EMC REGULATIONS

Harmonics and Flicker
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Flicker caused by short-term load variations is a major
problem, the effects of which are seen both locally, and
in some cases, in larger parts of the power grid.

Background

Maintenance of reliable performance
of electric and electronic devices
becomes increasingly important in a
world where more and more people
use all kinds of electronic devices,
both at home and in their working
environment.

Since 1987, products have had to
comply with the EMC directive in or-
der to be sold on the European mar-
ket. A number of standards for emis-
sion and immunity have become
mandatory from certain dates and are
the basis for CE-mark approval of
products. The main purpose of the
EMC directive is to ensure that elec-
tronic devices do not disturb or be-
come disturbed by other devices. In
this context, an additional important
aspect is to safeguard mains power
quality.

This article discusses the emission
standards EN 61000-3-2 for harmon-
ics and EN 61000-3-3 for flicker.
These standards are defined for prod-
ucts sold on the Furopean market
which have an input power of less
than 16 amps at 230 V at 50 Hz mains.
The need for limits for such distur-
bances tends to become global. Ja-
pan has already implemented a
guideline very similar to the EN
61000-3-2 standard. Australia and
New Zealand implemented EMC
rules similar to the European EMC
Directive. Negotiatior:s between the
United States and th.- EC have also
taken place over a long period of
time to develop uniform EMC regu-
lations.

All over Europe, governments are
setting up programs to certify that
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new products fulfill the requirements
for the CE mark. In addition, it seems
very likely that countries will also
implement market control as a part
of their competitive strategy. Every
manufacturer plays an important role
in making their products "cleaner and
safer® to the power distribution net-
work and to other products.

The first conference in marketing
control was held in Stockholm last
October. Penalties for products that
are sold as compliant to the CE mark
requirement, but are not, range
within the European countries from
fines, ban on sales and imprisonment
for the manufacturer in the most se-
rious cases.

Power distribution companies are
already forced to explore sophisti-
cated methods to deal with the in-

creasing third harmonic problem
caused, among other things, by the
increased use of office equipment
with switch-mode power supplies
(Figure 1).

Flicker caused by short-term load
variations is a major problem, the
effects of which are seen both lo-
cally, and in some cases, in larger
parts of the power grid.

Transitory Harmonics:
A Case Discussion

The quality of distributed electric
power has become a critical concern
in recent years. This concern has
grown with the improved energy
efficiency of electronic household
equipment and in commercial envi-
ronments. The switch-mode power
conversion technology that allows
for more efficient use of electrical
energy can have a negative impact
on power quality.

In a normal three-phase power
system, the third harmonic current,
which is almost as great as the fun-
damental for class D objects, is added
together in the neutral conductor. In
a large office environment, there
might be hundreds of switch-mode
power supplies connected to the
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Figure 1. A Typical Class D Waveform Caused by the PC System under Test.
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mains. Since the waveform is almost
identical, the third harmonic current
in the neutral could become bigger
than the individual phase currents
(Figure 2). This will cause voltage
drops, increased losses in the elec-
tric installation, and a need for in-
creased safety margins.

The lower limit for Class D ob-
jects is set to 75 W. This lower limit
will be reduced to 50 W in March
1999. Objects with less power con-
sumption do not need to comply
with the EN 61000-3-2 standard.

For devices that have a varying
power consumption in normal op-
eration, transitory harmonics should
be tested. Transitory harmonic cur-
rents may be 1.5 times the limits
during maximum 10% of any obser-
vation period of 150 seconds.

For transitory harmonics, the clas-
sification of devices is not clearly
defined in the standard. For example,
a laser printer or a copy machine is
normally a Class A device when op-
erating, and a Class D device in
standby mode. If defined as a Class
A device, it will normally pass, but
will often fail if defined as a Class D
product. The power consumption is
certainly higher in operation, but on

the other hand, these devices are

usually in standby mode.

Classes are defined as follows:

e Class A: Balanced three-phase
equipment, and all other equip-
ment not stated below.

e (Class B: Portable electric tools,
which are hand-held during nor-
mal operation and used for a short
time only.

