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STUDY OF FIRE HAZARDS IN ELECTRICAL CONNECTIONS
OF VARIOUS TYPES

Research was conducted to determine the temperature of various types of electrical connections
under emergency operating conditions of the power grid, specifically during overloads. The most com-
mon electrical connections were selected as the subjects of the study. Experimental measurements of
connection temperatures were performed at various current values exceeding the conductor’s rated val-
ues. Graphs were plotted showing the dependence of the temperature of electrical connections on time
as different values of electric current passed through them. Mathematical models were obtained for the
dependence of the temperature of various types of electrical connections on time during overload condi-
tions. The adequacy of the models was verified, and their maximum relative errors were determined. It
was established that the temperature of electrical connections increases with an increase in electric cur-
rent and exhibits a nonlinear dependence. It was determined that certain types of electrical connections
heat up significantly during overload, accompanied by deformation of their structural elements, smoke
emission, and melting of conductor insulation. It was established that the heating of such connections
does not cease during the study period, indicating their hazardous behavior under overload. It was de-
termined that other types of electrical connections are characterized by a more stable temperature re-
gime; their heating slows down over time and is not accompanied by visible signs of failure. It has been
established that such connections are capable of withstanding short-term overloads without losing their
operational properties. It has been established that during emergency operating conditions of electrical
networks with faulty protective devices, certain types of electrical connections can be a source of igni-
tion due to significant heating, deformation, and structural failure. The necessity of testing electrical
connections under overload conditions to improve the fire safety of electrical networks has been sub-
stantiated.
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1. Introduction

Harsh winter weather conditions and damage to the power infrastructure, along
with widespread power outages and scheduled blackouts, created conditions conducive
to overloading, which in turn led to electrical appliances, wiring, and lighting systems
operating under emergency conditions. The unstable and emergency operating condi-
tions of Ukraine’s power system significantly increased the risk of fires in certain sec-
tions of electrical networks and in electrical equipment. According to an analysis of sta-
tistical data on fire incidents during the first two months of 2026 [1], a significant in-
crease has been recorded, with the leading cause being violations of fire safety regula-
tions during the installation and operation of electrical installations, accounting for
2.925 cases, compared to 1.693 cases during the same period in 2025. These data high-
light the need to study the hazardous parameters of emergency operating modes in elec-
trical systems in order to improve the safety of electrical equipment operation.

Given that conductor joints are among the areas where contact resistance can po-
tentially form, this can create conditions conducive to the occurrence of abnormal oper-
ating conditions in electrical networks. The importance of researching the fire safety of
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conductor joints is growing even more, as damaged or unstable electrical networks can
increase the risk of fires.

A review of the most common methods for connecting conductors reveals the
widespread use of solderless terminal blocks, which are available in a wide variety on
the market and must comply with current regulatory requirements. In particular, manu-
facturers of terminal blocks for copper conductors are required to ensure and verify the
fire safety of their products in accordance with DSTU EN 60947-7-1:2017 [2]. In ac-
cordance with the requirements of this standard, the insulating parts of terminal devices
that may be exposed to thermal stress, particularly under conditions of overheating of
current-carrying elements, must not ignite or contribute to the spread of flames under
abnormal operating conditions, which is a critical criterion for ensuring their operation-
al and fire safety.

Research into the condition of terminal devices used to connect conductors re-
mains a relevant topic of study, as it affects the overall fire safety of facilities. Conse-
quently, the occurrence of fires resulting from abnormal operating conditions in electri-
cal networks is a pressing issue.

2. Analysis of the literature and statement of the problem

The paper [3] investigates the problem of increasing contact resistance in spring-
type contact connections due to mechanical wear and operational loads. The physical
and mechanical processes of electrical current transmission and the deterioration of
electrical contact quality, accompanied by local heating and a decrease in connection
reliability, are considered. It has been established that the degradation of contact surfac-
es leads to an increase in contact resistance. At the same time, these processes are not
considered for conductor connections using terminals.

The study [4] examines the reliability of spring-socket contact connections, taking
into account degradation mechanisms, in particular the oxidation of contact surfaces
and the loss of contact pressure. It is shown that these factors cause an increase in con-
tact resistance and a decrease in the stability of the electrical contact, particularly under
conditions of long-term storage. However, thermal loads on contact connections during
the passage of fault currents during operation are not taken into account.

