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Abstract—The  article describes the reliability of
transformers, the failure rate and uptime to the first failure,
the durability and maintainability of transformers and their
service life, the allowable temperature rises and the
dependence of steady-state overheating on the load factor of
the transformer. An assessment of the effect of ambient
temperature on the rated power of the transformer is
shown. Dependences of heating on the changing load of
transformers are given. The heating time constant is
calculated depending on the power and cooling system of
the transformer. The winding heating temperature is
considered for real daily load schedules of a 33/11 kV
transformer, the maximum actual overheats are compared
when loaded with full power with allowable overheats.
These studies can be used in transformers 33/11 kV and
others with subsequent interpolation of values.

Keywords — transformer, reliability, failure rate, uptime,
overload, short circuit current, transformer substation,
rated power.

1. INTRODUCTION

To investigate this issue were considered relevant
foreign sources of literature [5, 9-27].

The authors Gracheva E.L. et al. [6-8] investigate the
reliability of power electrical equipment, including power
transformers, consider the main characteristics of the
topology of power supply schemes and technical
condition of low-voltage equipment under their operating
conditions.

To study the issue of contactless power transmission,
which is very relevant and is not used in all countries of
the world, we will use the source [28-29]. To simulate the
losses in the power transformer we will use the source
[30]. The hybrid storage systems [33] and characterization
of parameters of internal synchronous permanent magnet
motors to build an algorithm for calculating transformer
losses [34] are touched upon.

A mathematical model of fuel cell unit with
automobile synchronous electric drive [35] is considered.

979-8-3503-4837-8/23/$31.00 ©2023 IEEE

Power electronics, electric drive and automation are
touched upon [36]. Also an experimental study of high-
performance real-time control algorithms [37].

The reliability of transformers is determined by the
indicators of reliability, durability, and maintainability[1].

Failure rate and uptime before the first damage
depends on the quality of workmanship and operating
conditions. A number of sources show that within the
operating time of up to 5 years, the failure rate decreases,
and after 8 years, there is a sharp increase in the
probability of failures due to wear of the insulation and
elements that provide the mechanical strength of the
windings. Direct damage to overhead lines supplying
transformers by lightning and induced surges gives 30-
50% damage to the longitudinal and main insulation of
transformers. Multiple impacts of overvoltage waves lead
to accumulated destruction of the insulation in the
defective area and their subsequent breakdown [2-4].

Reducing the number of damages during lightning
surges is achieved by installing valve arresters on the side
of HV and LV transformers.

Short-circuit currents directly lead to the failure of 15-
25% of transformers due to mechanical damage to the
windings and their fastening parts. Individual transformers
are already damaged at 2-5 close short-circuit currents.
Systematic overloads in excess of the values allowed by
the rules lead to an accelerated loss of mechanical strength
and subsequent damage to the winding insulation. The
prevention of such damage consists in monitoring the
connection of new capacities, determining the permissible
loads of transformers in normal and emergency modes of
their operation, and timely replacement of transformers.

Long-term operation at temperatures above 75 °C of
transformer oil with an acid number of more than 0.4 mg
KOH per 1 g can also lead to accelerated aging of the
insulation, when sludge forms on the surface of the
windings and the magnetic circuit [13, 28-31].
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Damages at the HV and the LV taps are responsible
for the 15% of all the transformer damages. They are
associated with the imperfection of the design of the
connections and the errors of the repair and maintenance
personnel. The durability of the transformer as a whole is
limited by cases of large amounts of destruction and
obsolescence, when it is justified to write off the
transformer due to the inexpediency of repair or the
inability to use it due to low power [32-37]. The service
life of the windings or their individual coils is limited by
the moment of damage during operation. Cases of
winding changes due to insulation wear during scheduled
repairs are very rare [8, 25-27].

II. MATERIALS AND METHODS

Oil in transformers must meet the following standards:
acid number - no more than 0.40 mg KOH; the reaction of
the water extract is neutral; absence of mechanical
impurities; decrease in flash point - no more than 5 °C
from the initial one; dielectric strength for transformers up
to 15 kV - not less than 20 kV and from 15 kV to 35 kV —
not less than 25 kV.

The rate of oil oxidation depends on the oxygen
content, temperature, and a number of other factors, and is
generally random.

