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)
General problem in EMC

Université
de Liege
= a trilogy
Parameters _,::
» Amplitude ' :‘ Perturbations "1:
* Spectrum — — L >
Source : Victim
(disturbing) | (disturbed)
propagation

Coupling modes

* lightning » conducted (I / U) * receivers
* electrostatic discharges * radiated * SENsors
* motors, converters (cables, slot, » amplifiers
. etc. shielding defect,...) *uC

* etc.
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)
General solution in EMC

= a trilogy
Source : Victim
(disturbing) sropagation (disturbed)
Coupling mode

T y |

To act on the source

not alwavs possible To reduce the efficiency o
( ysp ) of the coupling mode To act on the victim

= frequently only solution (Increasing immunity —
reducing susceptibility)

or different combined solutions

Remark : reciprocity (to improve emission frequently improve also immunity)
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1 st step: to identify the disturbing elements

4

Protections

& for inter-system
S for intra-system

\

= source & victim
inside the same system
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e Envelop =
Power supplyi « C
7, | |
To 1dentity the i
disturbing elements, i - |
the coupling paths, i - |
Control/ t\/
Communication !
— 3 ]
. N i
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Envelop S
Power supply| < C
N T i
To add elements/components
to reduce some effects ] ) |
Control/
Communication
— — 3
—
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. Shielded control cables PDS
I '

- Low voltage supply '

! . Control & Display

: Point of _ .

l Measurement Enclosure, with segregation | |

Shielded Motor Cables

I ~i%——{| _RFI = oZ

: —£5.—— FILTER -

! e ~ -

I

I I —

: |

! Common | DRAIN FOR EMISSIONS

I earth —

i Incoming switch fuse Phase shift o Output
i PO transiormer Rectifiers Inverter Crlegie
: (if integrated) (Ferrite)
e g S S S S S SO S S SRS S ————————

© ABB Drives

I — —
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)
Coupling modes FH#L)

The coupling modes between source and victim could be
classified according to:
 Common mode

* Differential mode

Systéme 1 [— Systéme 2
lo J
_4

Terre

Differential mode (DM)

(or symetrical) : current is on
one conductor in one direction
and in phase opposition on the

second conductor (e.g. power
supply, RS-485, CAN, USB).
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Coupling modes FH#L)

| _ B Common Mode (CM)
S"'Stemm[ . f"gemez (or asymetrical or

1 L : J L longitudinal) :

L = current on both

conductors in the same
direction.

The EM disturbances are weakly coupled in DM as
conductors are nearby. On the other hand, in CM, current

could be induced by an external field.

Copyright © 2015 Véronique Beauvois, U-Lg




)
Coupling modes (—W)

How to measure CM and DM?
With a current clamp

Université
de Liege

letlp
—
CM le-In
p—
Instrument 21
de mesure = Zle
letlp —
ﬁ
DM Il / !
—

Instrument = 2
de mesure v
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Coupling modes )—W)

Conversion between DM and CM

Related to the parasitic impedances of different values

cireuit voulu

. circuit

+ DM ] f
- parasite

—

—lpm
—

4.9

Origin? When 2 conductors have a different impedance regarding earth (parasitic
capacitors)
If Z,=Z, there is no voltage accross R, due to I,

IfZp=Zy, V charge(cm)= Iem(Za-Zg)
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Coupling modes FH#L)

A. Common impedance coupling (conducted coupling)
= common conductor

Considering a conductor AB, impedance Z(f) (#0) :

Circuit coupable

ST . Circuit victime
// ™
{ 3
I
No0—T—"1+— o Vi Vo Rz R1
i Upg=2Z.1i i —
Z

Z impédance commune aux deux circuits

Solutions:
* to decrease Z (coupling)
* to decrease 1, (source)
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Coupling modes FH#L)

