Emerging Standards for

EMC Emissions & Immunity ~e”

Requirements for Industrial, Scientific, Medical &
Information Technology Equipment

c CE Marking requirements are the
path to increased market access

Powerful Globalization forces will encourage
“harmonized” products designed for World
markets rather than simply regional markets



Overview of Testing Requirements

Emissions Immunity

Conducted CISPR 11, 22 EN 61000-4-6

Radiated CISPR 11, 22 EN 61000-4-3
Power-line Harmonics / Flicker EN 61000-4-8, -11

E.S.D. EN 61000-4-2

E.F.T. EN 61000-4-4

Surge EN 61000-4-5




Emerging Test Requirements: ~8§’ )7

(required in 2001) o ORRY/

EN 61000-4-5 Lightning Strike (Surge) 7/1/01

EN 61000-4-6 Conducted R.F. Voltages 7/1/01

EN 61000-4-8 50Hz Magnetic Fields 7/1/01

EN 61000-4-11 Power line slow variations 7/1/01

EN 61000-3-2 Power line Harmonics 1/1/01

EN 61000-3-3 Power line Flicker 1/1/01

EN 55011(98) Industrial, Scientific, Medical 1/1/01

EN 55022(98) Computer / Telco emissions 8/1/01

EN 55024(98) Computer / Telco immunities 7/1/01
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Lightning Strike (Surge) oS
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Combination wave definitions
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Lightning Strike (Surge)

Open-circuit test voltage
Levsl t10%
kV

0,5
1.0
2,0
4,0
Special

M b N -

NOTE - x is an open dlass. This level can be specified in the product
specification.

Test levels for Surge testing
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Lightning Strike (Surge)

Installation classes for Surge testing:

Class 0 Well-protected electrical environment, often within a special
room

Class 1 Partly protected electrical environment

Class 2 Electrical environment where cables are well separated, even
at short runs

Class 3 Electrical environment where cables run in parallel

Class 4 Electrical environment where interconnects are running

outdoors, along with power cables, and are used for both
electronic and electric circuits

Class 5 Electrical environment with equipment connected to
telecommunications lines & overhead power lines in rural
areas

Class x Special conditions specified in the product specification
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Lightning Strike (Surge)

Test levals
Power supply Unbalanced operated Balanced operated sD8, DBY
i ¢ireuits/lines, LDB circuitsAines
Installation
class Coupling made Coupling mode Coupling mode Coupling mode
Line Line Line Line Line Line Line Line
to line lo earth ta line to earth to lina 10 earth to ling o earth
kv kv kv kv kv KV KV kv

0 NA NA NA NA NA NA NA NA
1 NA 05 NA 0.5 NA 0.5 NA NA
2 0,5 1.0 0.5 1.0 NA 1.0 NA 0.5
3 10 20 10 20% NA 20 NA NA
4 20 403 2.0 a0 NA 20 NA NA
5 2) 2) 20 40% NA 40% NA NA
X

1)  Limited distance, special configuration, special layout, 10 m 10 max. 30 m: no test is advised at interconnection

cables up 1o 10 m, only class 2is applicable.

2}  Depends on the class of the focal power su pply system.

3} Normally tested with primary protection,

Explanation: .

Dp = data bus (dala line)
SDB = shont-distance bus
LDB = long-distance bus
NA = notapplicable




EN 61000-4-6
Conducted R.F. Voltages

This Standard describes the Conducted Immunity testing requirements for
electrical & electronic equipment to continuos interference from intended RF
transmitters operating from 150 kHz - 80 MHz. (optional to 230MHz) Amplitude
Modulation (AM) is applied during the test to simulate these emitters.

Four coupling methods are outlined in the Standard:
1.Coupler Decoupler Networks (CDN's)
2.Direct Injection (Direct or "S" series CDN's)
3.Electromagnetic Clamp (EM Clamp)
4.Bulk Current Injection (BCI, 150 & 50 ohms)

Each method requires a "calibration" to measure the required drive level for
that coupling method, test level, and test setup. This "drive table" is then
played back by the Computer (with 80% AM modulation) during the test run,
with an appropriate dwell time (usually 3 seconds) at each frequency, and the
performance of the Equipment Under Test (EUT) is monitored by the
Auxiliary Equipment (AE) for failures.



Conducted R.F. Voltages

EN 61000-4-6

When interference is applied, failures can occur in four types:

Type A
Type B
Type C
Type D

No failures are observed

Unit is upset, recovers when interference is removed
Unit is upset, requires operator intervention to re-set
Unit does not recover (damaged)

Voitage level (e.m.f.)
U, [dBuV] U, [V]

120
130
140

1) X is an open level.
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Conducted R.F. Voltages

method

. The Standard uses a logical decision
Selecting injection . . . ]

[ ] tree to guide in the choice of coupling
method. First, it asks; Are CDN's
suitable? If aterminated CDN is
Inserted into the Power or I/O lines of
- the EUT, and those lines continue to
CONs [U.f,fef,'ui’ﬁp or Di,eml{f,?ecﬁon] function, then that CDN should be

623 6217 used on that line.

