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THE INFLUENCE OF HARMONICS ON THE LIFESPAN OF LIGHTING DEVICES
1Rakhmonov L.U., 'Toirov M.T., 2Nematov L.A.
ITashkent state technical university named after 1.A. Karimov,

’Bukhara state technical university.

Annotation. This article investigates the significant impact of harmonics on the performance and longevity of
lighting devices, with a particular focus on LED-based systems. Although LEDs are widely valued for their high energy
efficiency and extended service life, the presence of harmonic distortion in power systems introduces various forms of
electrical and thermal stress that degrade key semiconductor components such as diodes and transistors. The study
provides a detailed technical analysis of degradation mechanisms induced by Total Harmonic Distortion (THD),
including elevated heat generation, current waveform distortion, voltage overstress, and reductions in power factor.
Practical circuit implementations, including LM317-based voltage regulation and dimming control schemes, are
discussed to highlight both common applications and their vulnerabilities to harmonics. The findings underscore that
effective harmonic mitigation strategies can substantially enhance the reliability, efficiency, and operational lifespan of
lighting devices, thereby improving overall power quality in modern electrical infrastructure.

Keywords: harmonic, semiconductor, illumination, electrical systems, voltage, frequency, resistors, lifespan,
efficiency and temperature.

YORITISH QURILMALARINING ISHLASH MUDDATIGA GARMONIKLARNING
TA’SIRI
IRaxmonov L.U., 'Toirov M.T., 2Nematov L.A.

'I.A. Karimov nomidagi Toshkent davlat texnika universiteti, >Buxoro davlat texnika universiteti.

Annotatsiya. Ushbu maqolada garmoniklarning yoritish moslamalari, aynigsa LED asosidagi tizimlar ish
faoliyati va xizmat muddati uchun muhim ta’siri o ‘rganiladi. LEDlar yuqori energiya samaradorligi va uzoq xizmat
muddati bilan qadrlansa-da, quvvat tizimidagi garmonik buzilishlar elektr va issiqlik zo ‘rigishining turli shakllarini
keltirib chiqaradi, bu esa diodlar va tranzistorlar kabi asosiy yarimo ‘tkazgich komponentlarining yemirilishiga olib
keladi. Tadqiqot Umumiy Garmonik Buzilish (THD) sabab bo ‘ladigan yemirilish mexanizmlarining texnik tahlilini
taqdim etadi, jumladan ortiqgcha issiqlik hosil bo lishi, tok to‘lgin shaklining buzilishi, kuchlanish haddan tashqari
oshishi va quvvat omilining kamayishi. Amaliy sxemalar, jumladan LM317 asosidagi kuchlanishni tartibga solish va
yorug ‘likni  boshqarish sxemalari muhokama qilinadi, bu orqali keng tarqalgan qo‘llanmalar va ularning
garmoniklarga nisbatan zaifliklari yoritib beriladi. Tadgiqot natijalari shuni ko ‘rsatadiki, samarali garmoniklarni
kamaytirish strategiyalari yoritish moslamalarining ishonchliligi, samaradorligi va ishlash muddatini sezilarli
darajada oshirishi, natijada zamonaviy elektr infratuzilmasida umumiy quvvat sifatini yaxshilashi mumkin.

Kalit so‘zlar: garmonik,yarimo ‘tkazgich, yortish, elektr tizimlari, kuchlanish, chastota, rezistorlar, ishlah
muddati, samaradorlik va harorat.
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BJIMUAHUE TAPMOHHUK HA CPOK CJYXKBbbl OCBETUTEJIbBHBIX IPUBOPOB
1Paxmonos U.Y., 'Toupos M.T., 2Hemaros JL.A.
'Tawkenmckuii zocyoapcmeenustit mexuuueckuii yuueepcumem umenu U.A. Kapumoea,

2Byxapckuii 2ocyoapcmeennplii mexnuuecKuii ynueepcumen.

