
SELLING SAFELY OVERSEAS

Every industrialized country has set standards for Prod

uct Safety. In the case of electronic equipment, ``safety"

generally means preventing exposure to shock, energy, fire

and mechanical hazard. Central to international electronic

commerce is the electronic data processing and business

machine industry. While representing just a few of the

dozens of kinds of electrical equipment regulated by safety

standards, these devices make up a substantial fraction of

the output of the worldwide electronics industry.

Twenty years ago, just finding what standards existed in

the 20 or 30 maj or worldwide markets was a formidable

task, but in recent years, international harmonization ef

forts led by the European Communities Common Market

have made the task much easier.

Nonetheless, in each country, selling unsafe products can

lead to lawsuits or criminal charges. Foreign courts often

don't observe the same principles of due process as does the

United States, and being charged for crime or being sued in

a foreign country can prove to be nightmare.

For these reasons, safety standards have become a major

hurdle for manufacturers who wish to sell overseas. Under

standing the workings of the Common Market and non-

market countries such as Japan can be a key to keeping a

competitive edge.

THE UNIFIED STANDARDS OF THE COMMON

MARKET

The European Communities EU or Common Market

was originally conceived as an effort at a "United States of

Europe" economically powerful enough to confront the

United States, Japan and the Communist block. In many

ways, the grand vision of a unified Western Europe has

faded, but in others, unification efforts have had dramatic

effect. One of these, in fact, one of the most notable

achievements of the Common Market, has been its 1973

"Low Voltage Directive" which unified the safety stan

dards for electronic products throughout the 12 member

EC.

By virtue of the Treaty of Rome, Regulations and Direc

tives of the European Community are superior to the na

tional laws of all members. Lawmaking process begins with

the European Commission who drafts a proposal to be sent

to the European Parliament. The Parliament, which now

numbers 410 directly elected members, votes on the pro

posal. However, its vote is not binding on the real decision

making body, the European Council. Increasingly,

however, the Parliament's significant political impact is

taken into consideration.

Within the Council, working groups consisting of senior

Civil Servants from member states discuss and, if

necessary, alter the proposal from the Commission and the

European Parliament. The proposal is then forwarded to

the Committee of Permanent Representatives which is

made up of superior Civil Servants of the member states.

Agreement being reached there, recommendations are for

warded to the Council of Ministers. The make-up of the all-

important Council can vary depending on subject matter.

For instance, there are separate members for the Council of

Agricultural Ministers, the Council of Ministers for En

vironmental Protection, etc. However, they always act in

the name of the Council of European Communities.

The outcome of these proceedings are the Regulations

and Directives. Regulations are directly binding on the

member states without their taking any individual action

and apply mainly to the controversial area of agriculture.

Directives, on the other hand, do not create new law direct

ly, but simply instruct the member states to amend their na

tional codes within a prescribed period of time.

Member states who fail to do so will face the judicial

oversight of the European Court of Justice. It 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 of European Communities on

February 19, 1973. The opening statement of the Directive

acknowledged that the safety requirements of some of the

governments of the EC 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. Equipment sold in Britain had

to bear the BSI mark; in Germany, the GS mark; in Den

mark, DEMKO's mark, even though the standards may

have been the same. To eliminate that, the Directive

prescribed that proof of compliance with safety laws would

consist of a manufacturer's certificate of conformity or the

mark of any one of the national organizations. 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 af
fected commerce. Prior to it, company A wanting to sell a
computer in Britain, France and West Germany had to find
out what the safety standards were in each one of these

countries, and then apply to governmentally approved
laboratories: BSI in Britain, the VDE in West Germany,
etc. These standards differed. Even when the standards
were the same, the test methods differed and neither one
would recognize the other's test data. Nonetheless, each

had to approve the equipment to be sold in each country.
After the Low Voltage Directive, the manufacturer could

look for a single set of standards, usually those of the Inter
national Electrotechnical Commission IEC or the regional

body CENELEC, for a standard which the European Com

munity had designated. If the equipment fell under that
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standard, and if the equipment met its requirement, the

manufacturer himself merely had to label the equipment as

compliant and could sell in any of the Common Market

countries. He also could submit the equipment to any na

tionally recognized laboratory, such as BSI and VDE, and

have their mark applied upon their testing. That mark

would then be recognized throughout the Common Market

as proof of compliance. The only time that a manufacturer

would want to get individual approval marks for each

country was if it served some kind of marketing advantage,

but no legal requirement forced him to do so.

The Directive covers all electrical equipment using from

50 to 1000 V AC. It does not apply to medical equipment,

plugs and sockets for domestic use, or radio electrical in

terference; these sometimes being covered by other direc

tives.