The increased likelihood of oxidation of factory-filled
oils is explained by the significant oxygen content in the
tank of the new transformers, the presence of varnishes, as
well as the use of oils without antioxidant additives. The
acid number gives a rough estimate of the chemical state
of the oil and a rough estimate of the likelihood of
impending sludge, which impairs heat dissipation and
destroys solid insulation. Sludge accumulates in places
with strong overheating.

Intensive sludge formation begins at an acid number
above 0.4 mg KOH and a temperature above 75 °C. If the
transformers are not fully loaded and the oil temperature
is below 70 °C, then sludge formation is observed only in
places and in small quantities even at an acid number oils
0.4-0.5 mg KOH.

The maintainability of power grid transformers is
estimated by average statistical indicators. The duration of
restoration depends on the volume and technology of
repair and is associated with the organization of the repair
process [12].

The heating temperature v of any part of the
transformer depends not only on the losses occurring in
this part, but also on the temperature of the cooling
medium vy, - air.

V-V =0 (1)

Difference is the temperature rise of a given part of the
transformer relative to the temperature of the cooling
medium [21].

The initial data taken when calculating the nominal
modes of transformers are the temperature values given in
Table 1.

TABLE I. PERMISSIBLE EXCESSES (OVERHEATS) OF TEMPERATURE

Resistance-averaged winding

. 0 1,°C 21
temperature above the oil temperature wavors

Winding average resistance temperature

0
above the air temperature Oav.,°C 65

Volume-average oil temperature over the

gy Omar. ,°C 44
cooling air temperature

Oil temperatures in the upper layers

0,
above the cooling air temperature Boitmar ,°C >3

The temperature of the hottest point of
the winding above the average resistance
temperature of the winding

D

'w.max ew‘a\w 13

°C

Temperatures of the hottest point of the
winding above the temperature of the
cooling air

9W.l’l’léi)( OC 78

In Table II are shown the formulas for approximating
steady-state overheating from the transformer load factor.

TABLE II. DEPENDENCES OF STEADY-STATE OVERHEATING ON THE
LOAD FACTOR OF THE TRANSFORMER

Resistance-averaged winding

2+
temperature above oil temperature 18.36(K)""2.2 K + 1.2

Volume-average oil temperature over

ST 29.46 (K)*+ 14 K - 0.19
cooling air temperature

Oil temperatures in the upper layers

2 —
above the cooling air temperature 346Ky +21.6K-1.1

Temperatures of the hottest point of
the winding above the temperature of
the cooling air

48.6(K)**33 K —0.98
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Fig.1. Dependence of steady-state overheating 6y, °C on the load of
transformers

In Fig.1 the graphics are named as follows: 1 —
average overheating of the winding above the oil
temperature; 2 — average oil overheating above the
temperature of the cooling air; 3 — oil overheating above
the temperature of the cooling air; 4 — overheating of the
most heated point above the temperature of the cooling
air.

When a transformer is loaded, its metal parts (steel
core, copper windings, etc.) and the insulation of the
windings are heated. The metal parts of the transformer
can withstand relatively high heating temperatures for
quite a long time without any residual deformations. The
insulation of the windings, when heated, constantly wears
out or, as they say, ages. Insulation aging is characterized
by a decrease in its elasticity and mechanical strength. A
heavily aged insulation becomes so brittle that, under the
influence of vibration and electrodynamic forces that
occur during the operation of the transformer, it can crack
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and break. Such insulation has low electrical strength. The
time during which the insulation is completely worn out
depends on the temperature of its heating. The higher the
latter, the less, ceteris paribus, the total wear of the
insulation [15].

Of all the components and parameters of the
transformer listed in Table I, the winding is of the greatest
importance, since its thermal regime is associated with the
process of thermal wear of the insulation and thereby
determines the service life of the transformer. The
operation of the insulation and the ongoing aging
processes depend on the temperature of the most heated
winding zone Lwmax. This temperature should be used to
calculate the aging of the insulation. But such calculations
are relatively complicated, so they agreed to be carried out
according to the average winding temperature Uy.av.,
appropriately considering the difference between Lw.max
and Lw.av.:

Uw.av. — 0 wav. T Uat. (2)

The operating mode is set and remains constant. In
this case, the amount of heat released in the winding, and,
therefore, the average overheating of the winding 0  av.
remains constant. But the temperature of the winding
changes in accordance with the change in air temperature
during the day and depending on the time of year.

