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Abstract 
Introduction. In the medium voltage power grid of 6–35 kV, there is a problem of protecting 
voltage instrument transformers. This is due to the insufficiently effective level of their protec-
tion with fuses. Recently, there have been more and more reports of accidents associated with 
the failure of voltage instrument transformers not only in Ukraine, but also abroad. The issue 
of conducting an analytical study of the problem of protection of medium voltage instrument 
transformers by fuses is relevant. Goal. Investigation of designs and characteristics of fuses for 
medium voltage instrument transformers to improve the efficiency of their protection. Results. 
The article shows that protection of medium voltage instrument transformers with epoxy 
insulation is often provided by fuses, in which the nominal current of the fuse-link is signifi-
cantly higher than the maximum permissible long-term current of the primary winding of the 
instrument transformer. A comparative analysis of the current values of the primary winding 
of medium voltage instrument transformers with the values of the rated currents of the fuse-
links of fuses of various manufacturers presented on the Ukrainian market is carried out. The 
design features and technical characteristics of fuses for medium voltage instrument trans-
formers have been investigated in order to increase the efficiency of their protection. The ad-
vantages and disadvantages of the designs of fuses from various manufacturers have been 
investigated and it has been established that the design of fuses requires further improvement 
in order to increase the efficiency of protection of medium voltage instrument transformers. 
Discussion and prospects for further development. Since in Ukraine, the need for fuses to pro-
tect medium voltage instrument transformers is provided mainly by supplies abroad, a prom-
ising direction for further development in this direction is the creation of a domestic competi-
tive design of a fuse and its introduction into production. 

  

INTRODUCTION 

One of the components of the medium voltage elec-
trical network 6–35 kV is a voltage instrument trans-
former (VIT) – a transformer in which the secondary 
voltage under normal conditions of application is 
almost proportional to the primary voltage and for 
the corresponding connection differs from it in 
phase by an angle which is approximately zero. 
Almost until the end of the 20th century transform-
ers with oil insulation in a sealed container, such as 
single-phase NOM-6 or three-phase NAMI-6, 
NTMI-10 (Fig. 1), etc. as VITs were mostly used (in 
some places they are in operation to this day, and 
even manufactured), in the designs of which the oil 

medium was used both for direct insulation of the 
primary winding from the secondary one and for 
their cooling from overheating in case of emergen-
cies such as temporary overloads, ferroresonance 
phenomena, etc. [1–0]. The disadvantages of VITs 
with oil insulation are: 

 large dimensions of VIT due to the relatively 
low insulating properties of the oil; 

 fire hazard of the oil environment; 

 the need for periodic maintenance; 

 the possibility of leakage with the correspond-
ing consequences and others. 

Since the mid-90s of the 20th century VIT manu-
facturers have increasingly used the so-called cast 
insulation in their  designs,  which  has  now  almost  
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(a) (b) (c)  

Figure 1. VITs with oil insulation: single-phase NOM-6 (a), 
three-phase NAMI-6 (b) and NTMI-10 (c) 

completely supplanted oil VITs from the market. 
Cast insulation for transformers can be made either 
of foundry polyurethane elastomers (less often and, 
as a rule, for transformers for outdoor installation), 
or, most often, of epoxy compound (for transform-
ers for indoor installation). Cast epoxy insulation is 
a mixture of components such as: thermosetting 
epoxy resin, hardener, powder filler (e.g., powdered 
quartz sand – to increase the thermal conductivity 
of the insulation, mechanical strength, etc.), and 
various additives (e.g., plasticizer – to reduce fragili-
ty, accelerator – to control the rate of polymerization, 
coloring – to provide the desired color). Due to both 
the properties of these components and the complex 
technological process of manufacture, VITs with 
epoxy insulation have significant advantages over 
oil ones, namely: 

 reduced weight and overall dimensions due 
to higher insulating properties of epoxy insu-
lation; 

 increased mechanical strength of windings; 

 no need for maintenance; 

 longer service life; 

 fire safety and others. 