Classes A and B have fixed limits
that are unchanging regardless of
equipment behavior. These two
classes correspond to groupings of
equipment in the EN 60555-2 stan-
dard.

e Class C: Lighting equipment, in-
cluding dimming devices. Funda-
mental current and circuit power
factor are the variables that affect
the absolute limits.

e Class D: Equipment with input
power in the range of 75 W to
600 W that also exhibits a Class D
waveform is subject to Class D lim-
its. These limits are expressed in
terms of mA/W.

Grouping equivalents to Classes C
and D did not exist in EN 60555-2,
and equipment that presently falls into
these classes was tested to limits simi-
lar to those set for class A devices.

Current Harmonics
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1 229.48 UV fu: 49.999 Hz

Live finalysed periods: 4 I : 1.594 A P: @.197 kU
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Figure 2. Two PC Systems Were Tested in Series Connection. The 3rd Harmonic Is
Nearly Twice (0.792A) Compared to 1 PC system (0.4324), Figure 4.
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A new class E has been proposed
by SC77A/WG1 for professional
equipment above 1 kVA. This class
would also have limits in terms of
mA/W but with no consideration to
the waveform.

Another unresolved issue is how
to interpret the directive for harmon-
ics emissions for devices that belong
to classes where limits are propor-
tional to mains power consumption.
Limits for these appliances are speci-
fied at different levels for each har-
monic.

One interpretation could be that
a single limit set is established for
the duration of the test based upon
a rated load condition for the equip-
ment under test. It is common for
this rating to be taken from the
manufacturer's specification docu-
mented on the rear panel labelling.

Another interpretation could be
that varying limit sets should be es-
tablished during the test. These limit
sets will track mains power consump-
tion while the tested equipment is
running through different operational
cycles. As power consumption goes
down, the limits will decrease. This
will result in more stringent require-
ments at low power. In Figure 3, the
instant cursor for each harmonic
draws a bar for minimum and maxi-
mum value throughout the opera-
tional cycle, respectively. The am-
plitude of a bar is relative to the Class
D limit with respect to power con-
sumption calculated for every 16-
period window of the test sequence.
The rapid load changes for a PC sys-
tem that fulfills the Energy Star regu-
lations result in higher order harmon-
ics. This is not the case if the steady
state harmonics are measured for
each mode (Figure 4).

For a lot of electronic equipment,
having a varying power consump-
tion and internal DC power supplies
derived from rectification of the
mains input means that the effects
can be strong. These test objects can
easily fail or pass compliance de-
pending on the interpretation used.

Although the tested PC system did
not pass the steady-state harmonics
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Fluctuating Current Harmonics

Setup: DEFAULT_H Gen setting: 1(1) U : 229.54 ¢ fu: 49.993 Hz
Live finalysed periods: 16 1 : 8.876 A P: 8.106 kW
Module: M1 Limit: Class D (Standard) I1: B.465 A
LP-filter Note:
THD=159.27 » (PF=0.528) FAILED (overrange)
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Neasurement completed (488s)
Figure 3. The PC System Was Tested During an Operational
Cycle of 8 Minutes During Which the System Was in Sleep

Mode Once.

measurement to Class D, it will fall into even more seri-
ous trouble if consideration is given to the Energy Star
regulations and the fact that the PC system should be
measured in an operational cycle. Figure 5 shows how
the inrush current for the monitor from standby to oper-
ating mode will affect the limits and cause higher order
harmonics.

The design of power factor correction circuits will
become more difficult if an additional requirement is to
handle the higher order harmonics at a rapid power
change as for the restart of a monitor. This type of re-
quirement for power savings and rapid restarts ema-
nates from guidelines such as TCO 95 and Energy Star
(Figure 6).

Japan adopted a guideline for harmonic measurements
for products sold on the Japanese market. The purpose
of the regulations is that the harmonic content gener-
ated by home appliances/general purpose instruments
shall be reduced by 25% from today’s levels. The guide-
line is close to the European regulations, with some
important exceptions. Products that work at 110 V at 60
Hz shall be tested the same way as products working at
230 V at 50 Hz mains. The Japanese harmonic guideline
also defines line impedances to be used when perform-
ing harmonics measurements.

