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ABSTRACT

The article covers the study of the effect of a 
dimmer on operation of a light source and elec‑
tromagnetic compatibility of a controllable light‑
ing system. It is found that with reduction of ac‑
tive power P of a light source its luminous flux and 
bulb heating temperature decrease, the power factor 
of the lighting system decreases too with increas‑
ing of the total harmonic distortion current factor 
of the lighting system. The changes are non-linear. 
Mathematical expressions related to changes of lu‑
minous flux, heating temperature, power factor and 
total harmonic distortion caused by change of active 
power of a light source are obtained. A conclusion is 
made that together with an opportunity to save ener‑
gy and to increase the operating life of the control‑
lable lighting system application of a dimmer leads 
to reduction of electric power quality and electro‑
magnetic compatibility of this system. The study 
also demonstrated that changes in supply voltage 
also affect operation of the controllable lighting 
system. Reduced supply voltage causes the high‑
est effect on characteristics of the lighting system. 
Change in the supply voltage strongly affects the lu‑
minous flux and the heating temperature of the light 
source and the power factor of the lighting system 
in operating modes at 0.25 of Pnom and 0.5 of Pnom 
and the total harmonic distortion in operating modes 
at 0.75 of Pnom and Pnom.

Keywords: TRIAC dimmer, LED light source, 
controllable driver

1. INTRODUCTION

In Russia, 10 % of all annual electric power 
generation is used for lighting purposes [1]. The 
electricity tariffs growth makes the issue of energy 
saving and transfer to more energy-efficient tech‑
nologies in lighting system still relevant. Nowadays 
light sources based on light emitting diodes (LED) 
are being introduced in different industries more 
actively. One of the advantages of LEDs is capabili‑
ty to control them. The control is based on such pa‑
rameters as operating time and illuminance level. 
The operating time is controlled by means of a tim‑
ing relay and the illuminance level is controlled by 
a dimmer. Analysis of works on controllable light‑
ing systems [2–7] has shown that they aim at devel‑
opment of configurations or particular elements of 
such systems as well as their cost-efficiency. There 
are virtually no studies of the influence of dimmers 
on operation of light sources and electromagnet‑
ic compatibility (EMC) of a controllable lighting 
system. EMC of a technical device is its capabil‑
ity to function with a set quality level in the set 
electromagnetic environment and not to generate 
unacceptable electromagnetic interference (EMI) 
into operation of other technical means [8]. Level 
of electromagnetic compatibility of a power sup‑
ply system: standardised level of conductive EMI 
used as reference for coordination between the ac‑
ceptable level of interference caused by technical 
means of electric power network users and the lev‑
el of interference received by technical means con‑
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nected to an electric power network without pre‑
vention of their normal functioning. Conductive 
EMI is electromagnetic interference propagating 
via electric power network conductors [9]. Conduc‑
tive EMI may reduce quality of functioning of de‑
vices, electric installations or systems, or damage 
them [10, 11]. That is why the problem of the de‑
termination of dimmer effect on operation of light 
sources and electromagnetic compatibility of a 
controllable lighting system is relevant.

2. MATERIALS AND METHODS

The controllable lighting system consisting of 
a LED light source and a dimmer was studied in 

the Lighting Engineering laboratory of the Nizhny 
Novgorod State Agricultural Academy. The study 
was conducted with the electric system (Fig. 1) con‑
sisting of: RNO‑250–2-M regulating linear auto‑
transformer –1, Circutor AR‑6 electric power qual‑
ity analyser – ​ 2, IEK ВСР‑10–1–0 dimmer – ​ 3, 
voltmeter – ​ 4, TKA-PKM 08 flicker and illumi‑
nance meter, JazzWay PLED-DIM A60 LED light 
source with dimming functionality. Dimmer pow‑
er regulation is up to 400 W. Dimming range of 
the LED light source is (25–100)%. The regulation 
of the active power was four-step: 0.25 Pnom; 0.5 
Pnom; 0.75 Pnom and Pnom. Each step was measured 
3 times.

3. RESULTS AND DISCUSSION

The studied characteristics of the controllable 
lighting system included luminous flux of the light 
source, heating temperature of the light source, 
power factor and total harmonic distortion. The re‑
sults of studying these characteristics at nominal 
points are shown in Table 1 in absolute values.

