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Abstract. Different kinds of design of the 25-meter high-pole LED lighting system with
16 or 9 LED Street Lights “Phoenix” mounted on its crown (corona) have been
suggested. The crown consists of two tiers. Some luminaries (8 or 4 pcs.) are installed on
the first tier at an angle o, while the other half is on the second tier at an angle o,
relative to the horizon plane. Based on the lighting simulation results, optimal luminaire
orientation angles were defined as o;=30° and o, =50°, which provides uniform
illumination of an area 100x100 m by size with the average luminance level 9.25 lux.
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1. Introduction

As generally known, the LED luminaire market is
quickly expanding, and light-emitting diodes take the
leading place, superseding conventional light sources in
such areas as lighting of office facilities, working areas,
personal service rooms, motorways, roads, streets, etc.
Nevertheless, in some fields, the LED application is still
insufficient. In particular, the creation of the high-pole
(over 20m) LED lighting installations designed for
lighting parking areas, rail and tramway depots, with a
larger than 0.5 hectare area, is of much interest now. It is
known that at present, these projects are introduced by
the Russian company “Svetlana-optoelectronica” [1] and
the Chinese Shenzhen Bang-Bell Electronics Co.,
Ltd [2].

This paper is devoted to studying the technical
facilities for making 25-meter LED lighting installations
on the basis of LED Street Lights “Phoenix”, mass
produced by our company. The main requirements for
developed lighting system are the middle average

illuminance level that is not less than 4 Ix for parkings
[3], and 6 Ix for depots [3], the maximum to minimum
ratio of illuminance for rail facilities, grounds, roads and
driveways shouldn’t exceed 15:1 (0.066 according to
item 5.1.5 of Russian Industry Standard OST 32120-
98 [3D]).

2. Results

Before talking about results, it should be noted that all
photometric calculations were done using the program
DIALux v.4.10 based on ies-data file for the light with
maintenance factor equal to 0.71, which includes the
luminous flux attenuation with time.

As a rule, most of high-pole LED lighting
installations consist of the backup abutment (high pole)
and the corona, on which the lights are mounted. In
some cases, the mobile corona is used and that makes
easier the maintenance of such installations. Depending
on the design, it can be one-tier or multitier corona. The
lights set on the tier number i are mounted at an angle o
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Fig. 1. Dependence of illumination on the distance to the high-
pole for different applications for corona of the high-pole
lighting installation.

Let’s examine one-tier corona and ascertain the
influence of resulting photometric parameters of lighting
system on the number N and angle a,. The results of
photometric calculations for N = 8 units/16 units, as well
as o, = 30°/50° are presented in Fig. 1.

As it follows from Fig. 1, the one-tier lighting
system consisting of 8 LED lights, set at the angle 30° to
the horizon plane, doesn’t provide a sufficient

illumination level on the periphery of the illuminated
surface, while simple increase in the number of LED
lights from 8 to 16 units increases the maximum
illuminance level E. up to 34 1x/15 Ix and decreases
the illuminance distribution non-uniformity
index Epi/Emax.

In the case of the one-tier corona consisting of 8
lights set at the angle 50° to the horizon plane, the main
luminous flux is going to the remote area from the high-
pole installation position, while the maximum
illuminance level (8 Ix) is for 21-m distance from the
high-pole. Increasing the number of LED lights from 8
to 16 units results in increasing the middle illuminance
level to 14 1x, while the maximum illuminance level is
shifted to the high-pole at the distance 17 m from the
high-pole, and the illuminance non-uniformity is
increased.

It’s obvious that one-tier lighting installations in all
the above mentioned applications don’t meet
requirements on the illuminance level and non-
uniformity.

Now let’s examine two-tier lighting installation. In
this case, the resulting illuminance distribution is a
superposition of illuminances from every tier and depends
on tilt angles of lights on the first (a;) and the second (o)
corona tiers (Fig. 2). As follows from Fig. 1, the resulting
illuminance distribution is more uniform, and the
maximum illuminance level doesn’t exceed 22 Ix.

