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technological and certification characteris-tics. Based on the analysis of fixtures of different
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ceiling LED light bars and developed a method of their design and certification.
provement of the efficiency of radiation detectors
INTRODUCTION for lighting engineering, in our opinion, the works

devoted to the trap-detector technology [16-18]
come to the fore. As for the direction of studying
radiation sources and creating new lighting devices,
it is most focused on direct production and is asso-
ciated with the tasks of indoor and outdoor lighting
[19-24].

Modern lighting engineering involves the study of
three main areas. These are radiation sources (lamps
and lighting devices), the environment in which
radiation propagates (optical elements of which
complex optical systems of modern devices are

composed) and radiation detectors. As for the study
of optically transparent media, this is, as a rule,
research in the field of applied optics, for example,
in [1-6], as well as in various areas of solid-state
physics (for example, acoustic defectoscopy of crys-
tals at mechanical, structural and thermal studies of
solids [7-12], radiation materials science [13-15]).
Among the works in the field of studying the im-

Recently, there has been a massive transition of
lighting devices to LED sources [25-28]. Due to the
fact that a huge number of engineering solutions for
luminaries for various purposes have appeared,
there is an urgent need to understand the ad-
vantages and disadvantages of the proposed modi-
fications of lighting devices and make weighted
recommendation conclusions.
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The purpose of this work is to study the issue of
creating the most efficient ceiling recessed luminar-
ies, which are widely used in modern indoor light-
ing projects.

FLUORESCENT GRILLE CEILING FIXTURES
AND AN ATTEMPT TO REPLACE THEM WITH
LED ONES

Due to low energy efficiency of luminaries with
matte diffusers, the first modifications of fluorescent
grille light fixtures appeared in the early 2000s. The
design and light intensity distribution curve of one
of them are shown in Fig. 1.
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Figure 1. Design (a) and light intensity distribution curve
(b) of a fluorescent grille light fixture

Structurally, it consists of a housing, specular re-
flector and a series of 7 shutters - plates attached to
the reflector. The analysis of these basic structural
elements showed that cold stamping methods -
cutting, punching, and bending - are employed for
their production. The material used is rolled alumi-
num. You can see that the light fixture is designed
for four fluorescent lamps, in our case, with a total
power of 72W. To measure the light intensity, we

applied a photometer. The distribution curve ob-
tained is also shown in Fig. 1.

As can be seen, the light distribution curve of
this type of light fixtures, in fact, is similar to the
cosine light distribution of those with equally bright
matte diffusers. However, unlike them, there is no
loss of luminous flux when the light passes through
the diffuser layer, so the energy efficiency of such a
lamp is much higher. After the appearance of the
first LEDs, we observed an attempt to replace fluo-
rescent lamps with LED ones. A photo of a modified
grille lamp is shown in Fig. 2. The luminous flux
emitted by such a lamp was almost the same as that
of the fluorescent grille ~3103 Im, while the power
of the luminaire was about twice less. As for check-
ing the light distribution of the lamp with the help
of a distribution photometer, its light intensity curve
demonstrated a worse approximation to D-type
curve. In our opinion, the deterioration of the light
distribution occurred due to the deep embedding of
individual LEDs into the reflector surface. The fact
is that the side plates of the reflectors roughly corre-
spond to the cross section of fluorescent lamps, and
their luminous side surface is effectively reflected
by the specular reflection system, which is charac-
teristic of the luminaire in Fig. 2.
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Figure 2. Replacement of fluorescent lamps with LED
ones in a grille light fixture

The design of a grille light fixture shown in Fig. 2,
in our opinion, is also inconvenient in terms of its
operation and replacement of light sources that
have exhausted their life. Obviously, the replace-
ment is not possible without special tools. As for the
technologies employed to make the light fixture, it is
clear that they are almost similar, except for some
differences associated with the use of other types of
light sources.

