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Investigation of the Influence of Inter-Phase insulation Paper Thickness on PDIV Estimation Based on Volume-Time Theory
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Tablel. Relationship between Sample and Polarity ratio

Sample Polarity ratio

PI neat 1.03

Single BA

4% BA

Double
28% BA

X ik

Abghi Ilman Arif et al, CMD2024, pp222-225,(2024)
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PD Localization in Epoxy-Resin Molded Busbars using Small Loop Sensors and Verification by X-ray CT

Ryota Kimoto*, Shion Toyoda, Masayuki Hikita, Masahiro Kozako (Kyushu Institute of Technology)
Hideki Endou, Daisuke Mikami, Toru Takayama (TEPCO Power Grid, Incorporated)
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Fig. 1. PD source localization

Fig. 2 X-ray image of

epoxy-molded busbar
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Correlation Evaluation between Void Content and Partial Discharge Characteristics

in Insulating Resin Substrates

Akubarudaichi Sakamoto*, Ryuto Tomaiwa,

Shota Suenaga, Masayuki Hikita, Masahiro Kozako

(Kyushu Institute of Technology)
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Temperature Dependence of Electron Emission from Insulating Films Based on Discharge Time Lag Measurement
Takashi Sakamori, Yoshitaka Miyaji, Yasutomo Otake (Mitsubishi Electric Corporation),
Takahiro Umemoto, Masahiro Sato, Akiko Kumada (The University of Tokyo)
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Time Evolution of Partial Discharge Luminescence Signals

during Electrical Tree Degradation under AC—Pulse

Superimposed Voltage Waveforms

Zhao Tang*, Takahiro Umemoto, Masahiro Sato, (The University of Tokyo)
Hirotaku Ishikawa, Yoshitaka Miyaji, (Mitsubishi Electric)
Shota Kodama, Tetsushi Okamoto, (TMEIC), Akiko Kumada, (The University of Tokyo)

1. Introduction

High-frequency inverter pulses impose complex
insulation stress (. While we previously reported
electrical treeing behaviors under superimposed
waveforms @, this study focuses on the detailed
analysis of luminescence signals. By investigating the
time evolution of these signals, we aim to clarify the
influence of pulse polarity and magnitude on PD
characteristics.

2. Experimental Setup

Fig. 1 shows the experimental setup for applying
superimposed voltages and performing optical
measurements. A needle-plane geometry (gap: 3 mm)
embedded

superposition effects from peak magnitude, four

in epoxy was used. To decouple
conditions were applied at an AC frequency of 50 Hz:
(a) 18 kV AC; (b) 18 kV AC + 6 kV Pos. Pulse; (c) 18
kV AC + 6 kV Neg. Pulse; (d) 24 kV AC. PD activity
was optically detected using a PMT.

3. Results and Discussion

<3 - 1>PD Repetition Rate (PD Count) Fig. 2
illustrates the PD count evolution. The 24 kV AC
exhibited the highest activity (>10 counts/AC cycle),
indicating peak magnitude serves as the dominant
factor. However, the 18 kV + Neg. Pulse showed
consistently higher recurrence rates (~5 counts/AC
cycle) than the Positive Pulse case. This suggests
negative pulses enhance discharge inception
probability, attributable to enhanced electron injection
from the cathode tip.

<3 - 2> Discharge Magnitude Analysis Pulse
height analysis indicated that 24 kV AC generated the
highest amplitude signals. Furthermore, the negative
pulse condition exhibited higher mean amplitudes

than the positive pulse case. This aligns with PD

2026/3/12~14 &
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that
intensifies discharge severity compared to positive

count trends, implying negative polarity

polarity under identical peak stresses.
<3 - 3>Summary
Peak voltage magnitude primarily determines overall
PD severity. (2) Polarity Effect: Under identical peaks,
negative pulses result in higher PD repetition and

(1) Magnitude Dependence:

amplitudes. This implies polarity-dependent injection
mechanisms play a secondary but non-negligible role.