Table. Dependence of the minimum to maximum ratio of illuminance E ;,/E . (), the minimum to middle illuminance
E\in/Eia (b), the maximum illuminance E,,, (c) and the middle illuminance E ;4 (d) on tilt angles on the first (a;) and
second (o) tiers (the parameters that don’t meet requirements are filling with the black color; the given data are

mirrored relative to the diagonal).
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Fig. 2. Design of the two-tier corona of the high-pole lighting
installation with the height 4.

Let’s define optimal angles a,, o, of the lighting
installation on the first and the second corona tiers.
Thereto, let’s calculate the main photometric parameters,
namely: maximum FE,,, and middle E;; illuminance
levels, minimum to maximum ratio FE,;/Fn. and
dependence of the ratio F;,/Eniq on tilt angles of lights
on the first (a;) and second (o) tiers. Tilt angles are
altering within the range from 10° to 55° in increments
of 5°. The calculation was carried out for the area
100x100 m. Our findings are presented in Table.

The key parameter among those presented in Table
is the illuminance uniformity E,;,/E .« that should not be
worse than 1:16. For this reason all values that don’t
meet this criterion are black-marked in Table.

It should be mentioned that the illuminance at 50-m
distance from the lighting installation is approximately
5 Ix, i.e. the recommended distance between poles is 90-
110 m.

The analysis of acquired data shows that
installation of lights on the first tier at the angle o, = 30°
and on the second tier at o, = 50° provides the uniform
illuminance for the area 100x100 m.

The resulting illuminance distribution is depicted in
Fig. 3. According to it, the middle illuminance level is
ELa=9.41x, the maximum illuminance level is
Eox = 23 1x, the uniformity is Epiy/Emax = 0.090 (1:11).
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Fig. 3. Distribution of the illuminance created by two-tier
lighting installation at the angles o,; = 30°, a,, = 50° (h = 25 m).

The design of the corona developed to achieve the
above mentioned photometric indicators is shown in
Fig. 4a. The corona consists of sixteen 170 W LED
Street Lights “Phoenix”, set on two tiers. Tiers are made
in the form of two metal circles of different diameters.
On the upper/lower tiers, the brackets are fixed for
mounting the lights. Within each circle the brackets are
set in increments of 45°, and the upper circle is turned at
22.5° relative to the lower circle. The brackets on the
upper/lower tier are set at the angle o, =30°a,=50°
relative to the horizon plane, respectively. The
advantage of this design is that fixing points of outside
lights are located a bit lower and farther from the center
of the circle because of the bigger tilt angle. This allows
getting the best location of lights relative to each other:
centers of all lights are practically circumferentially
spaced, different tilt angles don’t provide shading.

In some cases, for example, when the high poles
are attached to high-rise buildings, lighting installations
with the light spot displaced relative to the place of high-
pole mounting are required. In these cases, lighting
installations based on 9 LED Street Lights “Phoenix”
(Fig. 4b) can be used. 5 lights are mounted on the lower
tier (o, =50°), and 4 of them are on the upper tier
(0 =30°).

Let’s see the opportunities of developed lighting
system by way of example of 2 model objects: tramway
depot “Railway Station” & “Airport”. They are quite
extended objects: with length up to 800 m and width up
to 200 m. The task was to provide normalized
illuminance level equal to 6 Ix [5] by using minimum
quantity of 25-m lighting installations. This task was
successfully solved, and results of photometric modeling
are presented in Fig. 5.

b
Fig. 4. High-pole lighting system based on 16 (a) and 9 (b)
LED lights.
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Fig. 5. Distribution of the illuminance for the model objects
“Depot” (a) and “Airport” (b).