Are
CDNs
suitgble

YES

IN port

Check following requirements:
I. 150 Ohm AE impedance realised
I, Cable 30 to 50 mm above GRP

il. AE sufficiently immune
IV. Cable length between EUT and AE < 1m
AE port EUT port
Can PE ===C
T reduirements™, 70 N L |
;ne L j_ - Y Y YN8 &
L
Use Use C,
EM-clamp or EM-clamp or
current clamp current clamp
L2 3 Note_ gg::g C.{typ) = 10 nF, Cy(typ} = 47 nF, R = 300 Q, L 2 280 puH at 150 kHz
. -M2; ) = 10 nF, = 47 nF, R = 2000, L 2 260 uH at 150 kHz
*) Applicable for screened cables only Ii CONM1: S;m, Pl &g,’:g n47nF Ao 1000 L 2280 :: pibacri

Rules for selecting the injection method
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Conducted R.F. Voltages

Selecting injection
method

Are
CDNs
suitgble

YES

Use Use clamp Use
CDNs injecion or Direct Injection
6.2.2 6.2.3 6.2.1%)
|
Check following requirements:
I. 150 Ohm AE impedance realised
Il. Cable 30 to 50 mm above GRP

il. AE sufficiently immune
IV. Cable length between EUT and AE < 1m

Can
YES _“requirements
be met
?

NO

Use Use
EM-clamp or EM-clamp or
current clamp current clamp
7.2 7.3

*) Applicable for screened cables only Ii

Rules for selecting the injection method

If a Coupler Decoupler Network (CDN)
IS not suitable, is the line shielded
(screened)? If so, you may use the "S"
series CDN if suitable.

IN port

AE port EUT port

— 11\ - [

Note_. R =100 0, L 280 pH at 150 kHz

“S” series CDN (S-1)
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You may also use Direct Injection (through the R-100) onto the shield
(screen) of the cable under test. Separate decoupling with the Ferrite
Decoupler is then recommended.

0,imcl<03m

Wall of shielded room )

P IELEL P Odr e o

Principle of direct coupling to screened cables.
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Selecting injection
method

Are
CDNs
suitable

YES NO

Use Use clamp Use
CDNs injecion or Direct Injection
6.2.2 6.2.3 6.2.1%)

Check following requirements:

I. 150 Ohm AE impedance realised

. Cable 30 to 50 mm above GRP

il. AE sufficiently immune

IV. Cable length between EUT and AE < 1m

Can
YES __~requirements™\_N°
be met
?

Use Use
EM-clamp or EM-clamp or
current clamp current clamp
7.2 7.3

*) Applicable for screened cables only Ii

Rules for selecting the injection method

If neither of these methods is suitable,
clamp injection techniques are allowed.
However, injected currents must be
monitored with a monitor current probe
and Spectrum Analyzer for both the BCI
probe (150 & 50 ohms) as well

as for the EM Clamp (150 ohms)
methods. The use of a Ferrite Decoupler
to protect the AE is recommended for
both clamp injection techniques. The
test setup shall present the 150 ohm
common mode impedance required in
Paragraph 6.2 and the functional
installation conditions as closely as
possible.
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b, AY
Conducted R.F. Voltages 2
L<0,3m whera possibie 0,im<L<0Cm
) r )
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Example of Clamp injection methods (EM Clamp or BCI)
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Conducted R.F. Voltages g

Plnce EM 0,15 - 230MHz EM clamp 0,15 ~230MHz
1 ax4C8 1 5x4C8 ' J
T i
] ‘ ] ‘” 21 ’ X .
ol <} T~~~ 3~ % P
ha il 3 ks F ; 2 13
. : " > N
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Isaction]
Elévation {coupe} Elevation est
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Partie intérlieure {vue en plan) Lowaer part (lop view) 1T 8 P

Example of EM Clamp construction
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[

YES

Selecting injection ]

Use clamp

or Direct Injection

Check following requirements:

I. 150 Ohm AE impedance realised

. Cable 30 to 50 mm above GRP

il. AE sufficiently immune

IV. Cable length between EUT and AE < 1m

YES

requirements

Use
EM-clamp or
current clamp

72

NO

EM-clamp or

[current clamp

*) Applicable for screened cables only Ii

Rules for selecting the injection method

To ensure the 150 ohm common mode
Impedance is realized, check that the
following conditions of 7.2 are met:

« Each AE is placed on a 100mm
support above the ground plane

» All cables touching each AE shall be
provided with a Ferrite Decoupler and

kept 30-50mm above the ground plane
» Cable lengths are kept short (< 0.3M)

e Terminated CDN's are used on all
other AE power & I/O lines
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[sglecﬁnginjecﬁon] If one or more of these conditions
method cannot be met, it is necessary to
ensure that the common mode

NO impedance of the AE is less than or
equal to the common mode impedance
= T — of the EUT port being tested. If not, |
CDNs [ injection  aor  Direct Injection] measures must be taken to lower this
623 6217 AE impedance, such as decoupling
Check following requirements: capacitors at the AE port, etc. Check
I. 150 Ohm AE impedance realised ) ..

Il. Cable 30 to 50 mm above GRP that the following conditions are met:

il. AE sufficiently immune
IV. Cable length between EUT and AE < 1m

Are
CDNs
suitable

YES

Ean e Each AE and EUT shall be installed in

YES __~Tequirements™\_N° . ]
be met atypical, functional way

?

Use Use ..
EM-clamp or EM-clamp or . The_ injected current shall be |
current dlamp curren clamp monitored to ensure never exceeding |

(max) which equals V(emf)/150 ohms.

