and are published in the form of standards, technical reports or guides and they are accepted by the National Committees in that sense.

4)
In order to promote international unification, IEC National Committees undertake to apply IEC International Standards transparently to the maximum extent possible in their national and regional standards. Any divergence between the IEC Standard and the corresponding national or regional standard shall be clearly indicated in the latter.

5)
The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any equipment declared to be in conformity with one of its standards.

6)  Attention is drawn to the possibility that some of the elements of this International Standard may be the subject of patent rights. The IEC shall not be held responsible for identifying any or all such patent rights.


International Standard IEC 61204-3 has been prepared by subcommittee 22E: Stabilized power supplies , of IEC technical committee 22: Power electronics

IEC 61204-3 has the status of a product standard.

The text of this standard is based on the following documents:

FDIS
Report on voting

22E/XX/FDIS
22E/XX/RVD


Full information on the voting for the approval of this standard can be found in the report on voting indicated in the above table.

Annexes A and F form an integral part of this standard; Annexes B, C, D, E and G are for information only. 


IEC 61204 consists of the following parts, under the general title: Low voltage power supplies, d.c. output

Part 1: Terms and definitions

Part 2: Performance characteristics

Part 3: Electromagnetic compatibility (EMC) 

Part 4: Tests other than EMC

Part 5: Measurement of the magnetic component of the reactive near field

Part 6: Requirements for low-voltage power supplies of assessed performance

Part 7: Safety  requirements

LOW VOLTAGE POWER SUPPLIES, DC OUTPUT - 

Part 3: Electromagnetic compatibility (EMC) 

1  Scope and object

This part of IEC 61204  specifies electromagnetic compatibility (EMC) requirements for  power supply units  (PSUs) providing  d.c. output(s) up to 200 V at a power level of up to 30 kW, operating from   a.c. or  d.c.  source voltages of up to 600 V.

The devices are for free-standing operation or for use  in  other equipment when used with adequate electrical and mechanical protection.

For certain specialized industrial PSUs, for example in the chemical and metallurgical industry, other product EMC standards may exist. In this case these standards can be used as an alternative.
Since many PSUs are used as components of larger units which are covered by different EMC standards, a classification of power supplies and the applicability of the relevant EMC standards is given in a) and b) below. Further guidelines  on classification are given in annexe A.

a)
Power supplies intended for free -standing operation (individual apparatus) This part of IEC 61204 is applicable to PSUs developed as a unit with a direct function and sold on the market as a stand-alone unit.

b)
Component power supplies

These can be divided into two categories:


1) Component power supplies considered as equivalent to apparatus.


This part of IEC 61204 is applicable to this category of component PSUs. These PSUs are considered to be apparatus with respect to their EMC requirements,for example those PSUs intended for use in installations or sold to the general public, cases where no further EMC tests are anticipated. This does not include PSU’s sold as spares for repair which have been tested as part of an overall equipment.


2) Component power supplies intended for a professional assembler / installer


This part of IEC 61204 is applicable to this category of power supplies only as anaid to specify relevant EMC requirements in order that various end product standards may be met.
These are component power supplies that are intended for incorporation into a final product by a professional assembler. These products may be sold to a professional assembler or placed on the market for specialised distribution and use. In neither case, do they perform in themselves a direct function for the user of an end product. Further EMC tests of the assembly are assumed.

NOTE - After incorporation into a final product the emission values can be altered (e.g. because of modified earth connections

The object of this part of IEC 61204 is to define EMC limits and test methods for PSUs.  It includes limits for electromagnetic emissions which may cause interference to other electronic equipment (e.g. radio receivers, measuring and computer devices), as well as electromagnetic immunity limits for continuous and transient conducted and radiated disturbances including electrostatic discharges.

This part of IEC 61204 defines the minimum electromagnetic compatibility requirements for PSUs.

To comply with this part of IEC 61204, no additional EMC tests are required or necessary beyond those stated here.

2  Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of thispart of IEC 61204. At the time of publication, the editions indicated were valid. All normative documents are subject to revision, and parties to agreements based on this part of IEC 61204 are encouraged to investigate the possibility of applying the most recent editions of the normative documents indicated below. Members of IEC and ISO maintain registers of currently valid International Standards.

IEC 60050(121):1998, International Electrotechnical Vocabulary (IEV) - Part 121: Electromagnetism


IEC 60051(131):1978, International Electrotechbnical Vocabulary (IEV) -Chapter 131: Electric and magnetic circuits

IEC 60050(151):1978, 
International Electrotechnical Vocabulary (IEV) - Chapter 151: 
Electrical and magnetic devices

IEC 60050(161):1990, 
International Electrotechnical Vocabulary (IEV) - Chapter 161: Electromagnetic compatibility

IEC 60050(551)--- International Electrotechnical Vocabulary (IEV) - Part 551:Power electronics 1)
IEC 60146-1-1:1991, 
Semiconductor convertors - General requirements and line commutated convertors - Part 1-1: Specifications of basic requirements


IEC 60664-1: 1992, Insulation coordination for equipment within low-voltage systems - Part 1: Principles, requirements, testsIEC 61204:1993, 
(future IEC 61204-2) Low-voltage power supply devices (PSU) devices, d.c. output - Performance characteristics and safety requirements

IEC 61000-3-2:1995, 
Electromagnetic compatibility (EMC) - Part 3: Limits - Section 2: Limits for harmonic current emissions (equipment input current £ 16A per phase)

Amendment 1 (1997)

Amendment 2 (1998)

IEC 61000-3-3:1994, 
Electromagnetic compatibility (EMC) - Part 3: Limits - Section 3: Limitation of voltage fluctuations and flicker in low-voltage supply systems for equipment with rated current £ 16A

IEC 61000-4-2:1995, 
Electromagnetic compatibility (EMC) - Part 4: Testing and measurement techniques - Section 2: - Electrostatic discharge immunity test.  Basic EMC Publication

IEC 61000-4-3:1995,
Electromagnetic compatibility (EMC) - Part 4: Testing and measurement techniques - Section 3: Radiated, radio-frequency, electro​magnetic field immunity test

Amendment 1 (1998)

IEC 61000-4-4:1995,
Electromagnetic compatibility (EMC) - Part 4: Testing and measurement techniques - Section 4: Electrical fast transient/burst immunity test. Basic EMC Publication

