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DETERMINATION OF VARIOUS TYPES ELECTRIC LAMPS
PARAMETERS IN EMERGENCY MODES OF OPERATION

Studies have been conducted to determine the temperature of electric lamps of various types in
emergency modes of operation of power grids, namely overvoltage. Graphs of the dependence of the
temperature of the bulb of incandescent lamps, arc mercury lamps and LED lamps on the voltage ap-
plied to them. Mathematical models of the value of the heating temperature of the bulb of the electric
incandescent lamp, the arc mercury lamp and the LED lamp are obtained depending on the time. It is
determined that the temperature of the bulb of the incandescent electric lamp increases exponentially
and stabilizes after about 300 seconds. The temperature of an arc mercury lamp also varies exponential-
ly, but, compared to an incandescent lamp, it is not so fast, but stabilizes after about 600 seconds. It is
determined that in emergency modes of operation, the temperature of incandescent lamps and arc mer-
cury lamps may exceed the normative values of temperature groups, as a result of which, when used in
environments where explosive gases or vapors are present, they can become a source of ignition and
lead to explosion or ignition of these substances. It is determined that the temperature of the LED lamp
changes according to the linear law and after 300 seconds stops growing. Temperature dependencies of
different elements of the LED lamp are built depending on the electric voltage applied to it. It was
found that the driver, namely the power control chip, heats up most when the LED electric lamp is op-
erating. It is determined that when the electric voltage decreases, the power control chip heats up more,
but not significantly. It was found that the LED lamp is the best from the point of view of fire safety,
since it has the lowest temperature, and also the change in the voltage of the electrical network reacts
the least, which is explained by its design and principle of operation.
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1. Introduction

In conditions of military aggression, accompanied by the destruction of the coun-
try’s critical infrastructure and leading to frequent power outages, the risk of emergency
modes of operation of electrical appliances, wiring and lighting systems increases. Un-
stable voltage, sudden de-energization and restoration of power supply can lead to over-
loads, short circuits, overheating of electrical network elements and failure of house-
hold and industrial equipment. Such phenomena threaten not only a decrease in energy
efficiency, but also an increase in the risk of fires, electric shock, as well as prolonged
interruptions in the operation of critical infrastructure. The study of these emergency
modes is necessary to develop protective solutions, improve consumer safety and en-
sure the stable functioning of electrical systems in emergency situations.

Emergency and unstable modes of operation of the energy system of Ukraine sig-
nificantly increase the risk of fires in certain areas of electrical networks. According to
the State Emergency Service of Ukraine, in the 10 months of 2024 [1] there were more
than 9500 fires caused by emergency modes of power grids and devices.

These data make it necessary to study the dangerous parameters of emergency
modes of operation of electrical systems, in order to improve the level of safety of func-
tioning of electrical appliances, which is an integral element of ensuring proper living
conditions for people.
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Under the conditions of emergency modes of operation of electric networks, the
relevance of the study of fire safety of electric lighting increases even more, since dam-
aged or unstable operating electric networks can increase the risk of fires.

Thus, the occurrence of fires due to emergency modes of operation of electrical
networks is an urgent problem.

2. Analysis of literature data and problem statement

In [2] highlights the problems of fire safety of electric networks and preventive
measures for their safe operation of electric cables. Based on the analysis of the main
fire characteristics (time to use, peak heat release rate and time to peak heat release
rate), new types of nanometer fire retardant coating and the method of intermediate pro-
tective cable box are proposed. However, the study does not indicate parameters of
emergency modes close to critical parameters.

The large length and probability of failure of insulation coatings of electrical con-
ductors provide a large number of studies of the state of fire safety of electrical conduc-
tors. Thus, in works [3-6], fire resistance indices of different insulation and cross-
sections of electrical conductors are established. In the work [3], the extremely low val-
ues of the parameters of the electrical conductors of the «BBI'» and «ABBI» brands
are set, in which, in the event of a short circuit in the network with a faulty protective
device, their insulation can ignite, which can cause a fire. In the case of [4, 5], a copper
conductor made of polyethylene insulation was investigated using conical calorimetry
under overload conditions with the definition of: time to ignition (TTI), heat release rate
(HRR), gas release and loss of mass PE wires. In [5, 6], copper conductors with poly-
ethylene and polyvinyl chloride insulation (PVC) were tested for flame propagation.
The obtained results indicate that the propagation by conductors of a larger flame diam-
eter is wider, but its propagation speed is less and rises more slowly with current. The
considered works provide information on the spread of fire through live wires under
overload conditions, but do not consider other emergency modes.

