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Abstract - Current scientific trends are developments -
methodological, theoretical and experimental, related to in-
creasing the efficiency of some categories of lamps with dis-
charge lamps. One such category is the powerful industrial
spotlight class luminaires. This work is aimed at solving the
urgent scientific task of finding ways to improve the design
efficiency of industrial luminaires with deep and concentrat-
ed light distribution. At present, there are practically no
works related to the task of calculating the geometry of the
profiles of mirrored round-symmetric reflectors, which, in
the presence of a light source of a fixed type and power,
would provide the necessary light distribution of the lumi-
naires. The elemental reflection method described in classi-
cal works does not determine the geometry of the reflector
correctly, which provides the necessary balance in the equa-
tion that relates the light power of the lamp to the light power
of the source and the reflector. The considerable time of cal-
culation by the classical method and obtaining inaccurate
decisions leads to rethinking the solution of the problem of
calculating the geometry of the the reflector profile of the
lamp with rigidly regulated light distribution. This task was
first formulated by us in previous works. The purpose of this
work is to approve the technique of solving the inverse prob-
lem of determining the geometry of a round-symmetric mir-
ror reflector on the example of an industrial lamp type
ZhKU-250 with light distribution type G-2. As the output of
the calculation we used the light source and technical charac-
teristics of the light source - DNAT-250 lamps, the required
light distribution of the light fixture, the reflectance of the
reflector, and the requirements for the efficiency of the de-
signed luminaire and its gain. As a result of the performed
work, it is possible to note the efficiency of the method both
in terms of the accuracy of the calculations and the simple
geometry of the reflector, obtained in the calculation method,
which will allow to use simplified technological schemes for
the serial production of such lamps.

Keywords - industrial luminaires, DNaT discharge lamps,
reflector LPC (Light Power Curve) required, zone LPCs of the
reflector, radius vector array, luminaire gain and efficiency,
elemental reflection method, reflector profile, rotary extrusion
method.

l. INTRODUCTION

Today modern lighting devices require not only the ob-
servance of the necessary light distribution, which is regu-
lated in accordance with the nature and conditions of their
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operation, but also in accordance with the tasks of energy
saving and ecology. If we analyze the overall market situa-
tion of the lighting products of Ukraine and the neighboring
countries of the EU, it is possible to record the turbulent
dynamics of the LED lighting market. So LEDs have be-
come seriously entrenched in the market for indoor and
outdoor lighting: local lighting, indoor lighting, facade and
architectural lighting, decorative and stage lighting, trans-
portation lighting, and more. Practically, it is possible to
state unlimited domination in the market of lighting prod-
ucts of lighting devices on LED basis, if not but for one
thing. Powerful DRI and DNaT discharge lamps cannot
compete with their LED counterparts, but they do have
certain unconditional advantages that keep them on the
market. The first and the most famous is the low price. This
advantage is, in fact, highly debatable, as the low cost of
discharge lamps and luminaires for them quickly becomes
a trap for developers of appropriate lighting because of the
significant power consumption of the respective lighting
systems and the significant degradation of the lighting
characteristics of such luminaires over time. In contrast to
the mentioned, their LED counterparts have their draw-
backs in that sense - LEDs are more vulnerable to external
climatic factors and, therefore, have deviations in their reg-
ulated characteristics unlike discharge lamps that are purely
structural — - due to the presence of a vacuum layer be-
tween the outer flask and the burner, they are more stable
with respect to variations in ambient temperature. The sec-
ond advantage is the spectral range of the discharge lamps.
If you need to design street or industrial lighting, for exam-
ple, to develop and apply a light fixture to illuminate a
highway or foundry at a metallurgical plant, a white LED
light would not be the best solution for the developer. The
spectral range of luminaires for such tasks should be at a
maximum in the orange range. The explanation is simple -
such a spectrum is the most effective stimulus for the hu-
man eyes, which is particularly relevant in the context of
the reduced transparency of the atmosphere in which light
of such spectral range is spread.

In addition, some of the visual work in industrial plants
(such as visual melt temperature control) is associated with
the use of orange light. In the open access there are reports
on the increase in the number of road accidents on the
streets and highways of cities caused by white-range LED
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“lighting. We must be aware that the primary purpose of
lighting is the most effective solution to the problem of
performing visual work of a certain level of complexity.
The fact that the highway will be illuminated by energy-
efficient light is a positive thing, but the truth is that the
road must be lit in such a way that it performs its function
as much as possible - for example, providing a certain level
of passenger flow while respecting the conditions of pas-
senger traffic safety.

