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MNpBa MefyHapozHa koHdepeHumja ETVIMA
First International Conference ETIMA

PREFACE

The Faculty of Electrical Engineering at University Goce Delcev (UGD), has organized the
International Conference Electrical Engineering, Informatics, Machinery and Automation -
Technical Sciences applied in Economy, Education and Industry-ETIMA.

ETIMA has a goal to gather the scientists, professors, experts and professionals from the field of
technical sciences in one place as a forum for exchange of ideas, to strengthen the multidisciplinary
research and cooperation and to promote the achievements of technology and its impact on every aspect
of living. We hope that this conference will continue to be a venue for presenting the latest research
results and developments on the field of technology.

Conference ETIMA was held as online conference where contributed more than sixty colleagues, from
six different countries with forty papers.

We would like to express our gratitude to all the colleagues, who contributed to the success of
ETIMA’21 by presenting the results of their current research activities and by launching the new ideas
through many fruitful discussions.

We invite you and your colleagues also to attend ETIMA Conference in the future. One should believe
that next time we will have opportunity to meet each other and exchange ideas, scientific knowledge
and useful information in direct contact, as well as to enjoy the social events together.

The Organizing Committee of the Conference
IIPE/ITOBOP

Merynapoanata konpeperuuja Enexmpomexnuxa, Texnonozuja, Hngpopmamuxa, Mawuncmeo u
Aemomamuxa-mexHuuKu HAyKu 60 ciyxycoa na ekonomuja, oopazoseanue u unoycmpuja-ETHMA e
opraHu3MpaHa oJi cTpaHa Ha ENeKTpOoTeXHUUKHUOT paKkynTeT npu YHuBep3uteToT [ome Jemues.
ETUMA wuma 3a men ma ru cobepe Ha €IHO MECTO HAYYHHUIUTE, Mpodecopute, eKCHEepTUTE H
npodeCHOHAIIINTE O] MTOJIETO Ha TEXHUYKUTE HAYKH U Ja IIpeJicTaByBa (OopyM 3a pa3MeHa Ha UJCH, a
IO 3ajKaHyBa MyJITHIUCIUIUTHHAPHOTO HCTPAXKYBamkhe U cOpadOTKa U J1a TH POMOBHPA TEXHOJIOIIKUTE
JNOCTUTHYBamba M HUBHOTO BJIMjaHHE BpP3 CEKOj aclekT of kuBeewmeTo. Ce HazeBaMe JeKa OBaa
KoH(epeHIIMja ke TPOJOJDKU Ja OMJe HACTaH Ha KOj Ke Ce Mpe3cHTHpaaT HajHOBUTE PE3YJITaTH O]
UCTpaXyBamaTa U pa3BojoT Ha IIOJIETO HAa TEXHOJIOTHjaTa.

Kondepennujata ETUMA ce onpika online u Ha Hea Jjajioa CBOj JOIMPHUHOC MOBEKE OJ1 IIEECET aBTOPH
O]l IIECT PA3IIMYHK 3eMjU CO YETUPHECET TPYIA.

Cakame 512 ja nckakeMe Hamiata OJaroJapHOCT O CHUTE KOJIETM KOHM JOIpHHEcOoa 3a YCIEXOT Ha
ETHMA’21 co npe3eHTHpame Ha pe3yaTaTH O] HUBHUTE TEKOBHU HCTPaXKyBama U CO JAHCHPAme Ha
HOBH HJIEU NPEKY MHOTY IJIOJHHU TUCKYCHH.

Be nokanyBame Bue u Bammte xonern na 3emere ydectBo Ha ETVIMA u Bo mnanna. BepyBame nmexa
CIEIHHOT MaT K& UMaMe MOXHOCT Ja C€ CpeTHeMe, Ja pa3MEHUME HUJEH, 3HACHE U KOPHUCHU

I/IH(l)OpMaIH/II/I BO IUPEKTCH KOHTAKT, HO UCTO TaKa Ja Y)KMBaM€ 3a€IHO U BO APYIITBCHUTC HACTaHU.

Opeanuzayuonen 0060p Ha KoOHepeHyujama
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INFLUENCE DIMING OF LED LAMPS TO ELECTRICAL
PARAMETERS

Peter Janigal, Marek Mokran?
1Slovak University of Technology in Bratislava, Faculty of Electrical Engineering and Information Technology,
email: peter.janiga@stuba.sk
2Slovak University of Technology in Bratislava, Faculty of Electrical Engineering and Information Technology,
email: marek.mokran@stuba.sk

Abstract

Lighting systems are currently one of the main uses of electricity. The most popular option for reducing of
electricity consumption is the use of dimming. Dimming is a type of regulation in which we can regulate luminous
flux of a lamps and luminaires. This system of regulation is used in the road lighting industry, but also in
households. Dimming allows adaptation of the lighting system according to specific requirements and various
ambient conditions such as traffic density, daylight, etc. The regulation of the luminous flux de-pending on the
dimming system can affect the electrical parameters of the luminaires such as the power factor. The article deals
with the electrical parameters of luminaires with various lamps at different types of dimming.