Microscope

Repetitive pulse generator (Leica, DMS$1000)
(ECG Kokusai, IPS-15)

10kQ

Test transformer

Specimen
(AC50 Hz)

10 kg2

|

1 ]
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(Tektronix, P601SA) |

500 pF

||}—-—®:

4 Voliage :li\"l(lcl'

" (Japan Finechem, P100-G)
Photomultiplier Tube
(Hamamatsu H11900)

Light source

Fig.1. Schematic diagram of the experimental setup.
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Fig.2. PD count per cycle evolution. Inset: Electrical tree
morphology for 24kV AC (Run 2).
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Development of Partial Discharge Identification Technology using Machine Learning for Insulation Condition

Monitoring of Inverter—fed Equipment
Zhan Shi*, Masahiro Sato, Takahiro Umemoto, Akiko Kumada (The University of Tokyo)
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Fig.1. PRPD (Phase Resolved Partial Discharge) Pattern for Different Specimens.
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Table 1: Classification Report: Performance metries for different discharge pat-
terns.

Class Precision Recall F1-Score Support

Needle L.00 1.00 1.00 23

Arrowpair 0.97 1.00 0.98 31

Twist 1.00 0.97 0.99 35

Accuracy 0.99 89

Macro Avg 0.99 0.99 0.99 89

Weighted Avg 0.99 0.99 0.99 89

MUT=T A NT—% (389 7)) &RAWT-RHEifERE
Y, BEEOFER, BENENMRET IR TICBNTY
Weighted Avg F1-Score (£ 0.99 (CE#EL7-, ZHUTXY, ik
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Investigation of Partial Discharge Phenomenon in Epoxy Resin
without Insulation Paper
Swe Zin Linn Htet*, Nagata Souta*, May Thin Khaing*, Tatsuya Sakoda*,

Toru Takayama**, Daisuke Mikami**
*Electric Power Lab, University of Miyazaki
**TEPCO Power Grid, Incorporated

1. Introduction

There is a possibility that partial discharge (PD) in epoxy resin
of cast resin transformers finally causes breakdown through
formation of electrical treeing. While our previous studies
focused on an epoxy electrode system with a void and insulation
paper, cast resin transformers also contain resin-rich regions
without insulation paper. No details about PD behavior in the
regions, governed by intrinsic epoxy properties and internal
defects, has been made yet. Therefore, this study focuses on PD
characteristics in an epoxy electrode without insulation paper,

which may be useful for improving PD diagnostic technique.

2. Experimental Procedure

Fig. 1 shows the outline of experimental setup. An epoxy
electrode without insulation paper was energized by 25 kV with
AC 60 Hz. Above the insulation paper, there was a void with a
diameter of 1 mm. PD current was measured using a current
transformer (CT) sensor clumped on a grounding wire.
Additionally, two transient earth voltage (TEV) sensors were
arranged on the inner and outer wall of the 11 mm thick acrylic
vessel to evaluate location dependency of detected signals. Also,
the number of PDs were monitored by the number of triggers in

an oscilloscope.

Epoxy resin electrode

Inner
TEV

0SC (B) 0SC (C) 0SC (D)

AC source

Fig. 1. PD experiment setup.

3. Experimental Results

PD magnitude was initially stable at approximately 250 pC,
increased rapidly to about 2000 pC between 3 h and 10 h, and
then gradually decreased after 11 h, with no electrical treeing or
breakdown observed up to 41 h. By the way, an epoxy electrode
with insulation paper exhibited higher PD magnitude (~1000pC),

_12_
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Figs. 2. Temporal variation of high frequency components (more than

100 MHz) of signal waveforms detected by outer and inner TEV sensors.

electrical treeing at 46 h, and breakdown at 76.5 h. This
increased PD activity is attributed to strong interfacial effects
(epoxy-insulation paper), where permittivity mismatch.

Figs. 2 show the variation of the ratio of high-frequency PD
components (>100 MHz) detected by the outer and inner TEV
sensors. They are almost same. Because the vessel was made of
acrylic, the propagation of electromagnetic waves doesn’t differ
in sensor positions. That is, in the case where there is no metal
shielding layer between a PD source and a TEV sensor, there is
no sensor position dependency in frequency components of

detected signals by TEV sensors.