A. Common impedance coupling (conducted coupling)
= common conductor

Réseau triphasé Alimentation Réseau triphasé Alimentation
T+ VT ?I"T'-""""'-
1 1
Module | e SOURCE E Module | - vcrive E
SOURCE mesure | ' Mesure | isolge par !
: Capteur l lamasse 1
' ]
: . 1
. "p\, : : |
I,% | o L L e e e e e e e e a !
A — B Zz Co - C,
v ] Z1 22
_?'j” | i
b , Y — _E"—V‘]”
] ]
CHEMIN DE COUPLAGE Masse p P
CHEMIN DE COUPLAGE Masse
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Coupling modes H]%L)

A. Common impedance coupling (conducted coupling)
= common conductor

entree ‘
systeme A systeme B

charge
k’)
Probleme

7 la connexion a
une inductance L

Entrée systeme B = (V;, + V),
ou V=-Lxdl/dt

7z

systeme A systeme B

\) charge
I
entrée

Solution
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Coupling modes FW)

B. Inductive Coupling

The circulation of a current in a conductor creates
a magnetic field, which could couple with a
nearby circuit, and induced a voltage.

Solutions:
* source: to decrease dB/dt
* victim: to decrease S or modify orientation
(n and B perpendicular, B // loop)
 coupling: to increase distance or add a magnetic
screen
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External disturbance

Coupling modes

1

Armoire >

MAUVAIS CABLAGE
Cable de données s
Armoire §
2 |
|
BOUCLE :

)WE}’W&} SRR,

YAV &yAy4

Ay

K AL ST [/
[l L S L L LS L v

a4
LS /S L LSS L L

L L L/

B. Inductive Coupling

To reduce S loop

Réseau de masse maillé

BON CABLAGE

Armoire g

YAV (4 - Cable de données ———

T 7 7 777777

v
/

y a4
LS S L L L L

/
[l LS LS LS

Réseau de masse maillé
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Aig>B > 1,

Inductive diaphony

Ligne source

)
Coupling modes )—W)

B. Inductive Coupling

Victime

x

V=L,di,/dt+Mdi, /dt
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Coupling modes (—W)

B. Inductive Coupling

Rs
systéme A charge [T— Zi, systéme B H
S
(V)—Vin)—=
entrée
7.
,L [ 1 l n

AR

woovovvonsnend |
k o V,
RTINSV N
e

Vs mnanasmp

circuit équivalent — couplage magnétique

inductance mutuelle M } { (a)

Vy=-Mxdl/dt
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Coupling modes FH#L)

C. Capacitive Coupling

dU/dt > E electric field could couple with a -
nearby conductor and generate a voltage /

Solutions:
e source: to reduce dU/dt
e coupling: to increase distance m
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Capacitive diaphony

Coupling modes

C. Capacitive Coupling

o
(o] ' o]
Ligne 1 J—
Source -l-
° 000000 ———1+ o
i
il
12 —’—
o —3——J00000° - o
Ligne 2 .J—
Victime -’-
(o] - O

o
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systéeme A

Cc

Coupling modes

C. Capacitive Coupling

charge

]

:z;z ;3/

Z;

systeme B

|

In

o

:I Zin

=

" peut étre une capacité parasite

avec la masse

V=C.xdV /dtx (Z,, // Ry)

Impedance of victim circuit to ground

circuit équivalent — couplage électrique

4.3
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Coupling modes )ﬂb%u)

Input impedance?