In [7-10], studies are aimed at determining the fire hazard parameters of the con-
nection of network contacts, characterized by large transitional supports and the release
of a large amount of heat. In [7], the overheating conditions of the plug-socket connection
are considered and an approach is proposed for fire protection of electrical networks by
arranging an electric circuit opening element in the socket module. However, this method
Is effective for the case under consideration and was not investigated during the emergen-
cy operation of lighting devices. [8] presents studies of electrical connectors under the
influence of current pulses when a short circuit occurs, which leads to softening of the
conductor and instantaneous drop in contact resistance. The proposed technique for esti-
mating the contact resistance drop, calculated using a transient electric-thermal model, is
important for emergency operating modes, but it is only valid for impulse currents. The
work [9] on the study of fire hazard parameters of contact connections of electrical con-
ductors in conditions of overvoltage, overload, growth of transient resistances, which in
the process causes strong heating, breakdown of insulation, sparking, appearance of an
electric arc — gives a general significance and does not consider emergency modes for the
lighting network. [10] discusses the fire safety problems of LED devices, including the
flicker effect and other aspects that may affect the safety of operation, since they can lead
to failure or fire. However, the given articles did not define the maximum permissible
values of indicators of emergency modes of operation, and the obtained results of exper-
Iments were not included in the requirements of regulatory documents.
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Given the analysis of sources, it was found that the study of emergency modes of
operation of lighting networks was not sufficiently considered.

Since lighting devices have a wide range of applications in both industrial, resi-
dential and public buildings, and in unstable work can serve as causes of fire danger.
That is why lighting networks require research in emergency modes with the proposal
of safety measures.

Thus, an unsolved part of the problem under consideration is the study of the pro-
cesses of occurrence of fire-hazardous parameters in lighting networks under emergen-
cy operating modes.

3. The purpose and tasks of the research

The purpose of the work is to determine the thermophysical characteristics of
electric lamps of various types due to heating in the event of overvoltage or low volt-
age in the electrical network.

To achieve this goal, you need to solve the following problems:

—conduct experimental studies to determine the temperature of electric lamps of
different types at different values of the electric voltage;

—build mathematical models of temperature dependencies of electric lamps of dif-
ferent types on voltage at overvoltage and in low voltage mode and check their adequacy.

4. Research materials and methods

The object of research is the thermal processes occurring in electric lamps in
emergency modes of operation of electrical networks.

The subject of research are electric incandescent lamps, arc mercury lamps and
LED lamps.

The hypothesis of the study was that under certain conditions, when an overvoltage
occurs in the electrical network, the temperature of the electric lamp may increase, as a
result of which it can become a source of ignition of certain materials and/or substances.

Measurements of the temperature of electric lamps were carried out on a laborato-
ry stand, the appearance of which is given in Fig. 1.

Tabl. 1. Technical characteristics of laboratory autotransformer RUCELF LTC-300-16-D

Characteristic Value
Load power, KVA/W 2.4
Rated input voltage, V 220
Output voltage control range, V 0-300
Mains frequency, Hz 50-60
Maximum load current, A 16
Protection Class IP20

Three types of lamps were used for the study: a 100 W incandescent lamp, a
250 W mercury arc lamp and a 7 W LED lamp. Appearance of electric lamps used in
the test is given in Fig. 2.
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Fig. 1. Appearance of laboratory stand for fire hazard study of electric lamps

The laboratory stand consists of three main parts: a laboratory autotransformer, a
stand for installing electric lamps and measuring instruments, and a laptop with soft-
ware for processing results. The power supply of the stand comes from the laboratory
autotransformer of the RUCELF brand LTC-300-16-D the technical characteristics of
which are given in Tabl. 1.

Control over the values of electric current parameters was carried out by digital
meters of voltage, current and power of the PeaceFair PZEM-008 brand. Thermocou-
ples connected to the bulb of each of the lamps were used to measure the temperature,
as shown in Fig. 3.