The third, and perhaps the most important advantage of
discharge lamps is the significant luminous flux of these
devices (more than 10* Lm). On average, it exceeds 3-4
times the corresponding characteristics for LED devices.
To adequately compensate one street light fixture with an
ZhKU lamp on the street, several LED analogs must be
used, which is not attractive in terms of the high cost of
such lighting.

Given this, it can be noted that the current scientific
trends are developments - methodological, theoretical and
experimental, related to improving the efficiency of some
categories of luminaires with discharge lamps. One such
category is the powerful industrial spotlight luminaires.

This work is aimed at solving the urgent scientific prob-
lem of finding ways to improve the design efficiency of
industrial luminaires.

1. METHOD OF CALCULATION OF THE OPTICAL SYSTEM
OF SPOTLIGHT CLASS APPLIANCES WITH REGULATED DEPTH
AND CONCENTRATED LIGHT-DISTRIBUTION FOR DISCHARGE

LAMPS OF CYLINDRICAL FORM

When developing a new lighting fixture (LF) modifica-
tion, the most important step is the lighting calculation of
the reflector. The calculations of reflectors were previously
carried out [1] in the framework of the elemental reflection
(ER) method, the essence of which is to consider a light
beam formed by LF , as a set of separate light beams - ER,
the shape and dimensions of which are determined by the
characteristics of the luminous body and the light source,
and reflector characteristics (shape, material, etc.).

However, in [2] it was shown that the use of the algo-
rithm for calculating the profile of the mirror reflector, pro-
posed in [1] in terms of complexity, speed and quality of
the end result is not rational. The fact is that this algorithm
was based on the use of outdated hardware and software
and the calculation itself was reduced to a consistent varia-
tion in the geometry of the reflector until it provided the
necessary balance in the equation that relates the light pow-
er of the lamp with the light power of the light source and
the reflector. The need for a computational program (which
was absent, and in the well-known Trembach monograph
[1] only the basic principle of its operation was given),
considerable calculation time and obtaining decisions that
are correct in terms of lighting, but meaningless from the
point of view of technological orientation of the reflector
construct. - all this led to a rethinking of the solution of the
problem of calculating the geometry of the profile of the
reflector with a rigidly regulated light distribution. Such a
problem was formulated and solved in [2-3] in the first
approximation and its essence is as follows. According to
[2-3], the problem of reproducing the profile of a mirror
reflector can be quickly and effectively solved by accurate
graphoanalytic description of the required curve of the light

force of the reflector by a set of zonal LPC. Thus obtained
zone LPC , first, satisfy the necessary light distribution of
the designed lamp and, secondly, is a source of information
important for further calculations of the curvature of the
reflector.

As is known, the zonal luminous intensity of the lamp
1 for the selected angle a is determined by the following
expression [1]:

Iy=p-Lyp Ky Az oS0y,

ne Az — is the area of the selected zone, Lip— Le is
the luminosity of the luminous body in the direction of ¢4
zone, ko — is the coefficient of filling the zone with the
light part in the direction «, ox- is the angle of projective
reduction of the zone to the direction perpendicular to the
direction a.

Having zonal features (which fill the required LPC of
the lamp as we need it), we actually know the value of /.

The product of p-Lp is constant (of course, within the
selected area). Namely, for lamps whose shape is approxi-
mately cylindrical [1]:

p- Aip=

where A is the area of the luminous body (the geometry
of which we know), I, - the value of the light force of the
lamp in the direction of the middle zone (also the value is
known taking into account the known luminous flux of the
lamp and a given curve of light power in conditional units
(of the lamp type used).

According to [2-3]:
1

[24 — —
T =A, -coso, K, =
PLip
2 : 2
_ T Ap-singg -1y SO K
a a >

90- cosi,

where Ag is actually the angular width of the zone, r,
is the average value of the radius vector that determines the
geometric shape of the zone, ia= ¢ a - & is the angle of the
fall of the axial beam at the midpoint of the zone
(potag)+(p +oq)
(6a = 1
angles that form the fallen and reflected rays at the bound-
ary points of the reflector zone with the axis [1-3].

