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single set of requirements and a single approval covering

many countries comprise an ideal scenario from the per-

spective of manufacturers of electronic equipment. In con-

trast to the cumbersome state of affairs that prevailed in
post-World War II Europe, requiring multiple approvals to a vari-
ety of standards, the formation of the European Union (EU) has
effectively harmonized product safety requirements. In this article,
we will review the EU’s Low-Voltage Directive and discuss the
requirements of the underlying standards that can be used by
manufacturers of electrical equipment to demonstrate compli-
ance with the directive’s requirements.

The Unified Standards of the Common Market

The EU was originally conceived by some as an effort to establish
a “United States of Europe” economically powerful enough to
confront the United States and Japan. In many ways, the grand
vision of a unified Western Europe has faded, but in another sense,
unification efforts have had dramatic effects. One of these efforts
culminated in the 1973 Low-Voltage Directive, which unified the
product safety standards for electronic products throughout the
12 EU member states (Great Britain, France, West Germany,
Belgium, the Netherlands, Luxembourg, Spain, Portugal, -Italy,
Greece, Denmark, and Ireland).

By virtue of the Treaty of Rome, EU directives supersede to
the national laws of all member states. Member states that fail to
abide by the directives face the judicial oversight of the European
Court of Justice, which has the power to order sanctions against
any recalcitrant member state.

The Low-Voltage Directive

The Low-Voltage Directive, designated 73/23/EEC, was adopted
by the council on February 19, 1973. The opening statement of the
directive acknowledged that the product safety requirements of
some of the governments of the EU had become “repressive” and
had to be eliminated. Among the repressive requirements was the
need for equipment to receive the national mark of each country
in order to be sold. To eliminate that, the directive prescribed that
adequate proof of compliance with product safety laws would
consist of a manufacturer’s Declaration of Conformity or the
mark of any one of the national testing and certification organiza-
tions (BSI, SEMKQO, VDE, TUV, etc.). Also, the standards would no
longer be drafted by the individual countries but would be chosen
by the Common Market itself.

Some examples reveal how the Low-Voltage Directive affected
commerce. Prior to it, a company wanting to sell a computer in
Britain, France, and Germany had to find out what the product
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safety standards were in each country and then apply to govern-
ment-approved laboratories in each—for example, BSI in Britain,
UTE in France, and the VDE or TUV in West Germany. These stan-
dards generally differed, but even where they agreed, the test meth-
ods differed, and no lab would recognize the test data of another.

After the Low-Voltage Directive, the manufacturer could look
to a single set of standards, usually those of the International
Electrotechnical Commission (IEC) or the regional body CEN-
ELEC. If the equipment fell under those standards, and if it met
their requirements, the manufacturer could prepare a Declaration
of Conformity or submit the equipment to any single EU-recog-
nized laboratory, such as BSI or SEMKQ, and have the lab’s mark
applied to the product. That mark would then be recognized
throughout the Common Market as proof of compliance. The
only time a manufacturer might want to obtain individual
approval marks for each country was when it provided some kind
of marketing advantage; no legal requirement mandated it.

The Low-Voltage Directive defines product safety conformity
for most electrical equipment that uses as a source of power 50 to
1000 V AC. It does not apply to medical equipment, plugs and
sockets for domestic use, toys, or radio-frequency interference
requirements, all of which are covered by other directives.

Periodically, the European Union selects CENELEC or IEC
standards as its harmonization documents. Any standards by BS,
VDE, or others that differ must be withdrawn within a short peri-
od of time. Even where the EU has not selected IEC or CENELEC
standards, such standards are presumed to apply. National stan-
dards, such as those of VDE or BSI, are valid only if no equivalent
1EC or CENELEC standard exists.

Key standards selected to date are listed in Table 1. Most
important among these is IEC 950, which has all but replaced the
earlier standards, IEC 380 and IEC 435. This article will review the
most important differences between these and U.S. standards such
as UL 478 and UL 1950. It is assumed that the reader has some
familiarity with both of these standards.