For oil-filled transformers installed in areas where the
air temperature fluctuates within +35 °C (the central strip
of Russia), the complete wear of the insulation with a
nominal winding temperature exceeding 65 °C is 17-20
years. That is, this service life of 17-20 years is the natural
service life of a transformer installed outdoors in a
temperate climate and operating continuously at full load
in natural conditions of changing air temperature [5].

The natural wear of the insulation is not a constant
value but depends on the average annual temperature of
the area where the transformer is installed [22].

If the transformer is installed in a climatic zone with
maximum temperatures greater than +35 °C, then the
annual wear of the insulation will be greater, and the life
of the insulation will be less than 17- 20 years. At the
same time, the indicated insulation wear and service life
can be maintained when the transformer is installed in a
climate zone with elevated temperatures, but on condition
that the transformer is loaded at a lower power than that
allowed at +35 °C [17-18].

Therefore, the rated power of the transformer is not a
constant value but depends on the highest air temperature
of the area where it is installed. The value of the rated
power of the transformer at an air temperature other than
+35 °C, S nomv is determined by recalculating the power
Shom. , indicated on the rating plate:

Shomv = Snom. [1 - 2(Ua1‘max_35)/100] (3)

When Va.tmax — 55 OC, SnomAU: 0.6 Snom-

Calculations of heating of windings and oil of
transformers under time-varying loads are based on the
following relationship:

Ok(t)=00exp[-(t/ To)]+6k {l —exp[-(t/To)]} (4)

where 0i(t) — overheating of the transformer part at the
moment t; 0p— the same at time t=0; O — final superheat,
which will be established after 3T, if the load remains
unchanged.

Overheating of the windings above the oil temperature
is set for no more than 15 minutes, and a further increase
in the temperature of the windings is due to an increase in
the temperature of the oil, magnetic circuit and
transformer tank with coolers. The heating time constant
of a 20 MVA transformer installed at the substation 7=
2.5 h. Initial superheat 6, at time t=0 varies depending on
the load of the transformer at the previous time. As the
calculations showed, we can assume that 6o=30 °C [9-10].

For the climatic conditions, the equivalent annual
temperature is La.eq. =32 °C.

Steady temperature of the average heating of the
winding:

Uw.av.k = Dateq. + ew4av.k (5)

Overheating of the winding relative to air Oyavx i
equal to the sum of overheating of the winding relative to
0il By .av.oil and overheating of oil relative to air Oay oil.

In Table II shows the dependencies of the final
overheating on the load factor, using which it is possible
to calculate the dependence of the steady-state heating
temperature of the winding vLwavk, °C of the 33/11 kV
transformer of substation on the load factor K

The nominal temperature of the winding temperature,
average in terms of resistance, is Lw.av= 85 °C, therefore,
at K> 0.5, the final heating is exceeded in excess of the
permissible value.

Note that the final overheating occurs if the
corresponding load exists for a period greater than 3Ty,
that is, with a duration of 7.5 h.

With the duration of the existence of any value of the
load t =1 h, at To =2.5 h, 0p= 30 °C, overheating at the
end of the hour is less than the steady state is determined
in accordance with (4) and Table II.

Ow.av.oit=1y=30e 294 18,36(K)*+2,2K+1,2][1 — V23]

(6)
Oav.oil(t=1) = 30 29+[29,46(K)*+14K-0,19][1 — 3]
(7
Ow.av. (=1) = Ow.av.oil. (=1)t Oav.oil=1) ®)
Winding heating temperature:
Vw.av. (t=1) = 32'*'ewav,k (=1). (9)
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III. RESULTS AND DISCUSSIONS

On Fig. land shows dependence of the steady-state
temperature of the average heating of the winding on the
load factor of the 33/11 kV transformers.
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Fig.2. Dependence of the steady-state temperature of the average
heating of the winding vy vk, °C on the load factor of the 33/11 kV

transformers

Where 1 — average overheating of the winding above
the oil temperature; 2 — average oil overheating above the
temperature of the cooling air; 3 — oil overheating above
the temperature of the cooling air; 4 — overheating of the
most heated point above the temperature of the cooling
air.

Table III shows that the maximum actual superheats
do not exceed the allowable for the oil and the most
heated part of the winding, but are significantly greater for
the average superheat of the winding above the oil
temperature.