, Where ¢ and «i are the

By transferring to the left side of the equation all the pa-
rameters that can be considered known within the given
task, and, taking the notation:

e o 90

- )7
oLy

72 Ap-sing,
we get the following simple expression:

2 c0So, 9
A=ry K, L =1
oS i,

. COS((pa _5a)
cos (S, -a)
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Source type DNaT Unit,
Power source, P 250 wt
The diameter of the flask 58 mm
The length of the flask 240 mm
Burner diameter 8,9 mm
Burner length 75 mm
Type of LPC r-2
The reflection coefficient of the reflector 0,9
Efficiency (lower boundary for TU) 50 %
Intensification coefficient 4~10
Source stream 25000 Im
Clearance, R 35 mm

The latter expression is key in the proposed method. It
allows [2-3] to make a triple connection - between the re-
quired value of /, , the function of the required course of
rays (which is expressed in the parameterd,) and the shape
of the reflector ra. Thanks to the above expression, these
parameters can be selected in a consistent, single array,
which is impossible using methods [1]. It can be seen that
choosing the value of r; for each zone (such that the reflec-
tor would have a smooth and, moreover, the shape we
need), and selecting the value of the parameter & (accord-
ing to the schemes given in [1]) we can determine the val-
ues of x, at which the compound equation holds. Thus,
the shape of the reflector for each zone is calculated quick-
ly and accurately , which provides the necessary LPC of the
lamp.

Ideologically, this method is the closest to the existing
method of "reversing the rays" [1], but it should be noted
that while the method allows to reproduce the shape and
characteristics of the luminous body of the source, this
method solves the question of reproduction of the shape of
the reflector.

IIl.  PERFORMANCE OF LIGHT TECHNICAL CALCULATION

FOR INDUSTRIAL LIGHT OF ZHSP-250 TYPE

The main task of this calculation is to determine the
curvature of the reflector, which corresponds to the re-
quired LPC of this lamp. The basis for the lighting calcula-
tion is the original data. They consist of information of
three types. The first type concerns the light source itself
(lamp power and its geometry). The second concerns the
light distribution of the future LF (Lighting Fixtures). The
third characterizes the reflector material and the require-
ments for LF as a whole. The main purpose of the calcula-
tion is to calculate the set of radius vectors { r; } that define
the profile of the mirror reflector.

“Blind  opening” radius of the reflector:

Ry=Rf+R =éﬂl+R* = 64mm
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Initial vector radius (upper bound of the reflector pro-

file):
7o =\ Ro> +h? =136mm
where Ry - is the diameter of the neck of the reflector,

1
h= 3 240mm s half the length of the lamp.

Neck angle of the reflector (the boundary angle from
which the angle profile of the LF profile begins to be taken

. . R
into account): ¢, = arcsin( r—O) =280
0
Reflector coverage angle (see Figure 1):
_on0
ea =90"+Yap —0,

where Ya.p. - is the axial protective angle, which is
20-35 degrees in typical lighting structures [1].

;

B

The height of the flask
The height of the lamp body

<

dof the lamp body

d of the flask

Fig. 1. Lamp reflector profile

So we accept Ya.p. = 28° and get g, =90°. After

converting the light source power from conventional units
(for a 1000-Im DNaT conditional lamp) into real ones (un-
der the required source flow), and after translating into ac-
tual units the required luminaire light power (taking into
account the illumination of the lamp body by the edge of
the reflector), which is a purely geometric problem, the
solution of which we omit, we will get the necessary LPC
(Light Power Curve) of the reflector.

The light curve of the light source in real units is shown
in Fig. 2.
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Fig. 2. LPC of the lamp DNaT-250

Starting from this point, the traditional lighting calcula-
tion [1] consisted of varying the size of the reflector zones
and the magnitudes of the radius vectors that cut off the
boundary points of each zone. Then, after selecting the next
array of radius vectors {ri}, the painstaking work of calcu-
lating the zonal reflector of the reflector has began. The
work was considered successful when the sum of all zonal
LPC was equal to the reflector LPC. This work has tradi-
tionally been long lasting and the accuracy of the end result
in terms of reaching the required light distribution has been
negligible.

Implementing our approach, defined in [2-3], we solve
the problem in the opposite direction, namely, we obtain an
array of zonal LPCs and consequently determine an array
of radius vectors {ri} from them.

The result of the completed work is shown in Fig. 3.

We define a number of required characteristics for the
constructed 6 zone LPC.

This is the average angle for each zone ¢, (calculated
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Fig. 3. Description of the required LPC of the reflector by the zonal
LPCs.

the value of the light power of the lamp for this angle
(determined by the dependence in Fig. 2), the average value
of the radius vector (for each o, (calculated by the expres-

R & i .
sion g, = <SS e obtain the results of table 1.

As can be seen from the results obtained, the reflector
profile is sufficiently smooth. This was achieved by the fact
that each subsequent radius vector differed from the previ-
ous one by a constant value of approximately 20 mm.

