This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI

10.1109/ACCESS.2019.2938539, IEEE Access
IEEE Access

Multidisciplinary : Rapid Review i Open Access Journal

Date of publication xxxx 00, 0000, date of current version xxxx 00, 0000.

Digital Object Identifier 10.1109/ACCESS.2017.Doi Number

Effect of Graphene Coating on Space Charge
Characteristic of XLPE and Semiconductive
Layer at Different Temperatures

Zhipeng Lei* 2, Member, IEEE, Davide Fabiani?, Senior Member, IEEE, Chuanyang Li?,
Simone V. Suraci?, Member, IEEE, Giacomo Selleri2, Member, IEEE, Tao Han?, Member,

IEEE, Marco Speranza?, Filippo Grolli2, and Fabrizio Palmieri?

1 Shanxi Key Laboratory of Mining Electrical Equipment and Intelligent Control, College of Electrical and Power Engineering, Taiyuan University of
Technology, Taiyuan, Shanxi 030024 China

2 Department of Electrical, Electronic and Information Engineering ‘G. Marconi’, University of Bologna, Bologna, BO 40136, Italy

Corresponding author: Davide Fabiani (e-mail: davide.fabiani@unibo.it).
This work was supported in part by the National Natural Science Foundation of China 51977137.

ABSTRACT DC cross-linked polyethylene (XLPE) power cables are being used recently for HV/EHV
applications, the reliability of which is claimed to be significantly affected by space charge accumulation in
the insulating material. Many methods have been provided for limiting the injection and accumulation of
space charge. In the paper, three kinds of specimens with graphene coating applied on a sandwich
composed of XLPE and semiconductive layer were made. Space charge distribution of specimens was
measured at 10 kV/mm and 40 kV/mm under room temperature and 60 °C. The measurement results show
that positive charges are injected and accumulate in reference XLPE specimen. Negative charge
accumulates in XLPE, and the quantity of positive charge injected from anode is significantly reduced,
when graphene is coated on the semiconductive side. Little space charge is injected into XLPE coated with
graphene, and positive charge accumulates near the interface between XLPE and electrode, which lowers
electric field near the anode. Graphene layer introduced deeper trap distribution, thus making difficult
negative charge injection from the cathode into XLPE.

INDEX TERMS Graphene coating, DC cable, XLPE, space charge, trap distribution

I. INTRODUCTION

Injection and accumulation of space charge in HV and EHV
DC cross-linked polyethylene (XLPE) power cables are one
of the prime problems leading to the degradation and aging
of electrical insulation [1-3]. Space charge can affect also
cable accessories, like e.g. joints and/or termination due to
charge accumulation at the interfaces between different

Many methods have been researched for blocking the
injection of space charge into insulation. Milliere et al
deposited a layer of silver nanoparticles embedded in a semi-
insulating organosilicon matrix on the surface of
polyethylene, and found that the space charge injection was
suppressed by silver nanoparticles [8, 9]. Du et al studied the
space charge behavior of fluorinated polyimide. Their results

insulating materials. Unlike the HVDC cable body where the
semiconductive layer (semicon) provides good contact [4, 5],
in cable accessories a discontinuity in permittivity and
conductivity is naturally present due to the different
mechanical, chemical and physical properties of the layers
constituting the accessory, leading to several interfaces, e.g.
metal/polymer, semicon/polymer and polymer/polymer. It
has been verified that metal/polymer or semicon/polymer
interface can lead the injection of charge which results in the
distortion of electric field in the insulation bulk at high fields
and temperatures [6, 7].
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showed that the charge injection was suppressed by
fluorination [10]. Li et al further researched the influence of
fluorination, and Cr,O3 coating on the surface trap and
charge injection, and provided a field-dependent charging
model based on dominant charge transport behavior under
different electric fields [11, 12]. An et al again tailored the
surface properties of polyethylene again by fluorination
technique. They found that charge injection was blocked by
the fluorinated layer at the semicon electrode interface and
the film/surface fluorinated plate interface [13]. These
researches provide various methods for suppressing the space
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charge injection by modifying the interface between
electrode and insulation.

