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Soundness Assessment Technologies for Corrosion in Aged Transmission Towers
—Individual Features and The Operation Results of Corrosion Amount Evaluation
as well as Inspection and Diagnosis—

Yasuhiko Hori, Junichi Tani, Tomomi Ishikawa, Kazuo Adachi, Yoshiharu Shumuta,
Yusuke Sato, Ryuichi Ishino, Yasuo Hattori, Shin Ohara, Hitoshi Suto,
Atsushi Naganuma, Norikazu Fuse, Hiroyuki Fukutomi and Yuji Oishi

Abstract

Transmission towers built during the years of Japan's high economic growth have gradually aged over the years, and these
structures now require the standardization of their efficient repair and rebuild. CRIEPI has embarked a research program to
contribute the streamlining of the maintenance for the aged transmission towers, under the cooperation of all Japanese electric
power companies. Elemental information and technologies were consolidated in the program's first stage that was conducted
from 2012 to 2014. The second stage of the program has built the evaluation methods by combining the elemental technologies.

The methods constructed and developed are to estimate the corrosion amount, as well as to conduct inspection and
diagnosis for transmission towers. This report shows the individual features of the methods and how they actually operate

against social infrastructure and field data obtained.
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Automatic Decision System of Deteriorating Level for Galvanized Transmission
Tower Using Aerial Image

Ryuichi Ishino

Abstract

We are trying to develop support tool using an aerial image of a transmission tower for decision of deteriorating level
for the tower. The support tool judges which a deteriorating rank of a tower each pixel on the aerial image of the tower
belongs. The support tool was not an automatic system because extraction of a tower image by hands was needed before
the judgment. Using deep learning techniques, we have achieved automatic extraction of a tower in an aerial image. The
support tool can extract 99.5% pixels on towers. Due to development of automatic tower extraction routine, the support tool

can automatically judge deteriorating level for towers.
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Guide to Lightning Protection Design for Transmission Lines (revised in 2022)

As basic references for lightning protection design for transmission lines, "Design Practices of Transmission Lines to
Prevent Lightning Faults (published in 1971)", "Lightning Proof Design Guide-book for Transmission Lines (published in
1976)" and "Guide to Lightning Protection Design for Transmission Lines (published in 2003)" have been widely used by
electric power utilities. However, almost twenty years has passed since these three references were published. To reflect

the technical progress since their publication and to merge these three references, the updated guide has been released. The

Subcommittee for Transmission Lines,
Study Committee on Lightning Risk

Abstract

guide consists of nine chapters and two appendixes as follows:

Chapter
Chapter
Chapter
Chapter
Chapter
Chapter
Chapter
Chapter
Chapter

Appendix A:

Appendix B:

1:
2:
3:

9:

Introduction

Lightning phenomena

Lightning performance of transmission lines

Estimation method of lightning outage rates on transmission lines

Various lightning protection methods

Lightning protection design and countermeasure for transmission lines

Analysis of lightning outage for transmission lines

Lightning protection design for power stations, substations, and underground transmission lines
Introduction of lightning protection design concepts of the IEEE and the CIGRE

Index of technical terms

Cumulative frequency distribution of lightning current amplitude
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F—U—F:HF Key Words : Lightning
LR Transmission lines
ST T oA — Multiphase back flashover
T =T R—= Arcing horns
R P A Transmission line surge arresters

Development of evaluation method for multi-phase fault rate of transmission line
- Concurrent flashover characteristics of two parallel gaps in air with potential
difference considering effect of AC phase difference -

Ryuichi Nakane, Toru Miki and Megumu Miki

Abstract

The purpose of this report is elucidation of concurrent flashover characteristics of two parallel gaps in air for arcing horns
and externally gapped line arresters (EGLA) of 66/77 kV transmission lines. The experiment is conducted by using two types
of experimental cases. One is rod-rod / rod-rod electrode parallel configuration, the other is rod-rod / EGLA. Short-tail lightning
impulse voltage is applied by using 12MV impulse generator in Shiobara testing yard assuming that lightning strikes a
transmission tower. DC voltage is superimposed on one side of two parallel gaps in consideration of the effect of AC phase
difference in the actual transmission lines. In other words, “insulation gap” occurs between two parallel gaps. This means that
even if the lengths of two gaps are the same, the mechanism for leader propagation in air is different between two parallel gaps.
The concurrent flashover rate with potential difference under superimposed DC voltage is obtained while measuring voltage
and current waveform and time transition of leader propagation in air. As a result, we experimentally verify that the larger or
smaller the insulation gap between two parallel gaps, concurrent flashover rate decreases or increases. In addition, we
quantitatively clarify that concurrent flashover occur at the averaged electric field from 0.83 to 1.22 kV/mm in two parallel air

gaps regardless of experimental cases.
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Evaluation of Snow Accretion and Flashover Properties of Snow Accreted Insulators
- Study of Discharge Development and Withstand Voltage Characteristics
by Artificial Snow Accretion Energizing Tests -

Masahito Miyoshi and Hiroya Homma

Abstract

In December 2005, Japan experienced a major outage in Niigata Kaetsu area due to a large amount of wet snow mixed
with sea-salt accreted on several transmission insulators. Observation of the discharge development and flashover tests of snow
accreted insulators considering the state of snow accretion and electricity imposed on them have been carried out. As a result
of the flashover tests using artificial snow, it was observed that partial discharge occurred in the initial stage of voltage
application, and then local arc between the gaps occurred when the snow melted due to the partial discharge.