In | 2

9-
)
(%)

circuit équivalent — couplage magnétique circuit équivalent — couplage électrique

Electric coupling increases with Z growing
whereas magnetic coupling decreases.
For the same reason, magnetic coupling 1s related to circuits with low input
impedance as electric coupling to high input impedance.
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Coupling modes

Relationship distance - L and C

ﬁw)

0,25 \\ | 1,25
T TN T D
020 e ‘ | > 0,5 Tme— —D > <10
sniien o) ’ O Q O O
| = & i 1,6 mm_
0,16 — 1 - Tmm! | TIIIIIITIII — 0,75
C | | i capacité mutuelle  inductance mutuelle _| N
01} | _\\ / | | 105
pF/em |— — | nH/cm
0,05 = 0,25
AN SER
0 l 0
1 2 4 80 100
4.4
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Coupling modes

D. Radiated Coupling

« H-field (field to loop)
 E-field (field to conductor)

ﬁﬂ@
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Coupling modes Fb%u)

D. Radiated Coupling
1. Electromagnetic field of short electric dipole

A Z .
Conductor length / with a current /o
7 TR [ <<< A\ of the field

[ AP N\ So /o is constant on /

1/ |

N '

s >

| ’!/— N |
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1. Electromagnetic field of short electric dipole ﬁ%t)

Electromagnetic fields (in spherical coordinates) 1s
evaluated at an observation point P at a distance » from the

origin:
E, = Z, /(,/LO\B L+ l ]CXP(—jA'I')
£y = jZuk 1,0sinB |4 L  exp(— jkr)
41 r jkr (kr)”
H. = Jk 1, sm(ﬂ[ L+ [ ]c.\'p(—./'/\'r)
Cod4n o Jhr

O
k=2n/h=2xnf/c

Z,=.Jule
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)
1. Electromagnetic field of short electric dipole FW)

We have to consider 3 cases:

- r>>AN(2m) or kr >> 1
far-field

- r << MQ2m) or kr <<'1
near-field

-r=NQm) or kr =1
intermediate zone

Copyright © 2015 Véronique Beauvois, U-Lg



e Lnge 1. Electromagnetic field of short electric dipole
Far-field

For 0=0°, no electromagnetic wave,
consider 6=90° (maximum of radiation):

Eyp=0 Caracteristic =~ 7, = :_1‘(’1) =7, =
Fy = JZok 1y} exp(—jkr)  Impedance

4

jk 1, Dans le vide,

H,, =——<cexp(—jkr)
. _m@b pt—J

o
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)
1. Electromagnetic field of short electric dipole )—-W)

Near-field

Z, /0/ cost

275K @ Caracteristic 7. = [‘9‘ _Zo
. JZ, 1,[smb o " ‘//- @
Eg=- ——exp(— jkr) Impedance 0
4rk @
| /7, /sinB
l[“ — (4] - 2 1(_ /‘,)
" an 2 CXpi—J
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1. Electromagnetic field of short electric dipole (—W)
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Champ proche [ Champ lintain
z M —> {
Eg
A |
5 |
k- I
| + ¥
A L r Ep
Ly J T
0 - I - I 7 7> — r
. ! O erere O NN e e P
: | s e
/ 4 T ?
/ 1 ]
rt |
y
4 .
He
g II s + L)f
Eg=143.10 = (Vim) ; Ep=2=x.10 (Vim)
oF ‘ [ 4
T I S ‘ Epq
p= - r2 W ) | Hq.1: E [Alm)
|
10
18.1
Zn' ,8_'0 Q Zy =3770
"}
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e Linge Coupling modes
D. Radiated Coupling
2. Electromagnetic field of magnetic dipole
A z . .
Consider a loop with /o
/ ; \\‘\ A
; \
" o /P N
f .\'\ /"’ \ \
y \
AL | \
k ,’/_ | r.\ / ,// .V
v o N P =
pasin
V/X

o

Copyright © 2015 Véronique Beauvois, U-Lg




Université
de Liege

)
2. Electromagnetic field of magnetic dipole )—-W)

Electromagnetic fields (in spherical coordinates):

T, |
1 = jk TR 1(,:.%9 - .1 ]Cxp(_ﬂ\”