In order to block the charge injection into XLPE, this
paper makes use of a few-layer graphene coating layer spread
over the surfaces of the specimen. Indeed, graphene electrical
properties are rather unique. A single-layer graphene shows
semimetal characteristics with zero bandgap, which can be
slightly opened up to 0.25 eV in multi-layer graphene [14].
Therefore, the potential barrier height of junction where
graphene is in contact with insulation is quite large, which
may affect space charge accumulation features. For these
reasons space charge distribution of specimens was measured
at different electric fields and temperatures, and trap
distribution of charges accumulating near both electrodes was
calculated.

II.  EXPERIMENTAL SETUP

A. SPECIMEN PREPARATION

The specimens were made by Nexans. They consisted of an
XLPE block of 560 pm with a semicon layer inserted in the
top of the specimen having a thickness of 160 pum (see Fig. 1).
Therefore, the thickness of XLPE below the semicon was
about 400 um. For analyzing the effect of graphene coating
on space charge, few-layer graphene dissolved in an
appropriate solvent was mechanically applied by Nanesa S.r.I
on the semicon side, and on both sides of XLPE and semicon,
as shown in Fig. 1. The main characteristics of the specimens
are shown in Table I. Then, all specimens were treated under
vacuum at 80 <C and 50 Pa for 24 hours in order to eliminate
the possible by-product and mechanical stresses during
preparation.
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FIGURE 1. Specimens without and with graphene coating.

TABLE |
SHEET RESISTANCE OF SPECIMENS

Sheet resistance of graphene layer (Q/sq)

Name XLPE side Semiconductive side
specimen A No graphene No graphene
specimen B No graphene 3700
specimen C 5700 3000
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B. MEASUREMENT SETUP

The electrode configuration for different specimens is shown
in Fig. 2. Space charge was measured by pulsed
electroacoustic (PEA) technique at room temperature and
60 <C under the applied electric field of 10 kvV/mm and 40
kV/mm, respectively. The anode was a semicon, and the
cathode was aluminum. A voltage pulse with the amplitude of
500 V and the width of 10 ns was applied to specimen
through a coupling capacitor. The specimen was firstly
polarized about 10800 seconds, and then depolarized about
3600 seconds. Before the measurement at each electric field,
the specimen was shorted and discharged at 50 <C for more
than 2 days in order to remove residual charge.

Specimen A Specimen B
Brass i
XLP Semicon
Aluminum
T o |
L =
Specimen C N -
Graphene
FIGURE 2. Specimen dimension and electrode configuration.
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Space charge distribution of specimen A at room

Fig. 3 shows the space charge distribution of specimen A
without graphene coating at room temperature. It can be
found from Fig. 3a that a small amount of charge is injected
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from both anode and cathode at room temperature and 10
kV/mm, accumulating as homocharge. Indeed, for
polyethylene-based insulation the threshold field separating
ohmic and space-charge limited conduction (SCLC) ranges
between 10 and 20 kV/mm [2, 15]. At depolarization phase,
the presence of homocharge in the vicinity of both anode and
cathode provides further evidences of the observation
reported above. When electric field is risen to 40 kV/mm, a
small amount of negative charge moves and reaches the
anode in the first part of polarization, as shown in Fig. 3b.
Then, charge is injected from both electrodes: homocharge
accumulation at the anode neutralizes the abovementioned
negative charge from cathode, and its injection depth in the
polymer is deeper than that from cathode. During
depolarization phase, homocharge accumulation in the
vicinity of both electrodes is clearly observable, dissipating
slowly with time.

The space charge distribution of specimen B with graphene
coating outside the semicon side is shown in Fig. 4. Fig. 4a
indicates that the space charge distribution of specimen B is
similar to specimen A at 10 kV/mm. However, the
homocharge density accumulating near anode in specimen B,
0.4 C/m?3, is smaller than that in specimen A, 1 C/m3. When the
electric field is risen to 40 kV/mm, an evident homocharge
injection can be observed near both electrodes during poling
phase, see Fig. 4b. The injection depth of homocharge from
cathode is high, and negative charge dominates. The interfacial
charge density of specimen B between semicon and XLPE is
lower than that of specimen A during poling phase.
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FIGURE 4.
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Space charge distribution of specimen B at room

Fig. 5 shows the space charge profiles of specimen C coated
with graphene on both sides of semicon layer and XLPE at
room temperature. At low electric field as shown in Fig. 5a,
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charge injection from the electrode is prevented. When electric
field rises to 40 kV/mm, as shown in Fig. 5b, during poling
phase positive charge is injected from anode and accumulates
close to the anode, as clearly observable during depolarization
phase. Other positive charge, probably injected from anode,
migrates and accumulates in the vicinity of cathode. No clear
injection can be seen near the cathode. During depolarization,
the heterocharge accumulated in the vicinity of cathode is fast
dissipated, while homocharge close to the anode takes long
time to decay completely.
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FIGURE 5.  Space charge distribution of specimen C at room
temperature.