This time, we carried out simplified experiments of energized test sample simulating a snow accreted insulator, and the
discharge was observed using a spectroscope. The results of the spectroscopic analysis revealed that the emission was delivered
from N2 during the partial discharge and Na during the local arc discharge.

As for the flashover test of snow-accreted insulators, the 154kV insulator flashover tests have been conducted by applying
voltage to the insulators covered with snow in advance. However, in the case of actual salt and snow damage in service, it is
necessary to consider the situation where the snow has landed on the insulators of the live lines. Therefore, the other flashover
tests were conducted with either the pre-energizing or pre-snowing procedures. As the results, both test methods showed the
same discharge development pattern, but different withstand voltage. The effects on the withstand voltage characteristics due

to differences in the sequence of snow accretion and energizing was clarified.
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F—U— R HIEEE Key Words : DC power transmission
RIS TR Overhead transmission lines
A F i Ion flow electrification
v E Corona discharge
THIFE Prediction method

Study on DC Corona Characteristics of Snow Resistant Rings
- Experimental Study Using Corona Cage-

Kiyotomi Miyajima and Takeo Shiina

Abstract

An ion flow occurs by corona discharge generated from charged conductor of DC transmission line. Since

the ion flow may charge on object under DC transmission line, it is necessary to predict it in advance.

In this report, a corona cage test was conducted in order to develop a prediction method

of DC electric

environment factors of conductor with snow resistant rings. From the corona cage test results, it was clarified that

the corona current was larger when the positive voltage than the negative voltage was applied

. In addition, a

coefficient indicating the state of occurrence of corona discharge from conductor was calculated from the

measurement results of the corona current. It was clarified that when a positive voltage was applied, a conductor

with snow resistant rings was apt to generating corona discharge than a conductor wrapped with spiral wires.
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B Partial discharge

Development of Data Compression Method of Partial Discharge Waveform for Remote
Insulation Diagnosis in Manhole for Power Transmission Cable

Takafumi Mashimo, Toshihiro Takahashi, Ryuichi Ishino and Yasuhiko Hori

Abstract

Partial discharge (PD) measurement is considered to be one of dominant measures for insulation diagnosis of underground
power transmission cable system. PD would be a sporadic phenomenon in its early stage, thus its continuous measurement is
essential for its rapid understanding. The major PD source would be joints of cable system laid in manholes, which gives
difficulties in transmission of measured PD data from manhole to an aboveground station. LPWA (Low Power Wide Area)
technology can realize the data communication between inside manhole and the aboveground station, but its low data
transmission speed brings the limitation of data transmission. Therefore, a data compression method with high efficiency is
important for continuous PD measurement in a manhole. This report develops a data compression method for PD signals using
Gaussian process regression to overcome the limitation of LPWA. The method could compress the PD data to a minimum of

about 10% in its size and was confirmed that PD signal can be efficiently transmitted using the developed method.
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Study on Diffusion Behavior of Dissolved Gas in Insulating Oil on Oil-filled Cables
- Measurement of Diffusion Coefficients of Dissolved Gas in Insulating Qil through Oil-
impregnated Papers and Diffusion Calculation on Coaxial Cylindrical Model -

Yuta Makino, Takashi Kurihara and Toshihiro Takahashi

Abstract

Insulating oil used for the dissolved gas analysis of oil-filled cables is sampled from cable joints and terminations. Partial
discharges in the insulating layer decompose the insulating oil into gases such as acetylene and hydrogen. The gasses dissolve
into the insulating oil, and they diffuse to the outer insulating oil layer in cable joints and terminations through the electrical
insulation layer consisting of laminated oil-impregnated papers. Therefore, it is important to understand the diffusion
characteristics of dissolved gases in the laminated oil-impregnated insulating paper layer. In this report, the diffusion
coefficients of dissolved acetylene were measured experimentally in the oil through oil-impregnated insulating papers in the
laminated direction and the stratabound direction at a constant temperature. As a result, it was revealed that the diffusion
coefficient of dissolved acetylene in the stratabound direction is higher than that in the laminated direction, both are dependent
on temperature. In addition, the diffusion characteristics of dissolved acetylene in the insulating oil on a coaxial cylindrical
model was measured at room temperature, and calculated using the diffusion coefficients achieved in the above experiment.

As a result, it was confirmed that the calculated result was similar to the experimental one.
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Development of Signal Correction Method under Transient Temperature Conditions for
Space Charge Measurement of XLLPE cables