Annomauusn. B oannol cmamve paccmampueaemcsi 3Ha4UMenbHOe GIUsAHUe 2APMOHUK HA IPPEeKmusHoCms u
CPOK CydicObl 0CBEMUMENbHbIX NPUOOPO8, ¢ 0COOLIM AKYEHMOM HA CUCEMbl, OCHO8AHHble Ha ceemoouodax (LED).
Hecmomps na evicokyro sHepeosghpexmuenocms u OIUMENbHBIU CPOK IKCHIYAMAYUU, CEEMOOUO0ObL NOOBEPICEHbI
PA3TUYHBIM DJIEKMPUHLECKUM U MENTIOBbIM HACPY3KAM, 603HUKAIOWUM U3-3A ucKkadicenul CAPMOHUK 6 IHepcocucmemdax,
4mo npusooUm K 0ecpaoayuil Kiroyegblx Noaynpo8oOHUKOBbIX KOMHOHEHMO08, MAKUX KAk Ouoovl u mpausucmopsi. B
ucc1e008aHuu npeocmaeier NoOpoOHbLL MEXHUYECKUll AHAIU3 MeXAHUsMo8 0e2paoayuil, 6bl36AHHbIX CYMMAPHLIM
CAPMOHUYECKUM  UCKAdICEeHUeM (THD), 6KJII0O4Asl  NOBblULEHHOE menﬂoebldeﬂeuue, UucKasicerue ¢0prl moka,
nepenanpsoicenue U CHusicenue Koa(j)gbm;ueHma MOUWHOCMU. Paccmampuea;omc;l npakmu4decKue CxemHvle peuleHusl,
BKIOUAs  pecyIUposKy HampsadceHuss Ha 6ase LM317 u cxemsl ynpaeieHus ApKOCMbIO, YMO HNO360.5em
npodeMOHcmpupoeamb Kak munu4Hovle npumMeHeHnus, maxK u ux yAaseumocmu K cadpMOHUKAM. Pe3y/1bmambz
noduepkueaiom, umo 3¢¢€Kmu67—lbl€ cmpamecuu nooaesieHus. 2apmMOHUK CnocoOHbl  3HAYUMENILHO NOBbICUMDb
HA0eAHCHOCMb, IPPEKMUBHOCIb U CPOK CAYHCObL OCEEMUMETbHBIX YCMPOLCME, MeM CAMbIM YIAYUuLas obuee Kaiecmeo
INEKMPOIHEPSUU 8 COBPEMEHHOU INEKMPUYECKOU UHDpacmpyKkmype.

Knrouegvie cnosa: capmoHUKa, nonynpoeodnuk, oceeujerue, I1eKmpudecKkue cucmemvl, HaAnpAdsNCeHue,
yacmoma, pe3ucmopwl, CpoK Cyaicowl, I¢hgheKmusHocms 1 memnepamypa.

Introduction. We know that today lighting devices are a significant amount of electricity
consumers. The reason for this is that today’s lighting devices named LEDs, provide high
illumination with low power consumption. And these indicators are available to users of lighting
devices. Although today’s lighting devices are much more efficient than their predecessors, they
still have their drawbacks. As an example, we can cite below the factors that affect the life of
lighting devices.

The problem to be solved and the statement of the issue. These are: the level of quality of
devices used in lighting devices, the effect of higher harmonics, the certification of lighting devices,
the rate of switching on and off, the level of user experience and the environment. Among the
factors that affect the life of the above-mentioned lighting devices, the most important factor is
harmonics. Harmonics in electrical systems refer to signals whose frequencies are integer multiples
of the fundamental frequency. These unwanted distorted waveforms have frequencies higher than
the fundamental frequency. Since electrical equipment is typically rated for either 50 Hz or 60 Hz
(depending on the region), the presence of higher-frequency harmonics can degrade system
performance. Harmonics can lead to increased system temperature, elevated neutral voltage, and
reduced efficiency [1, 2].

Fig.1 illustrates a general understanding of higher harmonics. Here, the first, second and
third harmonics are described. We can see that one period means one frequency. The third harmonic
has 3 complete oscillations in one normal period.

ANWANN
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Figl. Total harmonic distortion
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Experiment and analysis of the results obtained. In order to know the effect of harmonics
on lighting devices named LED, we need to have an understanding of the scheme of the LED,
which is a lighting device, and the information about the electronic devices used in it. As an
example, in Figure 2 we can see a scheme that allows you to control the light.

An LED Dimmer is a circuit designed to adjust the brightness of a light fixture. It achieves
this by modifying the voltage waveform applied to the lamp or LED, which reduces the intensity of
the light output. While variable-voltage devices serve many purposes, dimmers are specifically
designed for controlling light output across various types of lighting, including resistive
incandescent, halogen, compact fluorescent lights (CFLs), and light-emitting diodes (LEDs).