Comparing with specimen A and B, when XLPE side is
coated with graphene, no injected charge can be seen, and
heterocharge migrating from anode accumulates. During
depolarization, injected homocharge can only be seen in the
vicinity of anode. Therefore, graphene coating on the
surface of XLPE is seen to suppress quite well the negative
charge injection and block heterocharge while it seems less
efficient on preventing injection on the semicon side.

B. SPACE CHARGE DISTRIBUTION AT 60 C

Fig. 6 is the space charge distribution of specimen A at
60 T. At 10 kV/mm, a small amount of charge,
accumulating as homocharge, is injected from cathode as
shown in Fig 6a. When electric field is risen to 40 kV/mm
as shown in Fig 6b, positive charge accumulates in the
vicinity of cathode and neutralized the negative charge
injected from cathode after the voltage is applied about 10
min. The density of positive charge also increases with time,
which broadens the width of positive charge accumulating
in XLPE.
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FIGURE 6. Space charge distribution of specimen A at 60 <C.

Fig. 7 displays the space charge distribution of specimen B
at 60 <C. Because of the increasing of temperature, a larger
amount of charge is injected from both electrodes, with
respect to room temperature, even at 10 kV/mm, with
prevalence of negative charge. When the electric field is
risen to 40 kV/mm the situation is reversed: a small amount
of negative charge accumulates in the vicinity of cathode at
the initial stage, but it will be neutralized by positive charge
from anode with time. Then, a large quantity of positive
charges accumulates near the cathode. At high temperature,
graphene coating on the outside of semicon cannot suppress
positive charge injection.
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FIGURE 7. Space charge distribution of specimen B at 60 <C.
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Fig. 8 represents the space charge distribution of specimen
C at 60 <C. Comparing with space charge of specimen B, the
injected charge quantity of specimen C from cathode at 10
kV/mm is much smaller. At 40 kV/mm, the charge density of
heterocharge accumulating in specimen C behind cathode is
larger than that in specimen B, which may be due to
graphene coating preventing charge extraction from cathode
too.
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FIGURE 8. Space charge distribution of specimen C at 60 <C.

IV. DISCUSSION

A. TRAP DISTRIBUTION

According to the isothermal decay current (IDC) method
which is a general method used to the study of trap energy
of organic solid [16], an approximate method for
calculating the trap distribution can be obtained. The
relationship between surface potential Vs(t) and current
density j(t) in depolarization process can be expressed as:

. C dv,(t)

t)=——/ 1
Jdecay( ) A dt ( )
C=¢g,Ald 2

where C is the equivalent capacitance of the sample, A and
d are the surface area and thickness of sample respectively.
The relationship between surface space charge density and
surface potential Vs is:

o(t)=geV, (t)/r' (3)

where r'is the mean injection depth of charges.

If r’ is assumed to be a selected region AX, no more than
about 100 pum, from electrode interface to insulation as
shown in Fig. 9, the surface space charge density can be
expressed as:
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o (t)=]"|p, (t.X)lix (4)

where pg(t) is the space charge volume density of
insulation during depolarization phase; Ax can be equal to
AX, or Ax,, depending on which charge (positive or
negative) is considered.
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The decay characteristic of positive or negative space
charge density can be fitted by a double exponential
function, so the relationship between decay current density
and charge density of space charge during depolarization
can be obtained by (1) to (4) as:

. Ax do(t)
t)=———=
Jdecay( ) d dt (5)
where r'is equal to Ax.