Shosuke Morita, Norikazu Fuse, Toshihiro Takahashi and Naohiro Hozumi

Abstract

This report presents the signal correction method of the pulsed electro-acoustic method for space charge measurement of
full-size XLPE cables under transient temperature conditions. A general measurement under steady-state temperature
necessitates the reference waveform at the measuring temperature for correction. Unlike the steady-state measurement, the
reference waveform at the measuring temperature is unobtainable in transient temperature. Hence, we took an approach to
apply the reference waveform measured at the ambient temperature for the signal correction of different temperatures up to
90 °C, which is the maximum conductor temperature of HVDC XLPE cables. For the accurate signal correction, temperature
characteristics of the system’s impulse response should be considered for this approach. Therefore, we experimentally
measured the reference waveforms about every 3 hours for 100 hours under ambient and high-load temperature conditions
before and after the 460 kV application by means of the differential method. As a result, the temperature characteristics were
not significant in this series of experiments. Furthermore, we measured signals under the 24-hour load-cycle condition as an
example of the measurement under transient temperature. We applied the proposed signal correction and obtained a space

charge profile under transient temperature conditions.
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A Methodology to Evaluate Analysis Accuracy on Electric Field Distribution in
Cable Insulating Wall Based on Space Charge Measurement

Norikazu Fuse, Shosuke Morita, Satoru Miyazaki, Toshihiro Takahashi
and Naohiro Hozumi

Abstract

Evaluation of estimation accuracy of an electric field in a cable-insulating wall is critical when assessing their suitability
for high voltage dc systems. A method was proposed for such an evaluation by analyzing space charge measurement results.
Time-domain deconvolution was employed to derive stable and fully automatic processing necessary to manipulate large data
required for statistical analysis. The evaluation flowchart has the three stages: optimizing deconvolution parameters and
evaluating accuracy for low- and high voltage data. The proposed method’s validity was verified by analyzing waveforms
obtained by applying a dc voltage to a 66-kV-class extruded cable using the pulsed electroacoustic method. Two dc voltages
were set to be sufficiently low with the intention that the internal field corresponded to the solution of Laplace’s equation.
The system impulse response was extracted from the waveform obtained under the low voltage condition and optimized to
appropriately analyze several waveforms observed. A similar level of estimation accuracy was confirmed for waveforms
obtained under the low and high voltages. It follows that waveforms usually observed to only receive the system impulse
response can be used for the accuracy estimation. The evaluated accuracy can be adapted to high voltage conditions, which

could induce space charge accumulation and field distortion.
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Application of External Diagnosis for Managing Electric Power Equipment
- Identification of Partial Discharge Source in Shunt Reactor -

Satoru Miyazaki, Takashi Kuraishi and Tsuguhiro Takahashi

Abstract

In recent years, "asset management" or "managing assets" technique has been expected to support the rationalization of
maintenance and operation of electric power equipment, especially as a countermeasure for aging equipment. For this purpose,
the development of diagnostic methods of aging, remaining life, and faults is necessary. Furthermore, it is important to
accumulate case studies applying such diagnostic methods to real equipment and the benefit of the applications of the diagnostic
methods. In this report, frequency response analysis (FRA) and a partial discharge measurement are applied to a shunt reactor
suspected of occurrence of partial discharge. Results of both the diagnostic method suggest that breakage of the earth bar
connecting the iron-core brock and the partial discharge occurs at the iron core. Based on this diagnostic result, the shunt-
reactor owner decided to postpone the replacement by two years compared with the case without applying any diagnostic

methods. In this report, the benefit of the decided postponement is also evaluated.
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Study of statistical failure analysis for long life equipment based on operation data

Tsuguhiro Takahashi

Abstract

In developed countries, to operate and maintain aged power equipment are very important issue, and rational measures by
utilizing the asset management techniques are being pursued. In Japan, the Organization for Cross-regional Coordination of
Transmission Operator (OCCTO) has introduced an evaluation method of renewal planning based on risk analysis. In order to
carry out such a risk analysis, it is necessary to accurately estimate the failure rate of the equipment to be evaluated. One of the
methods to understand the aging characteristics is the statistical analysis of equipment operation data such as failures and
operating results, but there are some points to be considered when applying this method to equipment that can be operated for
a long period, has a wide age distribution, and is expected to have high reliability with preventive maintenance. This report
presents the procedure of statistical analysis by using simulated data of operation results with wide age distribution, and the
points to be considered when carry out this analysis. In addition, examples of failure rate evaluation that takes into account the

results of preventive renewals are presented.
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Development of Communication Adapter for IEC 61850 and
Legacy Communication Systems used in Telecontrol

Saroj Paudel, Yoshihiro Seto, Tetsuo Otani,
Ryo Yamaguchi and Katsuya Yamamoto

Abstract

IEC 61850-based systems for substations support interoperability and increase reliability and flexibility. In addition, it may
lead to reduction in wiring and engineering time thereby improving set-up and maintenance process and reducing cost. However,
one of the major challenges is the communications with the control centers employing legacy communication technologies that
are based on protocols such as HDLC (High-level Data Link Control) or CDT (Cyclic Data Transmission). These systems
cannot be replaced by IEC 61850-based system all at once. A communication adapter is thus required to communicate between
these legacy communication systems and IEC 61850-based system during the transition period. Use of such communication
adapter supports and accelerates the transition to IEC 61850-based systems. This report proposes a basic design of such
communication adapter consisting of a common module that performs majority of protocol conversion tasks and a custom
module that primarily performs the modulating and demodulating of payload information specific to each legacy
communication protocol. Consideration is given to maximize the tasks in the common module while minimizing those in the

custom module by defining intermediate communication services and mapping definition files.
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Development of techniques for surge analysis of low-voltage control circuits in power
plants and substations based on VSTL REV (Part 2)
- Development of a technique for representing shielded control cables and
its application to the analysis of surges induced on control cables -

Akiyoshi Tatematsu and Akifumi Yamanaka

Abstract

Digital control equipment including sensitive electronic devices are commonly installed in secondary circuits in substations
and power plants. Electromagnetic disturbances can be induced in secondary circuits, for example, by lightning. To properly
protect control circuits from such electromagnetic transients, it is useful to predict electromagnetic transient phenomena through
numerical simulations. Nowadays, the finite-difference time-domain (FDTD) method has become a very powerful tool for
analyzing electromagnetic transient phenomena in three-dimensional structures and grounding systems.