3. Conclusion
Thus, the obtained results enable to draw a conclusion

about the principle possibility to create a high-pole LED
lighting system on the basis of mass produced LED

Street Lights “Phoenix”. The middle illuminance level in
1 hectare area is 9 Ix. The suggested lighting is suitable
for illuminating vast parkings located close to
hypermarkets and big shopping centers, as under the
Technical Code of good practice [4], normalized middle
horizon illuminance for open-air parkings of all
categories is only 4 Ix. Fewer poles will be required in
comparison with conventional lighting systems, which
reduces the capital expenditure to erect the poles and
expand the area for stalls.
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1. Introduction 

As generally known, the LED luminaire market is quickly expanding, and light-emitting diodes take the leading place, superseding conventional light sources in such areas as lighting of office facilities, working areas, personal service rooms, motorways, roads, streets, etc. Nevertheless, in some fields, the LED application is still insufficient. In particular, the creation of the high-pole (over 20 m) LED lighting installations designed for lighting parking areas, rail and tramway depots, with a larger than 0.5 hectare area, is of much interest now. It is known that at present, these projects are introduced by the Russian company “Svetlana-optoelectronica” [1] and the Chinese Shenzhen Bang-Bell Electronics Co., Ltd [2].


This paper is devoted to studying the technical facilities for making 25-meter LED lighting installations on the basis of LED Street Lights “Phoenix”, mass produced by our company. The main requirements for developed lighting system are the middle average illuminance level that is not less than 4 lx for parkings [3], and 6 lx for depots [3], the maximum to minimum ratio of illuminance for rail facilities, grounds, roads and driveways shouldn’t exceed 15:1 (0.066 according to item 5.1.5 of Russian Industry Standard ОSТ 32120-98 [3]).


2. Results


Before talking about results, it should be noted that all photometric calculations were done using the program DIALux v.4.10 based on ies-data file for the light with maintenance factor equal to 0.71, which includes the luminous flux attenuation with time.


As a rule, most of high-pole LED lighting installations consist of the backup abutment (high pole) and the corona, on which the lights are mounted. In some cases, the mobile corona is used and that makes easier the maintenance of such installations. Depending on the design, it can be one-tier or multitier corona. The lights set on the tier number i are mounted at an angle (i.
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Fig. 1. Dependence of illumination on the distance to the high-pole for different applications for corona of the high-pole lighting installation.

Let’s examine one-tier corona and ascertain the influence of resulting photometric parameters of lighting system on the number N and angle (1. The results of photometric calculations for N = 8 units/16 units, as well as (1 = 30(/50( are presented in Fig. 1.


As it follows from Fig. 1, the one-tier lighting system consisting of 8 LED lights, set at the angle 30( to the horizon plane, doesn’t provide a sufficient illumination level on the periphery of the illuminated surface, while simple increase in the number of LED lights from 8 to 16 units increases the maximum illuminance level Еmax up to 34 lx/15 lx and decreases the illuminance distribution non-uniformity index Еmin/Еmax.


In the case of the one-tier corona consisting of 8 lights set at the angle 50( to the horizon plane, the main luminous flux is going to the remote area from the high-pole installation position, while the maximum illuminance level (8 lx) is for 21-m distance from the high-pole. Increasing the number of LED lights from 8 to 16 units results in increasing the middle illuminance level to 14 lx, while the maximum illuminance level is shifted to the high-pole at the distance 17 m from the high-pole, and the illuminance non-uniformity is increased.


It’s obvious that one-tier lighting installations in all the above mentioned applications don’t meet requirements on the illuminance level and non-uniformity.

Now let’s examine two-tier lighting installation. In this case, the resulting illuminance distribution is a superposition of illuminances from every tier and depends on tilt angles of lights on the first ((1) and the second ((2) corona tiers (Fig. 2). As follows from Fig. 1, the resulting illuminance distribution is more uniform, and the maximum illuminance level doesn’t exceed 22 lx.
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Fig. 2. Design of the two-tier corona of the high-pole lighting installation with the height h.