The results of the study of the light source lumi‑
nous flux υΦ  dependence on active power consump‑
tion P  are shown in Fig. 2.

It is found that luminous flux of the light source 
decreases with decrease in active power. With de‑
crease in active power of 25 %, luminous flux de‑
creases by 36 %. With decrease in active power of 

Table 1. The Results of Studying the Characteristics in Absolute Values

P, W Km, per unit THDi, % E, lx Кп,% Т, °C
Supply voltage 220V

3 0.84 92.7 50.2 25.6 41.9
6 0.94 91.3 65.4 26.7 47.1
9 0.99 82.3 171.3 28.8 70

12 1 34.8 266 21.4 81.9
Supply voltage 198V

3 0.66 91.9 20.9 22 40.2
6 0.88 90.9 47.9 25.2 46.2
9 0.99 78.3 150.7 27.5 69.3

12 1 29.2 266 20.9 81.9
Supply voltage 242V

3 0.9 93 63.5 26.7 43.6
6 0.97 92.1 80 27.2 48.1
9 0.99 86.7 187 29.7 70.7

12 0.9 40 266 21.1 82

Fig. 1. The electric system for studying the controllable 
lighting system consisting of a LED light source and a 

dimmer
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50 %, luminous flux decreases by 75 %. With de‑
crease in active power of 75 %, luminous flux de‑
creases by 81 %. The dependence of change of lumi‑
nous flux and change of active power is non-linear 
and may be described by means of a mathematical 
expression derived using MS Excel:

( exp )PK
nom

β
υ υΦ Φ α ⋅= ⋅ ⋅ ,	 (1)

where nomυΦ  is the nominal luminous flux, lm; α, β 
are constant factors depending on the manufacturer 
of a given light source (for the studies light source, 

α=0.095; β=2.3689); p
nom

PK
P

Φ=  is the change of the 

level of active power of the light source, per unit; 
PΦ  is the actual active power consumption, W; nomP  
is the nominal active power consumption, W.

The results of studying the dependence of the 
light source heating temperature T  change and ac‑
tive power consumption P  change are shown in 
Fig. 3.

It is found that heating temperature of the light 
source decreases with decrease in active power. 
With decrease in active power of 25 %, heating tem‑
perature decreases by 15 %. With decrease in ac‑
tive power of 50 %, heating temperature decreas‑
es by 42 %. With decrease in active power of 75 %, 
heating temperature decreases by 49 %. The depen‑
dence of heating temperature change and change of 
active power is non-linear and may be described by 
means of a mathematical expression derived using 
MS Excel:

2( ),nom p pa b c= ⋅ ⋅ + ⋅ +T T K K 	 (2)

where nomT  is the heating temperature at nominal 
power consumption, °C; a, b, c are the constant 

Fig. 3. Heating temperature dependence on active power 
consumption change

Fig. 4. Dependence of power factor change on active 
power consumption change

Fig. 2. The luminous flux dependence on active power 
consumption change

Fig. 5. Dependence of total harmonic distortion change on 
active power consumption change
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factors depending on the manufacturer of a given 
light source (for the studied LED light source, a = 
0.3272; b = 0.2889; c = 0.4014).

The results of studying the dependence of power 
factor Km change and active power consumption P  
change are shown in Fig. 4.

It is found that power factor of the light source 
decreases with decrease in active power. With de‑
crease in active power of 25 %, power factor de‑
creases by 1 %. With decrease in active power of 
50 %, power factor decreases by 6 %. With decrease 
in active power of 75 %, power factor decreases by 
16 %. The dependence of power factor change and 
change of active power is non-linear and may be de‑
scribed by means of a mathematical expression de‑
rived using MS Excel:

( ln( ) )nom pa b= ⋅ ⋅ +ÌK K K ,	 (3)

where nomK  is the nominal power factor, per unit; 
a, b are the constant factors depending on the manu‑
facturer of a given light source (for the studied LED 
light source, a = 0.1201; b = 1.0135).

The results of studying the dependence of total 
harmonic distortion THDi change and active power 
consumption P  change are shown in Fig. 5.