 IEC 61000-4-5:1995,
Electromagnetic compatibility (EMC)- Part 4 : Testing and measurement techniques - Section 5: Surge immunity tests

IEC 61000-4-6,:1996,
Electromagnetic compatibility (EMC)- Part 4 : Testing and measurement techniques - Section 6:Immunity to conducted disturbances, induced by radio-frequency fieldsEC 61000-4-11,:1994,
Electromagnetic compatibility (EMC)- Part 4 : Testing and measuring techniques - Section 11: Voltage dips, short interruptions and voltage variations immunity tests 
CISPR 11: 1990,
Limits and methods of measurement of electromagnetic disturbance characteristics of industrial, scientific and medical (ISM) radio-frequency equipment

CISPR 14-1: 1993, Electromagnetic compatibility - Requirements for household appliances, electric tools and similar apparatus - Part 1: Emission - Product family standard

CISPR 16-1:1993,
Specification for radio disturbance and immunity measuring apparatus and methods - Part 1: Radio disturbance and immunity measuring apparatus

CISPR 22:1997,
Information technology equipment - Radio disturbance characrteristics - Limits and methods of measurement 


ISO/IEC Guide 25: 1990,General requirements for the competence of calibration and testing laboratories

________

1)To be published

3 Terms and definitions

For the purpose of this part of IEC 61204, the definitions given in IEC 60050(121), IEC 60050(151), IEC 60050(161), IEC 60050(551) and IEC 60146-1-1, as well as the following definitions apply.

3.1  environment

3.1.1

residential environment
refers to all domestic establishments which are directly connected to a low voltage public mains supply. The “protection distance” is10 m, reflecting apartment size

3.1.2
commercial and light industrial environment
refers to commercial and light industrial establishments which may or may not be connected to a low voltage public mains supply. The “protection distance” can be  10  m or 30 m depending on where the use of broadcast radio and television receivers may be expected

3.1.3

industrial environment

refers to industrial establishments which are not connected to the low voltage public mains supply. The “protection distance” is 30 m, owing to larger premises

3.2

protection distance

distance for an electronic or electrical apparatus beyond which the interference levels shall not impair the use of other electronic or electrical equipment, for example broadcast radio and television receivers

3.3
distributed power system
system of localised power converters supplied from a distributed power bus

3.4

port
particular interface of a product with the external electromagnetic environment.
[IEV 131-02-21 modified] 

Examples of ports:







3.4.1

enclosure port

physical boundary of the PSU product through which and on which electromagnetic fields may radiate or impinge

3.4.2

signal or control line port
low energy level input or output port providing diagnostic or control information

3.4.3

d.c. input power port

external d.c. energy source connection point

3.4.4

d.c. output power port

external connection point for providing output d.c. energy

3.4.5

a.c. input power port
external a.c. energy source connection point

3.5

power supply (PSU)
an electrical or electronic device which transforms energy from an input source into a single or multiple output energy source

3.5.1

component power supply
OEM PSU

modular PSU

subunit PSU

assemblies of electrical and/or electronic devices designed to provide or modify energy. They are intended for incorporation into end-products by a professional assembler / installer. They are not intended for free-standing applications

3.5.2
stand alone power supply: 
intended for use in laboratories, workshops and other areas in free-standing applications. They are end-products, completely enclosed with full protection against electrostatic discharge and contact with hazardous parts which are accessible to the end-user. Typical examples include adjustable or fixed output bench-top units, plug-top units, free- standing and wall-mounted units

3.5.3

bench-top power supply:
intended for laboratory or similar use. They are stand alone PSUs, sometimes with monitoring and measuring facilities

3.5.4

open card power supply
 (frameless PSU 

printed circuit board devoid of a metal mounting bracket. It is a component PSU intended for use by a professional assembler

3.5.5
open frame power supply:
generally uses a printed circuit board mounted on a metal bracket for attachment to the professional assembler's equipment chassis.  This bracket provides heat transfer for the cooling of power semiconductors. Optionally, a cover may be used for safety reasons and/or to reduce radiated interference

3.5.6
plug-in card power supply
intended to be plugged into a subrack.  The design may be “open-card“, “open-frame“ or “cased“. A plug-in card PSU is generally intended for use by a professional assembler

3.5.7

enclosed/cased power supply

fully enclosed/cased/housed PSU. The design uses the housing as a heat sink or employs fan(s) for forced air cooling

3.5.8

plug-top (direct plug-in)  power supply:

power supply built into a mains voltage plug top.

3.5.9

uninterruptible power supply (UPS)

intended to provide a source of energy secure against mains failure. This type of product would normally be free-standing

3.6
end-product

finished unit which is designed to stand alone, useable by an end-user and having a direct function for the end-user. It is intended to be placed on the market and/or taken into service as a single unit or as part of a system or installation

3.7
system

localised group of interconnected products which is easily relocatable. Typical examples of this would be a computer, including mouse, keyboard, printer and monitor, or a hi-fi system, TV and video recorder

3.8
installation

collection of interconnected products which is not easily relocatable. Typical examples of this include an industrial process installation or a power plant control installation

3.9

 non-professional

person or organisation assumed to have little or no technical knowledge or facilities

3.10
professional assembler/installer

technically competent person or organisation capable of correctly assembling/installing components and subassemblies into an end-product, or end-products into a system or installation, and, in so doing, fully complying with the technical and legal requirements of the end-product, system or installation

3.11
full rated load

maximum continuous or average power a product is marked to supply

3.12.1

industrial mains supply

 source of electrical energy provided solely for industrial use

3.12.2

private mains supply

localised source of electrical energy (e.g. generator or UPS) which is not directly connected to the public network

3.12.3

public mains supply

source of electrical energy provided for general public use in domestic, commercial or light industrial environments

3.13
critical frequency of a PSU

The frequency, the wavelength of which is equal to four times the longest side length of the PSU

4  Applicability of tests to different PSU technologies

PSUs differ greatly in their technology; it is neither reasonable nor necessary to apply all EMC tests to all PSU technologies.

The following table is applicable to free-standing PSUs and component PSUs considered as equivalent to apparatus (see also annex A).