One of the important tasks that ensures the relia-
bility of electricity transmission is the protection of 
VIT in case of emergency, which is manifested in the 
occurrence of overvoltages and resonant phenome-
na [9–12]. All overvoltages that occur in electrical 
networks can be divided into external and internal. 
The causes of overvoltages and resonant modes are 
extremely diverse: short circuit to ground; operation 
of the fuse in one of the phases; lightning strikes; 
disconnection of transformer idling, etc. The most 
common cause of surges is a short circuit of the 
phase to ground through an arc that appears or goes 
out, which can result in resonant phenomena and 
dangerous overvoltages [13–18]. 

Internal overvoltages and resonant phenomena 
in medium voltage lines are largely determined by 
the type of neutral grounding. Currently, there are 
four types of neutral grounding: insulated neutral 
(the most common option in domestic medium 
voltage networks); deafly grounded neutral; neutral 

grounded through the reactor and/or neutral 
grounded through a resistor (with high or low re-
sistance). Studies show [3, 11, 19] that the most 
promising in terms of reducing overvoltages and 
eliminating resonant phenomena are neutral 
grounding circuits through resistance and/or arc 
quenching reactor, but this requires changing the 
existing grounding scheme with readjustment of 
relay protection and not always possible (for exam-
ple, when the line is connected to a power trans-
former, the windings of which are connected by a 
triangle). Another means of protection of VIT from 
emergency modes is the use of anti-resonant trans-
formers, which are more complex in design and, 
accordingly, are less reliable [1, 2, 10, 13, 20]. In 
practice, there is a phenomenon when anti-resonant 
transformers, when switched on, themselves cause 
ferroresonance and displacement of the neutral 
beyond acceptable limits. 

Therefore, the most reliable means of protection 
against emergency operation of both VITs separate-
ly and the equipment of the switchgear with bus-
bars in general, are fuses with appropriate rated 
currents [9, 21–30]. 

For protection of VITs the fuses which are in-
stalled on the side of the primary windings of high 
voltage or separately on isolating basic insulators 
(Fig. 2a, b) in the distributing device or are directly 
mounted in a design of VIT (Fig. 2c) are applied. 

Such fuses are designed to protect VITs in the event 
of emergency modes, such as a short circuit on the 
secondary terminals. Other protective devices for 
protection of VITs are not applied in practice. 

 

(a) (b) (c)  

Figure 2. Examples of installation of fuses for protection 
VITs 

PROBLEM DEFINITION.  
JUSTIFICATION OF RELEVANCE 

It is traditionally believed that because the design of 
fuses is relatively simple (consists of a small number 
of parts, no moving parts with complex kinematics, 
etc.), they are one of the most reliable protection 
devices designed to protect electrical networks and 
equipment from overcurrents – overloads and short 
circuits. Most often, this statement is true – if the 
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network has a powerful short circuit with a large 
peak value of the expected current, the fuse operates 
quickly, and due to the current-limiting effect, the 
current does not have time to reach its maximum 
value. This applies both to cases that occur in the 
low voltage network (up to 1000 V) and in the me-
dium (6–35 kV) and high (> 35 kV) voltages net-
works. Another situation occurs in the case of small 
overload currents – there are examples when the 
fuses are unable to cope with a small increase in 
current in the protected circuit. 

Fuses designed to protect low-voltage distribution 
networks up to 1000 V category G or L must switch 
off the circuit with overcurrent not immediately 
after its occurrence, but after a certain period of time, 
the duration of which is determined depending on 
the level of this overcurrent. According to the re-
quirements of Standard [31] for fuses of category G 

with rated current ,nI  the fusing of the fuse-

element should not occur during a certain conven-
tional time at current of 1.25 nI  (conventional non-

fusing current), and at current 1.6 nI  (conventional 

fusing current) fusing must happen obligatory with-
in the same time. The value of the conventional time 
is defined in [31] depending on the rated current nI  

and can range from one to four hours. In particular, 

at 16 < nI < 63 A the specified conventional time is 

1 hour. 
Fuses for medium-voltage and high-voltage circuits 

must meet the requirements of Standard [32] that 
apply to current-limiting fuses for various purposes, 
namely: 

 for protection of power transformers; 

 for protection of voltage instrument trans-
formers (VITs); 

 for protection of electric motors (AC voltage 
3.6–36 kV); 

 for protection of electrical equipment of pow-
er circuits of traction substations and rolling 
stock of railways (DC voltage 1.9–4 kV). 