*) Applicable for screened cables only Ii

Rules for selecting the injection method
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CDN Calibration Test Level: Meter Reading:
-15.6 dB Correction
150 ohms (each side)

1 volt (emf)
(120dBuV) - (15.6dB) - (107dB) = -2.6dBm

6 dB
Attenuator

gil;]r:l:rlatur Amplifier 3 VOIt (emf)
7W {min) (130dBuV) - (15.6dB) - (107dB) = 7.4dBm
CDN
T o 10 volt (emf)
(140dBuV) - (15.6dB) - (107dB) = 17.4dBm
Meter 4@ EiEl

The frequency is incremented in 1%

o] steps, and the drive level out of the

Signal Generator (dBm) is adjusted to
Computer give the Power Meter readings shown
above. This becomes the "drive table"
played back by the Computer during the
test run.




EN 61000-4-6
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CDN Run-test setup

6 dB
Attenuator

Signal
Generator  Amplifier
¥ W [min.)

CDN

con[] EYT HEeuT AE

AE

Computer

After completion of the "drive table,"
disconnect the Calibration Adapters
from the CDN, and connect it into the
test setup as shown. Notice that the
EUT is elevated 100mm above the
ground plane, and all EUT ports are to
be fitted with terminated CDN's. The
"drive table" is played back by the
Computer with 80% AM modulation,
and the EUT is monitored for
failures.



Conducted R.F. Voltages

EN 61000-4-6

Direct Injection Calibration Test Level: Meter Reading:
-15.6 dB Correction

150 ohms (each side)

Signal
Generator

Meter

1 volt (emf)
6 dB ] (120dBuV) - (15.6dB) - (107dB) = -2.6dBm

Attenuator

Amplifier 3 volt (emf)
N (130dBuV) - (15.6dB) - (107dB) = 7.4dBm
{7
= 10 volt (emf)
(140dBuV) - (15.6dB) - (107dB) = 17.4dBm
E| 0 ohm I|

Computer

The frequency is incremented in 1%
steps, and the drive level out of the

Direct Injection Point. Sjgnal Generator (dBm) is adjusted to
give the Power Meter readings shown
above. This becomes the "drive table"
played back by the Computer during the
test run.
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Direct Injection Run-test setup
-15.6 dB Correction
150 ohms (each side)

6 dB
Attenuator

Signal

Generator Amplifier )

28 W (min.) Shielded
) Enclosure

Connected

to shield of

Cable
EUT &
CDN | | o Ferrite [ |
[ 100mm__ | [30mm] L Decoupler

AE

Computer

NOTE: In many cases, an "S" Series CDN
may be used for Direct Injection. If these
are not appropriate, the R-100 and Ferrite
Decoupler may be used as shown.

After completion of the "drive table,"
disconnect the Calibration Adapters
from the “S” series CDN or R-100, and
connect it into the test setup as
shown. Notice that the EUT is
elevated 100mm above the ground
plane, and all EUT ports are to be
fitted with terminated CDN's. The
"drive table" is played back by the
Computer with 80% AM modulation,
and the EUT is monitored for failures.
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EM Clamp Calibration Test Level: Meter Reading:
-15.6 dB correction

150 ohms {each side)

1 volt (emf)
6 dB ] (120dBuV) - (15.6dB) - (107dB) = -2.6dBm

Attenuator

gigr?:rlatur Amplifier 3 VOIt (emf)
28 W (min.) (130dBuV) - (15.6dB) - (107dB) = 7.4dBm
EM Clamp
I o R 10 volt (emf)

(140dBuV) - (15.6dB) - (107dB) = 17.4dBm

The frequency is incremented in 1%
o] steps, and the drive level out of the
Signal Generator (dBm) is adjusted to
give the Power Meter readings shown
above. This becomes the "drive table"
played back by the Computer during the
test run.

Computer
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EM Clamp run-test setup

Signal
Generator

Amplifier
28 W (min.)

M3 [

EUT EDE

CDH 100mm

6 dB
Attenuator

EM Clamp

EUT AE

Computer

Spectrum
Analyzer

Ferrite ﬂ

Decoupler

AE

M3 [
CDN 00mm

After completion of the "drive table,"
disconnect the Calibration Adapters
from the EM Clamp, and connect it
into the test setup as shown. Notice
that the EUT is elevated 100mm above
the ground plane, and all EUT ports
are to be fitted with terminated CDN's.
The "drive table" is played back by
the Computer with 80% AM
modulation, and the EUT is monitored
for failures. During the test, the
injected current is monitored with a
monitor current probe and

Spectrum Analyzer to ensure that |
(max) is never exceeded.
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BCI Calibration
15.6dB Correction

150 Ohms (each side)

Signal
Generator

6 dB
Attenuator

J

Amplifier
176 W min.)