The study [5] describes the mechanism underlying contact resistance and its com-
ponents, and presents a model and calculation method for contact resistance for practi-
cal engineering applications. The study demonstrates the influence of structural and
physical parameters on the resistance value. However, the fire hazard associated with
contact connections is not addressed in the study.

Studies [6, 7] focus on evaluating the contact resistance of connections between
copper and aluminum conductors, taking into account the influence of material, surface
condition, and clamping conditions. It has been established that the presence of oxide
films and the quality of mechanical contact significantly affect the increase in re-
sistance, especially for aluminum conductors due to more intense oxidation. In this con-
text, the main focus is on the design parameters of the connection, specifically the con-
nection angle and clamping conditions, as well as the processes of contact spot welding.
Terminal connections of conductors are not considered in these works.

The works [8, 9] present experimental studies of various types of conductor con-
nections regarding heat generation at contact points when an electric current flows to
levels that may pose a fire hazard. A relationship has been established between contact
resistance parameters and heating temperature. At the same time, terminal connections
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are represented only to a limited extent in the studies — specifically, by only one
product — which does not allow for an assessment of the reliability and fire hazard of
such connections for different design configurations.

The study [10] proposes a model of a fire protection element for electrical net-
works at connection points, which makes it possible to prevent emergencies caused by
overheating in “plug-socket” contact zones. The effectiveness of detecting excessive
local heating has been demonstrated. However, the behavior of conductor connections
made using terminals under emergency operating conditions has not been investigated.

The study [11] presents experimental investigations of the fire hazard characteristics
of cable and wire products, including the determination of the flame spread class, the mass
and volume of combustible material, and mass loss during combustion. The influence of
design and materials on the fire characteristics of the products is demonstrated. However,
the fire hazard of conductor contact connections is not addressed in this work.

Thus, an analysis of the literature has shown that existing studies focus primarily
on determining contact resistance, the mechanisms underlying its increase, and general
thermal processes in contact connections. At the same time, insufficient attention has
been paid to investigating the fire hazard posed specifically by conductor terminal con-
nections, particularly under emergency operating conditions in electrical networks.

Given the widespread use of electrical devices and connections in industrial, resi-
dential, and public buildings, as well as their operation under conditions of unstable
power supply, the likelihood of fire hazards is increasing. In this regard, the study of
electrical connections using terminals under emergency operating conditions is a press-
ing scientific challenge.

3. Purpose and Objectives of the Study

The purpose of this study is to determine the thermophysical characteristics of
various types of electrical connections resulting from heating caused by an overload in
the electrical network.

To achieve this goal, the following tasks must be completed:

1. Conduct experimental studies to determine the temperature of various types of
electrical connections under overload conditions.

2. Develop mathematical models of the relationship between the temperature of
various types of electrical connections and current under overload conditions.

4. Materials and Methods

The object of this study is the thermal processes that occur in electrical connec-
tions under overload conditions.

The subject of this study is electrical connections of various types.

The research hypothesis is based on the assumption that, under certain conditions,
when an overload occurs in an electrical network, the temperature of the electrical con-
nection may rise, as a result of which it may become a source of ignition for certain ma-
terials and/or substances.

The electrical connections presented in Tabl. 1 were selected for the experimental
studies. The electrical connections were chosen based on the principle of those that are
most common and those available on the open market.

The tests were conducted using a laboratory power supply, the appearance of
which is shown in Fig. 1, and whose specifications are presented in Tabl. 2.

This BVP TFT 30V 50A laboratory unit allows for testing within a current range
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of 0-50 A. To test various types of electrical connections, a BBI'-II (3x1.5) electrical

cable with a rated current of 19 A was used.