Then, the trap depth, E;, and trap energy density, N(Ey),
can be calculated by:

E =KT Invt (6)
2t .
(Et ) = qd? fo (Et) Jdecay (t) (7)

where k is Boltzmann’s constant, which is 8.568x<10°eV/K,
T is absolute temperature, v is de-trapping attempt
frequency which is kT/h, h is Planck constant. It should be
noted that the trap distribution calculated according to the
above method is the trap depth of trapped charges and does
not reflect the entire trap distribution in the material.

Fig. 10 shows trap distribution at room temperature with a
selected region Ax is about 60 um. For the positive charge
trapped in XLPE in the vicinity of the anode, the obtained
trap distribution is plotted in Fig. 10a. All specimens have
about two levels of deep traps. The shallowest trap depth of
reference specimen, namely specimen A, is about 0.89 eV,
which is slightly larger than that of specimen B and C, 0.87
eV, coated with graphene on the outside of semicon. The
depth of deeper traps is about 0.95 eV. It can be concluded
that graphene coating on the outside of semicon can reduce
the depth of shallow trap occupied, which causes that
positive charge detraps more easily and transfers into the
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and (b) cathode.

Fig. 10b shows the trap distribution of negative charges
trapped in XLPE close to the cathode. The trap depth of
specimen without graphene coating is about 0.95 eV by
contrast, the trap depth of specimen C with the graphene
coating on the XLPE layer is less than 0.85 eV. This
provides evidence that when graphene is directly coated on
XLPE side, charges are only trapped in the shallow trap of
XLPE. In this case, the trapped charges mainly originate
from anode. Indeed, homocharge injection from cathode
decreases, and not enough negative charge is able to
neutralize the positive charge migrating from anode, which
finally leads to heterocharge accumulation in the vicinity of
cathode.

B. INFULENCE OF TEMPERATURE

The space charge distribution of different specimens also
depends on the temperature. At 40 kV/mm, the space
charge distribution is interesting. At lower temperature, the
electrode interfacial charge is significantly changed by
graphene coating. As discussed in the previous section, the
shallower trap level of XLPE occupied is lowered with the
graphene coating, which results from a small amount of
positive charge accumulation. However, when temperature
is increased to 60 <C, the accumulation of positive charge in
both specimen B and C is evident. In addition, positive
charge does not immediately accumulate in the vicinity of
cathode when the electric field is applied. In this case,
indeed, it takes more than 20 ~ 30 minutes after the electric
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field is applied, when the positive charge packet can be
noticed. Moreover, sometimes, the space charge
distribution does not reach a stable state even though the
electric field is applied more than 3 hours, especially at
high temperature and electric field. Therefore, when one
calculates the trap distribution, the specimen should be
polarized as long as enough until the space charge reaches a
steady-state.

The trap distribution of specimen B and C at 60 <C and 40
kV/mm with a selected region AX is about 100 pm is plotted
in Fig. 11. It should be noted that only trapped positive
charges in a selected region of about 100 pm near cathode
are calculated because there is no evidence of negative
charge in specimens at 60 <C. It can be seen that the deepest
traps of both specimen B and C is about 1.05 eV. The
shallowest trap level of specimen C is about 0.95 eV, smaller
than that of specimen B, 0.99eV. Due to the lower shallow
trap level, more positive charges can be trapped and de-
trapped during volt-on, forming charge carriers.

5x10% -
—— pos. charge of specimen B
il pos. charge of specimen C
S 4x107 F
£
% 3x10% -
2
k%)
T 2x10° |
o
o
S
 1x10 -

080 085 090 095 100 105 1.10
Trap level (eV)

FIGURE 11. Trap distribution at 60 <C.

C. SUPRESSION MECHANISIM OF SPACE CHARGE

It is possible to explain the effect of graphene coating on
XLPE side contacting with cathode in accordance with Fig.
12. Fig. 12a is the band structure of specimen before
contact, where the band gap Eq of XLPE is about 8~9 eV,
work function of Aluminum Wy, semicon Ws and graphene
is about 4.04 eV, 5.6 eV and 4.48 eV, respectively [17, 18].
In a freestanding graphene layer the Fermi energy of
conduction and valence bands meets at the conical point,
namely the Dirac point.