With regard to the values of conventional cur-
rents of non-fusing or fusing, or determining the 
duration of the conventional time of fusing, in the 
Standard [32] for fuses with voltage above 1000 V 
such values are not given. 

Domestic Companies produce fuses of four types 
(Table 1): 

 PKT – for protection of power transformers; 

 PKN – for protection of voltage instrument 
transformers; 

 PKE – for protection of electrical installations 
of excavators and mobile power plants; 

 PKZ – for protection of power circuits of elec-
tric locomotives, electric trains and passenger 
cars. 

Table 1. Characteristics of medium voltage fuses 

Parameter PKT PKE PKN PKZ 

Rated  
voltage, kV 

6, 10, 35 3 

Rated current 
of the fuse-link 
(cartridge), A 

2 – 80 
not nor-
malized 

2 – 40 

Rated breaking 
current, kA 

< 31.5 < 31.5 

 
As it can be seen from Table 1, the values of the 

rated current of the fuse-link of medium voltage 
fuses for protection of VITs are not normalized. The 
reason for this is that the primary winding of the 
VIT, in the circuit of which the fuse is installed, has 
high resistance and, accordingly, the current flow-
ing through the winding is quite small. The value of 
this current can be estimated by analyzing the tech-
nical data of VITs from different manufacturers. For 
a single-phase VIT with oil insulation type NOM-6 
the following data are given: 

 rated voltage – 6 kV; 

 insulation resistance of windings at tempera-

ture of 20С – not less than 300 M; 

 maximum load of the secondary winding – 
400 VA. 

So, the rated current according to the simplified 
formula is equal to: 

400 / 6000 66I P U    mA. 

On the other hand: 

3 66 10 / 300 10 0,02I U R      mA. 

In addition, the windings of VIT of this type are 
in the environment of the oil, which performs, as 
mentioned above, the cooling function. Therefore, 
even in the case of an increase in current through 
the primary winding (of course, to a certain level), it 
will not lead to failure of the winding and the trans-
former. 

A completely different situation is observed in 
the case of VIT with epoxy insulation, the typical 
design of which is shown in Fig. 3. There is no 
source of additional cooling in the design of such 
transformers. Simultaneous long-term operation of 
VIT at maximum loads of the secondary winding 
with additional current increase through the prima-
ry winding in case of temporary overloads or fer-
roresonance phenomena can cause excessive over-
heating of VIT windings. Here, high heat-insulating 
properties of epoxy compound interfere with heat 
removal from the heated elements of VIT and pro-
mote the further overheating of cast insulation. As a 
result, in the absence of oxygen there is a thermal 
decomposition of superheated material with the 
formation of soot and gas evolution.  
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Figure 3. Typical design of medium voltage VIT with 
epoxy insulation: 1 – terminals of the primary winding; 
2 – flexible taps of the primary winding; 3 – primary 
winding; 4 – epoxy insulation; 5 – secondary winding; 6 – 
magnetic core; 7 – steel base; 8 – bolt of infringement; 9 – 
terminals of the secondary winding; 10 – insulation of the 
magnetic core; 11 – insulation of the primary winding; 
12 – insulation layer between the primary and secondary 
windings; 13 – flexible taps of the secondary winding 

Soot reduces the electrical insulating properties 
of the compound and promotes further decomposi-
tion of the material, as soot itself is also an excellent 
thermal insulating substance. The result is the de-
struction of the compound under the influence of 
temperature and electrical breakdown, which ulti-
mately leads to the destruction of VIT (Fig. 4). 

 

 

Figure 4. Examples of destruction of VIT with epoxy insu-
lation 

Recently, in the open information space there are 
more and more reports of accidents related to the 
failure of VITs not only in Ukraine but also abroad 
[6, 0, 10, 11, 15, 19, 23]. It should be noted that the 
presence of a relatively small number of publica-
tions on this issue and specific examples of emer-
gencies does not indicate its absence or no-relevance, 
but indicates a certain reluctance on the part of both 
operators and manufacturers of VITs and fuses to 
cover it in real terms. Thus, the question of studying 
the problem of protection with fuse fuses of medi-
um voltage instrument transformers is relevant. 