In this study, first, we propose a technique for representing shielded control cables, which are used as countermeasure
against electromagnetic disturbances in secondary circuits, for FDTD-based surge simulations, and confirm its validity through
comparison with measured results. Secondly, using the proposed technique, we simulate a shielded control cable placed over
a grounding structure, and by injecting a lightning impulse current into the grounding structure, we calculate currents flowing
through the grounding structure, ground potential rises of the grounding structures, and voltages induced on the shielded control

cable, and compare the calculated results with measured waveforms for validation.
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F—U—R:FarRYy MG E Key Words : Polymer nanocomposite dielectrics

T T AT Nanofiller

7 4 T — el Evaluation of filler distribution

LIBS Laser-induced breakdown spectroscopy
FEHULERE) Full-scale sample

Development of evaluation method for the nanofiller distribution
in polymer composite dielectrics using laser-induced breakdown spectroscopy
- Proposal of an evaluation method applicable to full-scale samples -

Hideki Misaka, Shuzo Eto, and Kazuo Adachi

Abstract

Polymer nanocomposite dielectrics, in which nanofillers are added to the resin, are being applied to various electric power
equipment because of their improved insulation performance and other functionalities. The uniform distribution of nanofillers
in the polymer nanocomposite is important to achieve the high functionality. To evaluate the distribution of nanofillers,
scanning electron microscopy (SEM) has been widely used. However, the evaluation results of nanofiller distribution by SEM
images do not necessarily represent the distribution trend of the entire bulk sample. Therefore, a new nanofiller evaluation
method has been proposed for the evaluation of the entire bulk sample, and its applicability as an evaluation method is
confirmed using polymer nanocomposite dielectric sample. Conventional methods for evaluating the distribution of nanofillers
have applied analytical methods with high spatial resolution and to evaluate the distribution of individual filler particles by
using images. The proposed method is to evaluate the total amount of nanofiller particles contained in a fixed volume as the
concentration. LIBS is expected to be an analytical method for estimating the concentration of nanofiller particles as peak
intensity. LIBS was applied to nanocomposite materials containing alumina nanoparticles and was found to have sufficient
detection sensitivity. The deviation of the peak intensity ratio was used to estimate the variation of the nanofiller distribution,

and it was estimated that the variation of the nanofiller distribution in the bulk sample was small and uniform.
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EXH B Electric Vehicle

A Basic Study on Control Method of Demand Side Inverter to Ensure Frequency
Stability of Power Systems
- Active Power Control Method Emulating Load Characteristics Responses to variations
in Voltage and Frequency-

Hayato Satoh, Muneki Masuda and Hiroyuki Amano

Abstract

In Japan, it is an important issue to ensure sufficient frequency control reserves for realizing decarbonization and ensuring
frequency stability of power systems. Conventionally, load characteristics contribute to suppressing frequency fluctuations and
voltage fluctuations in the time domain corresponding to the containment reserve and the faster domain. However, in recent
years, the contribution of load characteristics is assumed to be on a declining trend. From this perspective, the use of demand-
side devices has been discussed. It is recognized that the addition of frequency stabilization control function to demand-side
inverters for photovoltaic, electric vehicles, etc., will be one of the effective measures.

Therefore, the authors proposed an effective power control method suitable for demand-side inverters that contribute to
ensuring frequency stability. The proposed method was applied to the actual machine in CRIEPI’s power system simulator,
and a lab test confirmed its characteristics. In addition, the proposed method was validated through time-domain RMS
simulations using the IEEJ WEST 30-machine system model. This report clarifies the effectiveness of the proposed method

and discusses issues and measures to ensure control reserves using demand-side inverters.
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F—U— K RSO Key Words : Automatic frequency restoration reserve
S Jak e Cross-regional cooperation
J e Frequency
Ao S I A Load frequency control
Vialb—vayv Simulation

Proposal and Effectiveness Verification of Cross-Regional Load Frequency Control
between Non-Synchronous Power Systems using Frequency Converter Station

Keita Tokumitsu and Hiroyuki Amano

Abstract

In Japan, to ensure more efficient and economical operation of automatic Frequency Restoration Reserves (aFRR), cross-
regional load frequency control (CRLFC) will be introduced in FY 2026, which involves the sharing and cooperation of aFRRs
between control areas. The CRLFC will be performed for each synchronous system (east area power system of the 50 Hz and
mid-west area power system of the 60 Hz) for the time being due to constraints of the DC interconnection system, such as
frequency converter station (FC). However, The CRLFC between non-synchronous systems (NSS) can be realized by utilizing
the DC interconnection systems to be expanded or replaced in the future.