Fig. 2. Appearance of electric lamps of different types used for tests: 1 — incandescent lamp;
2 — LED lamp; 3 — arc mercury lamp

The thermocouple is necessary for measuring the temperature of the bulb of an
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electric lamp and transmitting its temperature values through a computing and measur-
ing unit to a laptop, where the results were recorded using Thermopair software.

Fig. 3. Appearance of the thermocouple used to measure the temperature of the bulb of
electric lamps

Additionally, to measure the temperature of the elements of the LED lamp, the
WINTACT WT3160 thermal imager was used, the appearance of which is shown in
Fig. 4, and its technical characteristics in Tabl. 2.

Fig. 4. Appearance of thermal imager WINTACT WT3160

Tabl. 2. Thermal imager characteristics WINTACT WT3160

Parameter, unit of measure Value
Temperature measurement range, °C -20-450
Display, inches 2,8 full-angle TFT
Temperature sensitivity, °C 0.07
Spectral range, um 8-14
Measurement error, % +2 (or = 2% if more 300 °C £5%)
Operating temperature, °C 0-45
Storage temperature, °C -20-60
Humidity, % <85

To achieve this goal, analytical approximation methods and application of math-
ematical software in the Maple and Excel environments were applied.
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5. Experimental determination of the temperature of electric lamps at dif-
ferent voltage values

Studies to determine the temperature of electric lamps of different types were
conducted for electric voltages of 195 V, 220 V and 245 V. In the first experiment, the
temperature of the bulb of the incandescent electric lamp was measured. The total num-
ber of tests for each electric lamp at one given voltage value was 10 tests. Incandescent
lamps were tested for 300 s, since when the tests continued for more than 300 s, their
flask temperature did not change. Tabl. 3 shows the results of measurements of incan-
descent lamps temperature at different values of electric voltage applied to them.

Tabl. 3. Results of incandescent bulb temperature measurements at different voltage values

AT,°C

s U=195 vV U=220 V U=245V

0 20.0 20.0 20.0
60 96.5 99.1 103.0
120 133.1 144.2 1515
180 144.1 152.2 164.2
240 148.3 154.2 167.7
300 149.2 155.6 168.3

Tabl. 4. Temperature measurement results of the arc mercury bulb at different voltage values
AT,°C
t,s
U=195Vv U=220 Vv U=245Vv

0 29.0 29.0 29.0
60 35.6 35.2 34.5
120 45.3 60.5 64.1
180 80.3 120.6 137.2
240 126.3 169.7 183.2
300 155.5 188.5 212.5
360 167.7 195.6 227.2
420 174.4 199.1 232.1
480 181.3 205.1 232.6
540 183.1 207.8 233.7
600 184.9 209.4 234.3

Tests of arc mercury lamps were carried out for the same values of spectacular
voltages as for incandescent lamps. Tabl. 4 shows the results of measuring the tempera-
ture of the arc mercury bulb at different voltages. The duration of the tests of arc mercu-
ry lamps was 600 s, since during this time it heats up to its working one, and the initial
heating process is not as rapid as that of incandescent lamps.

The LED lamp is heated to the operating temperature in about 300 seconds, and
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the temperature change of its bulb changes almost linearly. Tabl. 5 shows the results of
measuring the temperature of the bulb LED lamp at different voltages. The bulb tem-
perature of the LED lamp compared to other types of electric lamps also increases with
increasing voltage, but slightly.

Tabl. 5. Results of measurements of LDS lamp bulb temperature at different values of elec-
tric voltage

AT,°C
s U=195 V U=220 V U=245 V
0 20.0 20.0 20.0
60 32.1 373 38.2
120 39.3 40.8 43.6
180 42.4 44.5 475
240 47.3 50.4 51.3
300 49.2 52.1 53.9

At the same time, during the research, it was found that the bulb of the LED lamp
is not the hottest point of the LED lamp. As a result of this, additional studies were car-
ried out to determine the temperature of the elements of the LED lamp when various
electric voltages were applied to them.

45.6°C e=0.95 ]

Fig. 5. Principle of heat distribution over the LED lamp body

As a result of experiments, it was determined that the hottest element of the LED
lamp is not its bulb, but the body, as shown in Fig. 5. This is due to the fact that when
the LED lamp is operating, its driver is most heated, namely the power control chip,
which is installed in the lamp body.
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Fig. 6 shows the temperature of the power control chip at different voltages, and
Fig. 7 shows the temperature relationships of different elements of the LED lamp when
they are supplied with an electric voltage of different values.