4. Conclusion

This study clarifies the fundamental PD behavior of epoxy
insulation without insulation paper. The epoxy electrode without
insulation paper exhibited lower PD magnitude than that with
insulation paper, highlighting strong interfacial effects. Also,
there was no sensor position dependency in frequency

components of detected signals by TEV sensors.

©2026 IEE Japan



2-012

T AIRY y h T AVELERE D

Ml oo A A & S o U 73}:'%5520)%5'%
M AET, KRB RA (RERNZRT) il &, B fith (HPERS)
st (SR N7 RE)

Partial Discharge Resistance of Nanocomposite Enamel Coating Materials and the Effect of Surface Silica Layer Formation
Yuji Ikeda*, Tatsuki Osato (University of Hyogo), Shuhei Yamada, Kazuya Kuroiwa (Nissan Chemical Corp.),
Yusuke Kikuchi (University of Hyogo)

@ : Normal film @ : Nanocomposite film
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Spatial two-dimensional modeling of partial discharge between enameled wires under repetitive pulsed voltages (I1I)
Togo Nakagawa*, Tatsuki Osato (University of Hyogo), Hirotaku Ishikawa, Yoshitaka Miyaji,
Yasutomo Otake (Mitsubishi Electric Corp.), Yusuke Kikuchi (University of Hyogo)
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Fig. 1. Numerical analysis model.
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Fig. 2. Waveforms of applied voltage and discharge current.
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Fig. 3. Waveform of reverse discharge current.
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Fig. 4. Charge density profiles on enameled surfaces at ¢ =,.
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Fig. 5. Charge density profiles on enameled surfaces at ¢ = t,.
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Fig. 6. Charge density profiles on enameled surfaces at 7 = t3.
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Measurement of Partial Discharge Inception Voltage in a Twisted Pair Sample Under High-repetition Nanosecond Voltage Pulses
Using the Series Capacitor Method
Ayumu Iwami*, Tatsuki Osato (University of Hyogo), Hirotaku Ishikawa, Yoshitaka Miyaji,
Yasutomo Otake (Mitsubishi Electric Corp.), Takafumi Okuda, Takashi Nakamura (NexFi Technology Inc.),
Yusuke Kikuchi (University of Hyogo)
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Fig. 1. (a) PD charge and (b) PD occurrence probability as a function
of the applied voltage.
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Impulse PDIV and PD Charge Characteristics of Surge-Resistant Enameled-Wire Twisted Pairs under Combined Environmental Factors
Towa Kajiyama *, Yuri Nagatani, Masayuki Hikita, Masahiro Kozako (Kyushu Institute of Technology)
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Fig.2. Pressure dependence of Rpprv and relative variation of PD charge
in surge-resistant enameled-wire twisted pairs
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Effect of Electrode Edge Geometry on Partial Discharge Inception Voltage of Fluorinated-Liquid-Encapsulated SisN4 Substrates

Ryuto Tomaiwa, Hana Kim, Shota Suenaga, Akubarudaichi Sakamoto,
Masayuki Hikita, Kozako Masahiro (Kyushu Institute of Technology)
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Fig. 1. Electric field distributions around the encapsulated SisN4 substrates
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Fig. 2. Electric field—gap distance characteristics (E-d curve)
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Influence of Electrification in Polyvinyl Chloride on AC Partial Discharge Inception Voltage in Void
Oji Kimura®, Yuri Nagatani, Towa Kajiyama, Sora Kato, Hareru Sasaki,
Masayuki Hikita, Masahiro Kozako (Kyushu Institute of Technology)
Hiroaki Miyake, Yasuhiro Tanaka (Tokyo City University)

Hi1E, 1,100 Vims FEEE O PDIV 23 1E « AFRREOHIS TRA
L7z, —J5C, top B 1[BIH @ PDIV IE, 800 Vims 2T
U, bottom FFL D 25 %FEEK -T2, F7o, REEHIC
£V PDIV (XML, 3 [B1H TiX bottom K & IIX[FZHIZ 70