1N-4007 LM317
With Heat Sink
NER Tl
Y IN ouT MWW
ADJ 2001 il rel ral ral rs| rel R7| Re| Rol Ri0

| +

Loy EREEEER Y
D1 T\)DZ SIZ\}‘DST\)M T\)DS SIZ\)DGT\)DY TQ‘DB SFQDQT\T OT\}

R1-R10=390Q  D1-D10 = Super Bright white LEDs
Figure 2. A scheme to control the light.

In scheme given above LM317T Regulator IC is used for making simple LED dimmer
circuit. In this case, the LM317 is a three-terminal voltage regulator IC capable of delivering a high
output current of up to 1.5A. It offers several key features, including current limiting, thermal
protection, and safe operating area protection, ensuring reliable performance under various
conditions. Additionally, it supports a floating operation for high-voltage applications. Even if the
adjustable terminal is disconnected, the LM317 can still provide overload protection, making it a
versatile and robust component for voltage regulation [3, 4].
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B Fig 4. IN4007 diode.

Adjust (1) f 'v\.N (3)

Vour (2) In figurel Pinl, Pin2and Pin3 as follows: Pin 1 -

) ADJUST: This pin is used to set or adjust the regulator’s
Fig 3. LM317 PINOUT output voltage by connecting external resistors in the circuit.
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The circuit uses the LM317 voltage regulator IC configured as a current regulator to control
the brightness of LEDs. Since LEDs are current-driven devices, their brightness is adjusted by
limiting the current passing through them. In this setup, the brightness of 10 super-bright white
LEDs is adjusted using a 200Q2 potentiometer, which controls the current supplied to the LEDs.
While the circuit supports 10 LEDs, more can be added if needed. To protect the LEDs from the
maximum 1.5A output current of the LM317, each LED is paired with a separate current-limiting
resistor. These resistors ensure that the LEDs operate safely without being overdriven, thereby
extending their lifespan [5,6]

A widely used silicon rectifier diode, commonly found in power supplies of imported
household appliances, is known for its versatility and reliability. Beyond rectification, this diode
exhibits the ability to vary its capacitance with applied voltage, making it a suitable substitute for a
varicap in radio equipment.

Application of the results obtained. Total Harmonic Distortion (THD) affects LEDs by
introducing unwanted harmonic frequencies in the electrical supply, which leads to additional stress
on the semiconductor diodes inside the LED lighting system. Here’s a breakdown of how THD
impacts the diode: First one is Increased heat generation. Total Harmonic Distortion (THD) leads to
fluctuations in the current passing through the diode, causing irregular power delivery. These
fluctuations result in excess heat being generated within the LED. The increased thermal stress on
the diode accelerates material degradation, reducing the efficiency and lifespan of the LED.

Prolonged exposure to high THD levels can significantly shorten the diode’s operational life
and impact overall system performance. Second one is Voltage stress. Harmonics introduce voltage
spikes and surges that can exceed the diode’s rated voltage. These sudden voltage fluctuations cause
electrical overstress on the semiconductor material, particularly at the PN junction of the diode.
Repeated exposure to such voltage stress can damage the PN junction, resulting in premature
failure, reduced performance, or permanent damage to the diode. This compromises the reliability
and lifespan of the LED lighting system.

Third one is current distortion: LEDs rely on a stable current to function efficiently.
However, Total Harmonic Distortion (THD) introduces distorted current, causing uneven current
distribution through the diode. This irregular current flow can lead to inefficient operation, resulting
in flickering, reduced light output, and lower overall performance. Prolonged exposure to distorted
current increases the risk of overheating and accelerates wear on the LED, ultimately shortening its
lifespan. Fourth one is EMI (Electromagnetic interference).

Higher levels of Total Harmonic Distortion (THD) contribute to increased electromagnetic
interference (EMI) within the circuit. This interference can disrupt the stability of the
semiconductor diode, causing erratic behavior such as flickering, irregular light output, or
malfunction. The constant exposure to EMI can also degrade the diode’s performance over time,
reducing the reliability and longevity of the LED lighting system. Proper filtering and circuit design
are essential to mitigate the effects of EMI and ensure stable LED operation. Fifth one is Reduced
power factor. Total Harmonic Distortion (THD) decreases the power factor in the circuit by
increasing the proportion of reactive power relative to real power. This forces the LED system to
draw more apparent power from the supply. As a result, the diode must handle additional reactive
power, leading to inefficient operation and greater electrical stress. The increased current demand
also generates more heat, further contributing to reduced performance, higher energy consumption,
and a shorter lifespan for the LED lighting system [6,7,8].
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Fig 5. Impact of THD on diode’s lifespan.