TABLE III. COMPARISON OF THE ACTUAL MAXIMUM ACTUAL
SUPERHEATS WHEN LOADING TRANSFORMERS 33/11 KV WITH FULL
POWER WITH ALLOWABLE SUPERHEATS

. . Max | Allowable
Overheat Designation 8, °C 9, °C
Resistance-averaged winding
temperature above oil O.av.oil 32 21
temperature
Volume-average oil
temperature over cooling air Oay ol 38 44
temperature
Oil temperatures in the upper
layers above the cooling air Ooil.max 42 55
temperature
Temperatures of the hottest
point of the winding above the Oy.max 51 78
temperature of the cooling air

Table IV shows the service life of transformers at
different load factors, at full power and with reactive
power compensation and consumer restrictions.

On Fig. 3 shows dependence of the relative service
life of 33/11 kV transformers on the load factor.

IV. CONCLUSION

Transformers are designed for a load that is long-term
constant in time, which is called nominal and is indicated
by the manufacturer to count deviations from it during
operation and testing. Exceeding the rated value is an
overload. For transformers, including components,
emergency and systematic overloads are allowed

depending on the load curves and the temperature of the
cooling medium [14; 20].
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Fig.3. Dependence of the relative service life of 33/11 kV transformers
on the load factor

TABLE IV. SERVICE LIFE OF TRANSFORMERS AT VARIOUS LOAD

FACTORS
Transformer Winding heating .
Load load factor temperature Relat.lve
e service
characteristic max Ly, average .
max average o O life
Full power 1.2 0.8 102 92 0.34
Reactive
power 1.05 0.72 98 90 0.54
compensation
Reactive
power
compensation | 0.72 0.53 87 86 1.05
and consumer
restrictions

The value of systematic overloads is determined by
two conditions:

1. The thermal wear of the insulation under varying
load should be the same as with a long-term constant
temperature of the winding at the most heated point of 98
°C.

2. The highest oil temperature in the upper layers and
the hottest point of the winding during the transient daily
heating process is not higher than 95 °C and 140 °C,
respectively.

The service life of a transformer is determined by the
aging of its insulation, which increases sharply with
increasing winding temperature. When the temperature of
the insulation changes by 6 °C, its service life is doubled
(it is reduced when the temperature rises or increases
when it is lowered).

The temperature conditions wunder which the
transformer can operate continuously throughout its entire
service life: ambient temperature is 20 °C; the excess of
the temperature of the most heated point of the winding
over the average temperature of the winding 13 °C.

Short-term overloads according to the temperature
criterion are emergency. They are determined from the
following conditions: before the overload, the transformer
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was in nominal mode; overload is released when the
hottest point temperature reaches 140 °C.

A temperature of 140 °C is significantly higher than
the nominal temperature, but it can be tolerated for a short
time. Exceeding this temperature is undesirable due to its
proximity to the ignition temperature of oil vapors.

Permissible systematic overloads of transformers are
determined depending on the characteristics of the load
curve and the equivalent annual ambient temperatures.
The duration of systematic overload is also taken into
account: 1, 2, 4, 6 hours. The coefficient of systematic
overload kcp is measured within 1.1-1.5. Emergency
overloads are allowed in exceptional cases, for example,
when one of the operating transformers fails.
Transformers must allow emergency overloads by 30%
above the rated current for no more than 3 hours a day, if
the long-term preload was not more than 70% of the
transformer's rated current.

ACKNOWLEDGEMENTS

The presentation of this work was partially funded by
the FCT (Fundacao para a Ciencia e Tecnologia) through
the program UIDB/00066/2020 and the Center of
Technology and Systems (CTS/UNINOVA), MOST
(Centro Nazionale per la Mobilita Sostenibile) -
Universita degli Studi di Palermo.

REFERENCES

[11 A. Sinyukov, T. Sinyukova, E. Gracheva, S. Valtchev and
V. Meshcheryakov, "Electric drive control systems with
neural network technologies," 2022 4th Global Power,
Energy and Communication Conference (GPECOM),

2022, pp. 238-243, doi:
10.1109/GPECOM55404.2022.9815752.
[21 AN. Tsvetkov, V.Y. Kornilov, A.R. Safin, N.E.