In the case of component PSUs intended for a professional installer, this table is provided as a guide.


Table  1 - Applicability of tests


Clause or subclause


Group
Technology
Emission
Immunity
Remarks



6.2
6.3
6.4
7


I

Modules  with pin or screw connections for use on PCBs


NA
R
R
R
These are component power supplies

II

AC/DC Rectifier-filtered or
Ferro-resonant PSU


M
M
NA
NA
If only rectifier disturbances

III

AC/DC Linear controlled PSU


M
M
NA
M
No switching
(note)

IV

DC/DC Converters, battery or rectifier powered


NA
R
M
M
No primary rectifier, no direct connection to a.c.supply

V



AC/DC PSUs not covered by 

I, II, III or IV


M
M
M
M



NOTE - When products or system are within the scope of CISPR 14-1,  the incorporated group III PSUs may be  tested according to CISPR 14-1.


M = Mandatory 

R = Recommended

 NA = No measurement

5  General requirements and 
test conditions

5.1  General requirements

The manufacturer of the PSU has a responsibility to provide information relating to the EMC performance, application, intended environment and installation guidelines for the product.

5.2  Test conditions

The tests shall be performed using the manufacturer’s recommended wiring and installation instructions.

There will be no connections other than those specified by the manufacturer.

The configuration, orientation and electrical test conditions of the PSU shall be representative of the worst case in-service conditions, if known. Otherwise, all measurements shall be performed at rated nominal input voltage, full rated load and ambient temperature between 15 °C and 35 °C. The PSU shall  be at its normal operating temperature.

The load is presumed not to generate any electromagnetic interference. Load resistors may be cooled by a fan or cooling fluid.

All tests specified in this standard are type tests only.

The equipment shall meet the requirements when measured by the test methods specified.

No additional EMC tests are required or necessary beyond those stated in this standard.

Precautions shall be taken against the equipment under test becoming dangerous or unsafe as a result of the immunity tests specified in this standard.

6  Emission requirements

If the cable arrangements of the application are known, then those shall be used. If it is not known, the arrangements shall be chosen in accordance with 6.3 and 6.4. The measuring conditions shall be stated within the documentation.

6.1  Limits in defined environments

The environments in which a PSU may be installed are classified as follows:

Residential environment 


Examples of typical locations are

-
residential properties, for example houses, apartments, etc.;

Commercial and light industrial environment 


Examples of typical locations are

· retail outlets, for example shops, supermarkets, etc.;

· business premises, for example offices, banks, etc.;

· establishments of public entertainment, for example cinemas, public bars, dance halls, 

etc.;

· outdoor locations, for example petrol stations, car parks, amusement and sports centres, 

etc.;

· light-industrial locations, for example workshops, laboratories, service centres, etc.

Industrial environment

The limits for the above-mentioned environments are given below and a summary is given in annex G.

6.1.1  Class B limits 

PSUs which meet class B limits are defined as class B equipment. They are intended to be installed in a residential environment.

Class B limits are also required for PSUs installed in a commercial or light industrial environment when the equipment is directly connected to a public mains supply interconnected with a residential environment.

6.1.2  Class A limits 

PSUs which meet class A limits are defined as class A equipment. They are intended to be installed in a commercial, light industrial or industrial environment where the equipment is not directly connected to a public mains supply interconnected with a residential environment.

Class A equipment shall carry the following remark in its documentation:

Warning: This is a class A product. In a residential, commercial or light industrial environment it may cause radio interference. This product is not intended to be installed in a residential environment; in a commercial and light industrial environment with connection to the public mains supply the user may be required to take adequate measures to reduce interference.
The user, advised by the supplier, is responsible for the electromagnetic compatibility of the installed product in his environment.

6.1.3  Special applications

These concern the industrial environment only where equipment is connected to a private mains supply and the protection distance > 100 m. Limits are under consideration.
In these applications, clear warning of the restricted use of the equipment shall be given in the documentation supplied with it.
Examples

-
internal radio interference tolerated by the user and external interference within acceptable limits. (e.g. mains supply independent of public mains supply);

-
safety requirements in conflict with EMC requirements in high power installations. (see clause 11).

6.2  Low frequency phenomena (f < 9 kHz) 

6.2.1  Commutation notches (a.c. input only)

Within this subclause only PSUs with commutation of the primary current are covered. PSUs of high power designed as line commutated converters may cause notches if connected to a high impedance source. Measurements or calculations are not mandatory. Information and recommenda​tions are given in annex  B.

6.2.2  Current harmonics and interharmonics

The limits for PSUs connected to a public mains supply up to and including a rated input current of 16 A are given in IEC 61000-3-2. This requirement is applicable to apparatus and components considered as apparatus covered within the scope of IEC 61000-3-2, but it is not mandatory for PSUs used in countries were there are no regulations requiring product harmonic limits.

Harmonic measurements, especially on PSUs, are sensitive to the voltage source. In many cases, the public mains supply may not be a suitable source for this purpose.

Therefore, one of the following methods shall be used.

a)
Using a public mains supply in accordance with IEC 61000-3-2, annex A.24


The limits for the harmonics of the voltage source shall  be met with the PSU operating at full rated load.

b)
Using an artificial supply in accordance with IEC 61000-3-2, annex A.


c)
Calculation or simulation if it takes into account:


- the voltage source as an ideal sine wave;


- the worst case internal impedance of the PSU in the frequency range from the line frequency up to the 40th harmonic.

For recommendations see annex C.

Interharmonics may occur under specific load conditions which cannot be taken into account in this standard; this system aspect is within the responsibility of the user, installer or assembler.

6.2.3  Voltage fluctuations and flicker

The limits for PSUs connected to a public mains supply up to and including a rated input current of 16 A are given in IEC 61000-3-3. This requirement is applicable to apparatus and components considered as apparatus covered within the scope of IEC 61000-3-3, but it is not mandatory for PSUs used in countries were there are no regulations requiring voltage fluctuations and flicker limits.

For PSUs, only measurements or calculations for dmax   (maximum relative voltage change) are necessary.

NOTE - It is recommended to measure the amplitude and the duration of the inrush current and to calculate  the r.m.s. value in the first period after switching-on. Most PSUs have inrush current less than 10 ms which means that high inrush currents are still below the dmax limit.  
Fluctuations of the PSU input current may be caused by a time varying load on the PSU. This system aspect is within the responsibility of the user, installer or assembler.