The goal of the article is to study the designs 
and characteristics of fuses for medium voltage 
instrument transformers to increase the efficiency of 
their protection. 

One of the parameters of VITs is the total nomi-
nal power of the devices, which can be simultane-
ously connected to the terminals of the secondary 

winding – 2P , VA. The most common series of 2P  

values is 10, 50, 100, 150 VA. As the power 2P  in-

creases, the VIT error increases accordingly, i.e. the 
highest VIT accuracy is observed in idle mode. Tak-
ing the value of the voltage on the primary winding 

at the level 1U = 6–35 kV, we can roughly estimate 

the value of the resistance 1R  of the primary wind-

ing of the VIT and the current 1I  flowing through it. 

The calculation results are given in Table 2. 

Table 2. The results of calculation of current through the 
primary winding of VIT and its resistance 

1U , kV  6 35 6 35 

2P , VA  1R , M 1I , mA 

10 3.6 122.5 1.66 0.28 
50 0.72 24.5 8.33 1.43 

100 0.36 12.25 16.67 2.86 
150 0.24 8.2 25.0 4.28 

 
We conduct a comparative analysis of the ob-

tained values of the primary winding current of VIT 
with the values of the rated currents of the fuse-
links of different manufacturers on the market of 
Ukraine, as well as present their technical character-
istics and design features to analyze the effective-
ness of protection. 

DESCRIPTION OF THE DESIGN OF THE FUSE 

PKN 011-10 MANUFACTURED BY QUARTZ LLC, 
UKRAINE 

The only manufacturer of fuses in Ukraine for the 
protection of medium voltage electrical equipment 
for 6–35 kV is QUARTZ LLC, city of Zaporizhzhia. 
To protect the circuits of voltage transformers, this 
Company manufactures a fuse PKN 011-10, consist-
ing of a fuse-element changed after operation, con-
tacts and support insulators. 

The fuse-element is non-detachable, but we me-
chanically destroyed it in order to conduct research 
and establish design features (Fig. 5). It should be 
noted that the design of the fuse-element was well 
known and consisted of the porcelain body 1 with 
metal caps 2 with rubber seals at both ends. Inside 
the structure on the insulating rod 3 there is the 
spirally wound conductive fuse-element 4 of differ-
ent cross section, connected to two caps by flexible 
taps 5. The entire interior of the housing is filled 

with fine-grained filler – quartz sand (which is not 
shown in  Fig. 5),  as  is  known,  provides  intensive  
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Figure 5. Design of the fuse-element of the fuse PKN 011-
10 manufactured by QUARTZ LLC 

extinguishing of the electric arc at switching off 
emergency currents. 

According to the technical data on the fuse PKN 
011-10 fuses of this series allow long-term load cur-
rent up to 0.5 A. Indeed, it is also stated that the 
fuses of the PKN series are designed to protect volt-
age transformers (it is about instrument transform-
ers, because to protect power voltage transformers 
series PKT is designed). The question arises – is a 

fuse with rated current nI = 0.5 A able to protect 

medium voltage VIT with epoxy insulation? 
In [19] it is noted that one of the main reasons for 

the high damage of voltage transformers is the 
complete lack of protection of voltage transformers 
at the terminals of the primary windings. Fuses of 
types PKN and PKT used for protection of voltage 
transformers are unsuitable as currents of operation 

of these fused considerably exceed maximum per-
missible long currents of primary windings of volt-
age transformers. Fuses operate after damage of 
voltage transformers, because the maximum allow-
able long-term currents are tens of milliamperes (see 
data in Table 2), while overcurrents flowing through 
the primary winding of voltage transformers at 
overvoltages, create current densities in unaccepta-
ble intervals of up to several tens of Amperes per 
mm2. 