In this study, we propose the CRLFC between NSSs using FC which will be expanded in FY 2027. The proposed CRLFC
determines the aFRR interchange value between NSSs using two distributions to the east area power system and mid-west area
power system, namely a pro-rata distribution of the net area control error (ACE) and a merit-order distribution of the net already
activated aFRR. The FC controls the interchange power in accordance with the aFRR interchange value between NSSs. The
simulation results show that the CRLFC between NSSs by using the FC can reduce the frequency deviation and the activation

energy and activation cost of aFRRs compared to those in the CRLFC for each synchronous system.
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F—U— N RSk E Key Words : Fault Ride Through Requirements
PN B Photovoltaic Generation
FAERHA =5 Grid-connected inverter
HAME SR A e Anti-islanding Protection Relay
= HE AR Three-phase Ground Fault

Fundamental Study on Unwanted Operation of Anti-islanding Protection Relay
in Inverter-dominated Power System
- In Case of Three-phase Ground Fault in Bulk Power System -

Keisuke Shirasaki and Hiroyuki Amano

Abstract

Anti-islanding protection relay of grid-connected inverter for photovoltaics generation (PV) is designed to satisfy
frequency fluctuation tolerances as a part of Fault Ride Through (FRT) requirements regulated by the grid-interconnection
code of Japan. Because anti-islanding protection relay might unnecessarily disconnect the PV under the high rate of change of
frequency (RoCoF) condition, there are various considerations such as maintaining a certain level of the system inertia. On the
other hand, the frequency fluctuates not only following a sudden large generation tripping, but also during three phase ground
fault caused by a three-phase ground fault, as for the latter, the risk of unnecessarily disconnection due to anti-islanding
protection relay has not been sufficiently considered yet. Therefore, the mechanism of frequency fluctuation during three phase
ground fault is analyzed by the root-mean-square simulations and experimental validation using actual equipment in this study.
As the result, it is revealed that the risk of unnecessarily disconnection due to anti-islanding protection relay is increased with

decreasing voltage dip during three phase ground fault even if the system inertia is maintained.
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F—IJ—FBEARHFEDOLDIIVR Key Words : Power System Resilience
BRI Emergency Frequency Control
ARSIETIL— Under Frequency Relay
BIrfE Self-disconnection of RES
IEC 61850 1IEC 61850

A Basic Study on Emergency Frequency Control for Enhancement of Power System
Resilience (Part 3)
- An IEC 61850 based Load Shedding Method considering Self- disconnection
Characteristics of RESs -

Noriyuki Ueda, Muneki Masuda, Hayato Satoh

Abstract

In Japan, the rate of change of frequency (ROCOF) at the time of loss of large-scale generation following disasters tends
to increase by decreasing system inertia caused by large-scale integration of renewable energy sources (RESs). There is a
concern that the amount of self-disconnection of RESs due to the unnecessary operation of anti-islanding protection relays for
PV inverters in Japan promotes the frequency drop of the power system. Therefore, the authors developed a load shedding
system prototype that adjusts ROCOF relays settings according to the estimated value of the amount of self-disconnection of
RESs and maintains the power system frequency. To put this system into practical use, it is important to implement a remote
setting function by IEC 61850 in the load shedding systems. This report proposes a load shedding system capable of remote
setting by IEC 61850 with MMS protocol. The load shedding devices are constructed by an interchangeable merging unit and
a computer. To realize remote setting by IEC 61850, the anti-islanding protection relays compliant with a Japanese Grid Code
were implemented as IEC 61850 Logical Nodes (LN) in the computer. Through the evaluation of the proposed system, it was
confirmed that the proposed system was possible to operate promptly after the RESs were disconnected, and the remote setting

compliant with IEC 61850 was performed appropriately.
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F—U— R AR R Key Words : Rate of Change of Frequency
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FRAEFTRE = K /L ¥ — Renewable Energy
CEVAEN Power System
MR ERTE Short Circuit Current Calculation

A simple method of computing the rate of change of frequency

at each node in loss of generation

Shunsuke Aida and Hiroyuki Amano

Abstract

In Japan, the installation of inverter-based resources (IBR), such as solar and wind power, is expected to increase. As the
number of synchronous machines decreases and the inertia decreases, the rate of change of frequency (RoCoF) becomes larger
during the loss of large-scale generation. If the RoCoF becomes too large, the IBR will be disconnected from the grid, causing
an even larger decrease in frequency. To analyze this, the RoCoF needs to be determined for each node of the interconnection
of the IBR, and the simulation is performed using a transient stability analysis program. However, it takes a lot of time to
perform the analysis under various conditions. Therefore, we propose a simple method to compute the RoCoF at each node.
The method first calculates RoCoFg for the rotor speed by using the fact that the increase in output of each generator during
generator loss is proportional to the fault current of each generator during the short circuit fault. The RoCoFn of each node is
calculated by adding the RoCoFg of each generator weighted by the reciprocal of the electrical distance between each node

and each generator.
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F—U— R AfREE Key Words : Load characteristic
AT Power system analysis
AR HB)E Electric vehicle
SRR T v Root mean square analysis model
FEE R Laboratory test

Experimental Investigation of EV Chargers Characteristics
for Modeling of Aggregate Load with Large-Scale EVs

Muneki Masuda, Hayato Satoh

Abstract

In Japan, the electrification of vehicles in the transportation sector is being promoted as one of the measures that will
contribute to realizing the decarbonization and ensuring the resilience of power system following disaster. In particular, the
large-scale integration of Electric vehicles (EVs) are expected. However, large-scale integration of EVs will change the
composition and characteristics of load equipment. There is a concern that this may increase the impact on the operation and
control of the power system. To analyze this impact in advance, it will be necessary to develop a load model considering EV’s
characteristics.