2T e L

2 p2r ol
119=_/\ nR~I,smb ]+.L— l) exp(= jkr)
- 4m r \ Jkr o (kr)*

7 12 Rl «inBf | |

1:’o=["/‘ R I, sin®f | ]cxp(_ﬂ\,’,)
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2. Electromagnetic field of magnetic dipole )—-W)
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Far-field (» >> \/(2m) )
For 6=90°:
Hy =0 Caracteristic 7, = Lol _ 7 = \/E
—k* R?I, _ Impedance Hy £
Hy = 1 exp(— jkr)
T 4

Ey= {‘1’/‘._ KR_-I” expl— jkr)
G

Copyright © 2015 Véronique Beauvois, U-Lg



Université
de Liege

)
2. Electromagnetic field of magnetic dipole )—-W)

Near-field (r <<A/(2m))

| mR*I,cosH

H, = expl— jkr)
2T @ Caracteristic
| mR~/,smB

H, = 1 exp(— jkr) Impedance
©4n @ '
= Lok TR, Smecxp(—jkr)

4n @

I
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2. Electromagnetic field of magnetic dipole
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Champ proche
2 1 i
Ha
‘ A
|
.
|
k -
P LA
,/4 /I
g 4
S ' 1
4 r!
1 4
Eg
- {
Eg=2m 107" - S (Wfrm)
!(
LS
iy A/m)
e = (A/m)
Zw=789.10"%1.r

‘ Champ lonlain
J
|
\
|

1 —
‘,, T Hp
] R S SRR PEREeS
i [ ," = A
] 2n W T T
‘ - Eq
|
|
]‘ Eg=132 g Y )

r

! Es

H, = AI'
‘ 0~ Iy (A'm)

Zyamra

Copyright © 2015 Véronique Beauvois, U-Lg




Université
de Liege

D. Radiated Coupling

Wave impedance of electromagnetic field

E/H 1s called wave impedance. It 1s an i1mportant parameter as it
determines the couplign efficiency ot this wave with a structure, and the
efficiency of a shielding structure.

In far-field (r>>A/2n), plane wave, E and H are decreasing in the same
proportion with distance.
Z 1s a constant and 1n air 377€2.

In near-field (r<<A/2m), Z is determined by the characteristics of the
source.
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D. Radiated Coupling (_H#L)
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10k —
Eo 1/ Hee 1/7
g 4 le champ électrique
~ T._prédomine
G : - N I'impédance du champ proche
S % peut se situer n'importe ou dans cette région
© 1000 —
3 = onde plane
S Z,=377Q
©
Q
Q
% 4\
kS
q 100
£ = zone de transition
1 ~ le champ magnétique |
prédomine
10 champ proche G ‘__——c;hamp Alc;r;train
[ I i | ] | ‘ i
0,1 1 10
distance de la source, normalisée a \/2n
4.7
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D. Radiated Coupling

Far-field — near-field

Rayleigh criterion

This criterion is related to the radiating diagram of an antenna, too large to
be considered as a ponctual source.

To consider a far-field condition as acceptable, it 1s needed that the phase
shift of the components of the radiated field from the 2 ends of the antenna
is small, regarding A.

We have a criterion related to A and maximum dimension D of antenna:

d > 2D?/A

Copyright © 2015 Véronique Beauvois, U-Lg
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Disturbances

and Power Quality

Veéronique Beauvois, Ir.
2015-2016
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Deftinition of a disturbance

Détecteur Automate
s — ——— — —
D I:Ig o ulololu
1@
° IAIPII

Q0 o~
O(PO -:—:—-—.—(
ETEIhIN
. vy
Sy M
.t W
Champ
électromagnétique

~| signal utile

Perturbation
électromagnétique

Etat réel de la sortie Etat vu par l'automate
© Groupe Schneider

ﬁﬂ@

An electromagnetic phenomenon susceptible to degrade the
performances of an apparatus or system.
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)
Types of disturbances - Classification FH#L)

e frequency: L.F. / H.F.

 conducted / radiated

e narrowband / broadband

e duration (t): permanent, repetitive, transient, random
« common mode/differential mode