Let’s define optimal angles (1, (2 of the lighting installation on the first and the second corona tiers. Thereto, let’s calculate the main photometric parameters, namely: maximum Еmax and middle Еmid illuminance levels, minimum to maximum ratio Еmin/Еmax, and dependence of the ratio Еmin/Еmid on tilt angles of lights on the first ((1) and second ((2) tiers. Tilt angles are altering within the range from 10( to 55( in increments of 5(. The calculation was carried out for the area 100×100 m. Our findings are presented in Table.


The key parameter among those presented in Table is the illuminance uniformity Еmin/Еmax that should not be worse than 1:16. For this reason all values that don’t meet this criterion are black-marked in Table.


It should be mentioned that the illuminance at 50-m distance from the lighting installation is approximately 5 lx, i.e. the recommended distance between poles is 90-110 m.


The analysis of acquired data shows that installation of lights on the first tier at the angle (1 = 30( and on the second tier at (2 = 50( provides the uniform illuminance for the area 100×100 m.


The resulting illuminance distribution is depicted in Fig. 3. According to it, the middle illuminance level is Еmid = 9.4 lx, the maximum illuminance level is Еmax = 23 lx, the uniformity is Еmin/Еmax = 0.090 (1:11).
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Fig. 3. Distribution of the illuminance created by two-tier lighting installation at the angles (1 = 30(, (2 = 50( (h = 25 m).

The design of the corona developed to achieve the above mentioned photometric indicators is shown in Fig. 4a. The corona consists of sixteen 170 W LED Street Lights “Phoenix”, set on two tiers. Tiers are made in the form of two metal circles of different diameters. On the upper/lower tiers, the brackets are fixed for mounting the lights. Within each circle the brackets are set in increments of 45°, and the upper circle is turned at 22.5° relative to the lower circle. The brackets on the upper/lower tier are set at the angle (1 = 30(/(2 = 50( relative to the horizon plane, respectively. The advantage of this design is that fixing points of outside lights are located a bit lower and farther from the center of the circle because of the bigger tilt angle. This allows getting the best location of lights relative to each other: centers of all lights are practically circumferentially spaced, different tilt angles don’t provide shading. 


In some cases, for example, when the high poles are attached to high-rise buildings, lighting installations with the light spot displaced relative to the place of high-pole mounting are required. In these cases, lighting installations based on 9 LED Street Lights “Phoenix” (Fig. 4b) can be used. 5 lights are mounted on the lower tier ((2 = 50(), and 4 of them are on the upper tier ((1 = 30().

Let’s see the opportunities of developed lighting system by way of example of 2 model objects: tramway depot “Railway Station” & “Airport”. They are quite extended objects: with length up to 800 m and width up to 200 m. The task was to provide normalized illuminance level equal to 6 lx [5] by using minimum quantity of 25-m lighting installations. This task was successfully solved, and results of photometric modeling are presented in Fig. 5.
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Fig. 4. High-pole lighting system based on 16 (a) and 9 (b) LED lights.
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Fig. 5. Distribution of the illuminance for the model objects “Depot” (a) and “Airport” (b).

3. Conclusion


Thus, the obtained results enable to draw a conclusion about the principle possibility to create a high-pole LED lighting system on the basis of mass produced LED
 


Street Lights “Phoenix”. The middle illuminance level in 1 hectare area is 9 lx. The suggested lighting is suitable for illuminating vast parkings located close to hypermarkets and big shopping centers, as under the Technical Code of good practice [4], normalized middle horizon illuminance for open-air parkings of all categories is only 4 lx. Fewer poles will be required in comparison with conventional lighting systems, which reduces the capital expenditure to erect the poles and expand the area for stalls.
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Table. Dependence of the minimum to maximum ratio of illuminance Еmin/Еmax (a), the minimum to middle illuminance Еmin/Еmid (b), the maximum illuminance Еmax (c) and the middle illuminance Еmid (d) on tilt angles on the first ((1) and second ((2) tiers (the parameters that don’t meet requirements are filling with the black color; the given data are mirrored relative to the diagonal).
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