=0.95 (= |90.3°C e=0.95 (= 96.2°C e=0.95 (m

J C

Fig. 6. LED lamp driver temperature at different voltages

From the analysis of Fig. 6. it can be seen that when the electric voltage decreases,
the power control chip heats up more, but not significantly.
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Fig. 7. Dependence of the temperature of the LED lamp elements on the supplied electric
voltage.

Fig. 8 dependence of temperature of bulb of electric lamps of different types on
electric voltage in stationary operation mode is presented. From the analysis of the
graphs presented in Fig. 8, it can be argued that LED electric lamps are the safest lamps
from the point of view of fire safety, since they have a lower heating temperature and
work more stably under voltage drops.
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6. Construction of mathematical models of dependence of temperature of
electric lamps depending on voltage

The obtained data were approximated and mathematical models of temperature
dependencies of incandescent bulbs, arc mercury lamps and LED lamps were obtained,
which are presented in Tabl. 6. The adequacy of these mathematical models was
checked and their maximum relative errors were determined, which are also given in
Tabl. 6.

T.7C 'T‘
250 — 333
209 /_,_//4
184 195 | g
200 —
— 168
149 152 155 269
130 ~~ incandescent lamp
mercury arc lamp
100 ~&~ LED lamp
49 50 51 52 53
50 7S S —7 —x —
0 >
200 210 220 230 240 v

Fig. 8. Dependence of the heating temperature of the lamp bulb of different types on the
electric voltage at steady operation mode

In this voltage range, the temperature dependence of an incandescent bulb on time
is best described by polynomial models of the third degree, for arc mercury lamps by
polynomial models of the fourth degree, and LED lamps by polynomial models of the
second degree. Based on the measurement results, graphs of the heating temperature of
the incandescent bulb and the arc mercury lamp versus time at different electrical volt-
ages were plotted, which are shown in Fig. 9, Fig. 10, respectively.

From the analysis of these graphs, it can be argued that the filament bulb
temperature varies exponentially. From the first to the hundredth second it grows
rapidly, from the hundredth to the two hundredth second it grows, but not so sharply,
and after 200 s it almost does not change.

From the analysis of the graphs in Fig. 10, it can be argued that the dependence of
the temperature of the bulb of arc mercury lamps on the applied voltage in the
stationary mode of operation is almost linear.

Fig. 11 shows graphs of the LED bulb heating temperature versus time at different
electrical voltages. It follows from the graphs that the temperature change of the flask is
almost linear, and its difference when applying a voltage of 195 V and 245 V is only
4.7 °C. In this voltage range, the temperature dependence of the bulb of the LED lamp
on time is best described by polynomial functions of the second degree, since the de-
pendence is almost linear.
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Tabl. 6. Mathematical models of the value of the heating temperature of the electric incan-
descent bulb depending on the time

Voltage val- Mathematical model Maximum relative
ues U,V error, %
Incandescent lamps
195 T(t) = 0,0965t° — 3,7532t” + 48,154t — 36,429 4.02
220 T(t) = 0,0945t° — 3,6364t” + 45,764t — 33,080 1.93
245 T(t) = 0,0914t° — 3,3933t° + 41,832t — 24,863 5.35
Arc mercury lamps
195 T(t) = 0,0029t" — 0,1941t° + 3,9079t° — 13,626t + 37,740 3.22
220 T(t) = 0,0028t" — 0,1901t° + 4,0222t° — 18,897t + 50,338 3.46
245 T(t) = 0,0018t* — 0,1318t° + 2,9315t* — 14,280t + 47,545 2.13
LED Lamps
195 T(t) =— 0,1418t° + 4,1813t + 20,968 3.74
220 T(t) =— 0,1012° + 3,4320t + 21,789 4.35
245 T(t) =— 0,0758t° + 2,8960t + 21,534 4.02
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Fig. 9. Dependence of incandescent bulb heating temperature on time at different electric
voltages

7. Discussion of the results of determining the temperature of electric lamps
at overvoltage

As a result of the study, the temperature of electric lamps of various types was
obtained from the supplied electric voltage, in the range from 195 V to 245 V, and
mathematical models of these dependencies were obtained.