Does a Monitor Produce Flicker?

Voltage fluctuations at low frequencies is unwanted in
the power grid. The basic reason behind the flicker stan-
dard is to avoid a varying light intensity from normal
lamps. The human eye is most sensitive for this in the
frequency range from 0.25 Hz to 25 Hz with a peak at
8.8 Hz. The short-term flicker value, Pst, is defined with
respect to the human eye sensitivity.

For power quality, this means that the worst flicker is
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caused by large varying loads such as arc furnaces, in-
duction ovens, and compressors. Voltage fluctuations
can also cause functional errors and other problems in
a wide range of devices connected to the mains. All
high power loads that vary in time will cause fluctua-
tions that are likely to produce flicker. Even our normal
home appliances like laser printers, microwave ovens,
heaters, air conditioners and copiers have automatic turn
on/off controls that will cause flicker.

Today, most PCs are compliant to the Energy Star
requirements for saving energy. This means that a moni-
tor will turn on and off depending on usage. Should a
PC be CE marked as a system or not? A monitor by itself
is a steady-state device, but in a system, it will become
a typical flickering object. A reasonable conclusion must
be that a PC system should be tested to the EN 61000-3-
3 standard.

Figure 7 shows single-stage energy savings where
the power is reduced to 50 W in sleep mode. (An old
unit was used for this test). Today the power should be
reduced to less than 5 W and a rapid restart (max 3
seconds to a readable screen) should be available. This
causes a higher inrush current with a greater voltage

Current Harmonics
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Figure 4. Two Snapshots for Steady-state Harmonics in
Operating Mode and Sleep Mode to Class D.
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Extreme Fluct. Current Harmonics

Setup: DEFAULT_H

Gen setting: 1(1) u:

229.94 U fu: 49.999 Hz

Live finalysed periods: 16 1 : B8.876 A P: 0.106 ki
Module: M1 Limit: Class D (Standard) I1: 8.465 A
LP-filter Note:
Duration above limit 188.8 » (of sliding window)
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Figure 5. 3rd Harmonic Bebavior Relative to the Class D Limits During the
Operational Cycle. The power consumption was calculated for each 16-period

window.

change, dmax. Also, new limits for a
two-step power decrease have been
introduced by the EPA and the Swiss
2000 Guidelines for energy con-
sumption. The result will be a flick-
ering object that will affect other
devices and the human eye. A PC
system that is turned on and off pro-
duces a Pst value of 0.12 (Figure 8).
It is behaving as a flickering device
and falls under the EN 61000-3-3
standard. It is important to keep in
mind that an office environment usu-
ally has several PCs connected in
series that might affect the environ-
ment badly in terms of flicker if the
power-down modes are set with
short intervals.

Different product standards vary
on whether a product should be
tested strictly for maximum voltage
change, dmax, and for flicker. For
obtaining the short-term flicker value,
the voltage change caused by power
variations has to be measured. The
determination of the flicker value is
fully described in the standard EN
61000-4-15 (earlier EN 60868). The
accuracy for a flicker test using a digi-
tal flickermeter basically depends
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upon the accuracy of the voltage
change measurement. The EN 61000-
3-3 standard basically defines two
methods, direct volitage measuve-
ments and power measurements, for
obtaining the voltage change, d

(Table 1). Surprisingly, most solution
vendors for EN 61000-3-3 test equip-
ment chose the direct voltage mea-
surement method to measure the
voltage change.

The flicker meter was originally
designed to be used as a power qual-
ity measuring device using direct
voltage measurement to measure the
voltage drop on the mains network
in order to calculate the flicker value.

The direct voltage measurement
across a reference impedance put

* strict requirements on the test equip-

ment. The basis for flicker evalua-
tion is the voltage change waveform
at the terminals of the equipment
under test. In other words, it is the
difference AU of any two successive
values of the phase-to-neutral volt-
ages U(t1) and U(t2):

AU = U(t1) - U(t2) ¢}

where _

U(t1) = voltage at the terminals of
the test object with no cur-
rent flowing and

U(t2) = voltage at the terminals of
the test object when current
is flowing.