Meter

Computer

Bulk Current Injection
Prohe in a calibration

fixture

Test Level: Meter Reading:

1 volt (emf)
(120dBuV) - (15.6dB) - (107dB) = -2.6dBm

3 volt (emf)
(130dBuV) - (15.6dB) - (107dB) = 7.4dBm

10 volt (emf)
(140dBuV) - (15.6dB) - (107dB) = 17.4dBm

The frequency is incremented in 1%
steps, and the drive level out of the
Signal Generator (dBm) is adjusted to
give the Power Meter readings shown
above. This becomes the "drive table"
played back by the Computer during the
test run.
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BCI Run-test setup After completion of the "drive table,”
15.6dB Correction disconnect the Calibration Adapters
150 ohms (each side) from the BCI probe, and connect it
\ — into the test setup as shown. Notice
/ | Attenuator ] that the EUT & AE are elevated
Signal wmoliier 100mm above the ground plane, and
176 W {min.) Ferrite all EUT ports are to be fitted with
Decoupler — terminated CDN's. The "drive table" is
EUT I / played back by the Computer with
M3 [ o 80% AM modulation, and the EUT is
2 [ ro0mm ) monitored for failures. During the
Conitor . test, the injected current is monitored
Probe with a monitor current probe and
) Spmu:_‘ AE Spectrum Analyzer to ensure that |
PMPHEr = analyzer (max) is never exceeded.

M3
CDHN
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BCI Calibration Test Level: Meter Reading:
6 dB correction
50 ohms (each side) 1 volt (emf)
~ ] (120dBuV) - (6 dB) - (107dB) = +7.0dBm
| Attenuator
o L 3 volt (emf
176 W min) (130dBuV) - (6 dB) - (107dB) = +17.0dBm

10 volt (emf)
(140dBuV) - (6 dB) - (107dB) = +27.0dBm

Meter 4@ |5l] uhml

The frequency is incremented in 1%
steps, and the drive level out of the
Signal Generator (dBm) is adjusted to

Computer Bulk Current Injection give the Power Meter readings shown
Prohe in a calibration . " . "
fixture above. This becomes the "drive table

played back by the Computer during the
test run.
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BCI Run-test setup After completion of the "drive table,"
50‘3 ?15 Cﬂ”ecﬁ'“'ﬁd disconnect the Calibration Adapters
ohms (each side) from the BCI probe, and connect it

P ] into the test setup as shown. Notice
_ Attenuator that the EUT & AE are elevated
Conorator  Amplifier 100mm above the ground plane, and
176 W (min.) Eif:':fp.er all EUT ports are to be fitted with
terminated CDN's. The "drive table" is
EUT 1 / played back by the Computer with
oon| S | B0mm 80% AM modulation, and the EUT is
Monitor monitored for failures. During the
Current | test, the injected current is monitored
AE with a monitor current probe and
Computer iﬂﬁﬁi‘éﬂ Spectrum Analyzer to ensure that |
(max) is never exceeded.

M3
CDHN
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50Hz Magnetic Fields

This Standard is intended to demonstrate the immunity of equipment
subjected to power frequency magnetic fields related to its specific location
and installation conditions. These fields are generated by currents flowing
In nearby conductors or transformers near the equipment.

The Standard differentiates between:

e Current under normal operating conditions, producing steady magnetic
fields with relatively small amplitudes;

e Current under fault conditions, which can produce relatively high magnetic
fields of short duration, until the protection devices operate

Steady magnetic fields apply to all types of equipment.

Short-duration magnetic fields are related to fault conditions, with the
highest values applying to equipment installed in electrical plants.
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Test lavels for continuous field Test levels for short duration: 1 to 3 s.
Lavel Magnatic field strongth Lavel Magnetic fleid strangth
A/m A/m
1 1 1 na.?
2 3 2 nad
3 10 3 na?®
4 30 4 300
5 100 5 1000
x1) special x!) special
NOTES

1 - "x" Is an open level. This lavel, as weli the duration of the test for short duration field, can be given In the
product specification.
2 - "n.a.” = not applicable

Severity Levels: 10 dB steps (1A/m=1.26uT)
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Selection of the test levels

Class 1: Sensitive electron-beam devices are used, like
monitors or electron microscopes

Class 2: Well-protected environment like households, offices, or
hospital protected areas

Class 3: Protected environment like commercial, light industrial or
control buildings

Class 4. Typical industrial environment or power control room

Class 5: Severe industrial environment or switchyard areas

Class x: Special environment, higher or lower than those above
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50Hz Magnetic Fields e
C
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M e
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TO MAINS 10
DISTRIBUTICN INDUCTIEN
NE TWORK COlL
o O

vr: Voltage regulator
C: Control circuit
Tc: Current transformer

Schematic circuit of the test generator for power frequency magnetic fieid.
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Test set-ups for floor-standing and table-top equipment
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o
X

{55 1 1 6% aren

Figura B.3 - 3 dB area of the feld genarated by a square induction coil {1 m sida) in the mean

Figisre B.E - 3 dB araa of the lleld gansrated b i
ofhagonal plane (component orthiogonal 1 the plane of tha coll). . R i 1 g S S A

spaced, in the mean orthagenal plane [companent enhaganal 1o the plane of 1he coils).

Field Uniformity (3dB) for single & double induction coils

NOTE:
A uniform field cannot be generated over a GRP when
the colil is within 50cm of GRP.
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%IEFDR&,‘:/

y
4

Fileed T

Figure B.7 - 3 dB area of the field generated by a rectangular induction coil (1 m x 2,6 m) in
its plane {ground plane as a side of the induction ¢ail).

Field Uniformity (3dB) for single induction coil
with GRP return
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Magnetic field calibration:

4
4
\

The voltage delivered from the AC Power Source (and hence the current in
the induction coil) is adjusted to calibrate the magnetic field in the center
of the coll.

