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Why Comply with Safety Regulations &
Certify?

To gain access to a particular market
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Safety Standards Relevant to Power Supplies

Depends on the application that the power supply is designed for

A power supply can be certified to more that one standard if sold to
various industries

Largest markets
— Industrial and consumer electronics — 60950-1

— Medical — 60601-1
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Safety Standards Relevant to Power Supplies

Safety requirements for information

IEC 60950-1 technology equipment

Safety requirements for audio, video and similar

IEC 60065 electronic apparatus

IEC 62368-1 arety re.quw.emen s for audio VI. eo, information an
communication technology equipment
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Safety Standards Relevant to Power Supplies

IEC 60601-1
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Safety Standards Relevant to Power Supplies

IEC 60079
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Safety Standards Relevant to Power Supplies
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Safety Agencies and Approval Types
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Safety Agencies and Approval Types

CERTIFICATE OF COMPLIANCE Certificate TOVRheinland
e comn R
lsswe Do 2016-MARCH-02 {

LSYS License Holder: Manufacturing Plant:
s JEXCE TEGENORORES LD Bxcelsys Technologies Ltd. Shenzhen WATT Electronics Co., Ltd.

UNIT 27 27 Bastgate Drive Ko. 5, Tunnel 1, Tangfang Garden
EASTGATE BUSINESS PARK Eastgate Business Park 35th District, Baoan County
UITTLE ISLAND LITTLE ISLAND, CORK 518101 Shenzhen, Guangdong

CO CORK IRELAND Ireland China

COMPONENT - POWER SUPPLIES, INFORMATION
TECHNOLOGY EQUIPMENT INCLUDING ELECTRICAL Test report no.:  USAJAK 31492716 004 Clicat Reference Diarmuid Hogan

BUSINESS EQUIPMENT Tosted to: ANSI/AAMI ES60601-1:2005+A2 (R2012) 4+Al
See Addendum Page for Models CAN/CSA-C22.2 No. 60501-1:14

Have been igated by UL in d with the
Standard(s) indicated on this Certificate.

UL 60950-1, Inf Technology Equip - Safety - Certified Preduct:  Switched Mode Power Supply
Part 1: Genemlﬂequlrelmlm Sartat
CAN/CSA C22.2 No. 60850-1-07, Information Technology tion:

- 2 * 3 ; Model Designation: S} Xal000-36defgh, 6) Xa500-3édefgh
Sirtnt; Saety - Eact 1 Caners fleqomiments (a = A-Z; d = 0-9, A-2; & = #-8, C, R, 5;
See the UL Oniine Certfications Directory at £ =0-9, A-Z; g = 00-13; h = 0-9, A-Z, blank)
www ul comidatabase for additional information

Rated Curzent: 5} 10-4.6A

6) 4-2.3a
mmmmmum«mmhw-mwmwu‘ Output Ratings DC:
Cerificasion and Follow-Up Sarvice. 5) 1008W max.; Output 1: 26-40V/28A (36V/28A nominal)
1 12V/0.3A
o Compcaiata o Kt ; mmh%d- §) 504W max.; i 26-40V/14A (36V/14A nominal)
Mbv&unmrmhnnnhhﬂ Th.ﬁvd D 1 12V/0.3A
irstaliation and use in complte aquipmant submitted to UL LLC. Appe: T e

Look for the UL Cartificaion Mark on the product.

Date of Tsswe

(duy/molyr)
@ 28/09/2015
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Safety Agencies and Approval Types

USA — Occupational Safety and
Health Organisation

Canada — Standards Council of
Canada

— Nationally Recognised Test
Laboratories

CB Scheme (54 countries)
— National Certification Bodies i
— CB Testing Laboratories =

!

http://www.iecee.org/members/overview/
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Safety Agencies and Approval Types

Product for the
Global Market
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Safety Agencies and Approval Types

European
Harmonized
Standard

EU Directives
(LVD 2014/35/EV)

National Standards
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d The safety certification process
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The Safety Certification Process

Determine what Equipment Class the power supply belongs to
Based on 60950-1

Class |

— basic insulation & protective earth grounding

Class I

— double or reinforced insulation; no ground connection required
Class Il

— operated from a SELV supply circuit

© 2016 Excelsys Technologies Ltd.
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The Safety Certification Process

kstop_
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The Safety Certification Process

Types of Insulation (according to 60950-1)
— Operational / Functional
Basic
Supplementary
Double
Reinforced