Obviously, the above-mentioned shortcomings
contributed to the emergence of new modifications
of grille light fixtures, one of the designs of which is
shown in Fig. 3. The design and technical data are
taken from the open site of the manufacturer JSC
Vatra [29].
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Lichting fixture tvpe Fi Vﬁi?de Protection Source Power, Luminous distl; igﬂiion Dimensions, Weight,
ghing yP & & level of light W flux, Im LxWxH, mm kg +10%
A% curve
DVO27U-16-001 (-002) Jupiter-LED-2  (a) 220 AC P20 LED 16 2080 cosine 596x320x54 1.6
DVO27U-33-001 (-002) Jupiter-LED-2  (b) 220 AC P20 LED 33 4290 cosine 596x596x54 2.8

Figure 3. Design and technical characteristics of a modern grille light fixture produced by JSC Vatra [29]

This light fixture, as you can see, has a number of
advantages. Its weight is reduced by about half
compared to traditional grille lamps. The light fix-
ture itself, being a replacement similar to 4 fluores-
cent lamps, is energy efficient - its power is only
33 W, although its flux is almost one and a half
times greater than that of the fluorescent one. More-
over, we see that the manufacturer uses the light
distribution of D-type, which corresponds to the
cosine distribution. There are no shutters here, their
role is performed by the dimpled surface of the re-
flector, which is a matte light-stabilized polycar-
bonate. The basis for mounting the reflector is sheet
steel. The control equipment and LEDs are manu-
factured by Osram, which guarantees high quality
lighting, technical and operational characteristics of
the proposed lighting device. Actually, the above
design would fully meet all the requirements for
this type of product, if not for the alternating
brightness of the luminous surface, which is inher-
ent in all grille lamps which once replaced those
with matte diffusers.

LED CEILING LIGHT BARS

Recently, ceiling fixtures based on LED bars have
become widely used. The photo of one of such lu-
minaries, variants of its installation, its assortment
and technical characteristics of its various modifica-
tions, taken from the open site of the manufacturer
of JSC Vatra, are given in Fig. 4.

It is easy to see that in terms of lighting parame-
ters, simplicity of construction, technical and opera-
tional characteristics, this light fixture is the most
successful and balanced design solution. One of its
main advantages, in our opinion, is its equally
bright luminous surface.

METHOD FOR CERTIFICATION TESTS AND
DESIGN OF LED CEILING LIGHT BARS

After designing a light fixture, any manufacturer
goes to its testing, in particular, studying its light
distribution. Such testing is either performed with
the help of their own experimental equipment or in
independent photometric laboratories. Any lighting
device is certified for compliance with the condi-
tions of its future operation.

The value of the considered design, in our opin-
ion, lies mainly in the fact that light fixtures of this
type do not require complex laboratory equipment.
To receive its light intensity distribution curve,
which allows to get the luminous flux of the light
fixture (using the zonal solid angle method) and its
other certification characteristics, it is enough to
conduct one simple experiment employing a luxme-
ter. As it is known, the errors of modern luxmeters
do not exceed 5 %, so there is every reason to expect
obtaining sufficient and reliable experimental data.

The simple theoretical method, proposed by us
in this paper to check the light distribution and de-
sign of the lamp, is based on the fact that the LED
bar presents an equally bright surface.

For the certification test

If the surface luminance is measured with a pho-
tometer at zero distance (i.e., close measurement in
case of a luxmeter), it will be true that M =F (ie,
the surface luminance M will pass into the illumi-
nance E on the luxmeter).

Considering that the surface is evenly bright (by
the way, we recommend to pre-check it with the
same luxmeter, measuring the illuminance closely at
different points of the luminous surface) and with
regard to all above-mentioned, equation (1) is true:
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DVO20U-36-011 (-021) Jupiter-LED (@) 220 AC IP20 LED 36 4320 cosine 595x595x10.5 24
DVO20U-45-012 Jupiter-LED (@) 220 AC P20 LED 45 5400 cosine 595x595x10.5 2.5
DPO20U-36-111 (-121) Jupiter-LED () 220AC IP20 LED 36 4320 cosine 595x595x26.5 2.6
DPO20U-36-211 (-221) Jupiter-LED () 220AC IP20 LED 36 4320 cosine 595x595x60.5 2.6
DPO20U-45-112 Jupiter-LED (b) 220AC 1P20 LED 45 5400 cosine 595x595x26.5 2.7
DPO20U-45-212 Jupiter-LED (0 220AC 1P20 LED 45 5400 cosine 595x595x60.5 2.7
DSO20U-36-311 (-321) Jupiter-LED (d 220AC 1P20 LED 36 4320 cosine 595x595x26.5 2.6
DSO20U-36-411 (-421) Jupiter-LED (e) 220AC 1P20 LED 36 4320 cosine 595x595x26.5 2.6
DS0O20U-45-312 Jupiter-LED (d) 220 AC 1P20 LED 45 5400 cosine 595x595x26.5 2.7
DSO20U-45-412 Jupiter-LED (e) 220AC 1P20 LED 45 5400 cosine 595x595x26.5 2.7