6.3  High frequency conducted phenomena

6.3.1  High frequency line conducted phenomena

The tests of conducted emission shall be performed in accordance with CISPR 22, or CISPR 11 in the case of industrial applications. However CISPR 22 is not precluded from use for Industrial applications. 

Limits are listed in Annex H Table 3.

For d.c. input see Annex D.

6.3.2  
High frequency conducted phenomena for d.c. output power ports

This standard does not define  limits for load terminal disturbance voltage for high frequency conducted phenomena on d.c. output ports. 

In some cases, manufacturer and user may need to agree limits.
NOTE- 
The manufacturer is recommended to give application advice in the documentation as how to avoid feedback from the load cables to the mains.

6.4  High frequency radiated phenomena

The radiation test can be made with an antenna according to CISPR 22, 
clause 10 or with the absorbing clamp method according to CISPR 16-1 with the restrictions stated in 6.4.3.

The manufacturer must justify the choice of the interference power measurement in the documentation and test report, in case of dispute the test method of the manufacturer applies.
Limits are listed in Annex H, table 4.
6.4.1  Tests with an antenna

The tests of radiation disturbance shall be performed in accordance with CISPR 22, clause 10.

Load cables of unknown length shall be arranged horizontally, equally separated from each other and shall be 1 m in length.

The mains cable is arranged 1 m horizontally and then 0,8 m vertically to the ground where it is connected to the power source. Cables are unshielded, unless the PSU is supplied with a shielded cable.

Any other arrangement shall be justified and explained within the documentation.

The distance between the antenna and the PSU shall be 10 m if the limits of table 4 are applied.

At a measuring distance of 30 m the limits are reduced by 10 dB.

At a measuring distance of 3 m the limits are increased by 10 dB.

6.4.2  Test with clamp method

The measuring receiver shall have a quasi-peak detector and shall be in accordance with the requirements of CISPR 16-1. The absorbing clamp shall be designed and calibrated in accordance with CISPR 16-1.

NOTE-
The clamps generally refer to a 10 m radiated field measurement.

Measurement set-up and procedure: see figure 1.

The PSU and the cable to be tested shall be placed on a non-metallic support of 0,8 m height and at least 0,8 m from all other metallic objects.

The cable under test is stretched in a straight line over a length of at least 5 m on a non-metallic support allowing the absorbing clamp to be moved along the cable under test. The clamp shall be placed around the cable in the correct orientation (current sensor on the side of the PSU).

All other cables are either disconnected (if the correct operation of the equipment can be maintained without the cables), or equipped with absorbing ferrite tubes(clamps) close to the PSU.

Each cable of the PSU shall be tested in turn except signal and control lines. Cables which are longer than 5 m are tested as described above with 5 m of cable in the test set-up. The layout of the excess cable is not critical.

Cables which,in normal application, are restricted in length to less than 5 m are tested as follows:

-
cables with a restricted length of
£ 0,25 m are not measured at all;

-
< s are lengthened to s;

-
> s are measured over the total length.

s = two times the length of the clamp.

The clamp shall be displaced along the cable under test, starting closest to the PSU up to a maximum of 5 m. The maximum reading is converted into disturbance power, using the clamp calibration factor. The displacement needed is from zero to a half-wavelength of the measured frequency.  All maxima shall be below the limits given in table3.





Figure 1 - Test set-up for the measurement of disturbance power

6.4.3  Restrictions for the application of interference power measurement

The measurement of interference power may be used instead of radiated field strength with the restriction that the longest side length of the box does not exceed l/4 of the highest measured frequency. (In accordance with CISPR 16-1.)

Most PSUs do not emit interference power above this critical frequency. (Calculation of the critical frequency of the PSU: see annex E.)

Some PSUs can emit interference power above the critical frequency. This is especially so when logic circuitry with a clock frequency above 1 MHz is used.

The application of the high frequency power test method is therefore restricted to PSUs without shielded cables and:

-
with a longest side length less than l/4 of the highest frequency measured;

-
with a clock frequency less than 1 MHz;

-
with less than 5 outputs;

-
which do not prevent the use of the clamp because of a too large diameter of the leads.

7  Immunity requirements

7.1  Performance criteria

The performance criteria shall be used to check the acceptability of a PSU against external disturbances.

From the EMC point of view any process including a PSU shall be operating as intended.

If as a result of the application of the tests defined in this standard, the PSU becomes dangerous or unsafe, then the PSU shall be deemed to have failed the test.

Table 2- Criteria to prove the performance of a PSU against EM disturbances


Performance criteria



A


B


C



Basic specifications


No loss of function or performance

during the test
Temporary loss of function or performance during the test.

Self-recoverable
Loss of function or performance. 

Not self-recoverable.

Not damaged

Remarks


Operating as

intended within specified tolerance


Degradation of performance  shall be specified by the manufacturer.

PSU shall continue to operate as intended after the test
Any resettable condition allowed
including shut-down and
replacement of fuses

Performance criteria in the following tables have been considered as minimum requirements.

These limits have been set to avoid imposing levels which may be unnecessary for the application. For some applications, it may be necessary for the customer and supplier to agree to higher levels.

(See also annex D for d.c./d.c. converters.)

7.2  Basic immunity requirements, high frequency disturbances

The test set-up is given in a column in tables 5-12, referring to basic standards.

For surge tests, apparatus with a  d.c.power input port, intended for use with an  a.c./d.c. power adapter, shall be tested on the  a.c. power input of the  a.c./d,c, power adapter specified by the manufacturer.

7.2.1  Low severity levels

These levels are applied to PSUs which are intended to be used in residential, commercial or light industrial environments.

Table 3 - Immunity - Enclosure port


Environmental

phenomenon
Test

item
Test

specification
Unit
Test

set-up
Remarks


Performance

criteria


3-1
Electrostatic

discharge
Contact discharge

Air discharge 
± 4

± 8
kV

kV
IEC 61000-4-2
1)
B

3-2
Radio-frequency

electromagnetic field

Amplitude modulated 
Frequency

Fieldstrength

AM 1kHz


80-100

3

80
MHz

V/m

%
IEC 61000-4-3
2)

 3)
B

3-3
Radio-frequency electromagnetic field. 