IEC 380, 435, and 950

IEC 380 (for office machines) and [EC 435 (for data-processing
equipment) are two closely related specifications that formerly
affected all manufacturers that wished to sell electronic equipment
of this kind overseas. These have now been combined in a newer
standard, IEC 950. While the standards are based on many of the
same principles as their U.S. counterparts, there are enough dif-
ferences to defy easy comparison.

Like UL standards, IEC 380, 435, and 950 cover product safe-
ty for the operator and the user, making their protection manda-
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IEC No. Description
380 Office Machines
435 Data Processing Equipment (EDP)
950 Office Machines and EDPs (harmonized)
65 Household Electronic Equipment
335-1 Household Appliances
1010-1 Laboratory, Test and Measurement, and
Process-Control Equipment
204-1 Electrical Equipment of Industrial Machines
227,245 AC Cords

TABLE 1: Common IEC standards.

tory. Service personnel are expected to be more knowledgeable,
and designers need not worry about protecting them, except
where the standard specifically calls out a service-personnel-pro-
tection measure. As a result of recent changes, IEC 950 now cov-
ers protection of the user from hazards associated with the
telecommunications network for products that connect to the
network. A CENELEC document designated EN 41003, address-
ing such protection, became part of IEC 950 upon the publication
of the second edition of the standard.

General Requirements

Like the U.S., the EU requires all machines to be marked with
rated voltage, a symbol for the nature of the supply (AC or DC),
rated frequency, power, current, the manufacturer’s name, model
number, and a symbol for double or reinforced insulation, if used.
Accessory outlets must be marked with their maximum permissi-
ble loads. Where machines can be adjusted for different supply
voltages (110, 220, etc.), the voltage to which the machine is
adjusted must be clearly discernible. If the equipment is operator-
adjustable, a wrong setting should not cause harm. Switches
involving safety functions, including “on” and “off,” must be clear-
ly marked as to their purpose. In order to aid in international
comprehension, a set of IEC symbols has been assembled.

Two Levels of Protection

In the EU, standards are built on the fundamental principle that
all hazardous parts need to be separated from any reasonably fore-
seeable operator access by two levels of protection. This can be in
the form of “double” insulation, consisting of “basic” insulation,
which is at least sufficient to provide operational isolation, com-
bined with “supplemental” insulation, which adds an extra level of
protection. Under some conditions, one single, thick layer known
as reinforced insulation can be used. Double-insulated machines
are known as Class II types.

The two required levels of protection can also be provided by
combining an earthed conductive (metal) case with basic insula-
tion. All operator-accessible metal parts must be bonded to the
earth ground return. A breakdown of insulation can then be
harmlessly shunted to earth ground by this arrangement. Devices
using this method of protection are known as Class I devices.

All accessible metal parts in Class I machines must be perma-
nently and reliably connected to an earth termination. Usually a
ground stud is welded to the case, which in turn is connected to
the grounding wire in the cord set. All earthing connections must
be made with green/yellow wire. A test is run to check this ground
connection. Impedance between accessible metal and the stud
should be under 0.1 ohm, measured at 25 amps.

Clearance and Creepage
While they start from the same fundamental principle, IEC stan-
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dards differ from their U.S. counterparts in their insulation require-
ments. What constitutes “basic,” “supplemental,” and “reinforced”
insulation is defined in terms of the type of insulation and its “clear-
ance” and “creepage.” Clearance is the shortest distance through air
between two parts; creepage is the distance over insulating surfaces
separating two parts. As such, clearance is usually less than creepage.
Clearance and creepage requirements depend on the nature of the
insulation and the working voltage between isolated areas.

For example, a power supply will have many different voltages
between adjacent metal parts. For basic insulation between phase
and neutral, a maximum 250 V AC is usually present. Under [EC
950, the minimum clearance separation would be 2 millimeters,
and minimum creepage distance 2.5 millimeters. Where the AC
voltage is full wave rectified to 356 V DC, the clearance distance
would be 3.2 millimeters and the creepage distance 4.0 millimeters
between positive and negative metal parts.