Generally, when electric field is applied as shown in Fig.
12b, the potential barrier of hole injection from anode
lowers, which results in the positive charge being injected
and hopping easily between shallow traps above valance
band in XLPE, so the positive charges can be injected more
easily than negative charge, and form homocharge
accumulation in the vicinity of anode. On the contrary, at
cathode, with the rise of electric field, the Dirac point of
graphene shifts upward, which provides a similar effect to
the introduction of deep traps. Moreover, energy bands of
XLPE also are distorted. In this case, only when negative
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charges from cathode jump over both the Dirac point and
potential barrier of XLPE, charges can be injected into
XLPE, so negative charge injection is limited at the metal
electrode. At 40 kV/mm, conduction band further bends,
the probability of hole passing through barrier also
increases, which leads the positive charge further
accumulating on the front of cathode. If no graphene is
coated on XLPE side, negative charge can more easily
jump over or tunnel potential barrier at high electric field,
which explains why a small amount of negative charges
accumulates in specimen B (see Fig. 4b).
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FIGURE 12. Band structure of specimen.

CONCLUSIONS

For suppressing the injection and accumulation of space
charge in the insulation of HVDC cables, a thin graphene
coating layer can be deposited on the insulation surface. Via
PEA technique, the space charge distribution of specimens
coated with graphene was tested, and the distribution of traps
trapped positive and negative charges was calculated. At
room temperature, graphene coating on XLPE side can
effectively suppress the injection of negative charge from
cathode. Moreover, when a layer of graphene was only
coated on the semicon side, positive charge accumulating
near the anode seems to be blocked, which means that the
quantity of charges injected from semicon electrode
decreases. At higher temperature, graphene coating can also
prevent charge extraction from cathode, so the quantity of
positive charges which is neutralized by negative charges
lowers. Indeed, more positive charges are seen to accumulate
in the vicinity of cathode. The analysis of energy band
indicates that Dirac point of graphene on XLPE side can
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affect the injection of negative charge. With the raise of
electric field, Dirac point moves upward, which results in
reducing the negative charge injected into conduction band
of XLPE.

ACKNOWLEDGMENT
The authors would like to thank the generous help of Nexans
for preparing XLPE specimens and Nanesa S.r.l. for coating all
graphene on specimens.

REFERENCES

[1] G. Mazzanti, G. Chen, J. C. Fothergill, N. Hozumi, J. Li, M.
Marzinotto, F. Mauseth, P. Morshuis, C. Reed, A. Tzimas, and K.
Wu, “A protocol for space charge measurements in full-size HYDC
extruded cables,” IEEE Trans. Dielectr. Electr. Insul., vol. 22, no. 1,
pp. 21-34, Jan., 2015.

[2] D. Fabiani, G. C. Montanari, C. Laurent, G. Teyssedre, P. H. F.
Morshuis, R. Bodega, L. A. Dissado, A. Campus, and U. H. Nilsson,
“Polymeric HVDC cable design and space charge accumulation. Part
1: Insulation/Semicon Interface,” IEEE Electr. Insul. Mag., vol. 23,
no. 6, pp. 11-19, Dec., 2007.

[3] D. Fabiani, G. C. Montanari, C. Laurent, G. Teyssedre, P. H. F.
Morshuis, R. Bodega, and L. A. Dissado, “HVDC Cable Design and
Space Charge Accumulation. Part 3: Effect of Temperature
Gradient,” IEEE Electr. Insul. Mag., vol. 24, no. 2, pp. 5-14, Mar.,
2008.

[4] G. Chen, Y. Tanaka, T. Takada, and L. Zhong, “Effect of
polyethylene interface on space charge formation,” IEEE Trans.
Dielectr. Electr. Insul., vol. 11, no. 1, pp. 113-121, Nov., 2004.

[5] R. Bodega, P. H. F. Morshuis, and J. J. Smit, “Space charge
measurements on multi-dielectrics by means of the pulsed
electroacoustic method,” IEEE Trans. Dielectr. Electr. Insul., vol. 13,
no. 2, pp. 272-281, Apr., 2006.

[6] K. Wu, and C. Cheng, “Interface charges between insulating
materials,” |EEE Trans. Dielectr. Electr. Insul., vol. 24, no. 4, pp.
2633-2642, Aug., 2017.

[7]1 S. Delpino, D. Fabiani, G. C. Montanari, C. Laurent, G. Teyssedre, P.
H. F. Morshuis, R. Bodega, and L. A. Dissado, “Polymeric HVDC
cable design and space charge accumulation. Part 2: insulation
interfaces,” IEEE Electr. Insul. Mag., vol. 24, no. 1, pp. 14-24, Jan.,
2008.