A narrow-band instrument with a small multi-turn loop or “Hall Effect”
sensor is employed to calibrate the “induction factor” of the coil. (H/A or
Field Strength / Current) The AC Power Source can be programmed to
deliver the corresponding voltages for Continuos and Short-term tests.

Standard induction coils:
e Single square (1M x 1M) - test volume (EUT) = 0.6 x 0.6 x 0.5H
* Double square, 0.6M separation - test volume =0.6 x 0.6 x 1H
* Double square, 0.8M separation - test volume = 0.6 x 0.6 x 1.2H

» Single rectangular (1M x 2.6M) - test volume = 0.6 x 0.6 x 2H
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Voltage dips, interrupts & variations

Scope:

This Standard defines the immunity test methods and levels for electrical &
electronic equipment connected to the low-voltage mains for voltage dips,
short interruptions, and voltage variations. It applies to all electrical &
electronic equipment with rated input currents of 16 AMPS per phase,
single or three-phase. (excludes DC or 400Hz networks)

Voltage dips and interruptions are caused by faults in the network or
installation, or by sudden, large changes in load. These phenomena are
random and not always abrupt.

Voltage dips simulate the effects of sudden voltage change. Rotating
machines can act as generators when spinning down and prevent rapid
voltage changes in some installations, hence the voltage variation tests
use gradual changes in voltage.
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Voltage dips, interrupts & variations o

Preferred test lavels and durations for voltage dips and short

Interruptions
Test lavel Voltage Duration
% UT Dip/int {in period)
% Ut
] 100 0.5°
1
5
40 60 10
25
50
X
70 30

* For 0.5 pefiod, test shall be made in positive and negative palarity, i.e. starting at 0* and 18Q* respectivaly,

Notes:

1) Cne or mare of the above test levels and durations may be chesan,

2) it the EUT is tested for voltaga dips of 100 %, it is genarally unnecessary 1o tesi for othar levels for the
same durations. However, for some cases (safeguard systems or electromechanical devices} it is not
trud. The product specification or product committee shall give an indication of the applicability of this
nota.

3) X' is an open duration. This duration can be given in the product specification. Utilities in Evrope have
measured dips and short interruptions of duration betwesn 172 a pencd and 3000 pericds, but duration
lass than 50 pericds are most common.

4) Any duraticn may apply ta any test lavel.
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Voltage dips, interrupts & variations R

/\J/,\V/\U/\v/\v/\vl\v/\v/\v/\v/\f f -

Voitage dips test

Note: The voitage decrease to 70% for 10 periods. Step at zero crossing



Voltage dips, interrupts & variations
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Timing of short term supply voltage variations

Voltage Timea for Time at Time for
Test Lavel decreasing reduced increasing
voltage voltage voitage
40 % Uy 25%220% 15£20% 25£20%
0% UT 25:20% 15£20% 28x20%
X X X

Nota: x reprasants an opan sat af durations and can be given in the product specification.
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- - — Opope n >
Voltage dips, interrupts & variations i
u«m)‘
100% U —+ ~ - - -
4D%UT—4 -
O%UT , l , .
T ! f ] T ; I T -

CEIJEC 50704

NOTE - La tension d'wssai diminue gradusilement

NOTE - Tha voltage gradually decreasas.

Flgure 2 - varlation de tension
VYoltage variation
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Voltage dips, interrupts & variations

Power source requirements:

The generator peak inrush capability is verified using a bridge rectifier, R-C
load and current probe.

The maximum inrush of the EUT is also verified with the same current
probe, and shall not exceed 70% of the measured inrush drive capability
of the generator.

—= Ta oacill

v Te oscilloscope
[1r ;
Vottege %Y, 3 /’—\
int 1
goneratee Q@ 2 7. é )
]

Voltage

I s080e interrupt
generator
G

EUT

i

G is the voltage intertupt generaior, switchad on a1 90 and 270°;
T is the currant probe, with monitoring output o cscilioscops;

B is the rectifier bridge;

R is the bleeder sesistor, not cver 10 000 1 or loss than 100 £3;
C isthe 1 708 uF +20 % elsctrolytic capacitor.

{EC aomq

Figure A.2 - Clrcuilt for determining the peak intusgh current requiregment
Figure A.1 — Circult for determining the inrush current drive capablity ot of an EUT
the short interruptions generalor
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Voltage dips, interrupts & variations

Output current capability of 16 A r.m.s. per phase at rated voltage. The
generator should supply 23 A at 70% of rated voltage, and 40 A at 40% of

lllllllll

Figura C.1 2 - ot 1est Instr

for ge dips and
short Intefruptions using varkable transformers and swiches Figure C.1 b — Schematic of tast Instrumentation for voltage dips,

Voltage change at 100% output (0-16A) < 5%

tions using power amplitier

Voltage change at 70% output (0-23A) < 7%
Voltage change at 40% output (0-40A) < 10%

Abrupt load change rise (fall) time with 100 ohm load: 1uS - 5uS
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Harmonic Current Emissions i

This Standard applies to electrical & electronic equipment drawing up to 16
Amps per phase from the public low-voltage distribution system.