Keyed carrier
Frequency

Fieldstrength

Duty cycle

Repetition frequency
900 ± 5

3

50

200
MHz

V/m

%

Hz
IEC 61000-4-3
4)
B

1)
In the case of an open frame PSU, the ESD test is impractical and need not be carried out.

2) 
This level does not represent the field emitted by a transceiver in close proximity to the PSU.

3)
The test level specified is the r.m.s. value of the unmodulated carrier.

4)
This test is applied only in European countries. The test shall be carried out at one frequency within the indicated range.

Table 4 - Immunity - Ports for signal lines and control lines


Environmental

phenomenon
Test

item
Test

specification
Unit
Test

set-up
Remarks


Performance

criteria

4-1
Fast transients


Peak line-to- line voltage

Tr/Th

Repetition frequency
 ± 0,5

5/50

5
kV

ns

kHz
IEC 61000-4-4
1)

Capacitive

clamp used
B

4-2
Radio-frequency

continuous

conducted
Frequency

Amplitude

AM (1kHz)


0,15-80

3

80
MHz

V

%
IEC 61000-4-6
2)
B

1)
Applicable only to ports interfacing with cables, the total length of which, according to the manufacturers functional specification may exceed 3m.

2)
The test level specified is the r.m.s. value of the unmodulated carrier.

Table 5 - Immunity - DC input and output power ports


Environmental

phenomenon
Test

item
Test

specification
Unit
Test

set-up
Remarks


Performance

criteria

5-1
Fast transients


Peak line-ground voltage

Tr/Th

Repetition frequency
± 0,5

5/50

5
kV

ns

kHz
IEC 61000-4-4
1), 3)
B

5-2
Surges 2)
Tr/Th

peak line-ground 

 voltage

peak line-to-line voltage
1,2/50 (8/20)

± 0,5

 ± 0,5
µs

kV

kV
IEC 61000-4-5
1), 3)
B

5-3
Radio-frequency

continuous

conducted
Frequency

Amplitude

AM (1kHz)
0,15-80

3

80
MHz

V

%
IEC 61000-4-6
1), 3), 4), 5)
B

1)
Not applicable to input ports intended for connection to a battery or a rechargeable battery which must be disconnected from the equipment for recharging. The test is applicable to d.c. input power ports intended to be connected permanently to cables longer than 10 m.

2)
Applicable only to input ports.

3)
These limits may not be sufficient for some applications; see annex D.

4)
Applicable only to ports interfacing with cables whose total length may exceed 3 m according to the manufacturers functional specification. 

5)
The test level specified is the r.m.s. value of the unmodulated carrier.

Table 6 - Immunity - AC input power ports


Environmental

phenomenon
Test

item
Test

specification
Unit
Test

set-up
Remarks


Performance

criteria

6-1
Fast transients


Peak line-ground voltage

Tr/Th

Repetition frequency
± 1

5/50

5
kV

ns

kHz
IEC 61000-4-4

B

6-2
Surges
Tr/Th

peak line-ground voltage

peak line-to-line voltage
1,2/50 (8/20)

± 2

± 1
µs

kV

kV
IEC 61000-4-5
1)
B

6-3
Voltage dips
Reduction

Duration

Reduction

Dduration
30

10

60

100
%

ms

%

ms
IEC 61000-4-11

B

C

6-4
Voltage interruptions
Reduction

Duration
> 95

5000
%

ms
IEC61000-4-11

C

6-5
Radio-frequency

continuous

conducted

Frequency

Voltage

AM(1kHz)
0,15-80

3

80
MHz

V

%
IEC 61000-4-6
2)
B

1)
For products designed for installation class I  according to IEC 60664-1
, the surge limits may be reduced by 50 %

2)
The test level specified is the r.m.s. value of the unmodulated carrier.

7.2.2  High severity levels

These levels are applied to PSUs which are intended to be used in an industrial environment. In case of disturbances beyond the following levels, a solution has to be agreed between the customer and the supplier.

Table 7 - Immunity - Enclosure port


Environmental

phenomenon
Test

item
Test

specification
Unit
Test

set-up
Remarks


Performance

criteria

7-1
Electrostatic

discharge 
Contact discharge

Air discharge 
± 4

± 8
kV

kV
IEC 61000-4-2
1)
B

7-2
Radio-frequency

electromagnetic field

Amplitude modulated
Frequency

Field strength

AM 1kHz
80 -100

10

80
MHz

V/m

%
IEC 61000-4-3
2)

3)
B

7-3
Radio-frequency electromagnetic field 

Keyed carrier
Frequency

Field strength

Duty cycle

Repetition frequency
900 ± 5

10

50

200
MHz

V/m

%

Hz
IEC 61000-4-3
4)
B

1)
In the case of an open frame PSU, the ESD test is impractical and need not be carried out.

2) 
This level does not represent the field emitted by a transceiver in close proximity to the PSU.

3)
The test level specified is the r.m.s. value of the unmodulated carrier.

4)
This test is applied only in European countries. The test shall be carried out at one frequency within the indicated range. 

Table 8 - Immunity - Ports for signal lines and control lines


Environmental

phenomenon
Test

item
Test

specification
Unit
Test

set-up
Remarks


Performance

criteria

8-1
Fast transients


Peak line-to-line voltage

Tr/Th

Repetition frequency
 ± 2

5/50

5
kV

ns

kHz
IEC 61000-4-4
1)

Capacitive

clamp used
B

8-2
Radio-frequency

common mode

Amplitude modulated
Frequency

Amplitude

Modulation


0,15-80

10

80
MHz

V

%
IEC 61000-4-6
2)

1)

 3)
B

1)
Applicable only to ports interfacing with cables the total length of which may exceed 3 m according to the manufacturers functional specification. 

2)
Applicable only to remote voltage sense wires.

3)
The test level specified is the r.m.s. value of the unmodulated carrier.