Tabl. 1. Electrical connections used in the test

ENEXT p0660204
Country of origin Germany
Manufacturer's part number 22-1482y-W
Rated voltage, V 450
Rated current, A 32
Operating temperature from —40 °C to +105 °C
Protection rating 1P20
Material Polyamide
WAGO transparent terminal block for 1 conductor (with lever)
Country of origin Germany
Manufacturer's part number 22-2611Y-W
Rated voltage, V 450
Rated current, A 32
Protection rating 1P20
EMT Electronics 22-4201y Service Terminal
Country of origin China
Manufacturer's part number ZD-224-201
Rated voltage, V 220
Rated current, A 24
Material Polyamide
Protection rating 1P20

o OUTPUT ooty
orr @ [ @ i (@3 laovsoAJ

DC Power

Fig. 1. BVP TFT 30V 50A Laboratory Power Supply

Tabl. 2. Technical Specifications of the BVP TFT 30V S0A Laboratory Power Supply

Parameter Parameter value
Supply voltage, V 198-242
Maximum output power, W 1500
Maximum input power, W 1800
Efficiency, % 85
Adjustable output voltage, V 1,0-15,0
Adjustable output current, A 1-100
Output current display resolution, A 0,1
Basic setting error, % 1,5
Operating temperature range, °C +5..+40
Dimensions, mm 275x115x260
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To measure the temperature of various types of electrical connections, a UNI-T
UT133A digital multimeter with a thermocouple was used, as shown in Fig. 2; its speci-
fications are listed in Tabl. 3.

Fig. 2. UNI-T UT133A A Digital Multimeter with Thermocouple

Tabl. 3. Specifications of the UNI-T UT133A Digital Multimeter with Thermocouple

Manufacturer UNI-T

Device type Multimeter

Resistance, Voltage, Current, Capacitance, Frequen-

Measurement parameters:
cy, Temperature

Temperature measurement range —40°C - 1000°C
Temperature measurement accuracy +4°C
Range selection: Automatic

The test scenario considered a situation involving a faulty protective device. Over-
load was selected as the emergency operating mode. The tests were conducted for four
current values—21; 28.5; 38 and 47.5 A—which correspond to 1.1; 1.5; 2.0 and 2.5
times the conductor’s rated current. In this test, the temperature of the electrical connec-
tions and their behavior under overload conditions were measured under the influence
of various currents.

5. Experimental determination of the temperature of electrical connections
at different current levels

A total of 10 tests were conducted for each electrical connection at various current
levels. The electrical connections were tested for 300 seconds in most cases; in some
instances, if their temperature rose, they were tested for a longer duration.

The test results for the E.NEXT p0660204 terminal block with a push-lever con-
nector are presented in Tabl. 3.

Tabl. 4. Test results for the E.NEXT p0660204 terminal block

s AT,°C
=21 A 1=28,5 A =38 A 1=47,5 A

0 25 25 25 25
60 51 72 82 130
120 58 94 109 172
180 62 104 135 187
240 66 112 151 192
300 66 120 162 199
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As can be seen from the test results in Tabl. 4, the E.NEXT terminal block heated
up to 199 °C when a current of 47.5 A passed through it for 300 seconds, as shown in
Fig. 3; however, its heating did not stop. At the 180-second mark, smoke appeared, and
at the 240-second mark, deformation of the terminal block began. When a current of 38
A passed through it for 300 s, it heated up to 162 °C, as shown in Fig. 4. When currents
of 38 A and 47.5 A passed through it, the terminal block began to deform under the in-
fluence of high temperatures. Fig. 5 clearly shows the melting of the electrical conduc-
tor’s insulation at the connection point with the terminal block.

Fig. 3. Testing of the E.NXT p0660204 terminal block
t,°C
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Fig. 4. Graph showing the relationship between the temperature of the E.NEXT p0660204
terminal block with a pressure lever and time as various electrical currents pass through it

Based on the above, it can be concluded that the E.ZNEXT p0660204 push-lever
terminal block poses an electrical hazard under overload conditions and may create
conditions conducive to a fire. The WAGO transparent 1-conductor terminal with lever
22-2611V-W heated up to only 76 °C in 300 seconds when a 38 A electric current
passed through it, as shown in Fig. 6, and to 113 °C when a current of 47.5 A was ap-
plied, as shown in Tabl. 5. During the test, the WAGO terminal did not deform, and its
temperature stopped rising after 300 seconds. Graphs showing the dependence of the
terminal temperature on time at different current values are presented in Fig. 7. It fol-
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lows that the terminal is capable of withstanding short-term overloads in the electrical
network, and the melting of the conductor insulation will occur faster than the defor-

mation and melting of the electrical terminal.