From the analysis of the graphs in Fig.5, it can be argued that the temperature of the
bulb of the incandescent lamp increases with the voltage applied to it. At a voltage of
220V, the temperature of the flask was 155.6 °C and at a voltage of 245 V — 168.3 °C,
which is 8.1% more than the standard operating mode. At the same time, reducing the
applied voltage to 195 V reduced the temperature of the bulb of the incandescent electric
lamp by only 4.2%. From the experiments conducted, it can be argued that the dependence
of temperature on the applied voltage for electric incandescent lamps is not linear.
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Fig. 11. Dependence of LED lamp bulb heating temperature on time at different electric voltag

The dependency analysis in Figure 6 shows that the temperature of the arc
mercury bulb also increases with the voltage applied to it. At a voltage of 220 V, the
temperature of the bulb was 209.4 °C and at a voltage of 245 V — 234.3 °C, which is
11.8 % more than the standard operating mode, and a decrease in the applied voltage to
195 V reduced the temperature of the bulb of the incandescent lamp by 13.2 %.

Based on this, it can be argued that in emergency modes of operation, the
temperature of incandescent lamps and arc mercury lamps may exceed the normative
values of temperature groups, as a result of which, when used in environments where
explosive gases or vapors are present, they can become a source of ignition and lead to
explosion or ignition of these substances.
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The temperature of the bulb of the LED lamp also increases with increasing
voltage, but slightly, as can be seen from the graphs in Fig. 7. At a voltage of 220 V,
the temperature of the flask was 52.1 °C and at a voltage of 245 V — 53.9 °C, which is
3.4 % more than the standard operating mode, and reducing the applied voltage to
195 V reduced the temperature of the LED bulb by 5.8 %.

It was found that the driver, namely the power control chip, heats up most when
the LED electric lamp is operating. From the analysis of Fig. 10. it can be seen that
when the electric voltage decreases, the power control chip heats up more, but not
significantly. At 195 V, its temperature is 105.2 °C, at 220 V — 103.9 °C, and at
245V — 101.7 °C. At the same time, the temperature of its body also drops by about 1
°C with an increase in voltage by 25 V. And the temperature of the flask, on the
contrary, increases by 2 °C with an increase in voltage by 25 V. This may be due to the
fact that that the temperature of the flask depends not only on the heating temperature
of the power control chip, but also on the temperature of the LEDs, inductor and
capacitor, but for the reliability of this hypothesis, additional research is necessary.

Based on this, it can be argued that the LED lamp is the best from the point of
view of fire safety, since it has the lowest temperature, as well as the least responsive
change in the voltage of the electrical network, which is explained by its design and
principle of operation.

The disadvantages of the studies are that mathematical models for predicting the
temperature of electric lamps of different types can be applied only to electric lamps of
the corresponding capacities, although the tendency to change their temperature under
emergency operating modes will be the same for all lamps of this type.

With regard to LED lamps, the question remains open regarding their reliability
and durability of operation in emergency modes of operation, which requires
additional research.

8. Conclusions

1. Experimental studies were conducted to determine the temperature of electric
lamps of different types at different values of the electric voltage. It was determined that
the highest heating temperature of the bulb is observed in arc mercury lamps — 234.3 °C,
which is 24.9 °C more than its temperature under standard operating conditions. The 100
W incandescent bulbs warmed up to 168.3 °C, which is 12.7 °C more than its tempera-
ture in standard operation, and the LEDs only up to 53.9 ° C, which is only 1.8 °© C more
than the temperature in standard operation. LED lamps at work have a significantly lower
temperature, which makes them safer to use in different conditions.

