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In this study the power, power factor, correlated color temperature (CCT), color rendering index (CRI),
lux values measured from 0.75 m distance, LED lamp temperatures and changes in the currents of 6 LED
lamps, which are most commonly used and directly connected to the network are experientially recorded.
The effects seen from the very start and 1 hour later, on LED lamps were compared in terms of
temperature, current, and lux values. The high temperature values on the LED were seen to have adverse
effects on the efficiency of the LED lamp.
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1. Introduction

Man learned to use artificial light with the discovery of fire. He
then used torches and oil lamps as artificial light. The oil lamp,
torch and candle had been important light sources until the
mid-19th century. Understanding of lighting changed in 1870s
when Edison developed a filament lamp. In 20t century,
fluorescent lamps and discharge lamps were used. At the end
of the 20th century, solid state semiconductor LED lamps were
used as artificial light sources in lighting. In artificial light
production, heating method is used to convert electrical energy
to light, discharge method and luminescence methods are used
in low and highly pressured metal vapor environment.

¢ Heating method: Electric current is passed through a filament
structure to warm up the filament. Through the light sight from
the current incandescent filament is provided with vision. Both
the incandescent lamp and the halogen lamps are in this group.

¢ Gas discharge: By applying voltage in a deflated tube with
metal vapor through two electrodes, the light emitted by the
current is used for illumination and vision. Any type of
mercury vapor, metal and sodium vapor lamps are included in
this group [1,2].

¢ Luminescence: Visible light is obtained in the low-pressured
mercury vapor lamps by stimulating the phosphor layer with
invisible UV light. Fluorescent lamps and compact fluorescent
lamps are included in this group. As a method of directly

converting the electrical by stimulating light electrons known
as electroluminescence in a solid form, illumination and vision
are provided. LED lamps are the best example of this.

In solid state lighting, LED lamps are used as artificial light
sources in lighting. It emits light when the electric current
passes through the LED. The electric current gives brightness
as it passes through a diode. The electrical current emits light
through the phosphor layer on the LED diode. According to this
layer, the light quality or color temperature is adjusted.
Multiple diodes are used to create the LED lighting array. This
allows more light. The LEDs emitlight in one direction. Lighting
engineers use special diffusers and optics to soften the light
from the diode and spread evenly in all directions. LEDs
provide advantages in terms of ease of control and efficiency.
There are many energy efficiency, micro grids and sensor
based simulation studies prepared in this direction [3-6]. In
addition, artificial neural networks are used in many studies to
reduce energy consumption in recent years [7-10].

2. The general structure of the LEDs

The word LED is formed by the abbreviation of the “Light
Emitting Diodes”. By its design, a LED chip is an optoelectronic
element consisting of the active layer and the electrical
connections compressed between the N and P type
semiconductor layers. When the current passes through the
LED in the right direction, illumination is provided by
stimulating the light emitting active layers. The light produced
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directly and indirectly from the reflectors allows to see. The
LED chip structure is shown in Figure 1.

Figure 1. LED chip structure

LED lighting products emit light depending on the active layer
in the blue-yellow lightlayer shown in Figure 1. This light emits
light according to the type and properties of the material used
in the active layer while spreading. In other words,
monochrome light is produced according to the type of
material with the effect of active layer in LED lighting [11, 12].
In colored LEDs emitting light at high level, different materials
are used as active layer (GaAs, Gap, GaN, AllnGaP and InGaN).
Producing white light with LEDs is possible in two ways. The
first method is to obtain white light by using three LED chips in
red, green and blue color. The second one is to produce white
light by stimulating a phosphor layer of light produced in the
blue LED chip.

The main reason for using LED light source in lighting is energy
efficiency. It is possible to minimize optical losses and
armature losses if LEDs have high light efficiency and are well
planned. Different durations of LEDs can be calculated
depending on the armature structure, type of usage and the
place of use of LEDs. In some cases, LEDs can work up to 15,000
hours, in some cases up to 100,000 hours. Compared to 1000
hour- incandescent lamp, 2000 hour-halogen lamp, 2.000-
15.000 hour- CFL and Fluorescent lamps’ life span; LEDs can be
used for a much longer time [13-15]. The Figure 2 shows
operating life of various lamps.

110%
100% & 100 W Incandescent
= == S LED
o W% ‘ QW (R
& | e 50 W Tungsten Halide
¥ 400 W Metal Halde
g ! 25 W T8 Fluorescent
0 "% l s johting-class LED
c /U9
§ 7N A
3 %]\ ]
\
50% \
\
4% .

