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What are the components of Power Quality?

* Power Factor

« Displacement Factor

 Harmonic Distortion




What is Power Factor?

« Power Factor (PF):
* ratio of the actual power to apparent power
PF=W/V.A (For a resistive load, the PF is 1.0)

 Active and reactive power:
« Average power in a circuit is called “active power” or
“real power”.
« Power that supplies the stored energy in reactive
elements is called ‘reactive power’
 Inductive loads cause the current to lag behind the
voltage, making the wave form of voltage and current
to become “out of phase” with each other.
« The more out of phase, the lower the PF.
« LEDs — Displacement Factor and Harmonics



What is Displacement Factor?

* Displacement Factor (DF) — the component of power
factor due to the phase shift between voltage and
current at the fundamental line frequency (60Hz for
Central America).

* For sinusoidal (non-distorted) currents, the
displacement power factor is the same as the apparent
power factor.

DF = cos(6)

where 0 is the phase angle between the
fundamental voltage and current.

Inductive loads cause current to lag behind voltage
Capacitive loads cause current to lead voltage



Impact of Displacement Factor

Power (rms)  Voltage (rms) Current 1 (rms) Current 2 (rms) Current 3 (rms)
10 240 0.04 0.06 0.08

Currents for different DF providing same
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Impact of Displacement Factor

Lamp current vs Displacement Factor
(Equivalent Light Output)
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What are Harmonics?

* A harmonic is a wave with a frequency that is an integer
multiple of the frequency of the original wave, known as
the fundamental frequency.

« Many harmonic frequencies at different amplitudes may
be required to constitute a waveform

« Typically odd harmonics are present in electronic circuits
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Total Harmonic Distortion and Distortion Power Factor

» Metric which incorporates all the harmonics is Total
Harmonic Distortion, THD. (percentage is relative to the
fundamental current)

THD(I) :% f{ 1) =100%

=2

* Distortion Factor

1
V1 + THD?

Distortion Factor =




Lack of information in Power Factor

real power

Power Factor .
active power

Displacement Factor X Distortion Factor

Displacement Factor
V1 + THD?

Power Factor =
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Why does Power Quality matter?

* Low power factor can result in higher losses (older network power
(current) meters assume a set power factor for metered charges)

« If many drivers of the same low PF are on a circuit, in-rush starting
currents can be high and result in breakers tripping to protect the
wires

« Harmonics can interfere with equipment that uses power line
control signalling.

« Low order harmonics have damaging effects on transformers in
the network.
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What are the International Standards?

» Displacement Factor:

IEC 62612: 2018 “Self-ballasted LED

lamps for general lighting services =

with supply voltages > 50 V - CONSOLIDATED

Performance requirements”

Webstore link .

« Annex C: Measurement of 1’”;Lf:“fifj.“ifm‘“:"f%" e
Displacement Factor o V- e et

i is rom an 2
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agrés.
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https://webstore.iec.ch/publication/63728

What are the International Standards?

« EMC Harmonic Emissions:

IEC 61000-3-2: 2018
“Electromagnetic compatibility (EMC)
- Part 3-2: Limits - Limits for harmonic

current emissions (equipment input
current <16 A per phase)” Webstore

link

IEC

TECHNICAL
REPORT

Part 1: An objective light flickermeter and voltage fluctuation immunity test
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https://webstore.iec.ch/publication/28164

IEC 61000-3-2: 2018

Harmonics (for SSL Power < 25W)

Must meet one of the following three requirements:

1.

the harmonic currents shall not exceed the power-related limits of

Table 3, column or:

Table 3 - Limits for Class D equipment

Harmonic order

Maximum permissible
harmonic current per

Maximum permissible
harmonic current

(odd harmonics only)

n

watt

n mA/W A

3 3.4 2,30
5 1.9 1,14
7 1,0 0,77
9 0,5 0,40
11 0,35 0,33

13<n<39 385 See Table 1
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IEC 61000-3-2: 2018

As well as the limits in table below, the waveform of the input
current shall be such that it reaches the 5 % current threshold
before or at 60°, has its peak value before or at 65° and does not
fall below the 5 % current threshold before 90°, referenced to any
zero crossing of the fundamental supply voltage. The current
threshold is 5 % of the highest absolute peak value that occurs in
the measurement window, and the phase angle measurements are
made on the cycle that includes this absolute peak value.
Components of current with frequencies above 9 kHz shall not
iInfluence this evaluation

400 0,4

<65°
Current Limit 07 e - o
Harmonic 200 o - 02

3 86% 100 - 01

/ﬂl,omp:m}
5 61 ° ’

~100] —0.05/paps) .
<60~

—200 - —0.2

<65° Ip- - -0,3
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IEC 61000-3-2: 2018

3. The THD shall not exceed 70%, and individual harmonics as per

table.
Current Limit
Harmonic

3 35%
2 5%

5 25%
7 30%
9 20%
11 20%

If the lighting equipment includes means for control (e.g. dimming,
colour), or is specified to drive multiple loads, then the measurement
IS made only at the control setting and the load of lamps that gives the
maximum active input power.
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What are the International Standards?

+ Electromagnetic compatibility (EMC) [ IEC 61547

emissions and immunity:

IEC 61547-1:2009 “Equipment for
general lighting purposes - EMC
immunity requirements” \Webstore

link

Edition 2.0 2009-06

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Equipment for general lighting purposes — EMC immunity requirements

Equi ts pour I'éclairage a usage général — Exigences concernant

rimmunité CEM
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https://webstore.iec.ch/publication/60022

What about Voltage Surge Protection?

Important where there is unstable electricity supply network

Operation under variable voltage supply situations

Philips Lighting
Lamp #1

Voltage: 100 — 240V
Power surge: 500V
“Designed to work in an
unstable electricity grid”

Philips Lighting

Lamp #2

Voltage: 48 — 250V
Power surge: 2000V
“Designed to work in an
unstable electricity grid”
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Recommended requirements?

« The table below is taken from the draft regulation:

Metric Mandatory Requirements
EMC emissions Compliance with IEC 61000-3-2
EMC immunity Compliance with IEC 61547
Harmonics Compliance with IEC 61000-3-2

* The levels are as follows:

4.2. Fundamental Power Factor (Also called Displacement Factor or Cos 1)

All GSLs shall have a fundamental power factor as stipulated in Table 4|

Table 4: Fundamental power factor

Rated Input Power for the lamp Fundamental
PinW Power Factor
P < 2W Not applicable

2W <P < 5W 20.4

5W < P < 10W 20.5

10W < P < 25W 20.7

P > 25W 209
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Discussion and Next Steps

« Coverage in any other regulations

 Limits
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Thank you, any guestions?
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