Fig. 5. Deformation of the E.NEXT p0660204 terminal block with a pressure lever following

testing

Tabl. 5. Test results for the WAGO 22-2611V-W terminal

s AT,°C
? =21 A 1=28,5 A 1=38 A =475 A
0 25 25 25 25
60 36 43 54 70
120 40 50 67 92
180 40 53 72 102
240 41 55 75 108
300 41 55 76 113

7 /
Fig. 6. Testing of the WAGO transparent 1-conductor terminal with lever 22-2611V-W

The test results for the EMT electronics 22-4201y terminal are presented in

Tabl. 6. Testing for this terminal took longer than for the other terminals because its
heating did not stop at the 300-second mark; therefore, the test was extended to obtain
more accurate results.

Tabl. 6. Test results for the EMT electronics 22-4201y terminal block

s AT,°C

’ =21 A 1=28,5 A 1=38 A 1=47,5 A
0 25 25 25 25
60 66 70 86 94
120 76 97 106 134
180 79 102 116 163
240 81 105 122 170
300 85 106 126 179
360 86 107 130 180
420 86 107 131 182
480 86 107 132 186
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Fig. 7. Graph showing the temperature of the WAGO 22-2611V-W terminal as a function of
time when various electrical currents pass through it
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Fig. 8. Graph showing the relationship between the terminal temperature of the EMT elec-
tronics 22-4201 and time as various electric currents pass through it

As shown by the test results, the EMT electronics 22-4201y terminal heated up to
186 °C when a current of 47.5 A passed through it over 480 seconds. Smoke began to
appear at 180 seconds, and deformation of the terminal began at 300 seconds. When a
current of 38 A passed through it for 300 seconds, it heated up to 126 °C, as shown in
Fig. 8.
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6. Development of mathematical models describing the temperature depend-
ence of various types of electrical connections under overload conditions

The obtained data were approximated, and mathematical models of the tempera-
ture dependencies for the E.NEXT p0660204, WAGO 22-2611V-W, and EMT elec-
tronics 22-4201y electrical connectors were derived, as shown in Tabl. 7. The adequacy
of the mathematical models was verified, and their maximum relative errors were de-
termined, which are also shown in Tabl. 7.

In this voltage range, the dependence of the incandescent lamp bulb temperature
on time is best described by third-degree polynomial models, for mercury arc lamps by
fourth-degree polynomial models, and for LED lamps by second-degree polynomial
models. Based on the measurement results, graphs were plotted showing the depend-
ence of the heating temperature of the incandescent lamp bulb and the arc mercury lamp
on time at various voltages, which are presented in Fig. 9 and Fig. 10, respectively.

Tabl. 7. Mathematical models of the temperature rise in electrical connections as a function
of time

The value of electric Mathematical model Maximum rela-
current I, A tive error, %
E.NEXT p0660204
21.0 T(t)=4E-06t — 0.0023t> + 0.5027t + 25.805 3.01
28.5 T(t)=6E-06t — 0.0038t> + 0.9222t + 28.02 2.15
38.0 T(t)=4E-06t — 0.0031t> + 0.9921t + 29.154 3.73
475 T(t)=2E-05¢> - 0.01> + 2.1186t + 37.121 3.36
WAGO 22-2611V-W
21.0 T(t)=2E-06t> - 0.0011t> + 0.2215t + 26.359 3.14
28.5 T(t)=2E-06t> - 0.0014t> + 0.3321t + 27.097 431
38.0 T(t)=4E-06t> - 0.0025t2 + 0.5966t + 26.023 1.73
475 T(t)=-2E-08t. + 2E-05t* - 0.0058t> + 1.0682t + 23.448 1.95
EMT electronics 22-4201y
21.0 T(t)=2E-06t> - 0.0018t> + 0.5212t + 34.398 2.78
28.5 T(t)=3E-06t> - 0.0029t> + 0.8313t + 30.202 2.56
38.0 T(t)=3E-06t> - 0.0027t> + 0.8473t + 37.52 3.55
475 T(t)=4E-06t> - 0.0037t> + 1.2827t + 28.307 4.03

Based on the data obtained, it can be concluded that during emergency operating
conditions in electrical networks with faulty protective devices, certain types of electri-
cal connections can cause a fire. Test results showed that the EMT electronics 22-4201y
terminal and the E.NEXT p0660204 terminal block deformed under overload, emitted
smoke, and experienced melting and destruction of the housing, which could have be-
come a source of ignition if they were subsequently used in such a mode. The WAGO
22-2611V-W terminal briefly withstood an electrical current of up to 47.5 A in overload
mode without deformation or smoke emission.