Manufacturing of such a reflector profile does not cause
any complications in the production. For this purpose, a
pressure mandrel will be made, the geometry of which cor-
responds to the above calculation, after which the method
of rotary extrusion may be used in case of using rolled al-
uminium. By the way, the reflection coefficient p=0,9
used in the calculations was taken into account such future
technological operations as polishing the reflector and pro-
tecting its surface.

it
by the formula ¢4 = - )
TABLE I. ALCULATION OF THE REFLECTOR GEOMETRY
Zone « lo,ed | p.L;, 90 2 ramm | r,mm cos{6p — ) Ka
7r2A(osin(pa COS(%p. —Ocp. )
Zone 1 0 12669 2,61 1,05 570,90 136 145,92 1,16 0,2058
1 12620 5051,37 1,16 0,2048
2 10370 4150,77 1,16 0,1681
3 5970 2389,60 1,16 0,0967
4 160 64,04 1,16 0,0026
5 0 0,00 1,16 0,0000
Zone 2 0 0 4,25 0,79 0,00 156 165,75 1,18 0,0000
5 12057 2234,94 1,20 0,0677
8 11600 2150,17 121 0,0646
11 7760 1438,39 1,22 0,0430
13 1440 266,92 122 0,0080
15 0 0,00 122 0,0000
Zone 3 5 0 7,20 0,67 0,00 176 185,58 117 0,0000
7 200 18,70 1,19 0,0005
10 2760 258,07 121 0,0062
15 10808 101057 124 0,0237
20 6590 616,19 1,26 0,0142
25 0 0,00 1,26 0,0000
Zone 4 15 0 19,96 0,62 0,00 196 205,42 1,25 0,0000
17 200 6,17 127 0,0001
20 4420 136,46 1,29 0,0025

25

DOI: 10.33042/2079-424X-2020-1-57-22-32

4



L 4

ISSNp 2079-424X, ISSNe 2415-3923

L 4

25 8765 270,59 1,32 0,0048
30 5010 154,67 1,34 0,0027
35 0 0,00 1,36 0,0000
Zone 5 25 0 34,71 0,61 0,00 215 225,25 1,30 0,0000
26 450 7,92 1,31 0,0001
31 5570 98,01 1,36 0,0014
35 6310 111,03 1,39 0,0016
40 3480 61,23 1,41 0,0009
45 0 0,00 1,43 0,0000
Zone 6 35 0 8,92 0,65 0,00 235 245,08 1,29 0,0000
39 2260 164,50 1,34 0,0020
45 2874 209,19 1,39 0,0025
48 1820 132,47 1,41 0,0016
55 0 0,00 1,45 0,0000

The calculation of the efficiency and the gain coeffi-
cient of the designed housing ZhKU-250 gave the result:
B D a 14298

@, 25000 ~>119%

_L1d(max) _12668,8cd
“" Dlnaw)  2520cd P

The results obtained fully satisfy the requirements for
the development of industrial luminaires.
IV.  WORKING CONCLUSIONS

Based on a comparative analysis of modern luminaires
with different light sources, the urgent task of creating new

DNAT-250 was performed. It is shown that the use of the
calculation algorithms proposed by the authors made it
possible to design a ZhSP-250 lamp with regulated G-2
light distribution for specific objects of operation. It is pos-
sible to note the efficiency of the method both in terms of
the accuracy of the calculations and the simple geometry of
the reflector, obtained in the calculation method, which will
allow to use simplified technological schemes for the serial
production of such lamps.
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Metoauka po3paxyHKy Ipodiis J3epKaabHOro Big0MBava
JUISL PO3PSIAHUX JIAMIT HIUTTHAPUYHOL (hOpMH 1 11 anmpoOartis
Ha MPUKJIAJ1 TPOEKTYBAHHS IPOMHUCIIOBOTO CBITUJILHHUKA
tumy JKCII-250

modifications of industrial luminaires with discharge lamps
was determined. The calculation method of calculation of
the profile geometry of the mirror reflectors of industrial
luminaires is presented, which provides the necessary lu-
minous distribution of the luminaire at a fixed power of the
light source. Testing of the technique on the light sources

(3]