Table 9 - Immunity - DC input and output power ports


Environmental

phenomenon
Test

item
Test

specification
Unit
Test

set-up
Remarks


Performance

criteria

9-1
Fast transients


Peak line-ground voltage

Tr/Th

Repetition frequency
± 2

5/50

5
kV

ns

kHz
IEC 61000-4-4
1), 3)
B

9-2
Surges 2)
Tr/Th

Peak line-ground voltage

Peak line-to-line voltage
1,2/50 (8/20)

± 0,5

± 0,5
µs

kV

kV
IEC 61000-4-5
1), 3)
B

9-3
Radio-frequency

continuous

conducted
Frequency

Amplitude

AM (1kHz)
0,15-80

10

80
MHz

V

%
IEC 61000-4-6
1), 3), 4), 5)
B

1) Not applicable to input ports intended for connection to a battery or a rechargeable battery which must be disconnected from the equipment for recharging. The test is applicable to d.c. input power ports intended to be connected permanently to cables longer than 10 m.

2) Applicable only to input ports.

3) These limits may not be sufficient for some applications, see annex D.

4) Applicable only to ports interfacing with cables the total length of which may exceed 3 m according to the manufacturers functional specification. 

5) The test level specified is the r.m.s. value of the unmodulated carrier.

Table 10 - Immunity - AC input power ports


Environmental

phenomenon
Test

item
Test

specification
Unit
Test

set-up
Remarks


Performance

criteria

10-1
Fast transients


Peak line-ground voltage

Tr/Th

Repetition frequency

± 2

5/50

5

kV

ns

kHz
IEC 61000-4-4

B

10-2
Surges
Tr/Th

Peak line-ground voltage

Peak line-to-line voltage
1,2/50 (8/20)

± 2

± 1
µs

kV

kV
IEC 61000-4-5
1)
B

10-3
Voltage dips
Reduction

Duration

Reduction

Duration
30

10

60

100
%

ms

%

ms
IEC 61000-4-11

B

C

10-4
Voltage interruptions
Reduction

Duration
> 95

5000
%

ms
IEC61000-4-11

C

10-5
Radio-frequency

continuous

conducted

Frequency

Voltage

AM(1kHz)
0,15-80

10

80
MHz

V

%
IEC 61000-4-6
2)
B

1)
In some industrial environments higher limits may be required.

3)
The test level specified is the r.m.s. value of the unmodulated carrier.

8  Configurations and combinations of power supplies

8.1  Modular PSUs

A PSU with a single primary circuit or module and separate output modules forming a single unit, synchronised or not, shall meet the requirements defined in this standard as a single component or apparatus type of PSU.

8.2  Power supply systems

An easily relocatable system containing several PSUs in parallel, in series or combination with a single input connection shall comply to this standard as a single component or apparatus type of PSU. It is the responsibility of the system supplier to ensure EMC compliance with this standard or with a specific EMC standard of the end product.

8.3  Power supply installations

When a number of PSUs are used in an installation and are supplied by a distributed a.c. or d.c. network then this is a power installation. This type of arrangement is not easily relocatable. Each individual PSU shall comply with this  standatd and this is the responsibility of the PSU manufacturer who shall also provide information on the correct installation of his product. The EMC considerations of the final installation are the responsibility of the professional installer.

8.4  Distributed power supplies

This is a power installation where the input a.c. or d.c. supply is distributed to individual power conversion units or modules which are installed locally to the circuitry to be supplied. This standard applies to the individual products as appropriate. The EMC performance of the overall system or installation is the responsibility of the professional installer.

8.5  Power supplies in parallel or in series

Where PSUs are sold to be connected in parallel or in series, their documentation shall include information relating to the expected EMC performance for such arrangements.

9  Power supply families

A power supply family consists of PSUs with similarities between members.

It is neither economic nor sensible to measure the EMC performance of all members of the family. 

It is the responsibility of the manufacturer to decide which members of the family should be tested as being representative of the entire family. This decision shall be justified in the test report.

See also annex F.

10  Statistical aspects

The limits in this standard are set taking measurement uncertainties into account.


As a consequence the measured value of one product sample shall be compared directly with the limits.

-
One product sample means one piece.

-
In case of dispute, the 80 / 80 % rule stated in 
CISPR16-1 shall apply.

NOTE-
Uncertainty of measurement is a parameter, associated with the result of measurement, that characterises the dispersion of the values that could reasonably be attributed to the measure and in accordance with ISO/IEC Guide 25  to the expression of uncertainty in measurement. Measurement uncertainty arises from random effects and from imperfect correction for systematic effects.

11  Safety aspects

EMC mitigation measures shall not violate the required safety provisions; for example mains filters influence the touch current and EMC screens can influence clearance or creepage distances.

Equipment shall not become dangerous or unsafe as a result of immunity tests defined in this standard. Therefore, type tests for EMC compliance shall be concluded before safety type tests are carried out or in parallel as long as any changes to the equipment due to EMC testing are retested for compliance with product safety requirements.

12  Test report

The test results shall be documented in a test report.

The report shall give sufficient product identification and test data. It shall clearly, unambiguously and objectively present all relevant information of the tests such as load conditions, cable length, earthing, etc.

A functional description of the test set-up, including test equipment, cable layout and the modes of operation during the test shall be given.

A detailed definition and a justification of the chosen acceptance criteria shall be provided by the manufacturer and noted in the test report.

The report shall give the actual measured values for each test and relate them to the limit values.

Annex  A
(normative)


Guidelines on the classification of PSUs

Because many PSUs are used as part of larger units, referring to different EMC standards, a classification is necessary. This annex provides some examples of product classification, but it is the manufacturer's responsibility to determine the classification.

A.1

Power supplies intended for free-standing operation


The manufacturer is responsible for all relevant EMC tests to be applied to these PSUs. This category includes, for example

-
bench top PSUs for laboratory or similar use;

-
stand alone PSUs for industrial applications;

-
plug top PSUs with switched mode control;

-
industrial battery chargers;

-
plug top PSUs with no internal high frequency generator;

-
domestic battery chargers;

-
communication power system.

A.2

Component power supplies

a)
Considered as equivalent to apparatus


These power supplies are intended for sale to an end-user or installer. The manufacturer is responsible for all relevant EMC tests to be applied to these PSUs. This category includes, for example

-
PSUs with integral mains and/or IT equipment connectors that are sold to the general public for upgrading PCs, for use with printers, etc.;

-
PSUs intended to be used (with the addition of appropriate casing wiring, etc.) in installations where the EMC performance will not be measured by the installer;

-
a 24 V output PSU, within a safe box, intended for “installation”;

-
PSUs for amateur electronics.