« Minimum insulation requirements for power supplies
— Primary to Secondary — Reinforced Insulation
— Primary to Earth — Basic Insulation
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The Safety Certification Process

IEC 60601-1 Insulation Hi-Pot Creepage
Classification voltage distance

ond E¢ 3rd Ed [Vac] [mm]
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The Safety Certification Process

Worst case operational testing
Overload testing

Single fault testing
Temperature testing

Earth leakage current
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The Safety Certification Process

* Full documentation package
PCB gerber files
Schematics
Mechanical specifications
Assembly Instructions
Custom made designs, eg. Transformers, Inductors

Data sheets and Material Specifications for certain critical components

© 2016 Excelsys Technologies Ltd.
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The Safety Certification Process

 The Critical Component List

* Provides rating and safety certification information for critical parts of the
design

PCB material

Mechanical parts

Fans

Bulk, X and Y capacitors

Inductors

Barrier components (transformers, optocouplers)
Inrush limiters

Temperature sensors
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Conclusion
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What dees doesn’t a power supply have to comply with these days!

Sinziana Cionca — Development and Safety Engineer - Excelsys Technologies Ltd. Cork Ireland
Christopher Siegl - Field Applications Engineer - Excelsys Technologies Ltd. North America

Abstract: The reason why a power supply has to comply with safety regulations is to ensure the safety of the end
user and service personnel. However in order to convince customers belonging to a worldwide commercial space
that a power supply is safe today’s power supply engineer has to navigate a complex and ever-changing maze of

standards, regulations and requirements.

The current paper aims to provide an overview of the main safety standards relevant for power supplies. We will
also describe what can be self certified and where an independent test house has to be involved. The main
terminology relating to safety and an overview of the most relevant safety requirements a design engineer should
be aware of are described with the aim of easing the safety certification process.

1. Introduction

Why does a power supply have to comply with
safety regulations and be certified? The text book
answer is that compliance with safety regulations
ensures the safety of the end user and service
personnel by mitigating hazards such as electrical,
mechanical, fire, chemical and radiation hazards.
The reality is that even if you design and
manufacture the best and safest power supply
without the right safety certification it will never
sell. The reason why a power supply undergoes
safety testing and certification is to ensure its access
to a particular market.

As a design engineer you can spend years
designing power supplies without being aware of
where the design guidelines you have to follow
come from. The current paper will hopefully
provide some insight into this subject. We will
present an overview of the most relevant standards
relating to power supplies, describe who is
responsible for creating safety standards and who
can provide certification to them. We will also
describe what is involved in the certification
process with regards to documentation and testing.

2. Safety Standards Relevant to Power Supplies

A variety of standards can apply to power
supplies, however ultimately the decision of which
one to certify to depends on the application that the
power supply is designed for. In some cases power
supplies will be certified to more than one safety
standard if they are meant to be sold into
applications belonging to various industries.

The largest markets that power supplies are
designed for are industrial, consumer electronics
and medical. Power supplies designed for the
industrial and communications sectors are usually
certified to the IEC 60950-1 standard, while those
designed for the medical electronics sector are
certified to the IEC 60601-1.

Due to the fact that IT, communications and
audio/video equipment have with time started to
overlap, the necessity of a single standard
governing them arised. The IEC 60950-1 deals with
the safety of IT and communications equipment
while the IEC 60065 covers the safety of audio,
video and similar electronic apparatus. A new
standard which covers all of these applications has
recently been introduced, the IEC 62368-1. This
standard will replace the IEC 60950-1 and the IEC
60065 by 2019. While it is claimed that this new
standard was written based on the principles of
hazard based safety engineering as opposed to the
old fashioned prescriptive rules type of standards
that it replaces, upon closer examination it can be
seen that hazard based concepts are used, however
the implementation of the standard is still
prescriptive.

In the case of medical electrical equipment
compliance to the IEC 60601-1 is required. The
requirements of this standard may be higher than
those of the IEC 60950-1 depending on the
proximity of the power supply to the patient or
operator.

Other applications will require certification to
specific standards; for example laboratory electrical
equipment will be certified to the IEC 61010-1,
lighting equipment to the IEC 61347-1 and
equipment intended for use in explosive
atmospheres will be certified to the IEC 60079.
Equipment designed for the military, defence and
aerospace sectors will have to comply with
additional industry specific standards. It is outside
the scope of the current paper to list all of the
possible standards that could apply to a power
supply, we would however emphasise that the end
application will ultimately set this requirement.