It is found that total harmonic distortion increas‑
es with active power decrease. With decrease in 
active power of 25 %, total harmonic distortion 
increases by 2.36 times. With decrease in active 
power of 50 %, total harmonic distortion increas‑
es by 2.62 times. With decrease in active power of 
75 %, total harmonic distortion increases by 2.66 
times. The effect of total harmonic distortion change 
on active power is non-linear and may be described 

Fig. 6. The current’s 
waveforms of the 
lighting system at: 
a) Pnom, b) 0.75 Pnom, 
c) 0.5 Pnom, d) 0.25 
Pnom

by means of a mathematical expression derived us‑
ing MS Excel:

2( )nom P PTHDi THDi a K b K c= ⋅ ⋅ + ⋅ + ,	 (4)

where nomTHDi  is the nominal total harmonic dis‑
tortion, per unit; a, b, c are the constant factors de‑
pending on the manufacturer of a given light source 
(for the studied LED light source, a = –5.2989;  
b = 4.5236; c = 1.8197).

Increase in total harmonic distortion negatively 
affects electric power quality. The oscillograph re‑
cords (waveforms) of the current (Fig. 6) confirm it.

The results of studying the dependence of flicker 
index Kp change and active power consumption P  
change are shown in Fig. 7.

It is found that, generally, with decrease in ac‑
tive power, flicker index of luminous flux increas‑
es as compared to the nominal mode. With active 
power decrease by 25 %, flicker index of luminous 

Fig. 7. Dependence of luminous flux flicker index change 
on active power consumption change
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flux increases by 35 %. With active power decrease 
by 50 %, flicker index of luminous flux increases by 
25 %. With decrease in active power of 75 %, flick‑
er index of luminous flux increases by 20 %. The 
dependence of luminous flux flicker index change 
and change of active power is non-linear and may 
be described by means of a mathematical expres‑
sion derived using MS Excel:

2( )p Pnom p pK K a K b K c= ⋅ ⋅ + ⋅ + ,	 (5)

where PnomK  is the nominal luminous flux flicker 
index,%; a, b, c are the constant factors depending 
on the manufacturer of a given light source (for the 
studied LED light source, a = –1.5888; b = 1.7897; 
c = 0.8236).

Slow change of supply voltage is one of the main 
characteristics of electric power quality character‑
ising EMI. According to [9], voltage fluctuations 
at balance sheet attribution border of ±Unom are 
acceptable.

The study of the effects of supply voltage chang‑
es on a light source without a dimmer has shown 
that, irrespective of voltage level, luminous flux, 
heating temperature, and power factor remain 
constant.

The effect of supply voltage change on opera‑
tion of a controllable lighting system (with a dim‑

mer) is studied. The results of the study are present‑
ed below.

Fig. 8 shows the effect of supply voltage change 
on luminous flux of the light source with change of 
active power.

It is found that change of supply voltage affects 
luminous flux of the light source with change of ac‑
tive power. The most significant effect is caused by 
reduction of supply voltage. At 0.9 Unom and with 
decrease in active power of 25 %, luminous flux de‑
creases by 11 %, with decrease in active power of 
50 %, luminous flux decreases by 28 %, with de‑
crease in active power of 75 %, luminous flux de‑
creases by 58 % as compared to the nominal mode. 
Increase in supply voltage causes less effect. At 1.1 
Unom and with decrease in active power of 25 %, 
luminous flux increases by 9 %, with decrease in 
active power of 50 %, luminous flux increases by 
20 %, with decrease in active power of 75 %, lu‑
minous flux increases by 26 % as compared to the 
nominal mode.

Fig. 9 shows the effect of supply voltage change 
on heating temperature of the light source with 
change of active power.

It is found that change of supply voltage does not 
affect heating temperature of the light source with 
change of active power from Pnom down to 0.75Pnom 

Fig. 9. The effect of supply voltage change on heating tem‑
perature of the light source with change of active power

Fig. 11 The effect of supply voltage change on total har‑
monic distortion of the light source with change of active 

power

Fig. 8. The effect of supply voltage change on luminous 
flux of the light source with change of active power

Fig. 10. The effect of supply voltage change on power fac‑
tor of the light source with change of active power
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and insignificantly affects heating temperature of 
the light source with change of active power from 
0.5Pnom down to 0.25Pnom. At 0.9Unom and with de‑
crease in active power of 50 %, heating tempera‑
ture decreases by 3 %, with decrease in active pow‑
er of 75 %, heating temperature decreases by 4 % 
as compared to the nominal mode. At 1.1Unom and 
with decrease in active power of 50 %, heating tem‑
perature increases by 2 %, with decrease in active 
power of 75 %, heating temperature increases by 
4 % as compared to the nominal mode.