Fig 5 given above shows how THD impacts on lifespan oa diode for lighting devices while
its number of amount changing step by step. In horizontal line lays lifespan of the transisitor. As we
se in fig 5 as THD’s amount increase life span of the transistor decreases respectively.

Total Harmonic Distortion (THD) indirectly affects a transistor's lifespan by influencing
operating conditions that may lead to stress or degradation over time. Here are the key mechanisms
through which THD can impact the longevity of a transistor. They are thermal stress, overvoltage
conditions, increased switching losses, electromagnetic interference (EMI), reduced efficiency,
reactive power handling [9,10].

1. Total Harmonic Distortion (THD) introduces fluctuating current and voltage into the
circuit, causing irregular power dissipation within the transistor. These fluctuations lead to
increased heat generation and thermal cycling, where the temperature of the transistor repeatedly
rises and falls. Over time, this thermal stress degrades the transistor’s materials, such as its junctions
and packaging, ultimately reducing its performance and shortening its lifespan.

2. Harmonics in the supply voltage can produce voltage spikes that surpass the transistor's
safe operating limits. These overvoltage conditions place excessive electrical stress on the
transistor’s junctions. Repeated exposure to such spikes can weaken the junctions, leading to
insulation breakdown or thermal runaway. Over time, this can cause irreversible damage to the
transistor, resulting in failure and reduced reliability of the overall system.

3. Total Harmonic Distortion (THD) introduces high-frequency components into the circuit,
which can effectively raise the switching frequency of transistors in systems like inverters or power
supplies. This increased switching activity causes higher switching losses as more energy is
dissipated during each transition between on and off states. The additional heat generated from
these losses intensifies thermal stress on the transistor, accelerating wear and reducing its
operational lifespan. Over time, this can degrade the transistor’s efficiency and reliability.

4. Harmonics in the electrical system contribute to electromagnetic interference (EMI),
which can disrupt the stable operation of transistors. This interference may cause erratic behavior,
such as unintended switching or fluctuations in performance, leading to unpredictable electrical
stress. Repeated exposure to such conditions can degrade the transistor’s reliability, increase wear
on its components, and raise the likelihood of premature failure. Proper filtering and shielding are
essential to mitigate EMI and protect the transistor from its adverse effects.

5. Distorted current and voltage waveforms from Total Harmonic Distortion (THD) cause
inefficiencies in energy conversion within the transistor. As the transistor compensates for the
increased losses, it experiences higher electrical and thermal stress. This constant strain accelerates
material degradation, leading to premature aging of the transistor. Over time, these effects reduce
the component’s efficiency, reliability, and operational lifespan, especially in power electronics
applications.
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6. In systems with significant Total Harmonic Distortion (THD), transistors are often
required to handle additional reactive power. This added burden increases the electrical and thermal
stress on the device, particularly in power electronics applications. The extra reactive power causes
higher current flow and additional switching activity, leading to increased heat generation and
accelerated wear of the transistor’s components. Over time, this continuous stress reduces the
device’s efficiency and shortens its operational lifespan [11,12,13].

12
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Fig 6. Connection between THD and lifespan of the transistor.

The graph demonstrates a hypothetical inverse relationship between Total Harmonic
Distortion (THD) and a transistor's lifespan. As THD levels rise, the lifespan of the transistor
steadily declines. To be more clear we can say that the curve likely illustrates a nonlinear
relationship, where small increases in THD initially cause a moderate reduction in lifespan, but as
THD continues to rise, the impact becomes more pronounced, leading to a steep drop in longevity.
This highlights the importance of minimizing THD to preserve the performance and durability of
transistors in electrical systems.

Conclusion.The influence of harmonics on parts of lighting devices was considered above.
In this, the effect of higher harmonics on transistor and diode was studied. The results showed that
as the amount of harmonics increases, the lifetime of lighting devices decreases accordingly. From
this we can see that we can indirectly affect the voltage by reducing the effect of harmonics. By
doing this, the voltage can be improved. Normal voltage has a positive effect on the life of the
lighting device.
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