Figure 4. Design and technical characteristics of the modern LED light bars of JSC Vatra [29]

M=n-L=E. 1)

Hence the surface brightness L (which is the
same at all points of the luminous surface) can be
calculated using the data obtained during our sim-
ple experiment to measure illuminance:

L=E/n. )
The luminous intensity in any direction is [30]:

I(o)=L- Aprojection ®3)

where Appgjection is the area of projection of the lu-

minous body in the selected direction of observation,
the angle between which and the normal line to the
calculated surface is the value of a.

Since the surface is equally bright, for any direc-
tion of o

Aprojection = Auminous body - COS L, 4)

where Ayminous body 1S the area of the luminous sur-

face (in our case, the area of a square with a geome-
try of approximately 600x600 mm?2 - the standard
size of a cell of a suspended ceiling), L is the bright-
ness of the surface. In view of this, we have:

E
I(c) = L+ Aprojection = o Auminous body - COS L . )

This simple formula obtained by us directly
proves that the light intensity distribution curve of
any light bars with an equally bright surface is a
purely cosine one. To check the light distribution of
any light fixture of this type, we recommend a sim-
ple algorithm.

1) Check the compliance with the condition of
equal brightness of the surface (measuring il-
luminance at a series of control points).

2) With a slight deviation of the results of indi-
vidual measurements from the average value
of the measured illuminance, we recommend
to process the experimental data according to
the standard method of processing results of
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direct measurements and find the average
value of E.
3) Calculate the geometry of the luminous body.
4) Calculate the light intensity distribution curve
of the device using formula (5), and its lumi-
nous flux using the zonal solid angle method.

For design

By definition, with a known luminous flux of the
light fixture, we can calculate the surface luminance
by the formula [30]:

M= @/Aluminous body - ©

Given the equal brightness of the surface and the
ratio (1), we have:

l-— 2 @)

T Ayminous body

Considering relations (3), (7) and (4), we can
write down the following equation:

@ @
” * Ayminous body COS 0L = —COS L . (8)
TAuminous body I

(o) =

An interesting consequence of formula (8) is that
the light intensity of this type of light fixtures does
not depend on the area of the luminous surface, but
depends only on the luminous flux. Let’s analyze
what the flux may depend on. First, it is the greater
the greater the luminous flux of each of the LEDs
installed around the perimeter of the side surface of
the ceiling is. Secondly, it directly depends on the
number of LEDs N. And thirdly, it depends on the
transmittance of the t polymer, to the butt end of
which the light from the LED linear is directed.
Based on these simple considerations, we can derive
the following simplified formula:

@ ~1-N-Dype LED )

where @ is the luminous flux of one LED.

The formula we received shows how simple and
beautiful the process of designing this type of light
fixtures is. To obtain the required light intensity
distribution curve, we need to monitor only three
characteristics, namely, the luminous flux of one
LED, the number of LEDs, N, and the optical charac-
teristics (transmittance 1) of the polymer material
used for the diffuser. Using the theoretical algo-
rithm proposed, we, as an illustration, performed
the calculations and built the light intensity distri-
bution curve of the light fixture, the technical char-
acteristics of which are shown in Fig. 4. The calcula-
tions were made for 3 modifications of this light
fixture (the first three rows in the table of technical
characteristics presented in Fig. 4) - for the flux of
4320 Im). The obtained light intensity distribution
curve is shown in Fig. 5.
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Figure 5. Light intensity distribution curve of the LED
light bar DVO20U-36-001 (-011, -021) Jupiter-LED