Classification of Equipment

Class A: Balanced 3-phase & all other
equipment not classified below

Class B: Portable tools

Class C: Lighting equipment & dimmers

Class D: “Special wave shape” equipment

* Phase angle controlied

Figure 2 — Flow-chart for the classification of equipment
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Harmonic Current Emissions e

:/M

4]

o n2 I QY ©

Figure 1 - Enveiope of the input current 1o define the "special wave shape™
and to classify equipment as Class D

Whatever their wave shape, Class B(tools), Class C(lighting) or motor-
driven equipment with phase angle control are not considered Class D
equipment.
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Harmonic Current Emissions S

Table 1 - Limits for Class A equipment

Harmonic order Maximum permissible
' harmonic current
n A
Odd harmonics
3 2,30
5 1,14
7 0,77
g 0,40
11 0,33
13 0,21
15 < n <39 015 I
Even harmonlcs
2 1,08
4 0,43
6 0,30
B<ngd0 023 &

Class B limits: multiply values above by 1.5 for harmonic current limits



EN 61000-3-2

Harmonic Current Emissions

Table 2 - Limits for Class C equipment Table 3 - Limits for Class D equipment
Harmonic order Maximum permissible harmonic currrent Harmonic order Maximum permissible Maximum parmissible
expressed as a percantage of the input current harmenic cufrent per watt harmenic current
n at the fundamental frequency n mAW A
% 3 3.4 2,30
2 2 5 19 1,14
3 30.4"
s 1o 7 1,0 0,77
7 7
s 5 9 05 0,40
11<ng38 3
{odd harmonics anly) " 0,35 0,33
e o - 13sns® ass Ses table 1
A is the circuit powar tactor {odd harmonics only) n

Class C limits for lighting equipment Class D limits for “ Special wave shape”
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Harmonic Current Emissions S

1000-3-2 © IEC:1985 -31 -
M B
Iy | —
1|'|
zs
s v EST
<)

S powsr supply source
M measurermnant equipment

input impedance of measuremant equipmaent
internal impedance of the supply source

harmonic component of arder n of the line current
open-loop voltage of the supply source

EUT equipment under test
U testvoltage

G NN

NOTES

1 Z; and Z, are not specified, but have to be sufficiently low to suit the test requirements, For the value of Z,.
sed annex B.2 b).

2 In some special cases, particular care may be necessary to avoid resonance between the internal inductance
of the source and the capacitances of the equipment under test,

Figure A.1 — Measurement circuit for single-phase equipment

1000-3-2© IEC:1995 —33 -~

M, .
! L3
[&] —_—
—&= A=
P Zy
|1
[ '
Sl | = |
I i
EN ' Zu ‘.
s I I EST
I n
L3 L] ]
—Q)—— —
Zg | z, ]
) .
I I
Lt -
z L zZy |
) power supply source
M measuremant equipment
EUT equipment under test
G opan-loop voltage of the supply source
Zu input imped of the quip
Z’ internal impedance of the supply source
n harmonic component of order of the line current
) test voltage (shown as an example between phases L1 and L2)
NOTES

1 Zu and 2s are not specified, but have to be sufficiently low to suit the test requirements. For the value of 2,
308 annex B.2b).

2 In some spacial cases, particular care may be necessary to avoid resonance between the internal inductance
of the source and the i of the ip under test.

Figure A.2 — Measurement circuit for three-phase equipment
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Harmonic Current Emissions

General Test Conditions:

For equipment not covered, set controls for maximum harmonic currents.

Specific Test Conditions:

If possible, use the Test Conditions below for:

TV Receivers Audio Amplifiers Video Cassette Recorder
Lamps Luminaires Ballasts & converters
Lamp Dimmers Vacuum cleaners Washers & Dryers

Microwave ovens Computers Induction heaters
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Voltage Fluctuations & Flicker
Emissions

This Standard applies to electrical & electronic equipment drawing up to 16
Amps per phase from the public low-voltage distribution system. (220 - 250
VAC - 50Hz L-N)

Short-term Flicker Pst is the flicker severity evaluated over a short period
(about ten minutes); where Pst = 1 is the conventional threshold of
irritability.

Long-term Flicker Plt is the flicker severity evaluated over along period
(about two hours); using successive Pst values.
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Voltage Fluctuations & Flicker
Emissions

1000-3-3 © IEC:1994 —-27 -~

oS A Power Source Requirement:
@—:—- = Za=0.24 +j 0.15 ohms @ 50 Hz
@—:—- Zn= 0.16 +j 0.10 ohms @ 50 Hz
R % (actual R-L network to IEC 725)

equipment unde
measuring equipment
supp urce c
ler
Q2;
o;
The fude tl
Whe ce impe:
G urce i
NOTE - In general, three-phase loads are balanced, and Ay and X, can be naglected, as there is no
i utral wi .

Figure 1 - Reference network tor single-phase and three-phase supplies
derlved from a three-phase, four-wire supply
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Voltage Fluctuations & Flicker i
Emissions

1000-3-3 © IEC:1994 -a1 -
10 . 8 9 6 T IO T I 11T H S - 5 a
d {%) d\—_ See clause 5§ for limits in this area H-
) ._~\ am
11— L
-
~_L
3 TP
\\
o
N\.'h‘-
1 '\'-L
J
ri
=
a
Iy
0.3 7/
0.1
107" 10° 10 102 10° 104

Number of voltage changes per minute —

NQOTE - 1 200 voliage changas per minute give 10 Hz flicker.