Periodically, the European Commission selects

CENELEC or IEC standards as their harmonization

documents. Any standards by BSI, VDE etc. which differ

must be withdrawn within a short period. Even where the

EC hasn't selected IEC or CENELEC standards, IEC stan

dards are presumed to apply. National standards, such as

those of the VilE or BSI, are only valid if no equivalent

IEC standard exists. Note, however, that some areas are

not covered by the Low Voltage Directive, like plugs and

sockets, and these can be specified by national authorities.

Key harmonization standards selected to date are listed in

the insert. Most important among these are IEC 380 and

435.

TABLE 1

INTERNATIONAL SAFETY STANDARDS

RELATED TO OFFICE MACHINES AND

ELECI7RONIC DATA PROCESSING

IEC No. Description

380 Office Machines

435 EDP

65 Household Appliances

83 Plugs and Sockets for Domestic Use

252 AC Motor Start Capacitors

320 Appliance Couplers

384-14 EMI Capacitors

695 Fire Hazard Testing

227, 245 AC Cords

These documents

ing, 617-264-4208.

are available from Compliance Engineer-

measure. The standard also does not cover modems or

other devices which interface directly to the telecom

munications network, reserving these for national stan

dards.

General Requirements

The general requirement is that all devices be so designed

and constructed to ensure that, as far as reasonably prac

tical, they protect against the risk of personal injury from

electrical shock, fire, energy and mechanical hazards. This

includes not only conditions that arise in normal use, but

any reasonably foreseeable carelessness.

To enhance protection, the standard requires instruction

manuals be provided with sufficient information to

describe any conditions, ensuring that, "when in use, the

machine or unit shall be safe and without risk to health."

All machines are required to be marked with rated voltage,

a symbol for the nature of the supply AC or DC, rated

frequency, power, current, along with the manufacturer's

name, model number, and a symbol for double or rein

forced insulation, if used. Accessory outlets must be

marked with their maximum permissible loads. Where

machines can be adjusted for different supply voltages

110, 220, etc., the voltage to which the machine is ad

justed must be clearly discernible. If operator adjustable, a

wrongful 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 interna

tional comprehension, a set of IEC symbols has been

assembled. All markings have to be easily legible and

durable, surviving a 15 second rub with a cloth soaked in

water, followed by another 15 second rub with a cloth

soaked in petroleum spirits.

JEC 380 AND 435

IEC 380 Office Machines and 435 Data Processing

Equipment are two closely related specifications which af

fect all manufacturers who wish to sell electronic equip

ment of this kind overseas. They have been recognized by

EC Directives and, because of that, have become national

standards throughout the Common Market. While the

standards are based on many of the same principles as their

US equivalent, UL 478, there are enough differences to

defy easy comparison.

The standards cover safety for the operator and layman,

making their protection mandatory. 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 protection
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Two Levels of Protection

The standards are built on the fundamental principle that

all hazardous parts need to be separated from any reason

ably foreseeable operator access by two levels of protec

tion. This can be in the form of "double" insulation, con

sisting of "basic" insulation which is sufficient to provide

operational isolation combined with "supplemental" in

sulation, which adds an extra level of protection. Under

some conditions, one single thick layer of insulation known

as "reinforced" can be used; however, the use of rein

forced insulation should be limited to cases where pro

viding separate basic and supplemental insulation is not

practical. Double insulated machines are known as "Class

II" types.

The two required levels of protection can also be provid

ed by combining an earthed conductive case with basic in

sulation. Any devices housed primarily in a metal case are

required to observe the grounding prescriptions of the stan

dard. All operator accessible metal parts must be bonded to

the earth ground return. A breakdown of insulation should

then be harmlessly shunted to earth ground by this arrange

ment. Devices using this method of protection are known as

``Class I'' devices.

All accessible metal parts in Class I machines must be

permanently and reliably connected to an earth termina

tion, usually a ground stud, which is in turn connected to

the power cord ground. It should not be possible to remove

this stud without a special tool. All earthing connections

must be made with green/yellow wire. Impedance between

accessible metal and the stud should be under .1 ohm,

measured at 25 amps.

Clearance and Creepage

What constitutes "basic," "supplemental" and "rein

forced" insulation is defined in terms of the type of insula

tion and its "clearance'' and "creepage." Clearance is the

shortest distance in air between two parts. Creepage is the

distance over insulating surfaces separating two parts. As

such, clearance is usually less than creepage. The clearance

and creepage required depend on the nature of the insula

tion.

Circuits connected to primaries must maintain a

clearance and creepage between parts of opposite polarity

of at least 3 mm to serve as basic insulation and 4 mm to

serve as supplemental up to 250 volts RMS. Where an air

gap is to serve both as basic and supplemental reinforced,

an 8 mm spacing should be provided. Clearance and

creepage requirements are reduced where parts are

separated by the solid insulation. Such insulation should be

at least 1 mm thick to serve as supplementary insulation

and 2 mm to serve as reinforced. In addition, solid insula

tion must pass certain resistance and dielectric tests.