2. Mathematical models of dependence of temperature of electric incandescent
lamps, arc mercury lamps and LED lamps on voltage at overvoltage and in low voltage
mode are constructed and their adequacy is checked. The maximum relative errors of
the obtained mathematical models were determined. For mathematical models of elec-
tric incandescent lamps, the maximum relative error is 5.35 %, for arc mercury lamps —
3.46 %, and for LED lamps — 4.35 %.
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BU3HAYEHHS ITAPAMETPIB EJIEKTPUYHUX JIAMII PI3HUX THUIIIB
IIPU ABAPIMHUX PEXKUMAX POGOTH

[IpoBeneHi gocniKeHHS 3 BU3HAYCHHS TEMIIEPATYPH SIEKTPUYHUX JaMIl PI3HUX THITIB [IPH aBa-
pifiHHX pexxuMax poOOTH eIeKTpOMEpeX, a came mpHu nepeHanpysi. [loOynoBaHi rpadiku 3anexxHOCTEH
TeMIIepaTypy KOJOU JaMIl PO3)KapIOBaHHA, JYTOBUX PTYTHHUX JIaMI Ta CBITJIIOAI0OAHUX JaMIl BiJ HAIpy-
', 1110 MOJAEThC Ha HUX. OTpUMaHiI MaTeMaTH4HI MOJCI BEJIMYMHHA TEMIIEPaTypy HarpiBaHHS KOJOH
CJIEKTPUYHO]T JIAMITH PO3KAPIOBAHHS, TyTOBOI PTYTHOI JIAMITH Ta CBITJIOII0OIHOT JIAMIIH B 3aJIC)KHOCTI BijI
yacy. BuzHaueHo, o TemmnepaTypa KoJOu eNeKTPUYHOI JaMITU PO3KapIOBAHHS 3pOCTA€E 32 €KCIIOHEH-
LiaJIbHUM 3aKOHOM 1 pubnu3Ho yepe3 300 cexyna cradinmizyerscs. Temneparypa nIyroBoi pTyTHOI Jia-
MITH TaKO 3MIHIOEThCS 32 €KCIIOHEHIIIAILHUM 3aKOHOM, ajie, y TIOPIBHSHHI 3 JIAMITOI0 PO3KapIOBaHHS,
HE TaK CTPIMKO, a cTabiiai3yeThcs npubim3no uepe3 600 cekynz. BusnadeHo, 1o mnpu aBapiiHuUX pe-
XKHUMax poOOTH TemImeparypa JaMIl pO3KaplOBaHHS Ta JYyrOBHX PTYTHHUX JIaMII MOXKE MEPEBHIYBaTH
HOPMAaTHBHI 3HAYCHHS TEMIIEPATypPHHUX IPYII, BHACIIOK YOr0 Py BUKOPHCTAaHHI iX B CEPEIOBHIIAX, 1€
npucyTHI BUOyxoHeOe3Ie Hi ra3u abo mapu BOHH MOXE CTaTH JPKEPEJIOM 3aIlalfOBaHHs 1 PU3BECTH JI0
BHOYXy a00 3aropsiHHS UX PEYOBHH. BH3Ha4YeHO, 10 TeMIepaTypa CBITIONIOMHOI JIAMITH 3MIHFOEThCS
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3a JiHIKHUM 3akoHOM 1 uepe3 300 cexyHn mepecrae 3poctatu. [1oOynoBaHi 3a1eXHOCTI TEMIIEpaTypH
Pi3HUX €JIEMEHTIB CBITJIOAIOJHOI JIaMIIN B 3aJISKHOCTI BiJl MOJAaHOT Ha Hel eNeKTpuuHoi Hanpyru. Bera-
HOBJICHO, IO HAHOUIBIIE TP pOOOTI CBITIIOAIOMHOT €IEKTPUYHOI JaMITH HarpiBaeThcs ApaiBep, a caMe
9iI KepyBaHHS )KUBJICHHAM. Bru3HaueHo, 10 Mpu 3MEHIICHH] eJIeKTPUYHOI HAIIPYTH Yill KEPyBaHHS KH-
BJICHHSIM HarpiBaeThcst Oijblie, aje He3HaYHO. BCTaHOBIEHO, 1110 CBITIOIOAHA JlaMIia € HAaHKPaIIolo 3
TOYKU 30py MOXKEKHOI O€3MEeKH, OCKIIBKH Ma€ HalHMKYY TeMIepaTypy, a TaKoX HaiMeHIEe pearye
3MiHY HalpyT eNeKTPHIHOI MEpexKi, IO MOSICHIOETHCSA 11 KOHCTPYKIIIEIO Ta IPUHITAIIOM Jii.
Kuro4oBi c10Ba: Temreparypa 1aMiy, epeHanpyra, 3HimKeHa HalpyTa, oXKeXHa HeOe3neka
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