Copyright © 2015 Véronique Beauvois, U-Lg
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)
Types of disturbances - Classification FH#L)

Frequency @ @

e 0<f<...1 MHz
» conducted e £>30MHz

 radiated

I I I HARMONICS

THD 30
EB‘7 %f 1500n

BO7: 2810
204 kr 557 %f
1760
|

11
15 9 13172125293337414549

UOLTS AMPS WATTS @ (O
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Types of disturbances - Classification ﬁ%t)

Conducted Radiated
Voltage/current Electric/Magnetic fields

Radiated emission

PDS / Control
\"\

Supply
network

- i 4 '
Conducted BDM /
emission .
/ Motor connectio
[ [ ]
Earth ; 1 ' \‘ Z%@
Motor

Copyright © 2015 Véronique Beauvois, U-Lg
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Types of disturbances - Classification )—-W)
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Narrowband (disturbance bandwidth < receiver’s one)
Broadband (disturbance bandwidth > receiver’s one)
A A‘ Al
30 FkHz) 50 100 150 f (Hz) | ’| L
1 composante principale 1 composante fondamentale ?
ot ses harmoniques
Gain et
Gain et densité
densité spectrale
spectrale —~ S
f 'v‘ "-»,\\
[ | Bande passante',
[ de la victime  \
| \ Spéctre d_e la
| '. perturhation
f Spadtre de la
| perturbation Bande passante
\ la victime
Fréquenc; FréquenceV
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Types of disturbances - Classification

Common Mode — Differential Mode

ﬁ%@

Systeme 1 - Systeme 2 Systame 1 - Systeme 2
[ - l [._'_D.._J
L le J — L L
o T T

Terre
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Université
de Liege

Types of disturbances

L.F. & conducted >> Power Quality

3-phase systems

—

= V2V cos(w(

va(t) = V2V
vp(t) = V2V
ve(t) = V21

= /21

cos(wt + @y)
2m
cos(wt + @y — T)
T
cos(w(t — ) +u)
, A
(O\(u)t + (Du — ?)
2

Parameters?
* frequency (50 Hz)
e amplitude (V)
« waveshape (sinusoidal)
 symetry (phase shift 120°)
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- )
Types of disturbances

1. Frequency — Deviation

Frequency variations are very small (less than 1 %) in the European network
(mesh).
Consequently, very few problems for electronic equipement.

In a small 1solated network (e.g. 1sland or emergency power system) , the
situation 1s different. Some process need a very precise control of speed and
frequency variation could disturb.

Amplitude
de la tension

A

AIHFIFATAN T
TV~

)|L|‘ ) 1/2f
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- )
Types of disturbances

2. Amplitude

2.1 Voltage dips and short interruptions

Voltage dips could be related to short-circuit in the network or at the customer premises
(defaults, atmospheric problems, ...).

In this case only drop of voltages more than 10 % are considered (otherwise they are voltage
fluctuations).

Definition of voltage dip [EN 50160] : quick reduction of power supply at a value between 90
and 1 % of the nominal voltage, followed by a recovering very soon. Duration from 10 ms to 1
min., by definition.

Short interruptions [EN 50160] : reduction of power supply under 1 % of the nominal voltage.
Short : less than 3 minutes.

Consequences : some equipment could stop, if the depth and duration are over certain limits

(according to the sensitivity of the load). o "o A

Urms
Uref

Uref-10%

Ay

At

Voltage dip Short interruption
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Standards

2. Amplitude

- )
Types of disturbances

2.1 Voltage fluctuations / Flicker
In some installations, quick variations of power (produced or consumed) could be observed

(welding, wind turbines, arc furnaces, air conditioning, ...). This could lead to voltage variations.
Flicker [EN 50160]

: visible change in brightness of a lamp due to rapid fluctuations in the

EN 61000-3-3 (I < 16A)
EN 61000-3-11 (16A <1< 75A)

I
I

WA
LA

LA
VY

voltage of the power supply. The voltage drop is generated over the source impedance of the
grid by the changing load current of an equipment (frequent starting of an elevator motor, air
conditioning systems, arc furnaces, welding machines, ...).