Thus, it can be argued with high probability that 
PKN series of fuses cannot be used to protect medi-
um voltage VITs with epoxy insulation, in which 
the maximum allowable long-term currents of the 
primary windings are much lower than the rated 
current of the fuse that protects them. 

DESCRIPTION OF THE DESIGN OF THE 

PROTECTIVE SAFETY DEVICE 5GG.674 350.000 

MANUFACTURED BY JSC SVERDLOVSK 

CURRENT TRANSFORMER PLANT,  
RUSSIAN FEDERATION 

A common device for protection of VIT with cast 
insulation is the use of so-called built-in protective 
safety devices type 5GG.674 350.000 manufactured 
by JSC Sverdlovsk Plant of Current Transformers, 
Russian Federation. Such devices are built directly 

into the design of VIT type ZNOL, ZNOLP, 
ZNOLPM, NOLP and are a collapsible structure 
(Fig. 6a), consisting of the textolite housing 1, closed 
on both sides by tips 4, 5. Inside the housing there is 
the working spring 6 (in the initial state it is erected), 
on the left side to which the movable rod 7 is at-

tached. On the right side to the working spring with 
the left leg the resistor 9 type C2-33-H with the met-
al-dielectric conductive layer of power of 0.125 or 

0.25 W and resistance 1.5 to 36  (depending on the 
type of VIT in which it is installed) is attached, 
which acts as a fuse-element. In turn, the right leg of 
the resistor 9 is attached to the bar 3. When the resis-
tor burns out, the working spring 6 operates (com-

presses), providing the necessary insulating gap to 
prevent the recurrence of the electric arc. The spring 
8 is used to push out the movable rod 7 and to indi-

cate the operation of the protective device. The de-
sign of the movable rod provides for the presence of 
the washer 2, which serves as a support for the 
spring pushing the rod (Fig. 6b). 

 1 

2 3 

4 5 

6 7 8 9 

1 

2 

8 

2 

7 3 

5 4 6 

7 

9 
(a) 

(b)  

Figure 6. External view (a) and design (b) of the protective 
safety device 5GG.674 350.000 manufactured by JSC 
SCTP: 1 – housing; 2 – washer; 3 – bar for fastening of the 
resistor; 4, 5 – tips; 6 – working spring; 7 – rod; 8 – spring 
pushing out the rod;  9 – resistor 

Such a protective device is a replacement design, 
i.e. after its operation it is possible to change both 
the failed resistor and the entire safety protection 
device. 

In order for the protection device to operate, it is 
necessary that the current flowing through the resis-
tor leads to its overheating and obligatory mechani-
cal destruction in order to release the working 
spring. If the current value is insufficient, then only 
the resistor will heat up without destroying it. After 
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analyzing the technical characteristics of the most 
common VITs, protected by safety devices 5GG.674 
350.000, it is possible to estimate the value of the 
maximum allowable long-term currents of the pri-
mary windings (Table 3). 

Table 3. Some technical data of VITs protected by the 
safety device 5GG.674 350.000 
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Voltage class, kV 6 10 6 10 6 10 
Maximum allowable 
long-term current of 
the primary  
winding, mA 

110 100 110 120 60 70 110 70 

Resistance of the 
resistor of the  
protective safety 

device,  

11 11 11 

Rated power of the 
resistor, W 

0.25 0.25 0.25 

 
As it can be seen from Table 3, a resistor with re-

sistance of 11  with power of 0.25 W is used as a 
fuse-element everywhere. That is, the rated current 

through such a resistor in the nominal mode will be 
equal to 

0,25 11 151I P R    mA 

at the maximum allowable long-term currents of the 
primary winding in the range of 60–120 mA. 

That is, it can be concluded that the protective 
safety device type 5GG.674 350.000 manufactured 
by JSC Sverdlovsk Current Transformers Plant is 
also not effective for protection of medium voltage 
VITs with epoxy insulation, because the maximum 
allowable long-term currents of primary windings 
of VITs are much lower than the rated current that 
will not lead to its overheating and mechanical de-
struction and will not cause operation of the safety 
device. 

Another confirmation of this conclusion can be 
the data on the maximum allowable long-term cur-
rents of the primary winding for VIT 3–35 kV, 
which are given in [19] (Table 4). 