Insulation Resistance and Dielectric Strength

The purpose of these tests is to evaluate the quality of in

sulation under stress. First, the machine is conditioned in a

humidity chamber set at 93% relative humidity for two

days. The resistance of the insulation is then checked using

an applied DC voltage of 500 volts and measuring the cur

rent one minute after application. Voltages are applied be

tween secondaries and the enclosure of the unit and be

tween primaries and the enclosure. In general, resistance

must be greater than seven megohms. Class II machines

are wrapped in foil for this test. Where inaccessible metal

pieces exist in Class II machines, resistance must be 5 megs

between them and the encloure, and 2 megs between them

and live parts. Insulating materials that can absorb water,

such as wood, cotton, paper etc., should not be used for in

sulation unless impregnated,

In a second test, this same insulation is stressed by apply

ing between 500 and 3750 volts as shown in Table 2. The

voltage stress should not cause the insulation to break

down.

TABLE 2

DIELECTRIC STRENGTH TESTS OF LEC 380

Application of

Voltage Between Class I Class II

Primary and body 1250 3750

Primary and SELV secon

daries 3750 3750

Primary and non-SELY sec

ondaries 1250 1250

SELV secondaries and body Not tested Not tested

Non-SELV secondaries and

body 1250 2500

SELV and Non-SELV second

aries 2500 2500

*Note; Apply 10 times the working voltage, up to 1250.

Tests not needed if secondary operates at less than 30 vrms.

Transformers, Secondary Circuits and SE!. V

The examination of compliance with safety standards

would be far more complex if it were not for the classifica

tion of Safety Extra Low Voltage Circuits, known as SELV.

These are defined as circuits which run at less than 42.4

volts peak at less than 8 amps and which are separated from

hazardous sources greater than 42.4 volts/8 amps by two

levels of protection, either double insulation or basic com

bined with an earthed conductive barrier. These com

ponents are considered to be a minimum risk for fire and

shock hazards. As such, creepage and clearance do not

have to be evaluated and a number of other tests applied to

primary and other secondaries are eliminated. Fortunately,

most of the circuitry in electronic data processing equip

ment meets the qualifications of SELV and can be con

sidered safe.

To be considered SELV, however, careful isolation of the

circuits is required. Wires and harnesses feeding both SELV

and other circuitry must be double insulated, usually by the

use of supplemental tubing. Such tubing must be held in

place over the wires by positive means- Any gaps in the tub

ing should not be wider than 3/10 mm.

In addition, SELY circuits must be fed by a "Safety

Isolating Transformer.'' The requirements for safety

isolating transformers are far stricter in Europe than in the

United States. Figure 1 shows the extensive tests required

for such transformers

Operator Access and Safety Interlocks

An additional advantage of SELV circuits is that they are

safe enough for the operator to touch. Other circuits,

however, must be protected 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 bat

teries, cartridges etc. 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

finger see below. The interlock can be overridden by

positive action for servicing, but must be self-restoring
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when the unit is closed. Interlocks should be capable of

10,000 operations and require a contact with at least 3 mm
if used in the primary up to 240 volts or .3 mm when used

in the secondary.

Leakage Current

Despite the two levels of protection built in to the

machines, some leakage current will result. This is a natural

result of a lack of grounding in Class ii devices or can result
through the operator negligently disconnecting the ground
return in Class I devices, For these reasons, a measuring of

leakage current Figure 2 is required. The limits for most
Class I machines are 3.5 milliamps and Class!! machines,

.25 milliamps, Class J machines which are considered "por.

table" Oess than 18 kg must have their leakage current
limited to .75 milliamps.

Components

Any components making up a machine must not only

meet JEC 380 and 435, but must meet their own JEC com

ponent specifications as well. Some of these specifications

are listed in Table I. The use of certain components also re

quires special care.

Any capacitors rated at greater than .1 sf must be

marked with their voltage rating and capacitance.

Capacitors should not be connected across thermal cut

outs. Line-to-line capacitors in primaries must be less than

.5 jzf or have a bleeder resistor so that less than 34 volts is

present across the AC plug one second after disconnection.

All components, including PC boards, should be

mounted in such a way as to prevent loosening. Mounting

screws should transmit contact pressure through metal

rather than through plastic or other materials that may

shrink. Screws made of nylon or other insulating material

SELV
Winding

SE LV

winding

must have a diameter of at least 3 miii and cannot be used

where replacement by a metal screw could impair insula

tion. Sheet metal and self tapping screws cannot be used for

current carrying connections, but they can provide earth

continuity if at least two such screws are used to join each

seam, in any event, lock washers must be used to lock

screws against loosening. Any components not so secured

are considered likely to come loose, and if creepage and

clearance requirements are compromised by more than

SOWo by such loosening, the machine cannot be considered

compliant.