The measurements were performed for a similar
lamp produced by another manufacturer, using the
GO-2000H goniophotometer developed by the Re-
search Center for Lighting Measurements at O. M.
Beketov National University of Urban Economy in
Kharkiv. The results obtained completely proved
(Fig. 6) the validity of our simple method of calcu-
lating the light intensity distribution curve of the
light bar.
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Figure 6. Light intensity distribution curve of the LED
light bar built using the GO-2000H goniophotometer
developed by the Research Center for Lighting Measure-
ments at O. M. Beketov National University of Urban
Economy in Kharkiv

We do not provide the data concerning the man-
ufacturer as well as the power, name, and design of
the light fixture examined using a goniophotometer
GO-2000H since this information is a trade secret.
But we present some results of this study simply as
an illustration of the validity of our judgments and
the proposed by us theoretical basis for calculation.
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Therefore, we can see that our calculations give  provides a clear cosine light distribution for the LED
accurate results, not only qualitative but also practi-  light bars. Isoluxes and isocandels, which are also
cal and quantitative ones. This testifies to the viabil-  provided in the photometric report (see Fig. 7, 8)
ity of the proposed theoretical foundations ex- also confirm our ideas about the photometric body
pressed by the above formulas. It can be seen that  of the LED light bars.
state-of-the-art world-class photometric equipment
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Figure 7. Isoluxes of the LED light bars measured using the GO-2000H goniophotometer developed by the Research
Center for Lighting Measurements at O. M. Beketov National University of Urban Economy in Kharkiv
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Figure 8. Isocandels of the LED light bars measured using the GO-2000H goniophotometer developed by the Research
Center for Lighting Measurements at O. M. Beketov National University of Urban Economy in Kharkiv

CONCLUSIONS LEDs is shown. The method of design and attesta-

tion tests of light bars is presented, also the results
The evolution of the development of ceiling fixtures  of theoretical calculation in comparison with the
over the last 20 years is considered. The gradual  result of photometric testing of a similar light on the
change of the design concept of grille lamps in the ~ GO-2000H goniophotometer developed by the Re-
situation of transition from fluorescent lamps to  search Center for Lighting Measurements at
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O. M. Beketov National University of Urban Econ-
omy in Kharkiv. There is a good agreement between
theory and experiment.
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HocrimKeHHs eBOJIIONIT pO3BUTKY NPOeKTyBaHHsI CTeJILOBVX CBITMJIBHMKIB i
dopmyBaHHA KoHIenmii mpoekTyBaHHA ix LED-n1anennpHOro BapiaHTy