Table 4. Maximum allowable long-term currents of the 
primary winding for VITs at voltage of 3-35 kV [19] 

Voltage class, кВ 
Maximum allowable  

long-term currents of the  
primary winding of VIT, mA 

3 144 
6 115 
10 109 
35 49 

DESCRIPTION OF THE DESIGN OF THE  
FUSE TYPE 187000 MANUFACTURED  
BY SIBA, GERMANY 

Among foreign manufacturers, in the catalogs of 
which there are fuses for protection of VIT, we can 
mention the SIBA Company, Germany. Fig. 7 shows 
the design of the Type 187000 fuse, consisting of the 
ceramic body 1 with diameter of approximately 8 
mm and two nickel-plated brass tips 2, which cover 
the inner space of the fuse and to which the fuse-
element 3 is electrically connected. 

 

2 2 1 

3 

(a) 

(b) 
 

Figure 7. External view (a) and design (b) of Type 187000 
fuse manufactured by SIBA: 1 – body; 2 – tips; 3 – fuse-
element 

The body of fuses voltage of 6 kV is made with 
length of 120 mm, for a voltage of 10 kV – 150 mm. 
The fuse-element of the fuse is an extremely thin 
wire, the diameter of which could be determined 
only with an optical microscope manufactured by 
the German Company Carl Zeiss with 100 times 
magnification. The result of measuring the diameter 
of the fuse-element is approximately d = 30 μm 
(Fig. 8). 

 

110000  mm  

3311..2255  mm  

 

Figure 8. Result of measuring the diameter of the fuse-
element of the SIBA fuse using an optical microscope 

For research, the authors of the article had a fuse 
for 10 kV with rated current of 80 mA (Fig. 7b). The 

resistance of such a fuse was R = 20 , length l = 150 

mm. Knowing the values of R, l, d, the resistivity  
of the fuse-element is approximately calculated: 
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 
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6
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3.14 30 10 20

0.094 10 m
4 4 0.15

d R
.

l




  

        

From reference values of resistivities of materials 

approximate values are characteristic of iron (0.110–6 

m), different types of bronze ((0.095–0.1)10–6 

m) and brass (0.025–0.108)10–6 m), platinum 

(0.10710–6 m) and various steel grades 0.103–

0.137)10–6 m). It should be noted that the material 
of the fuse-element was not attracted to the perma-
nent magnet, so it can be argued that it is nonmag-
netic. But the question of the exact determination of 
the material remains open. 

A very important characteristic and one that dis-
tinguishes these fuses among others is the value of 
the rated current of the fuse-element, which is in the 
range from extremely small value of 32 mA to 2 A. 
Time-current characteristics of fuses Type 187000 
manufactured by SIBA are shown in Fig. 9. 

 

Multiplicity  
of current 

Range  
of values 

Operation 
time 

1.5 nI  
min 1 hour 
max – 

2.1 nI  
min – 
max 30 min 

4 nI  
min – 
max 500 ms 

10 nI  
min – 

max 30 ms 

Figure 9. Time-current characteristic of Type 187000 fuses 

manufactured by SIBA (rated current of the fuse nI = 32–

100 mA) 

Comparing the data of the time-current charac-
teristic with the values of the maximum allowable 
long-term currents of the primary winding for VITs, 
given earlier, we can conclude that fuses Type 
187000 manufactured by SIBA can serve as effective 
protection of medium voltage VITs with epoxy insu-
lation. But a significant disadvantage of these fuses 

is their high cost and the ability to buy them only 
abroad, as they are in fact absent in Ukraine. 

DESCRIPTION OF THE DESIGN OF THE  
VPO 38-T0080 SAFETY FUSE MANUFACTURED 

BY KPB INTRA, CZECH REPUBLIC 

The original solution, which to some extent allows 
to increase the effectiveness of protection of medi-
um voltage VITs, is the fuse VPO 38-T0080 manu-
factured by KPB INTRA, Czech Republic. Fig. 10 
shows external view of the fuse (a), its components 
(b) and sketch (c) according to the patent [33]. 