Key words
LED, Power factor, total harmonic distortion

Introduction

In recent years LED luminaires play a decisive role in the field of lighting systems. Among
their most important benefits are luminous efficiency, various correlated color temperature,
color rendering index and energy efficiency that leads to energy savings. LED luminaire
consists of a main body, light sources, power supply (LED driver) and an optical distribution
system. LED driver is a non-linear load. Designing the LED drivers is a challenging task where
many problems need to be solved. The most frequently solved problems are currently
harmonics reduction and power factor correction (PFC). Power supplies without power factor
correction generated and reflected back to the AC power lines many unwanted harmonic
currents which degrade the power quality.

The presence of harmonics in power system can cause various problems such as reducing the
power factor and so on [1].

EMI filter Output

AC input & Power rectifier | DC output
AC-DC factor
- bridge ‘ correction ‘ - Fllt:er
&
Rectifier )
N / . /

Fig. 1 Block diagram of LED driver with power factor correction

Power factor is simply defined as the ratio of real power to apparent power:
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If both current and voltage are sinusoidal and in phase the power factor is 1. If both current and
voltage are sinusoidal but not in phase, the power factor is the cosine of the phase angle.

THD;[%] = 100 X

1. Literature review

Total harmonic distortion is quadratic sum of the unwanted harmonics over the fundamental
that gives the relative weight of the harmonic content with respect to the fundamental. [2]
Electrical equipment in Europe must comply with the EN 61000-3-2 “Electromagnetic
compatibility (EMC). Part 3-2: Limits. Limits for harmonic current emissions (equipment input
current up to and including 16 A per phase)”. [3] There are 4 different classes (A,B,C,D) in the
EN 61000-3-2 that have different limit values. It should be taken into consideration that these
limits are for individual harmonics (from 2 to 40) and do not specify total harmonic distortion
(THD). Class A are Balanced 3-phase equipment, household appliances excluding equipment
identified as class D, tools, excluding portable tools, dimmers for incandescent lamps, audio
equipment, and all other equipment, except that stated in one of the following classes. Class B
are Portable tools, arc welding equipment which is not professional equipment Class C are
Lighting equipment. (Table 1.) Class D are PC, PC monitors, radio, or TV receivers. Input
power P <600 W. [4] If a power supply output power is grated than 25W, it must meet class
C. Otherwise it can be test withed the class D standard. To pass Class C and Class D, power
supply must have power factor correction.[5]

Table 1 Harmonic current limits for LED driver > 25W

Harmonic order | Maximum permissible harmonic current expressed as a percentage of
n the input current at the fundamental frequency %
2
300 *

10
7
5

<39 3
* A is the circuit power factor

B |OINOTW|IN

11<

2. Power factor correction

When choosing a PFC it is important to recognize that the low power factor that occurs in LED
drivers is different from the power factor of traditional load. Low power factor of traditional
load requires a different correction approach. This type of low power factor can be easily
corrected by adding the reactive component of the opposite sign in parallel with the load. Low
power factor of LED drivers is caused by nonlinear circuit elements. Low Power Factors can
be improved by PFC circuits. We know the two basic types active and passive PFC.

Active PFC is more efficient, a little more expensive, generally integrated into a power supply,
and can achieve a PF of about 0.98 or higher. Passive PFC is less expensive and usually corrects
PF to lower values.

2. Measurement of electrical parameters
For the measurement were selected three luminaires with different drivers and powers.
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Table 2 Electrical parameters of luminaire with driver 1

Driver 1

Dimm [%] |S[VA] [P [W] ]| Q [Var] |PF[-]| THDi [%]
10
20 6,32 | 1,60 6,12 |0,250 16,56
30 740 | 2,43 6,98 |0,328 21,06
40 799 | 3,14 7,35 10,390 21,57
50 855 | 3,91 761 |0,456 18,49
60 8,95 | 4,58 7,68 |0,513 15,86
70 9,46 | 5,52 7,67 |0,584 13,91
80 9,85 | 6,43 759 0,654 12,15
90 10,56 | 7,25 7,43 0,693 10,81
100 10,90 | 8,04 7,35 0,737 10,09