Kuvshinov, T.I. Petrov, A.G. Logacheva An Experimental
Bench for the Study of Electric Drives of a Horsehead
Pump // Journal of Advanced Research in Dynamical and
Control Systems (JARDCS) ISSN: 1943-023X, Volume
12, 05-SPECIAL ISSUE, 2020. Pp. 1294-1298. (DOI:
10.5373/JARDCS/V12SP5/20201888).

[3] B.A. Attiyah, A.A. Alnuyjaimi and M.A. Alghamdi,
"Reliability Enhancement of High Voltage Power
Transformer Using Online Oil Dehydration," 2019 Modern
Electric Power Systems (MEPS), 2019, pp. 1-4, doi:
10.1109/MEPS46793.2019.9395044.

[4] D. Calitz, E.G. Hennig, S. Gray and E. Schweiger, "Power
transformers: Mitigate Environmental Impact and Fire
Risk Reduction and be prepared for the Unexpected," 2020
IEEE/PES Transmission and Distribution Conference and
Exposition (T&D), 2020, pp- 1-5, doi:
10.1109/TD39804.2020.9299931.

[51 D.V. Topolsky, I. G.Topolskaya and N.D. Topolsky,
"Intelligent instrument transformer for control systems of
digital substations," 2018 Ural Symposium on Biomedical
Engineering, Radioelectronics and Information
Technology (USBEREIT), 2018, pp. 174-178, doi:
10.1109/USBEREIT.2018.8384579.

[6] E. Gracheva, A. Gorlov and A. Alimova, "Features of
Structure of Electric Supply Systems of Industrial
Enterprises,” 2020 2nd International Conference on
Control Systems, Mathematical Modeling, Automation and

(7]

(8]

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Energy Efficiency (SUMMA), 2020, pp. 910-913, doi:
10.1109/SUMMAS50634.2020.9280798.

E. Gracheva, A. Gorlov and A. Alimova, "Research
Resistance Contact Connections of the Low Voltage
Switching Equipment and the Network Equivalent
Resistance," 2020 International Russian Automation
Conference (RusAutoCon), 2020, pp. 232-237, doi:
10.1109/RusAutoCon49822.2020.9208208.

E.I. Gracheva, O.V. Naumov and A.N. Gorlov,
"Simulation of Laws Change in Technical Characteristics
of Circuit Breakers of Various Manufacturers," 2021
International Conference on Electrotechnical Complexes
and Systems (ICOECS), 2021, pp. 404-406, doi:
10.1109/ICOECS52783.2021.9657222.

Gizatullin - Z.M., Gizatullin R.M., Nuriev M.G.
Methodology and Models for Physical Simulation of
Electromagnetic Interference on the Example of the
Interference-Resistance Analysis of Vehicle Electronic
Devices // Journal of Communications Technology and
Electronics. — 2021. — Vol. 66. — No 6. — P. 722-726. DOI
10.1134/S1064226921060103.

Gibadullin, R.F., Lekomtsev, D.V. & Perukhin, M.Y.
Analysis of Industrial Network Parameters Using Neural
Network Processing. Sci. Tech. Inf. Proc. 48, 446451
(2021). https://doi.org/10.3103/S0147688221060046

H. Wang, T. Wang, M. Xue, J. Sun, W. Xiong and Y. Hou,
"Research on Overload Capability of Dry Distribution
Transformer Based on Hot Spot Temperature Model,"
2019 22nd International Conference on Electrical
Machines and Systems (ICEMS), 2019, pp. 1-5, doi:
10.1109/ICEMS.2019.8921739.

K. Morozovska, R. Karlsson and P. Hilber, "Dynamic
rating of the wind farm transformer from the power
system’s perspective," 2021 IEEE Madrid PowerTech,
2021, pp- 1-6, doi:
10.1109/PowerTech46648.2021.9494902.

M.F. Al Hamdani, R. Azis Prasojo, Suwarno and A. Abu-
Siada, "Power Transformer Degradation Condition and
Insulation Index Estimation Based on Historical Oil Dat,"
2019 2nd International Conference on High Voltage
Engineering and Power Systems (ICHVEPS), 2019, pp. 1-
5, doi: 10.1109/ICHVEPS47643.2019.9011135.

N. Loitongbam and T. Ghose, "Impact of Demand
Response on transformer loss of life," 2020 International
Conference on Computer, Electrical & Communication
Engineering  (ICCECE), 2020, pp. 1-5, doi:
10.1109/ICCECE48148.2020.9223103.