€Breuin JTobauos, I'71i0 ITeTyuenko

AHoTarnis. MeToio 1aHOT POOOTV € BUBYEHHST PO3BUTKY KOHIIENITiT i TeXHOJIOTiV BUTOTOBJIEHHS CTeJTbOBVIX CBiTVIIBHI-
KiB /I OCBiT/IeHHS BHY TPIIIHIX IIpUMiIIeHs — 0iCHMX, TPOMaIIChKIX i agMiHicTpaTMBHMX TOIO. SIK BimoMo, 1Iy1st 3amad
BHYTPIIIIHBOIO OCBiTJIEHHSI TPMBaJIMIA Yac BUKOPUCTOBYBaJIVCh JIFOMiHecIleHTHi jammn. s BupisHroanHsa KCC Takyix
CBITWIBHMKIB 1 Hpu-BelleHH: 11 10 KOCIHYCHOI'O CBITJIOPO3IOAULY BMKOPUCTOBYBaIM MacMBHI po3ciloBadi 3 MaTOBaHOTO
JIMCTOBOTO TIOMiKapOOHaTy. 3aBAsSKM MaTOBaHIll TIOBEpXHi po3ciloBada CBITHS YacTVMHAa CBITWJIBHWKA HaOyBasla 3 JOCUTH
HeIToraHMM HaOJIVDKeHHSM BJIaCTMBOCTEV! piBHOsICKpaBoi ToBepxHi. Taki moBepxHi, SK BiToMo Bilm3HawdaroThbcs KOCIiHyC-
HVM CBITJIOPO3IIOIOM i € JIy>Ke 3pYYHMMM U1 OCcBiTiIeHHd IpuMilneHb. Ha nouatky 2000-x pokis 3aroctpmiack IIpo-
OrreMa eHepro3OepekeHHs, IO MIPU3BEJIO A0 CKOPOUYeHH: 3HaUHOI YaCTVHY MapKy CBITMIBHVIKIB, IIIO iCHYBaB A0 TOTO
yacy. 1i sMiHM ITO3HaAYWINCE i Ha ITIXomax A0 IMPOeKTyBaHHs CBITWIBHVKIB BHY TPIlIHEOTO OcBiTiIeHH:. [lepioro icToT-
HOIO BiIMiHHICTIO OHOBJIEHVIX MOZMiKarlint JTFOMiHeCIIEHTHMX CBITVJIBHVKIB HOBOTO ITOKOJTIHHS CTajla BiICyTHICTh Ma-
TOBaHOTO BiZlOVBadva, SIKMVI ITy>Ke HeeKOHOMHO, 3 TOUKV 30py eHepro3OepekeHHs, 3aTpUMyBaB 3HaUHY YacCTUHY CBITIIO-
BOTO IIOTOKY. BimMoBa Bim poscifoBada IIpm3Besia A0 TOSIBY JIFOMiHECIIEHTHMX CBITWJIPHWKIB 3 /13epKasIbHOIO BimOvBaro-
YOIO CVICTEMOIO i 3aTiHIOBadaMW, 1110 0OMeXXyBasIa CTIITydy [Iifo TaKMx CBiTVIBHMKIB. OMHAK, i3 MapaiebHIM pO3BUTKOM
CBITJIOMIOMHMX TEXHOJIOTIN, CTajla 3MiHIOBaTVICh KOHIIEMIIis IOI0 BUOOPY [AKepesia CBiTia y CBITVIPHVMKaX BHY TPillIHbO-
TO OCBiTJIIeHH:. 3'SIBWIIMCH BXKe IIepIIi 3aMiHM JIIOMiHEeCIIEHTHUX JIaMII B pacTpOBMX CBITWJIBHMKaX Ha CBiT/TomiomHi. B
HallI 9ac caiTy BUPOOHNKIB IIPOTIOHYIOTh HJOCTATHBO BEIVIKMIL BUOIp IOMO0 CBITJIIOMIOMHMX CBITYIIbHMKIB. CBITVITBHVIKM
BiZIPI3HAIOTHCS 3a IIHOIO, 3a SIKIiCTIO BUKOPWCTaHMX CBITJIONIONIB, 32 KOHCTPYKTUBHVMM i TeXHOJIOTIUHVIMM PillleHHIMA.
OcTtaHHIM 9acoM 301TbIITy€ThCs 00CAT BUPOOHNMIITBA 1 HOMEHKIIaTypa TTaHeJIbHIX CBITIIONiOTHIIX CBITWITBHIKIB. 3amadero
TaHOI CTAaTTi € HaMaraHHs po3idpaTwcs, SKi CBITWITBHMKY, IO TIPOIIOHYIOTHCS Ha CyYacHOMY PUHKY, € HallOUTBII BUBa-
JKeHVIMY B IUIaHI iH)KeHepHOro pillleHHs B KOHTEKCTI CBITJIOTeXHIUHMX, eKCIUIyaTalliliHMX, IiHOBMX, TeXHOJIOTIYHMX i
aTecTaIlivHMX xapaKTepucTuK. Ha mimcrasi aHasisy cBITW/IBHWKIB PisHMX TUIIB i MofmdiKalify, aBTopy poOOTH IIpMV-
IIUTV JIO BUICHOBKY, ITITO HaVIOUTBIIT ONITMMAaTEHMM IFDKEHEePHIM PillleHHSM € cTesboBi rmaHeTbHi LED-cBiTvbHMKY i po3-
PpOoOVIII METOMMKY X ITPOEKTYBaHHS i aTecTarii.

Ki1rouoBi cj10Ba: cTeJIbOBI CBITWIBHIMKY, KpWBa CYJIV CBiT/Ia, KOCIHYCHUI CBITJIOPO3MOMiJI, CBITJIOAiOAH] I1aHesIi, piBHO-
SICKpaBa ITOBEPXHSL.
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