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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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PHOTOMETRIC PARAMETERS OF LED LUMINAIRES WITH
SWITCHABLE CORRELATED COLOUR TEMPERATURE

Marek Mokrari, Roman Dubnicka, Peter Janiga
Faculty of electrical engineering and information technology
Slovak University of Technology in Bratislava

Bratislava, Slovakia
marek.mokran@stuba.sk

Abstract

At present, there are lights on the market that are capable of emitting white light with an adjustable correlated
color temperature. The advantage of these luminaires is the possibility of changing the correlated color
temperature, for example, due to a change in the function of the room in which they are installed, with no
replacement of the lamps. The disadvantage of such a correlated color temperature setting is that this setting is
performed directly on the luminaire and it is not possible to set the correlated color temperature with the control
system. When changing the color temperature, in most cases, it is undesirable to change the other photometric
parameters. In this paper, attention is paid to changes of the photometric parameters caused by changing the
correlated color temperature.

Key words
LED, correlated colour temperature, luminous flux, tunable-white

Introduction

In the past, the colour temperature was fixed to a light source. Tunable-white lighting is one of
the biggest trends in commercial lighting. Emerging studies on health, comfort, and
productivity suggest that being able to change, or tune, the colour temperature of a light source
to match the needs of the application, event, or occupant preference has significant benefits.
Luminaires with switchable correlated colour temperature are determined where the future is
expected a change in the functionality of the room. Sometime in the future, you might have
plans to redecorate your living room and go from an ordinary, homely ambient tone to
something whiter and more modern. Rather than replacing all of your lights to keep up with
their new environment, you just change their colour temperature and keep them. When
changing correlated colour temperature, it is expected that other photometric parameters will
change only minimally. Luminaire manufacturers often indicate photometric parameters for
only one correlated colour temperature. Change of photometric parameters can be dependent
on the method used for changing correlated colour temperature and installed light sources [1].

Methods used to change the correlated colour temperature

There are several methods used to change the correlated colour temperature. Each method has
its advantages and disadvantages. Selecting luminaire with a suitable method of change
correlated colour temperature is the designer's job and depend on the function of the room.

e Tunable whites use color mixing

e



Standard LED color-mixing uses red, green and blue channels that are adjusted to deliver the
entire range of the color spectrum. Tunable-whites work in a similar way, using a number of
controllable channels to adjust the color temperature of the luminaires white light output. The
channels in a tunable-white system all produce white light, but with varying colour
temperatures, from a warm tone to a cool tone. [1]

e Simple system use two or more lines of LEDs
The most basic tunable linear systems use LED strips mounted side-by-side. One channel has
a correlated colour temperature close to 2700K, with the other one has correlated colour
temperature around a 6000K. The LED strips can be mount inside an aluminium extrusion
fitted with an opal diffuser, which does the colour mixing as the light passes through it [1].

e Multi-chip versions do the mixing at chip level
More products are using ‘multi-chips’ where a number of tiny LED chips are combined into
the same module. This means that the color mixing occurs as the light leaves the module. Their
very small size means that tunable-white products can be made much smaller. These multi-
chips tend to have a higher performance specification than the individual LED strips [1].

Changing the color temperature is done differently on each luminaire. Some luminaires with
switchable correlated color temperature are adjustable by small dip switches that are located
either on the front or on the back of the luminaire. Also known as CCT (correlated colour
temperature) adjustable downlights, these types of lights provide you with the ability to change
the colour temperature. Within one downlight, you have multiple colour temperatures that
range from warm white to cool white. The variation of colour temperature ranges from each
brand. The dip switch design should be called CCT select-able. The luminaire with dip switch
is shown in the figure 1 and 2. Luminaires with a switch in the front have the advantage that
the user is able to make a colour change. Luminaires with a switch located at the rear can have
a more attractive design, but to switch correlated colour temperature is necessary to remove
the luminaire [1] [2]. Figure 3 shows a typical spectral radiant flux distribution curves of LEDs
used for adjusting correlated colour temperature.

Fig. 1. Luminaire with dip switch on the front
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Colour switchable from
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Fig. 2. Luminaire with dip switch on the back
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Fig. 3. Spectral radiant flux distribution curves
Measurement

Devices under test were luminaire with switchable correlated color temperature. The
luminaires use three lines of LEDs with different correlated colour temperature. Switching
between correlated color temperature was performed by the dip switch placed on the back of
the luminaire. Measurement of luminous intensity distribution curves was measured on the far-
field goniophotometer. The goniophotometer used for the measurement is shown in figure 4.
Luminous flux was measure in photometric integrator spherical with a diameter of 3 meters.
Photometric integrator spherical is shown in figure 5. The measurement was performed
according to STN EN 13032-4 - Light and lighting - Measurement and presentation of
photometric data of lamps and luminaires. Part 4: LED lamps, modules and luminaires [3].

el
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Fig. 4. Farfield goniophotometer
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Fig. 5. Fotometric spherical integrator

Auxiliary lamp

The measurement results are shown in tables 1, 2 and in figures 6, 7 and 8.