S.C. Freitag and M. Sperandio, "Determining the
Reliability of Power Transformers Considering a Five
States Markov Model," in IEEE Latin America
Transactions, vol. 19, no. 02, pp. 335-341, February 2021,
doi: 10.1109/TLA.2021.9443076.

S. Zhou, M. Zhang, J. Shen, B. Wang, X. Zhao and W. Fu,
"Permanent Magnet Biased Axial-radial Magnetic Bearing
Design Based on the Accurate Magnetic Circuit," 2020 8th
International Conference on Power Electronics Systems
and  Applications  (PESA), 2020, pp. 1-5, doi:
10.1109/PESA50370.2020.9344036.

T.I. Petrov, A.R. Safin (2020). Theoretical aspects of
optimization synchronous machine rotors. E3S Web of
Conferences. 178. 01049. 10.1051/e3sconf/202017801049.
T.I. Petrov, V.Yu. Kornilov & A.R. Safin (2020).
Changing the design of a synchronous motor after testing.
E3S Web of Conferences. 220. 01030.
10.1051/e3sconf/202022001030.

T.I. Petrov, V.Yu. Kornilov & A.R. Safin (2020). The use
of a digital controller in the loading system of the test

688
Authorized licensed use limited to: b-on: UNIVERSIDADE NOVA DE LISBOA. Downloaded on October 02,2023 at 23:32:52 UTC from IEEE Xplore. Restrictions apply.



[20]

(21]

[22

—

(23]

[24]

[25

[}

[26

—

[27

—

(28]

bench to improve the accuracy of simulating the modes of
oil pumping units. E3S Web of Conferences. 220. 01072.
10.1051/e3sconf/202022001072.

V.S. Klimash and B.D. Tabarov, "Improving the
Efficiency of Transformer Substations with Unbalanced
Load Schedule," 2020 International Multi-Conference on
Industrial  Engineering and Modern Technologies
(FarEastCon), 2020, pp- 1-4, doi:
10.1109/FarEastCon50210.2020.9271511.

Y.I. Soluyanov, A.l. Fedotov, A.R. Akhmetshin and V.L
Soluyanov, Application of intelligent electricity metering
systems for timely adjustment of standard values for
electrical loads calculation, in 3rd 2021 International
Youth Conference on Radio Electronics, Electrical and
Power Engineering, 2021, art. no. 9388018, doi:
10.1109/REEPES1337.2021.9388018.

Y.I. Soluyanov, A.l. Fedotov, D.Y. Soluyanov and A.R.
Akhmetshin, Experimental research of electrical loads in
residential and public buildings, IOP Conference Series:
Materials Science and Engineering, vol. 860, art. no.
012026, 2020, DOI: 10.1088/1757-899X/860/1/012026.

Y. Wang, W. Han, Y. Liu, L. Qiao, H. Li and W. Li,
"Analysis of Transformer Differential Protection
Malfunction Occurred in Intelligent Substation under
VFTO Functionaper," 2020 Asia Energy and Electrical
Engineering Symposium (AEEES), 2020, pp. 203-207,
doi: 10.1109/AEEES48850.2020.9121376.

Z. Gizatullin and M. Nuriev, "Modeling the
Electromagnetic Compatibility of Electronic Means under
the Influence of Interference Through the Power Supply
Network," 2022 International Conference on Industrial
Engineering, Applications and Manufacturing (ICIEAM),
2022, pp- 321-326, doi:
10.1109/ICIEAMS54945.2022.9787186.

F. Viola, P. Romano, R. Miceli, G. Acciari and C. Spataro,
"Piezoelectric model of rainfall energy harvester," 2014
Ninth International Conference on Ecological Vehicles and
Renewable Energies (EVER), Monte-Carlo, Monaco,
2014, pp. 1-7, doi: 10.1109/EVER.2014.6844093.
Pellitteri, F., Campagna, N., Castiglia, V., Damiano, A.,
Miceli, R. Design, implementation and experimental
results of an inductive power transfer system for electric
bicycle wireless charging, (2020) IET Renewable Power
Generation, 14 (15), pp. 2908-2915. DOI: 10.1049/iet-
pg.2020.0056.