The RMS values U(t1), U(t2) of the
voltage shall be measured or calcu-

UHaveform M1

Note:
U 229.48 VUrns (680 Up) fu: 49.993 Hz
Cursor values
Ule): -253.87 V
¢: 0.24 w
T T T af: 413.8 Hz
-n Bu n aT: 2.42 ns
“1:8.147 Arns (38 Ap) fu: 49.999 Hz
Cursor values
. It¢): -33.679 A
¢: B8.29 n
f = ™ T af 1 413.8 Hz
-n [5)§ w aT: 2.42 ms

Ir i-gger condition:

I-period-RMS 8.5 A Rising

Appl: PC SYSTEM

Figure 6. Inrush Current from Sleep Mode to Operating Mode.
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Recording Mean Diagram

Note:
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Figure 7. Single-stage Energy Saving Mode.

lated. The voltage change AU is due
to the change of the voltage drop
across the complex reference imped-
ance Z, caused by the complex fun-
damental input current change, Al
of the equipment under test.

Measuring the voltage drop with
direct voltage measurements has a
basic disadvantage in the fact that it
only uses a very small part of the
voltage measurement range. With a
voltage setting of 230 V, the voltage
range must be at least around 350 V,
but could be as high as 600 V, de-
pending on the range limits of the
test equipment (Figure 9).

The smallest voltage drop that has
to be measured is around 0.3% of
the nominal voltage. Assume this
voltage drop to be measured with
an uncertainty of less than 4% (half
of the total error than is specified).
This leads to a required measurement
uncertainty better than 0.006% of the
voltage range for instruments using
this method.

Analyzers are available which use
power measurements as a basis for
the voltage drop calculation. The
corresponding typical current range
is 30 A and a current variation of 1.7
A to produce 0.3% voltage drop. The
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required uncertainty is around 0.23%
of the current range.

The whole integrated test system
can have a reference impedance of
Z=04Q +j0.25Q.

EN 61000-3-3.

Most solution vendors offer a
physical reference impedance speci-
fied according to the EN 61000-3-3
standard and state a zero output im-
pedance for the source using remote
sensing at the terminals of the equip-
ment under test. This means that the
source impedance is compensated by
controlling the output voltage of the
AC source. For steady-state loads, this
is no problem. However, all AC
sources have an output impedance
that varies with frequency and the
size of the load variation. There is a
static component in the impedance
variation that corresponds to load
regulation. There is also a complex
dynamic component in the output
impedance that depends on the fre-
quency response of the source volt-
age regulation for rapid load changes.

Since our test object is a typical
Class D object in standby mode and
operating mode, the PC system gen-
erates voltage harmonics and the
source impedance will increase be-
cause of the higher order harmon-
ics. In this case, the total output im-
pedance in the test systems will dif-
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Extreme Flicker-1 M1

Note:

Numerical Reference Impedance

u: 238.8 v I1: 8.88 A f: 49.998 Hz PF: 0.528
EVALUATION:
Type of observation period Short Long Limit
Observation time Tp 8 8 min
Haximum relative voltage change dmax: 8.71 » 4
Max rel steady state voltage change dc 8.85 3
Duration of d(t) > 3 t 0.80 s 8.2
Short term flicker severity Pst : 08.12 1.88
Long term flicker severity P1t : —  0.12 —

Based on 1 (1) short term cycles

PASSED
Heasurement completed

Appl: PC SYSTEM
Figure 8. When the PC System Is Ramped Down to Sleep
Mode in a Repetitive Way with Three Switch-ons in 8
Minutes, the Unit Is Likely to Flicker.

fer from the specified reference impedance and may
not meet the requirements of the standard (Figure 10).

An output impedance from the source correspond-
ing to 10% of the reference impedance, Z, will cause a
direct proportional error of 10% in the voltage drop
measurement when using direct voltage measurements.

