Power Quality aspecten
van LED-lampen.

Hoe meet je die en wat betekent het voor de praktijk?
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o Aanleiding:

Meetopstelling bij een LED leverancier met 4.5 W LED, PF 0.85.
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Aanleiding:

- Dezelfde meting, twee verschillende power factoren!

AC voeding Power Analyzer

G, Vanwaar de verschillen? Wat is de realiteit?

Voldoet deze lamp aan de normen?



" Wat is de Power Factor (PF)?
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Wat is de Power Factor (PF)?

Power Factor is the ratio between active Power and apparent power
(PF=P/S)

In case of a sinusoidal signal (only fundamental), the PF is also named
cos phi. Otherwise the Power Factor and cos Phi is not the same.
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Wat is de Power Factor?

] ] ] Stroom
Lineaire belasting: (A) 4
®
= \ PF = cos Phi =1
-

" 50 F nt H
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e .  Complexe belasting: requentie (2

(A) 1
®
PF<1
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50 Frequentle (Hz)



http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=TLrsoAWHuAUcmM&tbnid=-yXuiN7pS06BCM:&ved=0CAUQjRw&url=http://www.elektronica-shop.nl/contents/nl/d1508_Normale_Gloeilampen.html&ei=JLZ8UqcX4ZzQBeuvgIAJ&bvm=bv.56146854,d.d2k&psig=AFQjCNF71Lep1wDL68ZosurSKe0nY1duFg&ust=1383991184500115

ar benelux

Wat is de Power Factor

Gloeilamp 40 W PF =1
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Wat is de Power Factor

Led lamp 10 W PF =0.85
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Measure P1freq(C1) P2:rms(C1) P3:rms{C2) P4x@max(F2) P5i{P3*P2) P&:mean{F4) P7.(PG/P5) P& max(F1)
value 499864093 Hz 23083V 54 .48 mA 1258 W 10.028'W T97e3
B - status v v v v v v

DCIM [ Bwl DC Timebase 0.0 ms Trigger C10C
100 Vidiv 50.0 mA/div _ _ 10.0ms/div |Stop oV
0.00 v ofst 0.00 mA 25MS 25MSfs |Edge  Positive

= -25.0000ms

o % 32576V |+ -1493TmA
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Het meten van de Power Factor

<3 UL g
75.317 g
52.466 y

13,13) 11 15
75464 ny 129.791 na
524634 98.874
123024 35118y
3.7631var 112504 var
3.9591 1M1.79%6ua
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Het meten van de Power Factor

.  The perfect PFis 1, only possible for 100% of
ohmic load (Light Bulb), because apparent
power S is equal to the active power P
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Het meten van de Power Factor

.  The perfect PFis 1, only possible for 100% of ohmic load (Light Bulb),
because apparent power S is equal to the active power P

@ * At complex loads, like LEDs, the current
consumption is always affected by harmonics,
this is the result of the not linear electronic
% driver components.
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Het meten van de Power Factor

. At complex loads, like LEDs, the current consumption is always
affected by harmonics

* By taking a look at higher frequencies, most of
the active power is located at the fundamental
frequency and only small parts can be found
at the harmonics. The apparent power gets
instead higher and higher, the measuring
values are depending of the bandwidth of the
used power analyser.
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Het meten van de Power Factor

* By taking a look at higher frequencies, most of the active power is located
at the fundamental frequency and only small parts can be found at the
harmonics. The apparent power gets instead higher and higher, the
measuring values is depending of the bandwidth of the used power

analyser.

® . * The LMG500 has a sample rate of 3Msamples
of every current and voltage channel. With
this it is possible to analyse the harmonics of
the current waveform theoretical till round
about 1,5MHz.
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Het meten van de Power Factor

* The LMG500 has a sample rate of 3Msamples of every current and voltage
channel. With this it is possible to analyse the harmonics of the current
waveform theoretical till round about 1,5MHz.