Effects in the band 0.5-25Hz. Major consequences on lamps.

u)

t b [ t
10ms IEC 04701

Copyright © 2015 Véronique Beauvois, U-Lg
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- )
Types of disturbances

3. Waveshape

3.1 Harmonics / Interharmonics

Harmonics: components of frequencies which are multiple of fundamental (50Hz) and create a
distortion of the sinusoidal waveshape.

Interharmonics: components which are non integer multiples of fundamentals (very rare, arc
furnaces, static frequency converters for low speed applications and cycloconverters, e.g. cement
crushers). K.t +/- k.f, (f, 1s mains frequency and f, for output frequency).

YA
VAR

Copyright © 2015 Véronique Beauvois, U-Lg
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We have seen that a periodic signal could be represented by a sum of
sinus with different amplitudes and phases, with frequency multiple
integer of fundamental (frequency f).

Harmonics
I A / Sinusoide fondamentale (par exemple 50 Hz) I )
s TN 130 A
/ \ Fondamental . .
/ N / Signal observé a I'analyseur de spectre
,/ \ Harmonique 3 (sinusoide F = 3x50 = 150 Hz)

f.-. - e 25A .
N S Py / Harmonique 3

‘ a _ ‘

T i T — T T T » Fréquence
Signal observé a l'oscilloscope 50Hz 150 Hz
— T T » Rang

o —
«© -

T T T 1
12 3 4 5 6 7

M N
f(t)= ao+ Zansin(n(ot)-i- an Cgs(nwt)
n=1 n=1
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Origin?
All non linear loads are associated with a non sinusoidal current
and generates harmonics

Sources?
inverters, choppers, dc-dc converters
* rectifiers
* speed controllers
» frequency converters
* dimmers
* lighting
* Induction heating systems
* Saturated magnetic circuits

Courant consommé par un tube fluorescent

Copyright © 2015 Véronique Beauvois, U-Lg
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Consequences?

Heating (motors, transformers, cables, ...)
Losses (transformers)
Saturation (transformers)

Additional torque components (motors)
Resonance (Q compensation capacitors)
Homopolar compenents (H3)

Defaults (power electronics, IT, relays, controlers, ...)

Copyright © 2015 Véronique Beauvois, U-Lg
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- )
Types of disturbances

3. Waveshape

3.2 Transient
Overvoltages: related to the release of low voltage apparatus, inductive loads, capacitor banks

start (Q compensation) and fuse fusion.

Sinusoidal damped overvoltages: some actions on the medium voltage network as a breaker
opening or closing, switches disconnection, ... may cause a voltage variation which excites the
line with a very short pulse with a short rise time. The consequence is a damped sinus.

| ~_
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3. Waveshape
3.2 Transient
Burst

Types of disturbances

\

200 ps at 5 kHz

1/repetition frequency
10 ps at 100 kHz

‘/ Burst

15 ms
at s khz Burst duration

0,75ms

at 100 kHz .
Burst period 300 ms

<

t

0...200MHz...

ﬁ%@

‘ | I ! ! L » Fréquence Hz

Copyright © 2015 Véronique Beauvois, U-Lg
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3. Waveshape
3.2 Transient
Surge

10 - - -
019 - \

Types of disturbances

Normalized waveshape
Voltage 1,2/50us
Current 8/20us

S~
~~\

0’5 T -1 - -~ -~~~ -~ -~ ~--—--=~ \
03 -¢A
0 .
01 t
T
T
T1

- T2
T1=167T
T=03T1=05T — —
T1= To =

0...100MHz...

ﬁ%@
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4. Symmetry / Unbalance
Dissymmetry in the network are very small.

The main problem is the one-phase loading in a 3-phase network, and the repartition of those
loads.