Expanded uncertainty of measurement is shown in table 3. The reported expanded uncertainty
of measurement in table 1 is stated as the standard uncertainty of measurement multiplied by
the coverage factor k=2, which for a normal distribution corresponds probability of
approximately 95%.The standard uncertainty of measurement has been determined in
accordance with EA-4/02 [4].

Table 1. Measurements results |

Measured parameters

Tested samples Ra[] CCT [K] ] effIi_CL;TylrEIor:]J}sW ]
LED 1/ 3000K 82 2858 959 58,96
LED 1/4000K 88 3905 1223 80,67
LED 1/ 6000K 87 5937 1104 67,44
“manutactrer | ” %0 - 1200 :
LED 2/ 3000K 83 2796 431 50,68
LED 2 /4000K 87 3738 521 65,06
LED 2/ 6000K 87 5425 491 58,05
e a0 - -
LED 3/ 3000K 82 2836 914 54,87
LED 3/ 4000K 87 3865 1137 71,07
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Measured parameters
Tested samples Luminous
Ra[] CCT K] glim] efficacy [Im/W]
LED 3/ 6000K 86 5970 991 57,3
Declared by the
manufacturer > 80 i 1200 i
LED 4/ 3000K 83 2889 1663 69,34
LED 4 /4000K 88 3910 2012 90,72
LED 4/ 6000K 87 6231 1742 72,52
Declared by the
manufacturer >80 i 2000 i
Table 2. Measurement results 11
Power of Correlated colour temperature of luminaires
tested samples 3000K 4000K 6000K
LED1 P[W] 16,27 15,16 16,37
LED 2 P[W] 8,51 8,01 8,46
LED 3 P [W] 16,66 16,01 17,11
LED 4 P[W] 23,99 22,18 24,02

[J coco

™71 coo-czmo

cd/1000lm

Fig.6. Light distribution curve / CCT=3000K

[ cociao

™1 cao-cam

cd/1000Im

Fig. 7. Light distribution curve / TCC=4000K

[ cocaso

™1 caocam

cd1000Im

Fig. 8. Light distribution curve / TCC=6000K

Table. 3. Expanded uncertainty of measurement
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Parameter Expanded( ;:é:)ertainty u
¢ [Im] 7,5%
PIW] 1,0%
Ra [-] 2
TCC [K] 200K
Luminous efficacy [Im/W] 6,6%

Simulations in software Dialux evo

The problem that may occur when using the photometric parameters specified by the
manufacturer is described in this chapter. Photometric parameters of the luminaires with
switchable correlated colour temperature are often given for only one correlated colour
temperature or generally for the luminaire. The measurement results in the previous chapter
show that the photometric parameters are different for each correlated colour temperature. In
our case, the parameters declared by the manufacturer correspond to the measured parameters
only at a correlated colour temperature of 4000K. The problem that arises from the above is
shown in simulation in the Dialux software. The office visualization used to compare
simulations is shown in figure 9. The office project has been designed according to STN EN
12464-1 Light and work lighting. Part 1: Indoor work places [5]. In the first design, were used
luminaires LED 4 with a correlated colour temperature of 4000k because of their photometric
parameters correspond to photometric parameters declared by the manufacturer. The number
of luminaires and their location are chosen to meet the lighting requirements of the
aforementioned standard. In the next designs, the luminaires were replaced with luminaires
with another correlated colour temperature without changed place and number of luminaires.
The simulation results are shown in table 4.

Fig. 9. Office visualization in Dialux Evo 8
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Table 4. Calculated parameters with Dialux software

Correlated colour temperature Required
Calculated parameters of luminaire argmeters
3000K | 4000K | 6000K | P
Vertical illuminance of visual task E, [IX] 457 549 478 > 500
Vertical Illuminance of surrounding area [Ix] 457 551 479 > 300
Vertical Illuminance of backround area [Ix] 435 526 456 > 100
Uo [IX] 0,88 0,89 0,88 >0,6
Conclusion

The main advantage of luminaires with switchable correlated colour temperature is that you do
not depend with one colour temperature and you can change it depending on the function of
the room. Providing you with the flexibility to make a change whenever you want to. Without
needing any electricians and without any additional costs. When designing the lighting system,
the designer must consider that during the operation the lamps will changing the correlated
colour temperature and thus the other photometric parameters as a luminous flux and colour
rendering index. The measurement results show that the change in luminous flux can be more
than 20%. The manufacturer of the samples tested gave uniform photometric parameters for
all correlated colour temperature however it is necessary to specify the photometric parameters
separately for each correlated colour temperature. As figures 6, 7 and 8 show light distribution
curves did not change their shape when changing correlated colour temperature. The shape of
the light distribution curves does not change due to the use of a microprismatic optical system
and a suitable LED lines layout. The simulation results confirmed that the designer must not
rely on the photometric parameters declared overall for the luminaire with switchable
correlated colour temperature.
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