0 10 2 0 40 0 60 0 80 %0
Operating Time (k hrs)

Figure 2. Operating life of various lamps

When LEDs are given energy, they react very fast and reach the
maximum light level. For this reason, the use of LEDs in brake
lamps increased to improve the driving safety. As LEDs do not

contain IR light, they do not heat the objects and areas they
illuminate. So, heat-induced losses are low. Structurally, glass,
filament, etc. are more physically resistant to shocks and
vibrations as they do not contain fragile pieces. When they
work with right current or if they work with pulsed current
that is higher than the mains frequency, they produce
vibration-free light [16, 17]. Due to their mode of light
production, the physical sizes, that is, the volumes they cover,
are small. The light coming out of LEDs illuminates by being
directed from single point. Thanks to LEDs, it is possible to
obtain the desired light beam and angles with the optical
systems. The fact that LEDs have long life span and are small
means less environmental waste. The fact that LEDs do not
contain mercury is an important feature in terms of
environmentalist approach. In addition to switching on and off,
vibration free dimming is the most important feature of LEDs
[18]. They can be dimmed 0-100% seamlessly with right
mechanisms. When dimming there is no color shift.

2.1. Electrical properties

LEDs work with the right current. In electrical circuits, LEDs
behave like normal diodes. The difference is that instead of a
junction voltage of around 0.7 volts in normal diodes, they
operate at voltages between 1.6 and 4 volts, depending on their
color. Generally, red and yellow LEDs operate at 1.9-2.6 V,
green blue and white LEDs operate at voltages between 2.5- 4V.
LED currents vary between 10-700mA depending on the
structure. They vary with a non-linear curve depending on the
magnitude of the current passing through the LED impedances.

The LEDs are usually connected in series and are fed with
electronic power sources which generate 10, 12, 24, 48 V direct
current by creating an index. Electronically controlled power
supplies need to be used to operate LEDs [19]. 350-700 mA
current-controlled power supplies are used for LEDs.

In many applications, it is requested that the intensity of the
light emitted by the LED is as high as possible. As the light
intensity obtained from LEDs is proportional to the current
passing through it, the light intensity will increase as the
current is increased. In this case, the heat generated will
increase due to the internal resistance of the LED and it will get
damaged before the normal service life span ends [20]. In
addition, the increase in heat will affect the light efficiency
adversely. Accordingly, when a current of 25 mA is applied to a
20 mA LED, high level of light values can be obtained, but the
LED’s life is shortened.

2.2. The advantages of LEDs

¢ No color separators are required for monochrome light. A
traffic light with a red color shows a 617 nm wavelength value.
The light generated at the red light with a wavelength of 617
nm is used. In the case of incandescent lamps there is a
different situation. Blue and green components are pressed
from the light produced in incandescent lamps and the red
component is dominated. Thus 80% energy is saved by using a
10 W LED array instead of a 75 W incandescent lamp.

¢ Very small light source: Small size armatures are developed,
light can easily be directed.

¢ They provide designers with broad and easy use opportunity
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e Their reaction rates are high, they start to illuminate within
200 ns.

e LEDs are long-lasting, operating up to 100.000 hours
depending on usage.

» They provide high light efficiency.

» They have low heat production. The filament temperature in
incandescent lamps is 2700 °C, 3100 °C in halogen lamps, the
tube temperature in discharged lamps reaches 800-1100 °C,
while chip heat in LEDs does not reach 110 °C.

» Almost all colors with visible color spectrum can be obtained.
¢ They are dimmable.

e They are resistant to shocks and vibrations. They do not
contain fragile elements such as glass, filaments.

e The LED lamps are easy to adapt to smart meters or smart
grids. LEDs are suitable for remote monitoring, automation
and data exchange with wireless sensor networks [21, 22].

Theoretical calculations and experiments show that LEDs can
be used for up to 100.000 hours. Considering electrical,
thermal condition (cooling), environmental effects,
environmental elements used, material structure of sheath, etc.
LEDs can be used over 100.000 hours.

2.3. The efficiency of a LED

Efficiency is the most important problem to be solved in the
energy field. Many studies in the field of energy are used to
increase energy efficiency. LED lamps are distinguished by
their energy efficiency compared to the classic lamps [23, 24].

Monochrome light sources (narrowband): Since the light is in
the corresponding wavelength range, color separators such as
color filter or prism are not needed. For example, in a red traffic
light, the whole. The ratio of the light emitted by lamps to the
electric energy consumed is expressed as the light efficiency.
Its unit is the lumen/Watt. Lumen/Watt values for different
light sources [25];

e The luminous efficiency in incandescent lamps is 12-15
Im/W,

 For halogen lamps, 18-22 Im/W,
¢ For compact fluorescent lamps: 60 Im/W,
¢ Fluorescent lamps: 55-104 Im/W

The lumen/watt values for LEDs vary according to the LED’s
color. The red color has the highest efficiency of 60 Im/W, 55
Im/W for yellow 35 Im/W for green and 18 Im/W for blue.
White light is the most important color used in lighting. The
efficiency for white LED is around 85 Im/W depending on the
manufacturer and the light efficiency is increasing day by day.