Therefore, the authors conducted laboratory tests using CRIEPI’s power system simulator to investigate the characteristics
of the response to voltage and frequency fluctuations for two types of charging types, slow charging and fast charging, for
commercial products of one representative manufacturer. The results of the tests were used to develop the EVs model
considering charging types. This report provided the following key findings obtained from the tests.

* The characteristics of the response of each charging types and its effect on the aggregate load

* Models for root mean square analysis to simulate the response of slow charging and fast charging
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F—U— R EE Key Words : Utility pole
HAvLl Deterioration diagnosis
IRENLRE Vibration mode
EUfTie P UR:E] Video processing
e AREN FHH Optical vibration sensing

Visualizing Vibration Modes of a Utility Pole by Optical Vibration Sensing

Jun Takada

Abstract

The dynamic behavior of utility poles, such as vibration and displacement, can provide a lot of information about their
structural strength. For this reason, various methods for sensing and simulating the dynamic behavior of utility poles have been
developed. However, in order to obtain detailed information on the natural vibration modes of actual poles, it is conventionally
required to install multiple contact-type sensors on the poles, which is difficult to apply to a huge number of existing poles in
the field. Optical vibration sensing technology, which enables a remote and non-contact vibration measurement and
visualization only by video cam, is expected to greatly facilitate the analysis of vibration modes on existing poles. In order to
evaluate this technology, we conducted a test analysis to visualize the vibration modes of an experimental utility pole under
natural wind conditions (wind speed of 4-10 m/s). The results implied that the vibration modes of the pole in the direction of
the overhead wires and the direction perpendicular to the overhead wires could be visualized at 1.1 Hz and 1.5 Hz, respectively,
from the footage of the pole taken by a video cam or a smartphone fixed on a tripod. Moreover, the results also implied that the
vibration mode of the transformer on the pole could be visualized at 8.8 Hz when the footage was taken with sufficient
resolution (over 28 megapixels). We will further expand the verification to clarify the range of applicability of this technology
which covers sufficient accuracy, and also apply this technology to poles in various states to examine whether it can detect

changes in strength and stability of poles.
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F—v—F - bRy IKGEGHE Key Words : Heat pump water heater
Ny Photovoltaic power generation
KEEE Multiple dwelling
S5 S k| AN Optimization system
BIENT LY XA Genetic algorithm

Development and Evaluation of an Operation Planning Method for Multiple
Residential Heat Pump Water Heaters for Effective Use of Surplus PV

Power

Ai Ishikawa and Ken-ichi Tokoro

Abstract

In Japan, a number of houses that installed a photovoltaic power system has been increased. Because of
a concern about power system load by reverse power flow, self-consumption of surplus photovoltaic power
by heat pump water heaters (HPWHSs) in the houses has attracted attention. In the case such as a multiple
dwelling, where the surplus power from one photovoltaic power system can be shablack by several houses,
it is expected that cooperative operation of multiple HPWHs leads a long-time and/or a large amount of
absorption of the surplus.

In this report, we propose an operation planning method for multiple residential HPWHs. The method
can derives cooperative operation plan that blackuces electric bill and reverse power flow as much as possible
under the specific conditions inherent in HPWHs, by using the genetic algorithm. The conditions include the
startup losses, the dissipation loss, the limitation of storage tank volume and ensuring the minimal storage of
hot water. Through a numerical experiment with actual demand data, we found that a cooperative operation
plan of three HPWHs derived by the proposed method enables to suppress maximum reverse power flow
from a 4 kW overloaded photovoltaic system to 2.10 kW, although it is 3.11 kW when operation of the three

HPWHs is planned independently each other.
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TH B RA O E KEF BAT

F—U—R:arr— Key Words : Concrete wall
MR A Non-destructive inspection
bk A Non-contact inspection
22 Void detection
e R Electromagnetic wave

Inspection of voids in concrete using electromagnetic waves (1)
-Proposal of model for measuring voids near concrete surface-

Takumi Honda, Hussain Alsalem, Takayuki Tanaka, Satoru Doi,
Shigeru Uchida and Wakuto Ono

Abstract

The large amount of reinforced concrete structures such as utility poles and buildings are used for electric power equipment,
and the safety of the equipment has been confirmed through inspections by experts. However, in recent years, due to the number
of equipment deteriorated over time increases, and the number of inspectors decreases, so the efficient inspection method is
regarded as important. To solve these problems, we have proposed the non-destructive inspection method for voids in concrete
using electromagnetic waves, and we describe improvements. We have shown the possibility of quantitative measurement using
microwave multi-layered scanning (MLS), which can confirm voids that are precursors of concrete peeling. It is necessary to
build a mathematical model and improve usability in order to enable quantitative void measurement using MLS. We propose

a mathematical model that measures voids inside concrete with electromagnetic waves.
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A Method for Designing Transmission Paths of IP-based Protection relay information
with minimum augmentation cost
-Application to Microwave Wireless Communication Networks and its Evaluation-

Akihiro Tanaka and Eiji Ohba

Abstract

In recent years, the application of IP-based technology to the transmission of power line protection relay information has
been studied. As the communication volume increases due to application of IP-based technologies, it may become difficult to
accommodate it in existing microwave radio communication networks, then microwave radio bandwidth may need to be
significantly increased.