7. Discussion of the results of measuring the temperature of various types of
electrical connections under overload conditions

The study yielded temperature-current relationships for various types of electrical
connections in the range from 21 A to 47.5 A, as well as mathematical models of these
relationships.

Based on the analysis of the graphs, it can be concluded that the temperature of
electrical connections increases with an increase in the current supplied to them. Based
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on the experiments conducted, it can be concluded that the relationship between tem-
perature and applied current for electrical connections is not linear.

An analysis of the data in Fig. 1 shows that the temperature of the E.NEXT
p0660204 electrical connection exceeded the permissible temperature for this connec-
tion by 54 % when a current of 38 A passed through it, and by 89 % when a current of
47.5 A passed through it. At the same time, the terminal began to deform and emit
smoke. The insulation also melted at the point where the electrical conductor connected
to the terminal. Based on this, it can be concluded that high contact resistance occurs at
the points where the terminal contacts the conductor, which can cause the insulation to
melt and, as a result, create a source of ignition.

An analysis of the data in Fig. 5 shows that the temperature of the EMT electron-
ics 22-4201y electrical connection exceeded the permissible temperature for this con-
nection by 25 % when a current of 38 A passed through it, and by 77 % when a current
of 47.5 A passed through it. At the same time, the terminal began to deform and emit
smoke.

Based on this, it can be concluded that when electrical circuits are overloaded, the
temperature of the EMT electronics 22-4201y and E.NEXT p066020 electrical con-
nectors may exceed regulatory limits, causing their housings to melt; consequently,
their use — even during brief overloads — can pose electrical and fire hazards. This is
due to the release of hazardous fire-causing factors and the potential for an ignition
source to arise as a result of the melting of the electrical connection.

As shown in Fig. 7, the temperature of the WAGO 22-2611V-W electrical con-
nection did not exceed the permissible temperature for this connection when a current
of 38 A passed through it, and when a current of 47.5 A passed through it, it exceeded
the permissible temperature by only 7.6 %. Based on the experiments conducted, it can
be concluded that this terminal is safe from a fire safety perspective during short-term
electrical network overloads, but requires more detailed investigation under conditions
of prolonged overloads.

A limitation of the studies conducted is that mathematical models for predicting
the temperature of various types of electrical connections can only be applied to those
specific models of electrical connections, and the temperature trends of different mod-
els of the same type of electrical connection under overload conditions may vary. This
Is precisely why it is necessary to test all types of electrical connections under overload
conditions before they are released for sale and to verify the relevant documentation
during market surveillance by State Emergency Service personnel.

8. Conclusions

1. Experimental studies were conducted to determine the temperature of various
types of electrical connections when an overload occurs in an electrical network. It was
determined that the temperature of the WAGO 22-2611V-W terminal when subjected to
a current of 47.5 A was 113 °C, with no deformation or smoke emission observed. The
ENEXT p0660204 and EMT electronics 22-4201y terminals heated up to 162 °C and
126 °C, respectively, when an electric current of 38.0 A passed through them, resulting
in deformation of the terminals, indicating that these terminals can cause a fire even un-
der short-term overloads.

2. Mathematical models of the temperature dependence of electrical connections
on the applied current and during overload were constructed, and their adequacy was
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verified. The maximum relative errors of the obtained mathematical models were de-
termined. For the mathematical models of the E.INEXT p0660204 electrical terminal,
the maximum relative error is —3.73 %, for the EMT electronics 22-4201y — 4.03 %,
and for the WAGO 22-2611V-W —4.35 %.
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JOCAIJIKEHHSA NOKEKHOI HEBE3NEKHU EJIEKTPUYHUX 3’€THAHb
PI3BHUX THUIIIB ITPU IEPEBAHTAKEHHI

