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The Method of Indirect Assessment of the Quality
of Energy Gharacteristics

Introduction. The introduction of mod-
ern technological solutions is one of the most
effective and rational approaches to reducing
the consumption of natural resources, which
helps to prevent electricity shortages [1-2].
According to research carried out by various
enterprises and independent scientists, the
use of LED technologies in lighting systems for
residential, non-residential and street lighting
can significantly increase energy efficiency and
achieve significant economic benefits [3-4].
According to the financial statements of Philips
Lighting, a leading developer and manufactur-
er of lighting equipment, 2 billion LED installa-
tions were sold in 2020.

The lack of a sufficient number of laborato-
ry facilities and effective methods for assessing
the quality of the luminous flux of luminaires
makes it difficult for customers and operating
organizations to verify that the installed equip-
ment meets the requirements. The solution to
this problem is possible through the develop-
ment of a simplified methodology for evaluat-
ing the parameters of LED lamps, provided by

the manufacturer and corresponding to the de-
sign requirements. [5].

Materials and research methods.
During the testing and operation of the lumi-
naires, the relationship between the power
and the illumination level of the light spot was
discovered, depending on the characteristics
of the LEDs used. A hypothesis has emerged
that this dependence may be useful for calcu-
lating the luminous flux of a light source. For
the comparative analysis, luminaires with the
same power and an identical luminous intensi-
ty curve (LCC) were used. To test the hypothe-
sis, two luminaires were used, which were pre-
viously tested at the Physics and Technology
Institute of Almaty in order to determine their
basic lighting characteristics. The study also
used analytical methods proposed by Kazakh-
stani and Russian experts [6-7].

A laboratory stand was designed and as-
sembled for field testing. Its design allows de-
vices to be placed in conditions similar to the
actual operating conditions of lighting equip-

ment [8]. A simplified diagram of the stand is
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shown in Figure 1.
Figure 2 shows a geometric model of a light
spot.
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To develop a methodology for analyzing
the stand design, LED street lamps, which
are most in demand in the Karaganda region,
were selected as the studied samples of light-
ing equipment. Three models are considered:
Street-100, produced by Global Light LLP (Ka-
zakhstan); Gemera-100 from Svetotekhnika
Plus LLP; and SLP-96, produced by ProLed LLP.

In the course of the study, a multiparamet-
ric evaluation method was used to verify the
compliance of the luminaires with the pass-
port data declared by the manufacturers. To
improve the accuracy of experimental mea-
surements, the luminaires were connected to
a standard AC electrical network with a voltage
of 220 V and a frequency of 50 Hz, with an
acceptable deviation of no more than 5% from
the standard values.

To measure the main characteristics of the
electrical network, a wattmeter was used (fac-
tory verification certificate No. 316-7 dated
1.10.2019), designed to monitor power con-
sumption, current and voltage. To improve the
accuracy of the results, a statistical data pro-
cessing method was used, including at least
10 consecutive measurements, which made it
possible to identify and eliminate systematic
errors or deviations from the standard values.
The deviations in the sample were less than
1%.
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The energy efficiency assessment of the lu- | at room temperature of 25°C and humidity of
minaires included measurements of electrical, 45%, corresponding to normal climatic condi-
temperature parameters and luminous flux tions.

characteristics. The latter was measured using The schematic diagram of the laboratory
three analog and two digital instruments. All = stand is shown in Figure 3.
measurements were carried out in accordance The following instruments were used to

with the requirements of GOST No. 16962.1 | perform the measurements (figure 4): the Yu-

st
W

% ~220V
P =50 Hz
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116 analog luxmeter, the TKA-PKM-09 digital
luxmeter, the Digital Lux Meter ZC51100 digi-
tal luxmeter, the UT70B digital multimeter with
a thermocouple, the Fluke Ti25 thermal imager
and the AKE-823 electrical energy quality an-
alyzer.

Research results. Figure 5 shows the de-
pendence of the lamp temperature on its op-
erating time.

The experimental results showed that the
use of calculations according to the proposed
methodology provides a deviation from labora-
tory test data of no more than 2%. This level of
accuracy is quite sufficient to evaluate the ef-
fectiveness of the luminous flux. When choos-
ing LED lights, it is recommended to check
each model for compliance with the technical
parameters specified by the manufacturer us-
ing the suggested methodology.

The technique is easy to implement and
suitable for use in industrial enterprises. It al-
lows you to perform an express assessment
of the quality of LED lamps by your own staff
without the need to involve specialized labora-
tories, access to which may be limited. In the
future, the methodology will be improved to
increase the accuracy of the assessment and
expand the list of estimated parameters.
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Discussion and conclusions. The unique-
ness of this technique lies in the use of elec-
trical energy quality analysis, which has not
been used before, but is key to improving the
accuracy of evaluating the characteristics of
luminaires. The results of the study confirmed
that deviations in the parameters of the elec-
trical network and problems with the quality
of electricity can lead to inconsistencies in the
characteristics of the luminaires, as well as a
decrease in their efficiency and service life.
Therefore, before commissioning LED lighting
systems, it is recommended to analyze the
electrical network for compliance with quality
requirements.

Studies have also revealed dependencies
in the operation of LED candles related to the
heating of the semiconductor element, which
leads to a decrease in their light output. At the
same time, manufacturers do not indicate pos-
sible deviations in the accompanying product
documentation.

Based on empirical data, a correction fac-
tor was determined that takes into account the
light output and illumination level at a certain
point at a fixed distance from the light source.
This coefficient allows for a more accurate as-
sessment of the effectiveness of LED lights.

Street-100

y =0,011x2 - 3,0967x + 4548,3

TemnepaTypa CBeTUNbHUKA, °C

R2 = 0,985
S y = -8E-05x3 + 0,0417x2 - 7,7518x + 4376,5
R2 = 0,9964
o
0 50 100 150 200 250

Bpemsa paboTbi, MUH

Figure 5 — Graph of the temperature rise versus the lamp's operating time
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