Assuming 356 V DC primary, 5V DC secondary, double insu-
lation would be required between primary circuits and operator-
accessible circuits. Double insulation would consist of “basic” plus
“supplementary” clearance and creepage distances. For clearance,
that would mean 3.2 millimeters (basic) and 3.2 millimeters (sup-
plementary), adding up to 6.4 millimeters between primary and
operator-accessible secondary or “Safety Extra-Low Voltage”
(SELV; see below). For creepage requirements, the working voltage
(351 V DC) would require 4.0 millimeters.

Tables 2 and 3 reproduce the clearance and creepage distance
tables from IEC 950. It is always best to assume a pollution degree
of 2 and a CTI index of III in determining minimum spacings.

Secondary circuits also need to be protected from operator
access if they are not SELV circuits. For working voltages up to 150
V AC or DC, the minimum spacing is 1.0 millimeter. Refer to IEC
950 Table 1V for further details.

Insulation Resistance to Moisture and Dielectric Strength

The purpose of these tests is to evaluate the quality of the insula-
tion provided under conditions of high humidity. First, the
machine is conditioned for two days in a humidity chamber set at
a relative humidity between 91% and 95%. The resistance of the
insulation to moisture is then checked using the dielectric with-
stand test, in which a high-potential (whence the term “hipot”)
AC or DC voltage differential-mode test is applied between cir-
cuits separated by the insulation under test. The value of the
applied voltage is dependent upon the insulation type (basic, sup-
plementary, or reinforced). A value of 1500 V AC or 2121 V DC
for basic insulation operating with a working voltage of less than
250 volts is typically applied between primary circuits and ground.
A value of 3000 V AC or 4242V DC is applied for reinforced insu-
lation with a working voltage of less than 250 volts between pri-
mary circuits and isolated accessible low-voltage circuits. Table 4
shows applicable voltages for other insulations and working volt-
ages. These voltages are applied for 60 seconds, during which no
breakdown or arcover may occur. Breakdown is considered to
have occurred if current flow increases in an uncontrolled, non-
linear manner. Momentary corona discharge or flashover is not
considered a failure.

Transformers, Secondary Circuits, and SELV

Examination for compliance with product safety standards would
be far more complex were it not for the special treatment afforded
SELV circuits, roughly equivalent to Class 2 circuits in the U.S.
These are defined as circuits that operate at less than 42.4 volts
peak or 60 V DC open-circuit. They must be separated from haz-
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Working Operational. Basic, and Supplementary Insulation
Voltage
up to Pollution Degree | Pollution Degree 2 Pollution Degree 3
lnc‘]‘:ging Material Group Material Group Material Group
Vs 1 1L lla, and Hilb 1 i i I Ul
or DC and I11b and I11b
50 Use appropriate 0.6 09 12 t.5 1.7 1.9
100 clearance 0.7 Lo 1.4 1.8 2.0 2.2
125 from Table I11 0.8 1.1 L5 L9 2.1 24
150 or Table IV 0.8 1.1 1.6 20 22 2.5
200 of IEC 950 L0 1.4 2.0 25 2.8 32
250 1.3 1.8 25 32 3.6 4.0
300 1.6 22 32 4.0 4.5 5.0
400 20 2.8 40 5.0 5.6 6.3
600 32 45 6.3 80 9.6 100
1000 5.0 7.1 10.0 12.5 140 16.0

TABLE 2: Minimum creepage distances for operational, basics and
supplementary insulation (in mm).

ardous primary sources by two levels of protection, either double
insulation or basic insulation combined with an earthed conduc-
tive barrier. Components connected to these circuits are consid-
ered to be at minimum risk for hazards. As such, creepage and
clearance do not have to be evaluated within these circuits, and a
number of other tests applied to primary and other secondaries
are likewise eliminated.

To be considered SELV, however, circuits must be carefully iso-
lated. For example, under UL 478, separation between primary
and secondary circuits in a wiring harness can be assured merely
by rating all the wires in the harness to the highest voltage value
the wires serve or touch. Primary and secondary wiring can be run
together, but IEC requirements stress their separation. If they are
bundled in one harness, three layers of insulation must be used to
separate them. The third layer usually consists of supplemental
tubing over the primary and secondary wiring. Such tubing must
be held in place over the wires by positive means such as tie wraps
or the use of shrink tubing.