[IpoBeneni mocmipkeHHS 3 BU3HAYCHHS TEMIIEPATypH €JISKTPUYHHX 3’ €THAHb PI3HUX TUIIB IpU
aBapifHUX pexkrMax PoOOTH eJIEKTPUYHOI MEpexi, a caMe MpHU NepeBaHTaXeHHi. B sikocTi 00’ekTiB A0-
CIiPKeHHS 00paHO HAaWOIIBII MTOMIMPEH] eNeKTpudHi 3’ eqHaHHs. [IpoBeIeHO eKkcITepuMeHTaIbHI BIUMi-
PIOBAaHHS TEMITEPATypH 3’ €HAHb NP PI3HUX 3HAYEHHAX €JICKTPUIHOTO CTPYMY, IO TEPEBUILYIOTh HO-
MiHalbHI 3HaueHHs TnpoBigHuKa. [loOymoBaHi rpadiku 3aJe:KHOCTEW TeMIepaTypu eJNeKTPHYHHX
3’€IHaHb BiJ Yacy MPH MPOXOKEHHI Yyepe3 HUX Pi3HHUX 3HAYCHb EIeKTPHYHOro crpymy. OTpumMani ma-
TEMaTHU9HI MOJIEN 3aJIe)KHOCTEH TeMIIepaTypH €IeKTPUIHHUX 3’ €THAHb PI3HUX TUMIB Bif 4acy HpH Ie-
peBanTaxkeHHi. [IpoBeneHO mepeBipKy ajeKBaTHOCTI MOJeNlel Ta BU3HAYEHO X MaKCHMallbHI BiJHOCHI
moxuOKu. BcTaHOBIIGHO, 1110 TeMIIepaTypa eIEKTPUYHUX 3’ €HaHb 3POCTAE 31 30UIBIICHHAM CJIEKTPHY-
HOTO CTPyMy Ta Ma€ HENHIMHWIA XapakTep 3ajeKHOCTi. BH3HA4YeHO, IO OKpeMi THIH eNeKTPHYHUX
3’€IHaHb TIPH TIEPEeBaHTAXKEHHI 3HAYHO HATPiBAOTHCS, TIPU I[bOMY BiOyBaeThCs nedopMartis iX KOHC-
TPYKTHUBHHX €JIEMEHTIB, BHIUICHHS UMY Ta IUIaBICHHS 130JALii MPOBiAHMKIB. BcTanoBieHo, mo Ha-
IpiBaHHs TaKHX 3’€IHAHb HE MPHUIHHSAETHCS MPOTITOM TOCTIKYBAHOTO Yacy, IO CBIIYHTH MPoO iX He-
Oe3nedHy MOBENIHKY MPH MepeBaHTaKEHHI. Bu3HaueHo, 110 iHII THIMK eNeKTPUYHUX 3’ €THAHb Xapak-
TEPU3YIOThCS OUIBII CTaOLIBHUM TEMIEpaTYpPHUM PEKHUMOM, X HArpiBaHHS 3 YacOM CIIOBUTBHIOETHCS
Ta HE CYMPOBOKYETHCSI BUAMMUME O3HAKaMH pyiHHYyBaHHs. BcTaHOBIEHO, 110 Taki 3’€JHAHHS 3/aTHI
KOPOTKOYAaCHO BHTPUMYBATH INIEPEBaHTAXXCHHS 0€3 BTpATH €KCIUTyaTalliiHUX BIacTUBOCTEH. BeTaHoB-
JICHO, IO TPH aBapillHUX peXUMax POOOTH EIEKTPUYHUX MEPEeX 3 HECHPaBHUM amapaTtoM 3axXHUCTY
OKpeMi THIH eNEKTPUYHUX 3’ €HaHb MOXYTh OyTH JKEpesioM 3amajloBaHHs, 10 3yMOBJICHO 3HAYHUM
HarpiBaHHAM, AeQopMaIi€o Ta pyHHyBaHHAM 1X KOHCTpYKIii. OGTpyHTOBAaHO HEOOXITHICTH MPOBECH-
HS BUITPOOYBaHb €IEKTPUYHUX 3’ €JJHAHb Y PEeXKUMAaxX IEPEBAHTAKEHHS 3 METOIO IiJBHIIECHHS PiBHS MO-
KEKHOT O€3MeKH eNEKTPUIHIX MEPEK.

KuarouoBi cjioBa: Temreparypa, eIeKTpUYHe 3’ €THAHHA, IePEBAHTAKCHHS
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