Up to recently there were no safety standards
for power supplies alone. All of this changed with
the introduction of the IEC 61204-7 standard in
2006, entitled “Low-voltage power supply devices,
d.c. output - Part 7: Safety requirements”. This
standard covers both stand alone and component

Page 1 of 4
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power supplies. Controversy still exists over the
necessity of this standard especially in the context
of the newly introduced IEC 62368-1 and because
of the fact that this standard does not offer an entry
route into the medical market, the IEC 60601-1 still
needs to be used here. The market place demand
will ultimately decide if this standard will or will
not be applied.

3. Safety Agencies and Approval Types

While the International Electrotechnical
Commission (IEC) and the International
Organisation for Standards (ISO) are responsible
for issuing electrical safety standards, safety
agencies are the ones that provide certification.
Safety agencies provide certification services for a
particular region, for example Underwriters
Laboratories (UL) and the Canadian Standards
Association (CSA) provide certification for the
North  American market. TUV (Technischer
Uberwachungsverein), VDE  (Verband  der
Elektrotechnik, Elektronik und
Informationstechnik) and BSI (British Standards
Institution) are some of the agencies that provide
certification for the European market. Because the
majority of product manufactuers will target the
world wide market, safety agencies have taken the
same approach, with most of them now offering
services on all continents not just for their
hystorical regions. A different approval mark will
be used depending on which agency provided the
certification for the product.

It is important to note that when the power
supply is approved to an IEC standard by a specific
agency, the standard number will be prefixed by the
agencies initials to show who provided the
certification.

In the case of Europe, harmonized standards are
used. These are European standards created based
on a request from the European Commission which
are then adopted and published as national
standards by the European courtiers. Compliance
with a harmonised standard provides a presumption
of conformity to the requirements of the
corresponding EU Directives. In order for a power
supply to be sold into the European market it will
need to comply with the Low Voltage Directive
(LVD). Compliance to one of the harmonised
standards referenced by the LVD, such as the IEC
60950-1, ensures compliance to the LVD and in
turn the right of the power supply manufacturer to
affix the CE mark. The CE mark is mandatory for
access to the European market. In the case of the
CE mark self certification is not only acceptable,
but since this years update to the LVD
(2014/35/EU)  the manufacturer is  solely
responsible for conformity to the LVD and a third
party such as a safety agency cannot assume this

responsibility on behalf of the manufacturer any
more.

In the United States the Occupational Safety
and Health Organisation (OSHA) requires that
certain products including power supplies be
approved by a third party organisation called a
Nationally Recognised Testing Laboratory (NRTL).
UL, TUV and CSA are some of the organisations
recognised by OSHA as NRTLs. NRTLs may have
accredited labs which can perform testing on their
behalf, however the certification will still come
from the NRTL itself. In Canada a similar system is
operated by the Standards Council of Canada
(SCC). A power supply will usually obtain
certification for both the US and Canadian markets,
and then bare a mark showing this, for example the
cULus or cTUVus mark.

Under the CB Scheme a product will be tested
to harmonized standards and to any national
variations applicable to the countries in the CB
Scheme. Currently there are 54 countries in the CB
scheme. As part of the CB Scheme, National
Certification Bodies (NCBs) and their associated
CB Testing Laboratories will provide testing and
certification services to manufacturers.

If a power supply manufacturer wishes to
market their product world wide they will normally
obtain certification for the North American market,
Europe and the rest of the world through the CB
scheme. This implies that a US and Canada
certificate (such as a cULus or cTUVus), a CB
certificate and a CE declaration of conformity will
be available for their product. The majority of the
large safety agencies have laboratories which are
accredited as both NRTLs and NCBs thus
providing certification for the North America
market and through the CB Scheme concomitantly,
decreasing time to market for the manufacturer.

Now that we’ve clarified who can provide
safety certification and to what standards, let’s see
what the certification process involves.

4. The Safety Certification Process

The process involved in certifying a power
supply will vary depending on the standard to
which the product is being certified. The discussion
to follow will focus on the process involved in
obtaining certification to an information technology
or medical standard, i.e. the IEC 60950-1 or IEC
60601-1 standards. Certification to other standards
will include the majority of the requirements
described below.

In most cases the assessment will start with the
construction analysis of an open frame test sample
which will verify the clearance, creepage and solid
insulation dimensions, protective earthing and other
mechanical aspects.