DUTRRL TR, /L ARIERORA Hick DT SHIS, PDIVORIEET S CFES . “1 5D o
& bottom @?E %, PVC 7/(/I/A BREL TN DHZE Fﬁljcgém@

i A i b BN O PR R BT L — B2 AC-PDI X
&, AC-PDIV | i%‘//\"/vzﬁﬂi)uﬁuifﬁfﬁﬁ“é }:Mﬁ “IW@T@ﬁi#@“@Jéﬂf“& ‘O)HEEJ ﬁhw
BUCOB02, AW, EEGRGE K | ORI AR LG, R B
AC-PDIV (252 % IOV TIRETT 2 72012, S h 5/1;27&1&;%:{[;;&%;?%;%Mcﬂi o
TW5 R Uk ¥ =L (polyvinyl chloride: PVC)~ 4 /L A% E’J;ﬁ%gﬁ’il’)b"C‘q‘é‘fﬂiﬂi’*ﬁ‘ﬁj—é%ﬂif&)Z) EHOER
JAWT PDIV i L, ZOHBOREE B LIk e - PR °

1. FAMNE

LELITINET, T REFERDZF O RIc BT
DA LoV ARTRED, Z D% O T B MG EIE(AC
partial discharge inception voltage: AC-PDIV)IZ5- 2 5 #28(Z

AR | Epoxy molded
2. REBAE void [P mile—30mm “| plane electrode
BUBIT: L SRR & BT 5, [0 117 L 5, o I%w
200 pm O PVC 7 4 /L A2, EHAE 12 mm OFEREET =V ~ spattigia;; charge
5 50 um JEOR Y =F L7 L7 X L— |(polyethylene
terephthalate: PET)~7 /L 2 RS U 7m0 2 AT AR Fig.1. Configuration of void specimen using PVC film (top)
PICRLE L, 2 FEHEDR A Nalkh e Lic, AEBRTHEHR L 1,200
72 PVC 7 4 VA1, HRIOREICITAENE, S5IC20RN 1000 : k :
AN IEMmMEDZEMEMNERINTEY, ZOEEIINE 400 i
LT, LTV DI (top) R4 R, HEL T i i
VARV (bottom) ZARA KRIE L& 2O PDIV 2 ERE 5 . —
FUBIE L, ZERITERS PDIV (25 2 2 TSV TR L 0 w | A& | a
7z, PDIV JIEIE, RIEH® & FARIZ 100 V/s (60 Hz) —7E T 200 votow | @ °
1.2KkVims ETHIEL, EBICFEEETOV £ TRESET 0
ZO—HDREE top & bottom (2T 3 A1 OHEE T T ’ NuT‘nberofAC PD rnzeasuremem[tinfes] )
o7, WEHII2ETH B,
Fig.2. Results of PDIV measurement
BRBLUER Sl

215, PVC 74}1/%?@ 5 bfttom ?%ﬂ%ﬂ$4 K (1) FLI, fif: B2 SCEE A, Vol.138, No.8, pp.422-427 (2018)
15\”& Lf:& %@ PDIV {EU/:E%%%mj—o HJ: U 5 bottom (2) Efﬁ\’ ﬂﬁ . /\*uGE‘E%/—?/K\é.)\K’ 2-034 (2024)
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Partial Discharge Charge Amount in Electrical Tree near Interface

Influenced by Insulating Material Type Composing Interface

Yuki Hattori, Yoshinobu Murakami, Takamasa Sato (Toyohashi University of Technology)

1. FANE
BB 0K T ERO—2 L LT, EBX MY —
IZ K DHEFRH BT 550, FHCE SRR IZB W TIT
ZTNHDORENELSMNTTEE LTEROL, ZORHEICH -
TERN) A -ERT L EDFREINTNS, 2
D & RICARIFE T, 2 FREO MR IARTE) SR 2 A B
BHE AW CTREHED b Y —H OS5 HFE(PD)FrM: & I E
L= THET 2,

2. BARMEEAESLUERAZE

B ICEEHE IR 2R, Jeimili SRR 10 pm O EME
JEEHEN D ICH o 728F (12 #F) BE, BE 16 um O
TNAIEERK 0.5mm OB TAZA KT R (X 1(a)
FFARY A 2 RPDLE (K 1(b) ITRRE L%, EMmE
AL DO (EPCY221:HY2967=20:7) CE—/L KL, 35°CT
24 KEEIEEI L S W7, EMRZE 30 COYY a—rF A il
B L%, 12 $FEMICRMEL (FEEE 0.1 KVms,
60Hz) ZFHIML, TEDPEIICRDETHN) — 2RI
7o D% — BEEHMAERIE LIz, 172 $HEMRIZ—EZR
WEE (FEEE 0.1 kVims/s T 5kVims £ THIE, 60Hz) %
FifnL, [EFE= PD HIERR(CD-6)% FV T PD &Efi&% 20s
MHUS L7, PD &R HBIEIL 5 pC & L7z,