Figure 4 — Curve for P, =1 for rectangular equidistant voltage changes
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Voltage Fluctuations & Flicker 2
Emissions
1000-3-3 © IEC:1994 -29 -
N
v
N el T
N\ T | A
\%
10 ms 4 % b r> IEC i o3amd

Figure 2 - Histogram evaluation of U(t)
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Voltage Fluctuations & Flicker oy
Emissions

Specific Test Conditions:
If possible, use the specific Test Conditions below for:
Cookers Hot Plates Baking Ovens
Grills Combinations Microwave Ovens
Lighting Equipment Washing machines Tumbler Dryers
Refrigerators Copiers, laser printers  Vacuum cleaners
Food mixers Portable tools Hairdryers

Consumer Electronics Water heaters
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Computer & Telecoms Emissions

Changes in the new CISPR 22 (EN55022-1998):.

CisPR 22 © iFcr1as7 Ceo. Testing to 1GHz independent of
! e can o s internal clock speeds

m ’ LISN’'s used on Power lines

|

o
| | _ :
| f g | ISN’s are used on /O lines

. | !
1’ ! i CISPR 22 © EC:1097 -99-

EUF L{=5x1,4mH l2sdx1amH AE

G = 0,47 uF 83 Vd.c.

L3, L4=2%x3.1mH

Y

Bonuad to hor2antal ground plane N TATT

AMN = Artificial mains nework

AE = Assaclated eguipment

EUT = Equipmani under tesi

IEN = Impodance stabil:zation nmtwork

AE = Axzsfiated mauipmon
EVT = Equ:pren; Lacer sk

Figure D.2 = 1SN with high longitudinal canversion lazs (or uze
with two unkGreened single balanesd pairs
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Computer & Telecoms Emissions

(8x 1.5mH)

ISN Specifications:
Common-mode Z =150 ohms /0 deg.
Common-mode isolation = 35-55dB

Longitudinal conversion loss = 80dB

CAT-3 cabling: 50-25dB
CAT-5 cabling: 60-35dB
other 80-55dB

Isolation protects from peripheral noise

Conversion loss expresses ISN balance

|
)

b
'99%-

My
N
[

/

o

.||_‘H;_
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Computer & Telecoms Emissions

Telecom port:

Any analog or digital lines connecting to the telecom
network, including LAN ports.

Common mode emissions:

Limits on voltage or current are frequency-dependent

Class A: >5mV >32UA
Class B: >1.6mV >10UA



EN 55022

Computer & Telecoms Emissions

5.2 Limits of conducted common mode (asymmetric mode) disturbance
at telecommunication ports 1)

Table 3 ~ Limits of conducted common made (ssymmetric made) disturbance
at telscommunication ports in the fraquency range 0,15 MHz to 30 MHz
for class A squipment

Frequsncy range "'.'1'5'(',.'»}')""' cur;;n(tuur)nlu CI aS S A C O mm O n-
MHz Quasi-peak Aversge Guasi-peak Average . .
0,150 0,5 97 to 87 B4to 74 53 to 43 40 to 30 mOde emISSIOnS
0.5 to 30 87 74 43 30
gl(gT:H‘l — The limits decraase lineany with the logarithm of the frequency in the range 0,15 MMz to
g z.

NOTE 2 — The current and voitage disturbance limits are derived for use with an impedance stabitization
network (ISN} which presents a common made (asymmetric mode} impedance of 150 Q to the
telecommunication port under test (conversion factor is 20 log,q 150 /1 = 44 ¢B).

Table 4 ~ Limits of conducted common mode (asymmetric modae) disturbance
at telscommunication ports in the frequency range 0,15 MHz to 30 MHz
for class B equipment

: Frequsncy range Voitags {imits Current {Imits
g8 (kv) dB {uA)

MHz Quasi-peak Average Quasi-peak Average
0.15t0 0,5 84 10 74 7410 84 40 10 30 30 to 20
CIaSS B CommOn- .0,510 30 ‘ 74 a4 - a0 20

NOTE 1 - The limits decrease linearly with the jogarithm of the frequency in the range 0,15 MHz to 0,5 MHz.

NOTE 2 - The current and voltage disturbance limits are derived for use with an impedance stabilization network

m O d e em |SS | O n S {ISN) which presants & common mode (asymmetric mode) impedance of 150 2 to the telecommunication port
under test {convarsion factor is 20 160, 150 /1 = 44 dB).

NOTE 3 - Provisionally, a relaxation of 10 d8 over the frequency range of 6 Mhz to 30 Mhz is allowed for high-speed
serviea_"s: having significant spectral density in this band. Howevar, this relaxation is restricted to the common mode
disturbance converted by the cabie from the wanted signal. The pravisional reiaxation of 10 dB will be reviewad no later than
three yaars after the date of withdrawal based on the resuits and interference cases seen in this period. Wherever passible it
is recommended to compty with the limits without the provisional relaxation.
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Computer & Telecoms Emissions i

CDN’s from EN61000-4-6 used as ISN’s:

Curreml praoe
EUT il apnned,

10 g NO resthction
—— an length
Bl cm - " —
L ™

Er O e

AL = AZEociAtEs 2qutpmert
y ELT = Eguipmen] vnde” e
Dmmnes 1o the reference GrONACRIZNS |vartica] or Ratizontal).