This high sample rate in combination of the small
phase delay of lower 4ns between the voltage
and current channel and the high basic accuracy
of 0,025% (0.01% of reading + 0,015% of range)
makes the power analyser able to get very
precise values of the active/apparent power and
their harmonics.
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Het meten van de Power Factor

* This high sample rate in combination of the small phase delay of lower 4ns
between the voltage and current channel and the high basic accuracy of
0,025% (0.01% of reading + 0,015% of range) makes the power analyser able
to get very precise values of the active/apparent power and their harmonics.

e At least, the power analyser comes with a lot of
low pass filters. This filters, together with the
above information, gives you the opportunity to
get the power factor, and of course the

active/apparent power from the fundamental till
full bandwidth.
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Het meten van de Power Factor

* At least, the power analyser comes with a lot of low pass filters. This
filters, together with the above information, gives you the opportunity to
get the power factor, and of course the active/apparent power from the
fundamental till full bandwidth.

* Practical view at 50Hz fundamental frequency:

If you use the 60Hz low pass filter, you will get the information,
that the power factor will be on his max. Now you can set up
filters with a higher frequency and you will get the information,
that the active power will stay nearly the same, but the apparent
power will get higher. Because of that and the fact that the
power factor is the ratio between active power and apparent
power, the power factor will get lower and lower.
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Het meten van de Power Factor

Practical view at 50Hz fundamental frequency:

If you use the 60Hz low pass filter, you will get the information, that the power factor will be on his max. Now you can
set up filters with a higher frequency and you will get the information, that the active power will stay nearly the same,
but the apparent power will get higher. Because of that and the fact that the power factor is the ratio between active

power and apparent power, the power factor will get lower and lower.

* Now it is very hard to say what is right or wrong. Is a power
analyser with a very low bandwidth, which measures a
higher power factor then a power analyser high bandwidth
wrong? The answer is no, because it only sees a part of
reality and this small part is correct. But often it is not
enough to see only that small part. So you can say, the
higher the bandwidth of a power analyser is, much more
reality is measureable.
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naar de aanleiding ...

"“ TELEDYNE LECROY

Everywhareyoulook™

AN R R SR,

ERITAA

P5:(P3*P2) P6:mean(F4) P7-(P6/P5) P8:max(F1)

P1:freq(C1) P2:rms({C1) P3:rms(C2)
11.70W 4.699W 401.7e3
v v

499982109 Hz 23082V 50.68 mA
v 4 v v

Timebase 00ms Trigger C1 OC

[C1] DCIM (50 Bwl DC (& zoom(CT)|f zoom{C2))
10.0 ms/div |Stop ov

100 Vidiv 40.0 mA/div 100 Vidiv 20.0 mAJdiv
0.00V ofst 0 A offset 100 ps/idiv 100 ps/idiv 2.5MS 25 MS/is |Edge  Positive
X1= -25.0000 ms

+ 32636V |4 5985 mA |4 —
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Algemene PQ acceptaties

. * PFt/m de 50e harmonische
@ (dus dat is 2.5 kHz)

* Soms wordt ook 9 kHz genoemd
(EN 61000-4-7)

% e Alles erboven is EMC, CISPR15
p (vertaald in EN55015)
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Normalisatie op dit moment

EMC richtlijn verwijst naar geharmoniseerde normen:

. EN 61000-3-2:
Limieten voor netstroom harmonischen, class C voor licht.
LED apparaten:
& P > 25 W gelden de strikte Klasse C limieten

P <25 W nog geen eisen

3

A
@ |

EN 61000-3-3: Flikker limieten (LED P < 200W geen eisen)

Ecodesign richtlijn (DIM2, van kracht per 1 september 2013):

P<2W geen eisen
2W <P <5W PF>0.4
5W<P<25W PF>0.5
P>25W PF>0.9

® 1
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Gebruikte meetapparatuur

High Resolution Oscilloscope

== * Direct visueel inzicht
* Probing nodig
e Directe controle over meting
en berekeningen met
mathematische mogelijkheden
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Gebruikte meetapparatuur
AC Bron

* Een goede meting start met een goede referentie
* Onafhankelijk van variaties in het net
* Testen op andere spanning en frequentie
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Verdere analyse PF

In
optTi

ms | |

ratio
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P Trigger = : E] & Wath An: upport

i s TS i
&
Measure P1Tms(C1) P2rms(C2) P3:Tms(F2) P4 (P1°P2) P5:(P1*P3) PB-web edit PT-web edit P8-web edit
value 23119V 48.03 mA 22.33TmA AW 5164'W 4.1431W 4.212°W 802.3e3
status v v v v v v v v
{ Timebase 0.0 ms|[Trigger c10DC )
Math Z00m Frequencies = Frame Close

Filter
dual

glf[x)

Summary

web edit Actions for trace F2

TELEDYNE LECROY

112612013 3:14:38 PM
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De power analyzer?