Consequences: additional heating and flickering problem:s.

Oheobn
MMM
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DEFINITION OF POWER QUALITY (PQ)
Power Quality = Voltage Continuity + Voltage Quality

Voltage Continuity
(Reliability of Supply)
- long interruptions

Voltage Quality
e frequency - deviations

* magnitude - deviations
- dips & short interruptions
- flicker

o waveform - (inter)harmonics

e symmetry - unbalance
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Power Quality - Examples

V¢éronique Beauvois, Ir.
2015-2016
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)
A. Harmonics — Neutral and cables diameter )

One of the major effects due to harmonics is the increasing of RMS currents in the

mains.
14 / Sinusoide fondamentale (par exemple 50 Hz) Hal‘monlc 3 ln phase
N » Sum is not zero
[/ \\\ / Harmonique 3 (sinusoide > Sum in neutral . 3 X IphaSC

» Heating
» Destruction risk
» Diameter of cabling should be adapted

Signal observé a

(same for 3k multiples)
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A. Harmonics — Neutral and cables diameter FH#L)

Distorsion rate

Il 225A

I3 183A 81.3 %
IS5 152A 67.6 %
[7 118A 52.4 %

Iph = 348A (1.55 x I1) (RMS of harmonics)
In=3x 183A =549A (2.44 x 11)

Phases: 225A > 70mm? with Hn 150mm? (385A)
Neutral > 35mm? with Hn 300mm? (615A)
Based on R.G.LLE.
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B. Eco light

Meamum RMS aument ang comesponaing values in fmewncow 1

Vokage: 23045 Ve THD=000% THV=Q010V  POHVSQ007V  PWHD-0O2 %
Currert 0053 Arns 0186 Apk THD=12200 % THO0O042A POHC-O012ZA PWHD-22802 %
Power. 67W Pi6TW 122VA

Powerfacky. 0551 CosPhit: 0925

Tesconclons BN $1000-3-22006, £450 Hz, Phase=11, Range=0 80 A, Rated power; 100 W

Tme window oycies=185, Grouping of hammonkcs=of

FARMONIC ANALYSIS: Test FAIL
Tobs » ertire measurement, POHC: avp-0.01 A Imits-0.00 A Rated power exosedad, danged B73W
Entre messurement (0.320 5 = 1 ¥me window(s)) Worst 25 min Aunrane : i
Ha | Madmum [Wicow| ENBGI00032 | Magin 1001|150 0] Bx won‘e» Vae | Bx |g])
Cess Cb) 1 Mead\Wiry 15005 | 20056 Joeedad 19075 oeced! S| L
DC| CoM3A 1 e 0 0 ¢l ne| ne| 00013A Dl X
1| CIBIGA 1 e 0 0 ¢l ne| ne| QO3GA Dl X
2] 000 A 1 e 0 0 ¢l ne| ne| 00001A Dl X
3| CeTGA 1 QLEz9 Al 2085 9% 1 0 O ne| ne| Q027G A 1 X
4] 00O A 1 e 0 0 ¢l ne| ne| Q000TA 0 X
5| 0Ds A 1 oMz Al &3.0% 0 1 1] ne| ne| DGXSA 1 X
6] 0000 A 1 e T 0 0 ¢l ne| ne| QO0000A Dl X
7 ONEGA 1 QLOGT Al 1005 % 0 0 1l ne ne D135 A 1 X
B O0000A 1 | eee, - 0 0 ¢l ne| ne| Q0000A Dl X
8| 0Doez A 1 Q0034 Al 1441 9% 0 0 1] ne| ne| 00082A 1 X
0] 0000 A 1 e 0 0 ¢l ne| ne| 00001A Dl X
11| ODOGB A 1 Q004 Al 1888 % 0 0 1] ne| ne| DOOG8A 1 X
12| 00000 A 1 | eee, - 0 0 ¢l ne| ne| Q0000A Dl X
13| 000G A 1 QD00 Al 2443 9% 0 0 1] ne| ne| DOOEEA 1 X
‘| 00000 A 1 R e 0 0 ¢l ne| ne| Q0000A D1 X
1| 00061 A 1 QoT Al 2527 % 0 0 1| ne| ne| 00061A 1 X
W 00 A 1 | eee, - 0 0 ¢l ne| ne| 0Q0000A 0| X
171 oS0 A 1 OOMs Al Z260 %) 0 0 ol nel ne| Q00%0A ol X
18] 00000 A 1 e 0 0 ¢l ne| ne| OO0000A Dl X
19 00045 A 1 o4 Al 2316 % 0 0 Ol ne| ne| 00045A ol X
2] 000A 1 | eee, - 0 0 ¢l ne| ne| 00000A Dl X
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B. Eco light