Where rechargeable batteries are used, care must be

taken that the body of the unit will not accuniulate possibly

flammable gasses. If those batteries have to be replaced, the

hardware to hold them in place must be captive.

Any internal wiring must run in wire guides that are free

from sharp edges. Similarly, wires must be mounted away

front moving parts. Where connected to moving parts,

wires need to be supported by a flexible conduit rated for

100,000 flexings. All other wiring must be rigidty fixed, and

greenlyellow wire should only be used for earth ground

connections. Where wires are bundled, they must all be

rated at the highest breakdown voltage in a harness.

Wires connected to screw terminals are considered likely

to come loose. Some mechanical support is required to pre

vent them from compromising creepage and clearance re

quirements. Splices are permissible, but they must be

mechanically secured prior to soldering.

Enclosures

The enclosure usually provides one of the two levels of

protection required by the rules. Either it is made out of an

Equipment

to be tested

Meter in b

I
Me ins

a

Re

FiGURE 2

Set-up used to measure leakage current
C = lSOnf ±1.5,11.
The total resistance, ES' + meter, must be 1500 ohms ±15 ohms.

Other winding, Internal Wiring

FIGURE 1

A multitude of tests are required to determine if a transformer can

he classified as "Safety Isolating." Shown is a transformer for a

Class I device. AC voltages applied to test for breakdown are: `a
1250, 2 1250,3a = 3150, 4 2500,5 = 500, 6a = 1250,7

1250. Separate requirements apply for Class 11 machines.
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IEC Standard Test Finger

insulator or, if constructed out of metal, is earth grounded.

Openings are permitted as long as they are not so large as to

allow the IEC finger to be inserted, literally a standard

finger used for these examinations. The finger should not

come in contact with any live hazardous parts or, for Class

II machines, parts separated by basic insulation only. Thir

ty Newtons of force is applied to push the finger through

openings, and the finger is applied in every possible direc

tion or position. Only exempted are the bottom plates 0f

machines of more than 40 kg normally used floor standing.

In addition, the JEC finger should not contact any moving

parts. If protective guards are needed to protect against

moving parts or shock hazards, they should not be

removable without the use of a tool. Where hair might get

caught in the moving parts of a machine, warnings are re

quired. Handles and knobs used on hand-held or portable

devices must be insulated.

Resistance to Fire

The enclosure and all internal parts which could serve as

fuel must meet flame rating requirements. US manufac

turers will have little difficulty meeting the European re

quirements, since the standards provided by the US

equivalent, UL 478, are somewhat stricter. To meet US

standards, all parts, including PC boards, wiring connec

tors etc, should have flame ratings of 94-V2 or 94 11F2 or

better. It is advisable to have PC boards marked with their

flame ratings along with the manufacturer's name and

logo. Externally mounted air filters need only be 94 HB or

94 HBF. The enclosure itself should be rated 94-VU or bet-

ter

Mechanical Strength and Enclosure Stress Relief

The purpose of these tests is to see how the equipment

will respond to rough handling and impacts. First, a special

test tool consisting of a steel circular surface of 30 mlii is

pressed against external covers and guards with a force of

250 Newtons. Then a ½ kg, 15mm diameter sphere is drop

ped from a vertical height of 1.3 m, making contact with

the top and sides of the device floor standing machines on

ly. Hand-held machines are dropped from a height of 1 m

onto a hardwood surface in positions likely to produce the

most adverse effects. Finally, the equipment is subjected to

a bake at 70 degrees C for seven hours. After these en

vironmental tests, the device should not have openings

which permit contact with hazardous parts, nor shall the

power supply cord be able to be pulled free from the hous

ing. In addition, the required basic supplemental or rein

forced insulation should not be compromised.

Pull tests are also required on knobs and handles. If they

are likely to be pulled on axis, a force of 30 Newtons is ap

plied. Those not likely to be subject to axial force are sub

ject to a 15 Newton pull. The knob or handle should not

come free.

Performance

A variety of performance tests measure the safety of the

device under operating conditions. The device is run at 1.1

times its rated voltage for 48 hours. It is then started 50

times at a voltage equal to 1.1 times and .85 times its rated

voltage. During these tests, overload protection fuses

should not operate. Dielectric tests are then applied to

primary circuits at 50% of the voltages shown in Table 2.

Evaluations are also made to see that connections, handles,

guards, or other components do not work loose. Under

maximum load, the device should not thaw more than

110¼ of its rated value.

Motor operated machines are subject to the additional

requirement of a start at .85 times the rated voltage three

times. The machine should start smoothly.

Dimensions in millimetres

Tolerances:
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