PF
PHI

| Line/Ext.

41183 W
10.0236 var
10.8367 VA
0.38003
-67.664 °
49.9010 Hz

Measuring Signal

£

o
HI

i

® 1

41188 W
2.7984 var
4.9796 VA
0.82715

34193

49.9010 Hz
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Antwoorden

 Deze LED lamp voldoet aan de normen op het
gebied van PQ (t/m 2.5 kHz). Op het gebied van
EMC (EN55015) is een heel ander verhaal...

* De grote spreiding in PF wordt veroorzaakt door
de bandbreedte van de power analyzer.

 Wat de realiteit is, hangt af van wat het doel is
van de meting. De breedbandige power analyzer
heeft potentiele (EMC) problemen met dit type
lamp aan het licht gebracht die anders verborgen
bleven.
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Uitdagingen meetapparatuur

We hebben gezien dat het karakter van LED lampen erg complex kan zijn.

Naast de bandbreedte spelen ook de volgende “uitdagingen” die wij graag
nog mee willen geven:

e EEE
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* Meetapparatuur vaak onnauwkeurig bij lage stromen: shunt te klein.
Veel power analyzers hebben moeite met lage LED stromen.

* Voeding instabiel door capacitive belasting

* Onnauwkeurigheid door RF rimpel op de stroom: bandbreedte te groot
of geen anti-aliasing filter. Onwetendheid over dit verschijnsel kan
meetfouten veroorzaken in energiemetingen met loggers die relatief
traag samplen.

® §
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De toekomst

Nieuwe 61000-3-2 in voorbereiding (draft CD)
P<5W geen eisen

S5W<P<25W een tabel voor nieuwe technologie:

THD < 70%
2de < 5% 79¢ < 40%
3de < 35% 9de <« 20%

% 5de < 25% 119 < 20%
P * Opkomst centrale DC voedingen, waardoor P > 25 W,
O
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Conclusie

“Weet wat je meet, en meet het goed!”

* Voor metingen in het PQ domein voldoet een bandbreedte
van 2.5 kHz.

 Het voldoen aan de PQ normen sluit niet uit dat er nog meer
effecten in de hogere frequenties.

* Hetis op zijn minst zinvol om te weten dat er nog meer kan
spelen. Dit geeft informatie over of er al dan niet meer
uitdagingen zijn op meettechnisch gebied en
toepassingsgebied.
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e Over AR Benelux

Gestart in 1999 als emv Benelux

Gestage groei: gevestigde naam als technische distributeur voor

Oscilloscopes, Test & Measurement, AC/DC Power, Safety, EMC, RF/uWave

2008: krachten gebundeld in AR Europe (AR-E)

— AR-Europe (www.ar-europe.ie): Europese organisatie voor AR

— Amplifier Research (AR): marktleider in hoog-vermogen breedband versterkers

— AR-Europe:distributie/representative kanaal

L —

Het is onze strategie om complementaire activiteiten te hebben

Technische verkoop wordt versterkt door het services/support aanbod

»0 =~
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AR Copwwe | AR awse

Meer informatie?

A Sz SR in AC en DC Power, Oscilioscopen, EMC, [N
HF & Microgolf en Maatwerk test en z
meetoplossingen

romsm A

WAREHOUSE CLEARANCE!
M Tazram
@'W Save up to 50% ;7:.’2:?% s 2

R Irtrocuceert Jen & G RF
Soma Genese

R imracuoee besabee <
S Umited Vime offer PRM Norda 7010 P e

S arrem irmtramanes PieOompliant (MO Recoiver

Click bere for more information!

AR Benelux

DSA 815 SPECTRUM ANALYZER

www.arbenelux.com
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