Fig. 10 shows the effect of supply voltage change 
on power factor of the light source with change of 
active power.

It is found that change of supply voltage does 
not affect power factor of the lighting system with 
change of active power from Pnom down to 0.75Pnom 
and affects power factor of the lighting system 
with change of active power from 0.5Pnom down 
to 0.25Pnom. At 0.9Unom and with decrease in active 
power of 50 %, power factor decreases by 6 %, with 
decrease in active power of 75 %, power factor de‑
creases by 21 % as compared to the nominal mode. 
At 1.1Unom and with decrease in active power of 
50 %, power factor increases by 3 %, with decrease 
in active power of 75 %, power factor increases by 
7 % as compared to the nominal mode.

Fig. 11 shows the effect of supply voltage change 
on total harmonic distortion of the light source with 
change of active power.

It is found that changing supply voltage does not 
affect total harmonic distortion of the lighting sys‑
tem at active power of 0.25Pnom and 0.5Pnom and af‑
fects total harmonic distortion of the lighting system 
at active power of Pnom and 0.75Pnom. At 0.9Unom 
and with decrease in active power of 25 %, total 
harmonic distortion decreases by 5 %, at 100 % of 
active power, total harmonic distortion decreases by 

16 % as compared to the nominal mode. At 1.1Unom 
and with decrease in active power of 25 %, total 
harmonic distortion increases by 6 %, at 100 % of 
active power, total harmonic distortion decreases by 
16 % as compared to the nominal mode.

Fig. 12 shows the effect of supply voltage change 
on luminous flux flicker index of the light source 
with change of active power.

It is found that changing supply voltage affects 
luminous flux flicker index of the light source with 
change of active power. The most significant ef‑
fect is caused by reduction of supply voltage. At 
0.9Unom and with decrease in active power of 25 %, 
luminous flux flicker index decreases by 2 %, with 
decrease in active power of 50 %, luminous flux 
flicker index decreases by 3 %, with decrease in ac‑
tive power of 75 %, luminous flux flicker index de‑
creases by 12 % as compared to the nominal mode. 
Increase in supply voltage causes less effect. At 
1.1Unom and with decrease in active power of 25 %, 
luminous flux flicker index increases by 4 %, with 
decrease in active power of 50 %, luminous flux 
flicker index increases by 3 %, with decrease in ac‑
tive power of 75 %, luminous flux flicker index in‑
creases by 6 % as compared to the nominal mode.

4. CONCLUSION

The conducted study has shown that TRIAC af‑
fects operation of light sources and the power sup‑
ply system.

It is found that, with reduction of active pow‑
er of a light source, its luminous flux decreases, its 
heating temperature decreases, power factor of the 
lighting system decreases and total harmonic distor‑
tion of the lighting system and luminous flux flick‑
er index of the light source increase. The chang‑
es are non-linear. Mathematical expressions related 
to changes of luminous flux, heating temperature, 
power factor, total harmonic distortion and flicker 
index caused by change of active power of a light 
source are obtained. It is possible to make a conclu‑
sion that together with an opportunity to save ener‑
gy and to increase the operating life of a controlla‑
ble lighting system application of a dimmer leads 
to reduction of electric power quality and luminous 
flux flicker index.

The study also demonstrated that changes in sup‑
ply voltage also affect operation of the controllable 
lighting system. Reduced supply voltage causes the 
highest effect on characteristics of the lighting sys‑

Fig. 12 The effect of supply voltage change on luminous 
flux flicker index of the light source with change of active 

power
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tem. Changing supply voltage strongly affects lu‑
minous flux and heating temperature of the light 
source, power factor of the lighting system and lu‑
minous flux flicker index in operating modes at 
0.25Pnom and 0.5Pnom and total harmonic distortion 
in operating modes at 0.75Pnom and Pnom.
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