The key idea that formed the basis of the devel-
opment of this fuse is the use of a low-voltage min-
iature fuse in the glass case, which is widely used to 
protect various household appliances, electrical 
equipment, electronics and more. It is known that 
such fuses have many advantages, among which we 
can highlight reliability, stability of protective char-
acteristics, low value of rated current (up to 32 mA), 
speed, low cost and availability. But for the success-
ful use of these advantages of the low-voltage fuse 
as part of the high-voltage fuse, the development of 
a rather complex structure is required. Consider it in 
detail. 

The fuse (Fig. 10b, c) consists of a ceramic hous-
ing 1 (diameter 20 mm, length 320 mm), on both 
sides of which metal tips 5 are installed sealing the 
interior space. Inside the housing to one of the tips 
the input contact hard copper tape 2 is soldered 

with one end, and the other end of the tape is sol-
dered to the pad of tin 8 on the PCB 3. To the same 
pad 8 the first conductive holder 7 of the internal 
fuse 6 is soldered, and the opposite the conductive 
holder, in turn, is soldered to the pad 9. To the same 
pad 9 in the zone 10 one end of the charged working 
spring 4 is soldered, the other end of which is sol-
dered to the output contact copper strip 11. Similar-
ly, the other end of the strip 11 is soldered to the 
opposite tip 5. 

In the normal mode, the current flows from the 
energy source on the conditionally first tip 5, then 
on the input contact strip 2, through the pad 8 on 
the conditionally first holder 7, through the internal 
fuse 6, on the conditionally second holder 7, 
through galvanically connected pads 9 and 10, fur-
ther along the spring 4, and along the output contact 
strip 11 to the conditionally second opposite tip 5 

and then to the primary winding of the VIT. 
In the event of an emergency current, the inter-

nal miniature fuse 6 operates – the current is inter-
rupted. But the high voltage potential from the en-
ergy source remains present and now through the 
pad 8 and the thin path coming from it (see Fig. 10b), 
is applied to the conductive electrode 12. The air 
gap between the electrode 12 with high potential and 
the  pad  with  the  zero  potential  10  to which  the 
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Figure 10. External view (a), design (b) and sketch (c) of fuse VPO 38-T0080 manufactured by KPB INTRA: 1 – housing; 
2 – input contact tape; 3 – PCB; 4 – spring; 5 – tips; 6 – internal fuse; 7 – conductive holder of internal fuse; 8–10 – tin 
solder joints; 11 – output contact strip; 12 – conductive electrode 

charged working spring 4 is soldered is 0.75 mm 

according to [33]. Thus, there is a breakdown of the 
air gap with the subsequent occurrence of an electric 
arc, which melts the tin on the pad 10 and releases 

the charged working spring – the electric arc is 
stretched and extinguished. As an option, [33] also 
proposes to fill the internal space of the fuse, for 
example, with sulfur hexafluoride SF6, which will 
allow it to be used in a higher voltage network 
without changing the design of the fuse. 

The effectiveness of protection of the fuse VPO 
38-T0080 largely depends on both the parameters of 
the working spring and the protective characteris-
tics of the internal miniature fuse. Miniature fuses in 

a glass housing 520 mm type 521.006 manufac-
tured by ESKA, Germany for rated current of 80 mA 
were installed in the investigated structures. It 
should be noted that this manufacturer also produc-
es fuses in the same size, but for lower current – 32 

mA, type 521.002. Time-current characteristic of the 
fuses of the 521.000 series manufactured by ESKA is 
shown in Fig. 11. 

Also, the effectiveness of protection of VITs by 
fuse VPO 38-T0080 depends on a clear and reliable 
operation of all components of the fuse (and there 
are many of them) according to the above algorithm. 
When making the fuse, it is necessary to ensure the 
set distance between the electrode and the pad to 
which the working spring is soldered. So, a certain 
disadvantage of this fuse can be considered a rela-
tively complex design in the presence of a large 
number of components. Another disadvantage of 
the design is that after the operation of the internal 
miniature fuse, both its replacement and soldering 
of the working spring is possible only in special 
conditions, because the housing is hermetically 
sealed with tips using an airtight material. 
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Figure 11. Time-current characteristic of the fuses of the 
521.000 series manufactured by ESKA (rated current of 

the fuse nI = 32–125 mA) 

Despite these shortcomings, according to the au-
thors, the design of the fuse VPO 38-T0080 provides 
effective protection of VITs with epoxy insulation, 
but also needs further improvement. 