When using power measurements, a voltage drop in
the supply voltage will only result in a proportional
current deviation. The resulting error in the voltage drop
calculation will become 0.12% instead of 4% for the
standard method. This means that it is difficult to design
a test system for direct voltage measurements that handles
worst-case loads within the limits that are specified in
the EN 61000-3-3 standard.

A great problem for test houses and solution vendors
is that the EN 61000-3-3 standard does not define any
method for system verification, nor is a method given
for calibrating the complete test. The EN 61000-3-3 stan-
dard refers to the EN 61000-4-15 standard where cali-
bration of the flickermeter is defined. However, this is
only a partial calibration for the test system.

As pointed out, one of the most critical aspects of
accurate flicker measurements is the accuracy of the

Gtotal output impedance, and to calibrate that, a known

varying load is needed.

Tough Requirements, January
2001

Recently, a proposal that postponed the DOW (Date of
Withdrawal) date for a wide amount of basic standards,
as well as product standards that will affect the EMC
testing requirements for products sold in the Furopean
market, was published in the Official Journal of the Eu-
ropean Community (OJEC). The reason seems to stem
from a disagreement between the commission and
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CENELEC on how to handle the certification clause and
how to replace an old standard with a new one. Until
now, the maximum time between the DOP (Date of
Publishing), and DOW for a standard was set to 5 years.
The certification clause permitted a smooth initiation of
a new standard where products could be tested to the
old standard, e.g., EN 60555, a fixed period after the
DOW date. With the decision from CENELEC, the certi-
fication clause is taken away. In practice, this means
that the only mandatory requirement for products now
sold in the EC is to test products for household and
similar use according to EN 60555-2 and EN 60555-3. It
is also possible to test these products against the EN
61000-3-2 and EN 61000-3-3 standards. As a result, there
will be no need for the additional testing that is re-
quired by January 1, 2001. It now also seems likely that
the remaining issues for professional products with a
power above 1000 W will be resolved well in time be-
fore the new date.

For industrial or professional products, the new date
means that the industry is given a prolonged period to
adapt new products to the EN 61000-3-2 and EN 61000-
3-3 standards. Note, however, that even old products
already on the market have to meet the new standards
and there is no transition time.

With this background, the industry should start to
adapt its existing and new products to the new require-
ments now to ensure that cost-effective solutions are
implemented in time.

Summary

A wide range of products will be influenced by the

harmonics and flicker standards in the near future.
Both existing and new products have to comply with

the harmonics and flicker standards no later than Janu-

—400 vp

—30ArP

Figure 9. The Required Accuracy of the Test Equipment is
0.006% for Direct Voitage Measurement to Measure a 0.3%
Voltage Change Within the Standard Limits for dmax. 0.23%
Accuracy is Needed Using Potwer Measurements.
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Uoltage check M1

Setup: DEFAULT_H Gen setting: 1(1) U:229.94V fu: 49.999 Hz

158 % of limit

100

4 . I. I.

B 2 4 6 8 19 12 14 16 18 28 22 24 26 28 39 32 34 36 38 48
Harmonic order

Appl: PC SYSTEN

Measurement completed (488s)

Figure 10. AC Source Voltage Harmonics Relative to the
Limit for AC Source Requirements During the Single-stage
Energy-saving Mode.

ary 1, 2001 to be sold in the European market.

There are still some unresolved questions in both
the harmonics and the flicker standards. To be on the
safe side, it is advisable that all manufacturers soon
become aware of how this could influence both exist-
ing and new products.

In many cases, it is clear that units which individu-
ally will meet the requirements to be CE-marked still
may fail as a system. Typical examples of this are com-
puter systems and even a simple PC system.

HJALMAR BONDESTAM and JOHAN SCHUBER are M.Sc engi-
neers with Combinova AB. Combinova is a manufacturer of power
analysis instrumentation and programmable AC sources. They can
be reached through Combinova’s North American representative, Er-
gonomics, Inc., Southbampton, PA. Phone: (215) 357-5124. (800)
862-0102. E-mail: info@ergonomics.USA.com.
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