3. ERHBERBLUER

X 2 (2§72 PD JIERTO R U — DT 27”9, K b
V—Ri3# ki e il L35 M Rkl SR R —i
BELmm]EEFHLE, M3THEKMN —ERBEICBIT?
PD B EZ T, FXFOT vy MIRMEE, 77— —
MBS X O KE A 7~ T, REOEEERICEbL ST
PD Efif B D RMAMES L OR/MEITRKR Y —ERE I
LTEEA BN e olz, MU —ime b —F v X
NHND—ERTEMER/NEN PD BNEEECT-T-0 & X
bbb, —J7, PUEP A7 ED PD B &I Glass/EP #HE
Bt Z NIV NE L otz 12 BB BT D kiR
TR L7z4A, Pl OFREERGUE Rs 13 107Q/O00TH Y,
Glass DF41 104Q/O0W X v @&V, PUEP HEREHIB W T
13, PI X Rs 28 < B U =g DBALA LD 2 Wiz,
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172 B & OBIENNEL oD, TORE, FU—EN
TOPD BNFEALICL L, M) =I5 md L, ik PD
BWENED LI-EEZBND,

Epoxy
Al Foil [ 0-5mm  Needle
A\ \
Y 1
e/I — A
Glass Polyimide

(a) Glass/EP multi-layer (b) PI/EP multi-layer
1 TR

Fig.1. Electrode configuration

L=0.25mm

Plate

Treeing

(a) Glass/EP multi-layer (b) PI/EP multi-layer
B2 bV —ormEig
Fig.2. Optical image of tree

140

AGlass/EP
o 120 multi-layer
2
g 100 f-/PVEP
3 Iti-la
% go | _multi-layes
o 60
s
S 40|
[
A~ 20 F

0
0 0.2 0.4 0.6

Maximum Tree Length [mm]
3PD EMmEOKK P —HEREIC L DAL
Fig.3. PD charge amount changed by maximum tree length

BN

Ll

FICEE A, 40(2), 64~69 (2020)
QA : RY A I K - FEHEERES T - BolodEdx 2019,
5~12(2019)

(@R - fth : New glass, 15(2), 56~62 (2000)
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Partial Discharge Characteristics in Tree Channel near Epoxy/Epoxy Multi-layer
Takato Tanihata, Yoshinobu Murakami, Takamasa Sato, Tomohiro Kawashima (Toyohashi University of Technology)

Daiki Takatsuki, Kotaro Matsuyama, Yoshitaka Miyaji (Mitsubishi Electric Corporation)

. R Y —HERESEVEE R ) — AR L, [
EIMORRIEREOIEFOREO | Sl by —icks o0 PP PRELT, bLCETOMEOLDLEZ b
R LAE B B0, B4k U — 1o & S M LI 1D i‘f:;: ) ;}iiﬁﬁ;};ﬁp fi:** ‘L‘f ”f;iz;f?
HBEDITE NI LTV D AIERORE S, Fy— > EP RO o o
JieBE S PD REEMAT ST L REECHD, Tnh oo Lok RRERDICEREAEM LT R PD 5
R B Bt b ) gt oo, ECLE 10 S 1Y — OB 5% 0 K

7 VY So Y 2
(EPYEP HAREE AT, —EWEFIcH 5 PD W L0 S0 D EEABIS.

ZHIE LD THET D, Epoxy
_. - . 1/2Needle Electrode
2. AMMERAEB L UERAE :
. g e 5 A J_—Al Foil Electrode HV
1 IZREHE R % 7797, EP (CY221:HY2967=20:7 TIRA = —»10.5 mm 4=
TYERL U 72 EP A4E I im0 548 10 pm O EMR % 5 Epoxy
SHMN T H > 728t (12 #1) B EJEES 16mm D7 /L . VERR
AR 0.5 mm fE T CEE Lz, BB &2 R LD RFLD Fig.1. Electrode configuration