In this paper, the authors formulated the problem determining transmission path of IP-based power line protection relay
information as a mathematical optimization problem with the objective function of minimizing the cost of microwave radio
bandwidth augmentation and solved it by using optimization solvers. They also implemented a greedy algorithm to design the
path sequentially according to the update of power line protection relay devices, and to find the least-cost microwave bandwidth
augmentation section each time when the microwave radio band is insufficient to accommodate the available capacity.
Numerical experiments showed that the proposed method can reduce the cost by 26% on average compared to the greedy

calculation method.
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Evaluation of the Effect of Increased Ventilation Volume on Indoor Thermal
Environment and Air Conditioning Power Consumption
during Heating and Cooling Operations

Shohei Yasuda, Tsuyoshi Ueno,
Toshiya Iwamatsu and Toshiyuki Miyanaga

Abstract

Proper ventilation with window openings and exhaust fans is recommended as one measure to prevent infection. However,
the general public may not be able to provide adequate ventilation due to concerns about the deterioration of the indoor thermal
environment and the increased power consumption of air conditioners caused by ventilation. Therefore, the indoor thermal
environment and air conditioner power consumption for various ventilation volumes are estimated using the indoor thermal
environment design tool of CADIEE. First, the validity of CADIEE under conditions of increased ventilation is verified.
Comparing the measured air conditioner power consumption to the CADIEE of calculation, the average relative error is 20.3%,
indicating that CADIEE is valid as a calculation method. Next, we performed calculations for the LDK room of a standard
single-family home. The results show that air conditioning power consumption increased by about 10% for cooling and 20%
for heating under ventilation conditions of 220.3[m*/h] and by about 30% for cooling and 60% for heating under ventilation
conditions of 440.7[m%/h]. The indoor thermal environment was maintained at the set temperature regardless of ventilation

conditions.
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Research to improve the energy resilience of homes
-Troubles during long-term power outages due to natural disasters-

Ayako Yasuoka, Toshihiro Mukai, Tsuyoshi Ueno and Toshiyuki Miyanaga

Abstract

As the electrification rate is expected to increase toward carbon neutrality, it is necessary to improve the energy resilience
of homes, taking into account the risk of power outages due to natural disasters. In order to achieve this, it is essential to
understand the actual conditions, such as problems that occur during power outages and changes in awareness due to power
outages.

So we conducted the questionnaire and interview. The main results are as follows: Subjects (38 interviewees and 574
questionnaires) who experienced long-term power outages due to disasters (earthquakes, typhoons, snow damage) were asked
their problems in the long-term power outages. Most of the subjects chose refrigerators/freezers, lighting, hot water supply
etc. The reason for the selection of problems was the damage to foodstuffs in refrigerators and freezers, and health concerns
such as heat stroke in air conditioners. On the other hand, the responses on equipment indicated that, from the standpoint of
cost-effectiveness, equipment that can be used not only during emergencies but also during normal times and that can ensure
sufficient rated output during power outages is desired. In addition, it was shown that it is important to provide information

on home appliances and power supply equipment and their use according to each household's lifestyle.
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Study on thermal management system of electric vehicles
- Proposal of a conceptual model of thermal management system-

Li Zhang

Abstract

Thermal management system (TMS) is one of the important technologies to keep the comfortability of cabins, ensure the
cruising distance of electric vehicles (EVs), increase the safety and lifecycle of batteries, et al.. Generally, the cabin, battery,
motor and invertor of EVs should be adjusted under an appropriate temperature range. In this study, we firstly investigated
current technologies about TMS from open available literatures. Based on these investigation results, issues were extracted and
some kinds of improvement methods were proposed. There are some issues about the cabin heating operation, defogging of
the front glass, battery cooling operation, and so on. Condensate water recovery, heat recovery, desiccant dehumidification and
battery thermal storage methods were proposed in this study. Here, a novel conceptual model of thermal management system
for EVs was proposed, in which the cabin and battery are cooled or heated by the heat pump, motor and invertor are cooled by
the radiator. Furthermore, these proposed improvement methods are also adopted in the conceptual model of the TMS.

Future works will be carried out under the three steps: proposal of a novel TMS; performance analysis of the TMS via

cycle simulation; performance evaluation of the TMS by utilizing the actual driving and charging data of EVs.
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WAk Electric Power Demand
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HIFRIEH > AT A Geographic Information System

Development of a method for estimating electricity demand curves at the regional level
considering the amount of PV installed in each town in Japan

Tsuyoshi Ueno

Abstract

In recent years, the installation of PV power generation systems has been increasing and has had a significant impact on the
electricity curve. To promote decarbonization and the spread of regional grids, PV installations are expected to continue to grow
in popularity. To ensure reliability of electricity supply and promote efficient decarbonization, it is necessary to estimate PV
generation at the regional level in detail, such as towns and villages, and demand curves that take PV generation into account. In
this study, public data on non-residential PV installations were organized by region and compiled into a database. And a method for
estimating electricity demand curves at the regional level considering the amount of PV installed was developed. Finally,

calculations were conducted for areas with large PV installations.
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ENIR BRI Indoor Thermal Environment