One thing to be aware of about LED light values is light angles.
Since the LEDs are directed lights, the light values are given in
candela. One of the important things in solid-state lighting is
the changing of the angle of the light, directing it, distributing
it with a light guide, briefly using the light produced by the LED.
LEDs are a single color light source. While single color can be
used in decorative lighting, intermediate colors can be
obtained by mixing colorful LED lights. For this, LED arrays
consisting of three main colors (red, green, blue) are dimmed.

Theoretically, if each color is DIMMED by 255 steps (third
power of 255) 16 million colors can be obtained.

LEDs used when creating LED array should have the same or
similar wave length. Differences of 5-10 nm are especially
perceived by the eye in green and yellow colors [14]. For
projects where colors are important, LEDs with low color
tolerance should be used. Another issue regarding color is the
use of colored lenses in front of LED arrays. Here, the
wavelength of LED and colored lens should be the same.
Otherwise it will cause color loss. The components of the LED
lamp are shown in Figure 3.
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Figure 3. LED chip structure LED lamp components

The life span of LEDs is determined by the time it takes for the
initial light power to drop to 70%. Therefore, the fact that
LED’s life span is 50.000 hours for example, does not mean that
the life span of a solid-state lighting unit using this LED will be
50.000 hours. The advantages such as long lifespan of a LED or
high LED efficiency (Im/W) cannot always reflected directly to
the LED lamp. Because besides the LED module, there are
mechanical and optical system, cooler, driver and dimmer
within the lamp. The reliability of the solid-state lighting unit
will depend on the reliability of all these subsystems, all
together and their life span will be determined by the life span
of the shortest-lived component depending on the life span of
the weakest link in this chain [8-17]. As seen in Figure 4, the
causes for most of the failures in solid state lighting units with
LEDs are power sources, namely LED drivers.

LED lamp failure sources

7% HLED package
H Mechanics-Optics
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52% i Drive control circuit
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Figure 4. Failure causes within LED solid state lighting units
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3. Results and Discussion

In this study the power, power factor, CCT, CRI, lux values
measured from 0.75 m distance, LED lamp temperatures and
changes in the currents of the 6 LED lamps, which are most
commonly used and directly connected to the network are
experientially recorded. The effects seen from the very start
and 1 hour later on the LED lamps were compared in terms of
temperature, current, and lux values.

In the study, light measurements were made with an LED
spectrometer and temperature measurements were made with
an infrared thermometer. Table 1 shows the measured values
of various LED lamps.

Table 1. Measurement values of various LED lamps

Brand 1 2 3 4 5 6

Power 10.4 10.3 10.2 9.4 9.3 10.5

Power Factor 0.65 0.68 0.95 0.59 0.6 0.65

CCT 2880 3034 6333 2732 2951 2989

CRI 81 82 81 81 81 81

Atfirst 345 465 174 332 305 291

After

Lux (Distance from
0.75 m)

302 441 142 291 252 244

5 lhour

Lost% 12.46% 5.16% 1839% 12.35% 17.38% 16.15%
g At first 23 23 23 23 23 23
£
Z ft
g After
ﬁ 1hour 94 85 93 105 91 91

Atfirst 0.074 0.070 0.050 0.071 0.070 0.072
g After
= 0.072 0.070 0.047 0.069 0.066 0.067
5 lhour
S ———

Lost% 2.13% 0.00% 5.10% 3.04% 4.73% 7.53%

Asseenin Table 1, the LED lamp Brand-3 is the most prominent
in terms of power factor and CCT values, and all LED lamps are
equivalent in terms of CRI. Examining Table 1, the LED lamps
were energized when the initial temperature of the
environment where test was conducted was 23 °C. Later,
measurements were made again on LED lamps working for 1
hour. It has been seen that out of 6 LED lamps, the LED lamp
which was heated up to the acceptable limit values was the LED
lamp named Brand-2.

The body temperature of other lamps increased to 91-105 °C.
Therefore, it has been seen that 5 lamps except for the Brand-
2 cannot perform the cooling process successfully.

Accordingly, there are variations in the lux values measured
from 0.75 m distance from the very start and 1 hour later. The
amount of light emitted by LED lamps has dropped by 5.16
even in Brand-2 which has reached the 85 °C temperature
which is considered successful. However, in other LED lamps,
the amount of light dropped by 12.35% - 17.38%. The adverse
effect of heat on the efficiency of the LED lamp is clearly seen

here. The efficiency loss of LED lamps heating up to 91 °C and
above is 12.35% and more.

4. Conclusions

Considering the long operating life span and high efficiency
levels of LEDs, it is understood that significant savings can be
achieved in the amount of energy consumed for lighting in the
World, if these potential advantages of LEDs solid state lighting
units formed by using the LED modules can be used
appropriately.

As seen from Table 1, if LEDs are not cooled down properly,
their voltage values decrease accordingly, which reduces the
power of the LED lamp. Therefore, the total light flux decreases
due to the increasing heat. Accordingly, the vision comfort in
the living areas decreases in proportion to the total light flux.
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