EP CTE—/V FL7=#%, EP #H{k(35°C, 24h)S#7=, 30°C ;ND Needle Tip
WZT 1R SFEMICAR T v 7 EIE (FEEE 0.1 kVimy/s, 60
Hz) ZHIIIL, FIEDOESICRDETHY — &R SE T,

F D% —BBERMAKRIL L%, 12 $FERICRTEE

0.Imm

(BT3P 0.1 kVrms/s C 5 kVms £ THE, 60 Hz) ZFEIN (a) L=0.102 mm ) (b) L=0.400 mm
L7, FUNEEREEZ U AL L, PDIEESORRIZE{LZH] B2 kY — DIk
) Fig.2. Optical image of tree
TNFEIEDS 5 KVims (23 L7242 20 s FHIE L7z, PD JEE DK 150 [ ” _
HREEIE 5 pC & Lz, FPEPmulGaer e
_ O EP single-layer ‘:.»""--
3. ERFERPIUVUER g 100 i

2 ([CEREY A PD ERTO b Y — DR T ERT, K s | ey
MU —#EERE L [mm)i3EH ez F.0 & 95 M L2k iT 5 E
RO B —ORS LiER L, K310 EPEP AR B 50
BU HHK 1Y — A PD BRI RIET B P AR O i
BOOZRE &L bR, ARBO7 2y X PD &R 5 L bbb
TW5, ST/ R/IEC L > TROTZIEPERTH 5, s jlé’lixli)mungree;;rgt%m%]

] - it e . e o X % —RITx o iy
WEABHT BT PD A B D RIS & UM/ MBI R B Fig.3. PD charge amount changed by maximum tree length
U —ERREICG LTI E A EENRnoTe, —F, BBHT 3R
b 57 PD EMEORKNEITRR N —#ERENEL (DA - fih : BREAHOGE A, 140(8)14~19 (2020)
HIFEREZL e AHMEZ BT, KM —H#ERENEN MRS - il - AT AR S:, No.3-A-a2~4 (2025)
1T C GBI MY O EMNENKREL Y, F (3) Emre Kantar, et al.:Proc. 24th Nordic Insul. Symp, 32~37 (2018)
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Locating Dense Water Treeing Region in XLPE Cables

Kaung Htet Oo*, Atsushi Koreeda®, May Thin Khaing”, Tatsuya Sakoda*,
Kousei Tsuruta“*, Tohru Takayama**, Daisuke Mikami**

*Electric Power Lab, University of Miyazaki
**TEPCO Power Grid, Incorporated

1. Introduction

Cross-linked polyethylene (XLPE) power cables are widely
used in electric power systems. However, the XLPE cables
gradually degrades under electrical and environmental stresses.
One of the degradation phenomena is water-treeing.

To detect water-treeing degraded cables in a 22 kV XLPE
cable system, we have proposed an inductive voltage/current
pulse injection method combined with a conventional residual
charge measurement.)’ A 1 MHz pulse was injected into the
shielding layer of a 22 kV XLPE cable system using an injection
(IJ) coil when AC voltage for obtaining residual charges
accumulated in water-treeing regions is applied. Locating of a
water treeing cable is achieved by using a reflection arrival time
of the injected pulse.

In this study, we evaluated whether our technique can locate

heavily degraded regions in a water-treeing cable or not.

2. Experimental Setup

Figure 1 shows an XLPE cable configuration which consists
of a 40 m water-treeing cable (Blue), two 50 m water-treeing
cable (Blue), a 10 m healthy cable (Black), and a Y-branch. CTq
is arranged adjacently to an IJ coil, and CTp and CT, were
arranged at grounded wires. Additionally, we made a highly
concentrated water-treeing region in 50 m water-treeing cable,
which is indicated by a solid circle in blue.