Page 2 of 4
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The class of equipment that the power supply
belongs to will need to be established. Power
supplies will be classified as Class | equipment if
protection from electric shock is provided by basic
insulation and protective earth grounding; Class Il
equipment if double or reinforced insulation is
provided and no ground connection is required or
Class Il equipment if they operate from a SELV
(Safety Extra Low Voltage) supply circuit which
makes it impossible for hazardous voltages to be
generated within the equipment.

The maximum/peak working voltage of each
isolation barrier will be determined using
calculation and measurements. This will then be
used to determine if the clearance and creepage
distances provided are sufficient for the type of
isolation that circuit claims to have. The peak
working voltage is also use to determine the level
of hi-pot testing necessary to prove that the level of
isolation provided by a circuit is present.
Additional factors will be taken in to consideration
when determining creepage and clearance distance
requirements, i.e. pollutions degree and material
group.

The isolation between two circuits can belong to
one of the following five categories:
operational/functional,  basic,  supplementary,
double or reinforced. In the case of power supplies,
primary to secondary circuits will likely have
reinforced isolation and primary to earth circuits
will have basic or supplementary isolation. If the
power supply is being certified to the medical
standard then isolation will be classified based on
patient vicinity (as type B (body = no patient
contact), BF (body floating = patient contact) or CF
(cardiac floating = contact with the patient’s heart))
or according to the latest edition of the standard
based on the means of patient or operator
protection they provide (MOPP = means of patient
protection; MOOP = means of operator protection).

The power supply will also be subjected to
worst case operational testing, overload and single
fault testing. Temperature testing will be performed
to determine the worst case temperature on critical
parts of the circuit and verify that they are within
their allowable limits.

After humidity preconditioning, dielectric
withstand testing will be conducted in order to
verify the level of isolation between primary and
secondary circuits and primary/secondary and
earth. Guideline values are offered in the table
below.

Table 1. Guideline for classification of isolation

2 MOOP BF Double 3000 5.0
1 MOPP B Basic 1500 4.0
2 MOPP CF Reinforced 4000 8.0

barriers.

IEC 60601-1 Insulation Hi-Pot Creepage
Classification Voltage Distance
2nd 3rd [Vac] [mm]

Ed. Ed

1 MOPP B Basic 1500 25

Earth leakage current measurements will be
performed. The allowable limits for leakage current
will depend on the equipment class that the power
supply belongs to. If the power supply is being
certified to the medical IEC 60601-1 standard more
stringent earth leakage current requirements will
apply, i.e. <300pA.

In addition to the testing a full documentation
package will need be provided to the safety agency
for inclusion in the final report. This can include
the following: PCB gerber files, schematics,
mechanical specifications, assembly instructions,
various sub-assembly specifications such as
transformer or inductor designs.

An important part of the final report is the
Critical Component List. It provides rating and
safety certification information relating to
components critical to the design, such as the PCB
material, enclosure, fans, connectors, fuses, bulk, X
and Y capacitors, inductors, barrier components
such as transformers and optocouplers, inrush
limiters, temperature sensors etc. For most of these
the power supply manufacturer will have to provide
safety certification information or additional testing
might be required to asses the critical component in
application. It is important to know the safety
certification status of all the components and
subassemblies used in the design to ensure a
minimum safety certification time.

A design engineer will gradually become
familiar with all of the design features which need
to be taken into account to ensure the product they
are designing meets safety requirements. However,
for an engineering team to produce products which
meet the latest safety standard requirements at the
end of the design cycle an awareness of “what’s
coming down the line” in terms of safety standards
needs to exist within the team.

5. Conclusion

A complex product such as a power supply,
especially when designed to meet requirements for
a world wide market, will have a relatively long
design cycle. Standards can change or be replaced
by the time the design cycle ends and the
certification process begins. It is essential to know
what safety requirements the product will need to
meet in order to avoid redesigns or recertification.
With time to market being critical in today’s
engineering world a prior knowledge of safety can
have a very positive impact on product release time.
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Excelsys Technologies Ltd. is a modern world-class power
supplies design company providing quality products to OEM
equipment manufacturers around the world. This is achieved
by combining the latest technology, management methods and
total customer service philosophy with a 20 year tradition of
reliable and innovative switch mode power supply design,
manufacture and sales. If there are any further points you wish
to discuss  from this paper please contact
support@excelsys.com. Further information on our products
can also be found at www.excelsys.com.
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