1 -
) Distance 1o tha retarence grounaplang 15 nol criteal.

Fioure C.¥
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Computer & Telecoms Emissions

In-situ CDN / ISN Test setup: (coax)

cannoacticn to e outs!lde
Measure currents Liurrant surece of tha shield

EUT rt}hﬂ

| _ F_ﬂﬂ, Farrifes

Ferrite Decoupler

40 om’

Ma rastrlctlan nn
30 om0 S0 cm 10 ¢m lengtn

4 o » WE T aA

AE = Aszociated equipment

EUT = Equ pment undsr test Measure VOItage with

150 ohm meter (9.6dB

! Dislance 1o the raterenss greundplans fartical or horizontal). _
correction for R-100)

3! mIstance tg 1he raferenca groundplans g not erltizal.

Flguire €.2
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Computer & Telecoms Emissions

Combination current & voltage probe:

CI5>R 22 ©@ (EC:1987(E) 47 — |
Ferrite Decoupler

Measure currents

) Capacitive vollage
prote. prok.ng
EUT _ AE
I_ \ stors j

(optior —

al}
1 J:“' . "ﬁr Slsisv— __r
¢/ TN

.1
40 cm

46 o lo BD o Ng restrictiam™Ngo langlh
* o > M [ 27ADT
AE = Assnaiatad aguipment Measure voltage with
EUT a Eguipmant ungder tesl 1M oscilloscope &
' DGigtanca 1o tha raferense groundpiane (vertlcal or horiagntab), Capacitive probing

2 Cistanca 1 the ralerence groundpiane is not critleal, fixture

Figure C.3
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Computer & Telecoms Emissions

Measurement of common mode impedance:

CISPR 22 © IEC:1997(E) - 4B _
Measure currents
Emiselon maasurament _____ Drive prehe (callbration: oniy)
e Magsuremant prone
cus /
i

‘ Ferntes —
A mm |
k.
: - |

Impédanca maasureman (Soe elause ©.2) |

i

Ferrite Decoupler

Mo pastriclion on largth
e —————

1dcm to B0 am
e # AT

AE = Assoriated agu pment Measure common mode
T a \ U Fi .
ST = Esupmant uncer test impedance = 50(l1/I2)

¥ Distance to the rglerencs groundplanc (vertleal or herizanlall,
(if 12 is half 11, Z=100)

9 Distanco to *ha relaronce gravndplans jg rot crisfcal.

Flgure £.4

C.2 Measurement of cable, ferrite and AE common mode impedance
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Computer & Telecoms Emissions e

Capacitive Voltage Probe in a fixture:

k_,,outer zath port?

_\

omgunication cable
absoraer (sponge, oteo. )

U g port—jod

outer earth pqrtll_}f_.
BNC eonpector
(purt-;ol)
- port ji2
i inner earth port2
measuring port

imner earth portl

Part—jil

Measurement setup for telecoms:

Fig. A€ Setup for calibration 1

commanication cable . EUT

: 5, Shp  CCavipment under est) i

S ! < Shcm _.

E YW e 1-'—"'_-1 '-—-_.____I_ .
. Wooden tzhl= Powir cable
40 cm | AC
' power
AMN supply
f/fz"’//f.v"//r”;’“/’r/.f"..~".-f!"f///“ff/f/’f//f/fff;’?’///}?

B! Beference ground plans
-

Test receiver

Capacilive
: vohape probe

Fig. A.10 Measurement setup of telecommunication line.



EN 55022

B > 20em >20cm
g g e O SR i T e Y
{ T ) ===
{ ! i
| f
/ Typical ,"
[ Cable tray heights {
and supports
{
1 1

EUT EUT

et -

v Mains cord Mains cord
| 3 \,/ 2 [AMN]5 ” 5 AMN| 2 3
i, RNE SNN

jgiprr=—grrr— Frn - prremr—

Tumtabie poraim ) [ e o ST
i R & =~ - Metal ground piane
(tumntable top and
/ . :

I/Q cables to remote peripharais and/or auxiliary equipment,
Thess cables may be terminated, If raquired, with carrect impadance IEC 127287
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Computer & Telecoms Emissions e

Cable rack

AMN = artificial mains network
EUT = equipment under test
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EMC Emissions & Immunity S e

Requirements for Industrial, Scientific, Medical &
Information Technology Equipment

Emissions Immunity

Conducted CISPR 11, 22 EN 61000-4-6

Radiated CISPR 11, 22 EN 61000-4-3
Power-line Harmonics / Flicker EN 61000-4-8, -11

E.S.D. EN 61000-4-2

E.F.T. EN 61000-4-4

Surge EN 61000-4-5

Conclusion: begin pre-testing now to ensure conformity in 2001




Emerging Standards for

%&‘m Y

EMC Emissions & Immunity ~

Acknowledgements:

Conducted Immunity - Mike Heckrotte, EMC Consultant

Transient Immunity - Tom Revesz, Haefely Test, Inc.

Magnetic Fields - John Smith, Mallinckrodt

EN55022-1998 - Roland Gubisch, Test & Measurement World, 4/2000

Implementation Dates - Paul Rostek, NCR

Contact information: Jerry Ramie
Compliance Systems Corporation

2501 N. Rose Drive www.compliancesys.com
Placentia, CA 92870

(408) 263-6486 (408)946-9083 FAX info@compliancesys.com