This category does not include PSUs sold to the general public or for use in installations, where these are spares for repair and have been tested as part of an overall equipment.

b)
Intended for a professional assembler


This category includes, for example

-
most open card, cased and PCB mounted PSUs a.c./d.c. and d.c./d.c. (both plug in and wired);

-
rack subassembly PSUs which are intended for use only by professional assemblers;

-
PSUs sold as spares for repair where this PSU has been tested as part of the final product by a professional assembler.

Table A.1 gives an overview of the application of EMC standards to PSUs classified in accordance with clauses A.1 and  A.2.

Table A.1 - Classification of power supplies and the relevant EMC standards 

Power supply


EMC standard

A.1

Apparatus


IEC 61204-3



A.2

Components


a)
Considered to be equivalent to apparatus


b)
Intended for a professional assembler


IEC 61204-3

IEC 61204-3  used as an aid.

IEC 61204-3 may be replaced by an end-product EMC standard, as agreed between the PSU manufacturer and assembler or  as required by the intended specific application.



Annex B
(informative)


Commutation notches

The problem of commutation notches exists only for a very small percentage of PSUs, therefore no measurements or calculations are mandatory. In relevant cases, the manufacturer and the user have to agree the limit of the notches; this annex gives some common explanations of the problem.

The effect of commutation notches is well-known from line commutated converters of high power, especially if connected to voltage sources of high impedance. It is a system effect because it is dependent both on the internal line impedance and the converter characteristics. High power PSUs within the scope of this standard may be designed as line commutated converters. The notch problem is much less severe because of the relatively low power compared with converters for drives or high power UPS.

Notches are defined in IEC 60146-1-1. They can be reduced by commutation impedances in series with the converter source connectors. The impedance needed depends on the internal impedance of the power source, the input impedance of the PSU and the limit of the notches at the source connectors.

Generally, line commutated PSUs are connected to an industrial mains supply where commutation notches of up to 40 % are usual. The limits of notches at a public mains supply must comply with the limits of the local supply authority.

The calculation of the commutation impedances is well-known and needs no further information.

Annex C
(informative)


Calculation and simulation of the input current harmonics

Generally, public mains supplies do not meet the requirements for testing the equipment against IEC 61000-3-2, annex A. In those cases, artificial voltage sources are necessary for the measurement of input current harmonics, the nominal power of which may need to be considerably higher than the rated power of the PSU because of the high peaks of input current and the requirement that the limits of harmonic voltages shall be met with the PSU operating at full rated load.

Therefore, the calculation or simulation method is commonly used for products of high power. 

If the internal input impedances of the PSU up to the 40th harmonic are known, simulation can be a reasonable solution to evaluate harmonics, even for low power PSUs.

If impedances are not exactly known, the worst case value is to be used. To avoid simulation errors, it is recommended that a batch test is performed for a typical case of a PSU family and that the results of the measurement are compared with the simulation.

In case of doubt, measurement is preferred.

Annex D
(informative)


Special consideration for d.c. inputs

D.1
General

DC/DC converters according to  group IV of 
table 1 of this standard are considered to be supplied directly from a PSU or from a battery.

For some d.c./d.c. applications, the definitions used in this standard for low severity and high severity, as well as for emission classes do not reflect the actual environments in which a d.c./d.c. converter can be located.

D.2
Emission


For conducted emissions no tests are mandatory on d.c. inputs. However, it is recommended that class A limits are met on all d.c./d.c. converters which are not components as defined in A.2.b

For d.c./d.c. converters with an input voltage £ 60V, which are used in distributed power systems and installations in special applications (e.g. Telecom stations), the use of class B limits may be necessary.

D.3
Immunity

Higher immunity levels than specified in this standard are recommended for d.c./d.c. converters and which are:

-
supplied by a generator (e.g. cars, ships), in a system with d.c. motor drives (e.g. forklifts, electric cars) or from high voltage converters (e.g. trains, streetcars); 

-
in industrial applications where the nominal d.c. input voltages are higher than 60 V;

-
in power distribution systems in industrial applications (e.g. power plants, process industry).

The minimum immunity level for this class of d.c./d.c. converters is defined in 7.2., tables 3, 4, 5, 7, 8 and 9.
A higher degree of immunity on the d.c. input the levels of table D1,..... is recommended for the following input categories
:
a)
nominal d.c. input voltage £ 100V if fed from a generator, d.c. drives system or high voltage converter;

b)
nominal d.c. input voltage > 100V

Table D.1 - Immunity - DC input power ports - Input category a)


Environmental

phenomenon
Test

item
Test

specification
Unit
Test

set-up
Remarks


Performance

criteria

D.1-1
Fast transients


Peak line-ground
voltage

Tr/Th

Repetition frequency
± 2

5/50

5
kV

ns

kHz
IEC 61000-4-4

B

D.1-2
Surges
Tr/Th

Peak line-ground
voltage

Peak line-to-line voltage
1,2/50 (8/20)

± 1

±0,5
µs

kV

kV
IEC 61000-4-5

B

D.1-3
Radio-frequency

continuous

conducted

Frequency

Voltage

AM(1kHz)
0,15-80

10

80
MHz

V

%
IEC 61000-4-6
1), 2)
B

1)
The test is applicable to d.c. input ports intended to be connected permanently to cables longer than 10 m.

2)
The test level specified is the r.m.s. value of the unmodulated carrier.

Table D.2 - Immunity - DC input power ports - Input category b)

Tests applicable to d.c. power ports intended to be connected permanently to cables longer than 10 m.

Environmental

phenomenon
Test

item
Test

specification
Unit
Test

set-up
Remarks


Performance

criteria

D.2-1
Fast transients


Peak line-ground
voltage

Tr/Th

Repetition frequency
± 4

5/50

5
kV

ns

kHz
IEC 61000-4-4

B

D.2-2
Surges
Tr/Th

Peak line-ground
voltage

Peak line-to-line voltage
1,2/50 (8/20)

± 2

± 1
µs

kV

kV
IEC 61000-4-5
1)
B

D.2-3
Radio-frequency

continuous

conducted


Frequency

Voltage

AM(1kHz)
0,15-80

10

80
MHz

V

%
IEC 61000-4-6
2)
B

1)
In some industrial environments higher limits may be required.