[8] L. Milliere, K. Makasheva, C. Laurent, B. Despax, L. Boudou, and G.
Teyssedre, “Silver nanoparticles as a key feature of a plasma polymer
composite layer in mitigation of charge injection into polyethylene
under dc stress,” J. Phys. D: Appl. Phys., vol. 49, no. 1, pp. 015304,
Nov., 2015.

[9] L. Milliere, K. Makasheva, C. Laurent, B. Despax, and G. Teyssedre,
“Efficient barrier for charge injection in polyethylene by silver
nanoparticles/plasma polymer stack,” Appl. Phys. Lett., vol. 105, no.
12, pp. 122908, Sept., 2014.

[10] B. Du, J. Li, H. Du, and Y. Yin, “Effect of surface fluorination on
space charge behavior in multilayered polyimide films,” IEEE Trans.
Dielectr. Electr. Insul., vol. 21, no. 4, pp. 1817-1823, Aug., 2014.

[11] C. Li, C. Lin, G. Chen, Y. Tu, Y. Zhou, Q. Li, B. Zhang, and J. He,
“Field-dependent charging phenomenon of HVDC spacers based on
dominant charge behaviors,” Appl. Phys. Lett., vol. 114, no. 20, pp.
202904, May, 2019.

[12] R. Men, Z. Lei, T. Han, D. Fabiani, C. Li, S. V. Suraci, and J. Wang,
“Effect of long-term fluorination on surface electrical performance of
ethylene propylene rubber,” High Volt., to be published. DOI:
10.1049/hve.2019.0005.

[13] Z. An, J. Cang, X. Chen, F. Zheng, and Y. Zhang, “Impact of
interface between polyethylene and surface fluorinated polyethylene
on space charge accumulation in the layered structures,” IEEE Trans.
Dielectr. Electr. Insul., vol. 20, no. 1, pp. 339-336, Jan., 2013.

[14] S. Lin, Y. Lu, J. Xu, S. Feng, and J. Li, “High performance
graphene/semiconductor ~ van  der  Waals  heterostructure
optoelectronic devices,” Nano Energy, vol. 40, no. 2017, pp. 122-148,
Oct., 2017.

VOLUME XX, 2017

[15] L. A. Dissado, C. Laurent, G. C. Montanari, and P. H. F. Morshuis,
“Demonstrating a threshold for trapped space charge accumulation in
solid dielectrics under DC field,” IEEE Trans. Dielectr. Electr. Insul.,
vol. 12, no. 3, pp. 612-620, Dec., 2005.

[16] Z. Lei, C. Li, R. Men, and J. He, “Mechanism of bulk charging
behavior of ethylene propylene rubber subjected to surface charge
accumulation,” J. Appl. Phys., vol. 124, no. 24, pp. 244103, Dec.,
2018.

[17] G. Giovannetti, P. A. Khomyakov, G. Brocks, V. M. Karpan, J. Van
den Brink, and P. J. Kelly, “Doping graphene with metal contacts,”
Phys. Rev. Lett., vol. 101, no. 2, pp. 1-4, Jul., 2008.

[18] T. Takada, “Studies on Space Charge Accumulation Properties in
Dielectric Materials,” 2nd Int. Conf. Electr. Mater. Power eqpt.,
Guangzhou, China, Apr. 8-10, 2019.

ZHIPENG LEI (M’13) received the B.Sc. degree
from the East China Jiaotong University, China in
2005, and the M.Sc. degree, Ph.D. degree from

— the Taiyuan University of Technology, China in
2010 and 2015, respectively. He joined the
f ol College of Electrical and Power Engineering in

& the Taiyuan University of Technology as a

- lecturer since 2015. He is now a visiting scholar

\ A. in University of Bologna. His main research
i} { interest is the condition assessment of high
voltage cable failure and associated partial discharges characteristics,
space charge properties of insulation, intelligence techniques in coal mine.