The Influence of Airflow Control Function of Air Conditioners with Human Sensor
on Indoor Thermal Environment

Tsuyoshi Ueno, Shohei Yasuda and Toshiyuki Miyanaga

Abstract

In order to promote energy saving and improve thermal comfort during air conditioner operation, it is expected to use
control functions of air conditioners such as human sensing. In this study, a method to continuously measure the direction of
flaps and louvers of an air conditioner was developed to understand the behavior of the air conditioner in response to differences
in the position of the person in the room. As a result, it was confirmed that the direction of the flaps and louvers changed
depending on the control type of the motion sensor function and the position of the person. In addition, we conducted heating
and cooling tests under different flap and airflow conditions in test houses with different insulation performance to understand
the indoor temperature distribution. As a result, it was confirmed that the larger the airflow rate, the smaller the temperature

difference between the top and bottom of the room for both cooling and heating in all insulation-grade houses.
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F—U— R R IRERE Key Words : Non-uniform thermal environment
RN Thermal comfort
=7 a R Air-conditioning heating
IREREE B Reproduction of thermal environment

Development of a comfort test room that can simulate various thermal environments
in a building Part3: Reproduction method of air conditioning heating environment
and validation of the method

Toshiyuki Miyanaga, Tsuyoshi Ueno, Toshiya Iwamatsu, Ayako Yasuoka
And Shohei Yasuda

Abstract

It is necessary to evaluate thermal comfort by taking into account the unevenness of vertical air temperature, which is
considered to be a cause of dissatisfaction with the heating environment, and the non-uniformity of window and perimeter wall
temperatures. Therefore, we have constructed a comfort test room that can simulate non-uniform thermal environments, and
have prepared an environment that can evaluate the thermal effects on the human body from both experiments and numerical
simulations.

In this report, we have developed a method of reproducing a thermal environment in the test room that is equivalent to that
of an air-conditioned heating environment. By using thermal mannequins and simulations, we controlled the test room so that
the vertical temperature distribution near the mannequins and the amount of heat dissipated by each part of the mannequins in
the test room would be the same as those in the air-conditioned heating environment. Four different air-conditioned heating
environments were reproduced in the test room. The results of the comparison between the target and the reproduction of the
upper and lower temperature distributions and the amount of heat dissipation showed a good agreement between them, and the

validity of the method was verified.
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F—U— R BEXHTE Key Words : Electric vehicle (EV)
E— =7 v R Vehicle to grid (V2G)
TV —vay Aggregation
N—F- ¥ LT —TFF > |k Virtual power plant (VPP)
AT HEPERTAM Feasibility evaluation

Evaluation of the Feasibility of Virtual Power Plant Business with EV Aggregation
- Summary of Three-year Results of Kyushu V2G Demonstration Project -

Masahito Takahashi, Hisanori Goto, Eitaro Omine, Tomohiro Inoue, Masaaki Takagi,
Shigeru Bando, Hiroyuki Hatta, Tomoyuki Yamada, Hiroshi Asano and Tomohiko Ikeya

Abstract

Electric vehicle is expected to be a new flexibility-supplying energy resource to manage the power system with large-scale
renewable integration as well as a low-carbon mobility option. We joined the government-funded Kyushu VPP demonstration
project from FY2018 to FY2020 and evaluated the feasibility of VPP business with EV aggregation in Japan from different
viewpoints of VPP stakeholders, that is, power system operator, EV users and VPP aggregator. The results show that V2G
provides enough demand creation potential of about 1300MW to suppress the PV power output curtailment in Kyushu area if
large number of EVs is widely used in the area, and more than 70% of EV users can accept V2G control to their own EVs
during parking time though it depends on compensation, however battery degradation, decreasing stored energy and parking
time restriction are their concerns. From our estimation, business value of VPP aggregator with EV aggregation is too low to
start the business at present given the cost conditions in this study. Additional VPP aggregator efforts and governmental

supports to raise the value are necessary to implement EVs in the power system as a flexibility-supplying energy resource.
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Fundamental Study on Introduction of Machine Learning Technique to
Maintenance and Inspection of Hydropower Stator Coil
—Establishment of Database for Abnormality Identification of Stator Coil—

Takashi Kuraishi and Satoru Miyazaki

Abstract

Accurate and efficient maintenance inspections are essential for the rational replacement of stator windings of aged hydropower
generators. In practice, the accuracy of maintenance inspection depends on engineers' experience. The shortage of senior engineers
due to the aging population is a big problem, and technology transfer has been an essential subject in Japan in recent years. Various
industries are trying to introduce systems that study a large amount of maintenance and inspection data by machine learning
technology and automatically diagnose equipment abnormalities. The machine learning technology can also be applied for
maintenance and inspection of the stator winding to help engineers determine the maintenance measures. This report proposes a
scheme to support maintenance inspection of the stator windings utilizing machine learning techniques. Furthermore, a database is
developed which contains partial-discharge data measured at the stator coils, which simulate abnormalities in real stator windings.

The accuracy of a diagnostic model based on the developed database is demonstrated.
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