Table 3 Electrical parameters of luminaire with driver 2
Driver 2

Dimm [%] |S[VA]|P[W] | Q[Var] |PF[-]| THDi [%]
10 11,14 | 3,05 10,70 | 0,271 15,42
20 12,21 | 594 | 10,67 | 0,483 16,27
30 15,14 | 895 | 12,31 | 0,597 17,53
40 15,14 | 11,10 | 10,23 | 0,734 10,70
50 1725 | 1411 | 992 0,817 9,73
60 20,69 [ 1820 | 9,77 ]0,881 8,68
70 23,12 [ 21,09 | 9,46 |0,907 8,12
80 25,57 [ 23,79 9,34 10,930 7,55
90 28,42 12686 | 9,15 |0,944 7,31
100 31,07 | 29,76 | 8,94 | 0,957 7,11

Table 4 Electrical parameters of luminaire with driver 3
Svietidlo 3

Dimm [%] |S[VA]|P[W] | Q[Var] |PF[-]| THDi [%]
10 2398 | 9,88 | 21,76 |0,413 86,70
20 41,15 | 18,63 | 36,64 | 0,453 87,65
30 32,85 30,14 | 13,06 | 0,917 24,35
40 41,06 | 38,82 | 13,47 | 0,945 21,35
50 49,86 | 47,82 | 13,91 |0,960 18,44
60 59,56 | 57,80 | 14,37 |0,970 15,86
70 68,86 | 67,22 | 14,83 | 0,977 13,86
80 78,70 | 77,14 | 1559 0,980 12,77
90 89,44 | 87,92 | 16,42 | 0,983 11,75
100 98,69 | 97,19 | 17,10 | 0,985 10,98
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Luminaire 1 has a driver 1 with rated power 18W with range of load 3 - 18 W. Luminaire 2 has
a driver 2 with rated power 35W with range of load 15 - 35 W. Both have been controlling by
DALI. Luminaire 3 has a driver 3 with rated power 100W. It has been controlling by 1~10Vdc,
10V PWM, resistance and contain built-in active power factor correction function. Drivers 1
and 2 have a declared power factor of 0.95 and Driver 3 has declared power factor > 0.96 at
rated power. The load of the drivers 1 (44% of rated power) and 2 (85% of rated power) is
lower than rated power of drivers which are used in the selected luminaires. The load of the
driver 3 is approximately equal to the rated power (97% of rated power). Electrical parameters
were measured during dimming in the range of 10 - 100% of luminous flux for all luminaires.
During the measurement were luminaires supplied from a stabilized AC power supply with
nominal voltage 230 V. At each level of dimming were the samples stabilized for 15 minutes.
Measurement of electrical parameters was performed using the precision meter for electrical
power and energy measurement Applied Precision reference standard rs 2330A. The measured
values of active, apparent, reactive power, power factor and total harmonic distortion of current
during the dimming are shown in the tables 2 - 4. A comparison of the individual measured
parameters for the selected ballasts is shown in the figures 2 - 6.
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Fig. 2 Apparent power dependence on dimming
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Fig. 3 Active power dependence on dimming
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Fig. 4 Reactive power dependence on dimming
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Fig. 5 Power factor dependence on dimming
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Fig. 6 Total harmonic distortion dependence on dimming
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Driver 1 has a declared power factor of 0.95 at rated power. The load of the drivers 1 was 44%
of rated power. This caused that at 100% (8.04W) was the maximum power factor 0.737. Driver
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1 was dimmed in the range of 20 - 100%, because less power than 1.6 watts could not be set.
Driver 2 has also declared power factor of 0.95 at rated power. The load of the drivers 2 was
85% of rated power. At 90% dimming (26.86 watts) was the power factor 0.944 which is less
than declared 0,95. Driver 3 has declared power factor > 0.96 at rated power. The load of the
drivers 3 was 97% of rated power. Measured values show that the use of dimmable drivers with
power factor correction is better because it can correct power factor values better than 0.95 in
the range 50 - 100% of dimming.

Conclusions

Dimming allows control of the lighting system according to specific requirements and various
ambient conditions. Dimming allows to reduce the power consumption of public lighting
systems at nighttime when there is a low traffic also allows the control of interior lighting
systems in dependence on the availability of daylight. During dimming are electrical
parameters that can affect the power quality and the electromagnetic interference changing.
One of the parameters that change significantly is the power factor. In Slovakia is power factor
evaluated monthly for electricity consumers. It assesses the amount of active and reactive
electricity taken off. If the users or company does not comply with its tolerance values of 0.95
to 1 than the special mark-ups on the invoice apply. Lighting systems with regard to the
operating time of the dimming and the used luminaires may significantly affect the value of
the power factor. The solution of this problem is compensating devices which by their activity
maintain the optimal values of the power factor.
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