Cass C Chack Trnewindow 1o 1

0.164

f

S

Power: 67 W fime 25 W) PASS

Hamonkc 3 276 mA = B74 % (imit 88 %) FAL
Hamonkc & 209 mA = G50 % (imt 1 %) FAL
Cument flow starts before 60°

Last pasi resched batome 65°

Cument flow doasn't siop belom 50°

Spedrmen i dass C b) 2 (P <= 25W) I itis ighting ecuiprment
HARMONIC ANALYSIS: Test FAL in Timewindow 1of 1

A

|
\I\I\AAAAAA Al\l\n, DOONBANLLOLOE

004

0.084

r0.5

D12

o8

-1

81

MR

—— _‘\_\_
\\__—
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C.LED

Name: *PBE Serial no.

Department. Laboratoire CEM Operaling modes: EUT ON
Company: Université de Liage - ACE Commenti: dimming
Tes! repart ro: 07 Commenrt2:

Device: 0055 Comment3: -
Spedmen: B Commentd: -
Manufaclurer: AAAN Date: 05.03.2010
Type: Test date: 05.03.2010

Maximum RMS current and corresponging values in tmewindow 1:

Voltage: 23044 Vrms THD#=0.01 % THV=0.012V POHV=0.003V PAWHD=0.01 %
Current. 0.066 Arms 0.121 Apk THD=2B43% THC~D.018A POHC-0.002A PWHD»28.37 %
Power. S54W Pis54W 15.2VA

Powerfaclor. 0.354 CosPhi1: 0.371

Testcorditons: EN 61000-3-2:2008, =50 Hz, Phase=L1, Range=0.80 A, Ratec furdamental / pf: 30 A, 1.0
Time window cycles=16, Grouping of harmonics=off

HARMONIC ANALYSIS: Test FAIL
Tobs = entire measurement, POHC: avg=0.00 A limits~0.01 A; Rated |1/Pf exceedec, charged to 0.06 AN0.354

Entire measurement (0.320 s = 1 time window(s)) Worst 2.5 min Average 2 i

Ha Madmum Window ENG61000-3-2 Margin 100to 15010 Ex- 100to Ex- Value Ex- | g}

Class Ca) in MaxWin 150% 200% ceeded 150% ceeded ceeced S |
DC 00071 A 1 - - 0 0 0 ne ne 00071 A 0 X
T 00631 A 1 - - 0 0 0 ne ne 00631 A 0 X

2 00113 A 1 00013 A 7962 % 0 0 1 ne ne 00113 A 1 X

3 00102A 1 00067 A  514% 0 1 1 ne ne 00102 A 1 X
4 00080 A 1 - .- 0 0 0 ne ne 00080 A 0 X
5 00031A 1 00063 A -51.0% 0 0 0 ne ne 0003t A 0 X
g 00024 A 1 - - 0 0 0 ne ne 00024 A 0 X
700025 A 1 00044 A -4339% 0 0 0 ne ne 00025 A 0 X
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Figure 4. Wind speed series
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Figure 5. Disturbing current
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