€.E. Jlobanos
HYMT ivt. O.M. B I'.O. IleTuenko
M. O.M. bekeTona, .
. XHYMI im. O.M. BekeToBa,
VYkpaina .
YkpaiHa
AHHOTaIil - aKTyaJbHUMH HA CbOTOJHI HAYKOBHMH HANPSIMKAMH € pPO3POOKH — MeTOIO0JOTiuHi, TeopeTwu4Hi i

eKCIepUMeHTANIbHI, MOB’A3aHi 3 MiIBUIIEHHAM e()EeKTHBHOCTI JeSKUX KaTeropid CBiTWIbHUKIB 3 PO3PSAHUMH JIAMOAMU.
Onni€lo 3 Takux KaTeropiii € MOTY:KHi MPOMHCJIOBI CBITMILHHKH NPO:KeKTOPHOro kjacy. [laHa po6ora cmpsiMOBaHa Ha
BHPillIeHHS AKTYaJbHOr0 HAYKOBOr0 3aBJAHHS NOMIYKIiB HLIAXiB MiIBHIIEHHS] e(eKTHBHOCTI MPOeKTYBaHHS NPOMHCJIOBHUX
CBiTWIBHUKIB 3 IVIMOOKMM i KOHIEHTPOBAHHM cBiTiiopo3noaisiom. Ha chorogHimHiii yac mpakTHyHo Hemae podiT, sAKki 0
BilHOCHTHCH 10 3aa4i po3paxyHKy reomerpii nmpogijgiB A3epKajJbHUX KPYIJIOCHMETPHMYHHUX Bin0uBadiB, siki 3a HasgBHOCTI
Kepesa cBiTia ¢ikcoBaHOro THNY i NOTY:KHOCTI 3ale3meuyBanu HeoOXiAHWi cBiTI0po3moain cBiTHIBHMKIB. MeTton
eJleMeHTApPHHUX Bilo0pakeHb, AKUH ONMUCAHO Yy KJACHYHHUX POOOTAX, He 103BO/IsI€ KOPEKTHO BU3HAYMTH reoMeTpilo Bindusauya,
sika 3a0e3meuye HeoOXiTHMiT 6alaHC Y PIBHSHHI, IKe MOB’sI3y€ CHIIY CBiT/Ia CBITHJIbHUKA 3 CUJIOK0 CBiTJIa TxKepesa i BitdouBaua.
3HayHMil Yyac PO3paxyHKy KJIACHYHHM MeETOJOM i OJep:KaHHA HETOYHHUX pillleHb CHOHYKA€ 10 MEPeOCMHCJICHHS BUpilleHHsA
3a7a4i po3paxyHKy reomerpii mpo¢ins Bin0uBaya CBITWJIBHHUKA 3 JKOPCTKO PerJIaMEHTOBAHUM CBiTioposnoginom. Taka
3aga4a Oyja y mepimoMy HaOuamkeHHi cpopmy/ibOBaHA HaMHM y nomepeaHix po6orax. Meroro naHoi poboru € anpobauis
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vMeTommn pillcHHSI 3BOPOTHOI 3a/1a4i BH3HAYEHHS reoMeTpii KPyrJIOCMMETPHYHOIO0 J3€PKAIBHOr0 Bin0uBaya Ha NpHKIaai
npomuciaosoro cBitwibHuka tunmy KKY-250 3i cBiyioposnmoaisiom tunmy I'-2. SIk BuXigHuMii MacuB JaHMX A1 BUKOHAHHS
PO3pPaxyHKY BUKOPHCTOBYBAJINCH CBIT/IOTeXHi4Hi i TeXHiYHI XapakTepucTUKH QKepena cBitia — samnu [{HaT-250, HeoOxigHuii
cBiTiIopo3moain cBiTyIoBOro mnpuiaagay, koediumieHT A3epkajJbHOro BinOMTTA BigOuBaya, a Ttako:xk Bumoru a0 KKJ
NPOEKTOBAHOI0 CBiTW/IBHMKA i #oro koediunieHTa migcuiaeHHsa. B pe3yabraTi BHKOHAHOI POGOTH MOXKHA BiA3HAYMTH
e()eKTHBHICTL METOAMKH AK Y IIJIAHI TOYHOCTI po3paxyHKiB, Tak i npocTiii reomeTpii Bin0uBaua, ogep:kaHiii y po3paxyHKOBHIi
€nocio, 10 103BOTUTL BUKOPUCTOBYBATH CIIPOIECHI TEXHOIOTIYHI CXeMH NPH cepiiiHOMY BUTOTOBJICHHI TAKHX CBiTHIBHHKIB.

o
v

Knwuoei cnosa - npomucnogi ceimunvuuxu, po3paoni namnu muny /[HaT, neooxiona KCC eioousaua, 3onanvni KCC
giobueaua, macue paoiyc-eekmopies, koeghiyicnm niocunennsn i KK/[ céimunvnuxa, memoo enemenmapHux 6io oopasicensb, npogine
giodueaua, memoo pomauyiiiHo20 6U0AGNI0BAGHHA.
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