2)
The test level specified is the r.m.s. value of the unmodulated carrier.

Table D.3 - Immunity - Eenclosure port  - Input categories a and b


Environmental

phenomenon
Test

item
Test

specification
Unit
Test

set-up
Remarks


Performance

criteria

D.3-1
Radio-frequency

electromagnetic field

Amplitude modulated
Frequency

Fieldstrength

AM 1kHz
80-100

10

80
MHz

V/m

%
IEC 61000-4-3
1)

2)
B

D.3-2
Radio-frequency electromagnetic field. 

Keyed carrier
Frequency

Fieldstrength

Duty cycle

Repetition  frequency
900 ± 5

10

50

200
MHz

V/m

%

Hz
IEC 61000-4-3
3)
B

1)
This level does not represent the field emitted by a transceiver in close proximity to the PSU.

2)
The test level specified is the r.m.s. value of the unmodulated carrier.

3)
This test is applied only in European countries. The test shall be carried out at one frequency within the indicated range. 

Annex E
(informative)


Critical frequency for high frequency power measurement

Calculation of the critical frequency of a PSU

The maximum test frequency for the absorbing clamp measurement, in accordance with CISPR 16-1, is defined, in this part of IEC 61204, as the critical measuring frequency of the PSU. 

CISPR 16-1 requires that the longest side length of an EUT shall be:
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 is the  longest side length of the PSU in metres;

l  is the  wavelength of the measuring frequency in metres;

c 
is the speed of light ( @ 3 x 10 8  m/s).

 Annex F
(normative)
Guidelines on power supply families

General

This annex provides some assistance in judging the test philosophy of power supply families, but it is the manufacturer who will ultimately decide how many different representative products need to be tested.

A power supply family consists of a set of PSUs with similarities between its members. It may be possible to select one family member that is representative of all the other members in respect of EMC, but usually it would be necessary to test several PSUs.

The basis of the testing philosophy, including decisions, conclusions and a description of the products covered by the test plan, should be detailed in the test report or file.

Choice of family members to be tested is clearly dependent on the similarities between family members. Not all input/output combinations need to be tested, but it would be advisable to test all different input sections and all different output sections at least once.

Items that may influence emission are

- the type of enclosure

- ventilation slots,

- connectors,

- input/output filter design,

- wiring lengths

- layout and type,

- ground management,

- switching components,

- control of the switching components,

- magnetic components,

- different sources of the same component,

- the printed circuit board design.

Items that may influence the immunity performance are

- the type of enclosure,

- ventilation slots,

- connectors,

- input/output filter design,

- magnetic components,

- wiring lengths,

- layout and type,

- ground management,

- control loops1),

- printed circuit board design,

- decoupling.

1) The tests specified in IEC 61000-4-3 IEC 61000-4-4 and IEC 61000-4-6 may affect the output regulation.

Annex G
(informative)


Summary of classification of environments and limits

Table G1 

Environment


Protection distance

m
Mains supply
Class emission limits 


Severity level

immunity

Residential


10 
Public


B
Low

Commercial +
light industrial


10 
Public
B (A) 1)
Low

Commercial +
light industrial


30 
Public
A 1)
Low

Commercial +
light industrial,

Industrial


30 


Industrial
A
High



Special


100 
Industrial  or private
t.b.d.
Low  or high 2)

1)
In a commercial or light industrial location with connection to the public mains supply, the user of a class A PSU may be required to take measures to reduce interference. See 6.1.

2)
High severity limits are required when one or more of the conditions characterizing industrial locations exists.

Annex H
(informative)

Emission Limits
Table 2 - Limits of mains terminal disturbance voltage (a.c. input port) 

Class B  limits
Class A limits

Frequency 

MHz


Quasi-peak

dB(mV)
Average
Quasi-peak

dB(mV)
Average

0,15 to 0,5

0,5 to 5

5 to 30


 66 to 56 1)
56

60
56 to 46 1)
46

50
79

73

73
66

60

60

1)
limit decreasing linearly with logarithm of frequency.


NOTE-
For d.c. input see annex D.

Table 3  - Limits for electromagnetic radiation/interference power disturbance
(all field strength limits refer to quasi-peak measurements) 


Class B  limits
Class A  limits

Frequency band

MHz
Quasi-peak dB(mV/m) 1)
Distance
m
Quasi-peak dB(mV/m) 1) 
Distance

m

30 to 230

230 to 1000


30

37 
10
40

47 
10

1)
dB(pW) if interference power is measured instead of field strength.

Alternatives to the 10 m field strength measurement:

-
30 m  = 10 m limits   -  10 dB

-
  3 m  = 10 m limits  +  10 dB

NOTE - This is not recommended for PSUs with a side length exceeding l/4 of the highest measured frequency.
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�SEITE \# "'Page: '#'�'"  �Page: 12���Instead “+” for Mandatory, “M” is proposed.


        Instead of “O” for Recommended, “R” is proposed.


        Instead of “-“ for No measurement  “NA” is proposed meaning “Not applicable”.   Do you  agree ?


�SEITE \# "'Page: '#'�'"  �Page: 12���Should the word “test” not be inserted here ?


�SEITE \# "'Page: '#'�'"  �Page: 15���CISPR 22(3rd edition), 1997 has been listed in the Normative references, therefore clause 10 has been cited in the text.


�SEITE \# "'Page: '#'�'"  �Page: 20���Is the numbering within the tables necessary  -  it may cause confusion with the subclauses ?


�SEITE \# "'Seite: '#'�'"  �� Is this the correct reference for class I ?


�SEITE \# "'Page: '#'�'"  �Page: 24���Is this reference correct ?


�SEITE \# "'Page: '#'�'"  �Page: 30���See annotation 2.


�SEITE \# "'Page: '#'�'"  �Page: 30���Please check the text of D.2 and that the English and French correspond.


�SEITE \# "'Seite: '#'�'"  ��uitzoeken


�SEITE \# "'Page: '#'�'"  �Page: 33���The layout of the items of influence has been changed in order to facilitate reading.
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