In addition, SELV circuits must be fed by a “safety-isolating”
transformer. The requirements for such transformers are far stricter
in Europe than in the United States. Requirements for dielectric
strength, creepage and clearance distance, and separation of primary
and SELV circuits by basic and supplementary insulation (or basic
insulation and a grounded screen) apply to the inside of the trans-
former as well.

Operator Access and Safety Interlocks

An additional advantage of SELV circuits is that they are safe for
the operator to touch. Other circuits, however, must still be pro-
tected from operator access by at least two layers of protection. In
some designs, operator access to the internals of the machine is
necessary to replace batteries, cartridges, and so on. To provide the
two required levels of protection in this instance, a safety interlock
can be used. Such interlocks should not be operable by the IEC
test probe. The interlock can be overridden by positive action for
servicing but must be self-restoring when the unit is closed. EU
interlock requirements differ from those in the U.S. Interlocks
should be capable of 10,000 operations and require a contact spac-
ing of at least 3 millimeters if used in the primary (up to 240 volts)
or 0.3 millimeters if used in the secondary.

Leakage Current

Leakage current is the measure of current available to flow
through a human body where it is the only path to ground. Such
current is typically produced by capacitance between the AC lines
and earth. EMI suppression capacitors tend to be the biggest con-
tributors as they are usually connected between the AC lines and
chassis, both within EMI filters and within switching power sup-
plies. The human body is simulated using the measuring instru-
ment seen in Figure 1. A limit of 3.5 milliamps is allowed for
grounded pluggable equipment; ungrounded (Class II) equip-
ment is permitted only 0.25 milliamps of leakage current.
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Where: R

M 0 mA-1 mA moving cell movement

R1+RVI+Rmat0.5mAdc = 1 50082 £ 1% with C = 150 nF + 1% or
200082 £ 1% with C = 112nF + 1%

Dt -D4 Rectifier

Rg Noninductive shunt for X10 range

1£C sa2rt

Sensitivity button (press for maximum sensitivity)

FIGURE 1: Measuring instrument for earth leakage current test.

Insulation Circuits Subject to Installation Category II
Working Voltage -
up to and Including Nominal Mains Nominal Mains Nominal Mains
Supply Voltage Supply Voltage Supply Voltage
<150V >150V >300V
(Transient Rating 1500 V) <300V <600V
(Transient Rating 2500 V) (Transient Rating 4000 V)
V peak Vrms Pollution Pollution Pollution Pollution Pollution
or (sinusoidat) Degrees Degree Degrees Degree Degrees
D/CIV v land2 3 land 2 3 1,2,and 3
Op B/S R Op B/S R Op B/S R Op B/S R Op B/S R
71 50 0.4 1.0 2.0 1.0 1.3 2.6 1.0 2.0 4.0 13 2.0 4.0 2.0 3.2 6.4
0.7) | (1.4) (L0) | (2.0) (1L.7) | (3.4) (1.7) (34) (3.0) | {(6.0)
210 150 0.7 1.0 2.0 1.0 1.3 2.6 1.4 2.0 4.0 17 2.0 4.0 2.0 3.2 6.4
0.7) | (1.4) (1L.O) | (2.0 1.7y | (3.4) 1.7 (3.4) (3.0) | (6.0)
420 300 Op 17 B/S20(1.7) R4.0(34) 2.5 3.2 6.4
(3.0) | (6.0)
840 600 Op3.0 B/S32(30) R6.4(6.0)
1400 1000 Op/B/S4.2 R6.4
2800 2000 Op/B/S/R 8.4
7000 5000 Op/B/S/R 17.5
9800 7000 Op/B/S/R 25
14,000 10,000 Op/B/S/R 37
28,000 20,000 Op/B/S/R 80
42,000 30,000 Op/B/S/R 130

TABLE 3: Minimum clearances for insulation in primary circuits and between primary and secondary circuits (in mm).
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