CONCLUSIONS 

It is shown that in the medium voltage electric net-
work of 6–35 kV there is a problem of protection of 
voltage instrument transformers. This is due to the 
ineffective level of protection with fuses. 

It was found that there are common cases when 
the protection of medium voltage instrument trans-
formers with epoxy insulation is provided by fuses, 
in which the rated current of the fuse-link is much 
higher than the maximum allowable long-term cur-
rent of the primary winding of the instrument trans-
former. 

The design features and technical characteristics 
of fuses for medium voltage instrument transform-
ers in order to increase the efficiency of their protec-
tion have been studied. 

A comparative analysis of the values of the cur-
rent of the primary winding of medium voltage 
instrument transformers with the values of the rated 
currents of the fuse-links of fuses of different manu-

facturers, which are presented on the market of 
Ukraine, is carried out. 

The advantages and disadvantages of fuse de-
signs of different manufacturers have been studied, 
and it has been established that the design of fuses 
needs to be further improved in order to increase 
the efficiency of protection of medium voltage in-
strument transformers. 

It is established that in Ukraine the needs for 
fuses for protection of medium voltage instrument 
transformers are provided mainly by supplies 
abroad, so a promising direction of further devel-
opment in this direction is the creation of a domestic 
competitive design of fuses and its introduction into 
production. 
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До проблеми захисту вимірювальних трансформаторів середньої напруги  
топкими запобіжниками: аналітичне дослідження 

Євген Байда, Олександр Гречко, Віктор Бугайчук, Роберт Кнапек 

Анотація. Вступ. В електричній мережі середньої напруги 6–35 кВ існує проблема захисту вимірювальних тран-
сформаторів напруги. Це пов’язано з недостатньо ефективним рівнем їх захисту за допомогою топких запобіж-
ників. Останнім часом все частіше з’являються повідомлення щодо аварій, пов’язаних із виходом з ладу вимірю-
вальних трансформаторів напруги не тільки в Україні, а і за кордоном. Актуальним є питання проведення ана-
літичного дослідження проблеми захисту топкими запобіжниками вимірювальних трансформаторів середньої 
напруги. Мета. Дослідження конструкцій та характеристик топких запобіжників для вимірювальних трансфор-
маторів середньої напруги для підвищення ефективності їх захисту. Результати. В статті показано, що захист 

вимірювальних трансформаторів середньої напруги з епоксидною ізоляцією часто забезпечується топкими запо-
біжниками, у яких номінативним струм топкої вставки є значно більшим за граничнодопустимий тривалий 
струм первинної обмотки вимірювального трансформатору. Проведено порівняльний аналіз значень струму 
первинної обмотки вимірювальних трансформаторів середньої напруги зі значеннями номінативних струмів 
топких вставок запобіжників різних виробників, що представлені на ринку України. Досліджено конструктивні 
особливості та технічні характеристики топких запобіжників для вимірювальних трансформаторів середньої 
напруги з метою підвищення ефективності їх захисту. Досліджено переваги та недоліки конструкцій топких 
запобіжників різних виробників, та встановлено, що потребує подальшого вдосконалення конструкції топких 
запобіжників з метою підвищення ефективності захисту вимірювальних трансформаторів середньої напруги. 
Обговорення та перспективи подальшого розвитку. Оскільки в Україні потреби у топких запобіжниках для захисту 

вимірювальних трансформаторів середньої напруги забезпечуються переважно поставками за кордону, то перс-
пективним напрямком подальшого розвитку у цьому напрямі є створення вітчизняної конкурентоспроможної 
конструкції топкого запобіжника та впровадження його у виробництво. 

Ключові слова: вимірювальний трансформатор середньої напруги, топкий запобіжник, захист трансформаторів 
напруги, струм первинної обмотки вимірювального трансформатору. 
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