F. Pellitteri, N. Campagna, V. Castiglia, A. Damiano and
R. Miceli, "Design, implementation and experimental

results of a wireless charger for E-bikes," 2019
International Conference on Clean Electrical Power
(ICCEP), Otranto, Italy, 2019, pp. 364-369, doi:

10.1109/ICCEP.2019.8890187.

N. Campagna, V. Castiglia, R. Miceli and F. Pellitteri, "A
Bidirectional IPT system for Electrical Bicycle Contactless
Energy Transfer," 2019 8th International Conference on
Renewable Energy Research and Applications (ICRERA),
Brasov, Romania, 2019, pp. 1063-1068, doi:
10.1109/ICRERA47325.2019.8996640.

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

N. Campagna, V. Castiglia, R. Miceli and F. Pellitteri, "A
Bidirectional IPT system for Electrical Bicycle Contactless
Energy Transfer," 2019 8th International Conference on
Renewable Energy Research and Applications (ICRERA),
Brasov, Romania, 2019, pp. 1063-1068, doi:
10.1109/ICRERA47325.2019.8996640.

Castiglia, V., Campagna, N., Tommaso, A.O.D., Miceli,
R., Nevoloso, C., Pellitteri, F., Puccio, C., Viola, F.
Modeling, Simulation, and Characterization of a
Supercapacitor in Automotive Applications (2022) IEEE
Transactions on Industry Applications, 58 (2), pp. 2421-
2429, DOI: 10.1109/TTA.2022.3142707

[31] Bossi, G., Damiano, A., Campagna, N., Castiglia, V.,
Miceli, R., Di Tommaso, A.O. A Hybrid Storage Systems
for All Electric Aircraft (2021) 2021 IEEE 15th
International Conference on Compatibility, Power
Electronics and Power Engineering, CPE-POWERENG
2021, DOI: 10.1109/CPE-
POWERENGS50821.2021.9501189.

Pellitteri, F., Boscaino, V., Di Tommaso, A.O., Genduso,
F., Miceli, R. E-bike battery charging: Methods and
circuits (2013) 4th International Conference on Clean
Electrical Power: Renewable Energy Resources Impact,
ICCEP 2013, art. no. 6586975, pp. 107-114. DOI:
10.1109/ICCEP.2013.6586975

Acciari, G., Caruso, M., Miceli, R., Riggi, L., Romano, P.,
Schettino, G., Viola, F. Piezoelectric Rainfall Energy
Harvester Performance by an Advanced Arduino-Based
Measuring System (2018) IEEE Transactions on Industry
Applications, 54 (1), art. no. 8036268, pp. 458-468. DOI:
10.1109/TTA.2017.2752132

[34] Caruso, M., Di Tommaso, A.O., Miceli, R., Nevoloso,
C., Spataro, C., Viola, F. Characterization of the
parameters of interior permanent magnet synchronous
motors for a loss model algorithm (2017) Measurement:
Journal of the International Measurement Confederation,
106, p. 196-202. DOI:
10.1016/j.measurement.2017.04.039

Di Dio, V., La Cascia, D., Liga, R., Miceli, R. Integrated
mathematical model of proton exchange membrane fuel
cell stack (PEMFC) with automotive synchronous
electrical power drive (2008) Proceedings of the 2008
International ~ Conference on Electrical Machines,
ICEM'08, art. no. 4800045, DOI:
10.1109/ICELMACH.2008.4800045.

Di Dio, V., Miceli, R., Rando, C., Zizzo, G. Dynamics
photovoltaic generators: Technical aspects and economical
valuation (2010) SPEEDAM 2010 - International
Symposium on Power Electronics, Electrical Drives,
Automation and Motion, art. no. 5542261, pp. 635-640.
DOI: 10.1109/SPEEDAM.2010.5542261.

[37] Caruso, M., Di Tommaso, A.O., Genduso, F., Miceli, R.

Experimental investigation on high efficiency real-time
control algorithms for IPMSMs (2014) 3rd International
Conference on Renewable Energy Research and
Applications, ICRERA 2014, art. no. 7016531, pp. 974-
979. DOI: 10.1109/ICRERA.2014.7016531.

689
Authorized licensed use limited to: b-on: UNIVERSIDADE NOVA DE LISBOA. Downloaded on October 02,2023 at 23:32:52 UTC from IEEE Xplore. Restrictions apply.