DAVIDE FABIANI (M’98 SM’16) received the
M.Sc. and Ph.D. in Electrical Engineering with
honours in 1997 and 2002, respectively. He is
Associate Professor at the Department of
Electrical Electronics and Information
Engineering of University of Bologna His fields
of research are mainly related to development,
characterization and diagnosis of electrical
insulation systems for applications in electrical
and electronic apparatus. He is author or co-
author of about 180 papers, most of them
published on the major international journals and conference proceedings.
He is Associate Editor of the Transactions on Dielectrics and Electrical
Insulation and IET High Voltage Journal. He is currently member of DEIS
AdCom and Chair of the Meetings Committee since 2016.

CHUANYANG LI received his double B.S.
degrees of Electrical Engineering and English in
Taiyuan University of Technology. After that, he
got his M.S. degree from the Department of
Electrical Engineering, Taiyuan University of
Technology, in 2014. He received his Ph.D degree
in the Department of Electrical Engineering,
Tsinghua University in 2018. Currently, he works
as a Postdoctoral Fellow at the Department of
Electrical, Electronic and Information
Engineering “Guglielmo Marconi” of the University of Bologna (Alma
Mater Studiorum - UniversitaDi Bologna), Italy. His research interests
include surface charge behavior, material modification for dielectrics in
GIS/GIL, online monitoring for power cable insulation, and PD pattern
recognition of HV motors and generators. He is the author and coauthor of
more than 40 scientific papers.

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/.



This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/ACCESS.2019.2938539, IEEE Access

IEEE Access

Multidisciplinary ; Rapid Review : Open Access Journal

SIMONE VINCENZO SURACI was born in

Sc. Degree in Civil and Environmental
Engineering from the University of Reggio
Calabria in 2015 and his M.Sc. degree in Energy
and Nuclear Engineering from the University of
Bologna in 2017. He is now at the second year of
his PhD in Electrical Engineering at the
University of Bologna. His research interests
include the study of polymeric dielectrics for
nuclear appllcatlons and their degradation with aging, nondestructive
diagnosis techniques for insulation materials and nano-structured
composites. He has been member of both IEEE and DEIS since 2017.

GIACOMO SELLERI received his B.Sc. and his
MSc in Energy Engineering in 2015 and 2018
from the University of Bologna. He is now in his
first year of his PhD in Electrical Engineering at
the University of Bologna. His field of research is
mainly related to nanotechnologies, in particular
to electrospinning for sensing and energy
harvesting applications. He has been a member of
IEEE since 2018.

TAO HAN (M’16) was born in Shandong, China.
He received the M.E. and Ph.D. degrees in
electrical engineering from Tianjin University,

he has been a lecturer at School of Electrical

China. He is now a visiting scholar in Department
of Electrical Engineering, University of Bologna,
Bologna. His main research interests are
degradation of cable insulation and partial

discharge detection.

MARCO SPERANZA was born in Reggio
Calabria, Italy, in 1991. He received his B. Sc.
Degree in Civil and Environmental Engineering
from the University of Reggio Calabria in 2015.
He also received his M. Sc. degree in Energy and
Nuclear Engineering from the University of
Bologna in 2018. Since 2018 he is a research
fellow in Electrical Engineering at the University
of Bologna. His research interests include study of
nanodielectrics and production and
characterization of piezoelectric electrospun nanofibers and their

integration in smart composite laminates for energy harvesting and sensing.

FILIPPO GROLLI received his B.Sc. in
Environmental Engineering from the University
of Parma in 2015 and his MSc in Energy
Engineering in 2018 from the University of
Bologna. His research deals with
Nanotechnologies, in particular with the
electrospinning of piezoelectric materials for
sensing applications. He is currently a researcher
at the Department of Electrical and Information
Engineering of University of Bologna.

FABRIZIO PALMIERI was born in Vergato
(Bologna) in 1970. He received the Dr. Eng.
Degree in electrical engineering from the
University of Bologna in 1999 for a thesis on the
PEA system. From 2001 to 2003 he was in charge
of the testing service for Techlmp S.R.l. Since
2003 he has been working in the Department of
Electrical Engineering of the University of
Bologna. In particular, his interests are in
electrical ~ characterization ~ of  polymeric

VOLUME XX, 2017

Reggio Calabria, Italy, in 1993. He received his B.

China, in 2012 and 2015, respectively. Since 2015,

Engineering and Automation in Tianjin University,

insulations using the PEA method,

measurements and life tests.

charging-discharging current

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/.