A 1 MHz pulse is obtained by a function generator and
amplified by a high-speed bipolar amplifier. The amplified pulse
is applied to the shielding layer through an IJ coil. Because
impedance of a water-treeing degrade cable becomes small in

comparison with a healthy cable, the injected pulse is reflected at

[[|22kv €V Cable dom 22KV CV Cable 30m 22KV CV Cable "C” 50m

— - —F
Branch ” N 1
10m pl‘ﬁCTB —

— Oscilloscope “B”

Fig. 1. Cable configurations including water-treeing degraded cables.
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the boundary between cables. The 1 MHz current pulse is
injected when AC voltage for discharging residual charges in
water-treeing degraded cables is applied to XLPE cables. The
reflected pulse waveform differs by the presence of residual
charges. Additionally, the locating of the water-treeing degraded

cable can be achieved based on a reflected wave reaching time.
3. Experimental Procedure

Experimental procedure is as follows:
Step 1: Reference measurement
AC 7.5 kV is applied to XLPE cables. When the voltage

reaches 7.15 kV, a 1 MHz current pulse is injected to obtain

“reference waveform”. The oscillation timing of the current pulse
is shown in Fig. 2.
Step 2: DC application

DC 7.5 kV is applied to XLPE cables for 10 s to accumulate

charges in water-treeing regions.

Step 3: Discharge excessive electric charges

XLPE cables are grounded for 10 s to discharge excessive
electric charges caused by floating capacity.
Step 4: AC application & current pulse injection

AC 7.5 kV is applied. When the voltage reaches 7.15 kV, a 1
MHz pulse is injected to obtain “degraded waveform”.

Step 5: Obtaining “residual waveform”
“residual waveform” is decided by subtracting “reference

waveform” from “degraded waveform”.

Step 6: Locating water-treeing cable

The water-tree section is performed by analyzing reflected

wave reaching time.

: . Injection(l)

| I|"II hA #—Current Pulse(1MHz)
!I | + Hilcycles

[ 1 |

I| ( oo |
v | | \ ACTrigger: 7.15 kV

B 100

Timems]

Fig. 2. Oscillation timing of the 1J pulse.
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The above experimental procedures were repeated six times

to obtain an average result.

4. Results and Discussions

Figure 3 shows “residual waveform” which is difference
between “reference waveform” and “degraded waveform”. Also,
it was confirmed that the propagation time of the current pulse
traveling from a 40 m degraded cable to a 10 m healthy cable
was approximately 350 ns which corresponds to propagation
velocity of 1.4 x 10® m/s.

In Fig. 3, there is a signal peak at 0.31 ps. Because the
reflection wave from a boundary between a 40 m water-treeing
degraded cable and a Y branch might arrive at 0.59 s, the signal
peak could be due to a water-treeing region in a 40 m
water-treeing degraded cable.

On the other hand, a reflection wave from the artificially
fabricated water-treeing region should be seen at 1.55 ps (108.51
m from a position of an IJ coil). However, a signal peak at
around 1.55 ps is not large. It is considered that the signal

intensity is influenced by attenuation in the propagation process.

Reflection — 40 m to Y-Branch Connection
Reflection from Artificial Water-tree

+

200 ;

100

Current|mA |
=

-100 !
CTa
=200 08 12 16
time[us]

— Residual Charge

Fig. 3. Residual waveform reflecting water-treeing regions.

g Reflection from the 50 m Cable Joint Section
Reflection — 40 m to Y-Branch Connection

Reflection from the Artificial Water-Tree Section

500

Therefore, we estimated peak intensities in consideration of a
damping coefficient which can be obtained by comparing signal
intensities detected at different CT position. In Fig. 4, circles
indicate signal intensities calibrated by the damping coefficient.
A largest signal peak appears at 1.55 ps, which may be due to a
highly concentrated water-treeing region in 50 m water-treeing

cable.
5. Conclusion

In a 22 kV XLPE cable configuration including water treeing
degradation cables, we examined to locate water treeing
degraded regions by combining the conventional residual charge
method and the induced voltage/current pulse injection method.
In particular, we examined whether our technique could locate an
artificially degraded water treeing degraded region. As a result,
we located the highly concentrated water-treeing region by
considering the attenuation of the propagation waveform.

Now, we are performing locating water treeing cables in actual
22 kV distribution system.

References

250r

n
o | ‘I-’ ",I I‘, I'l, ."Il(\\/\f\“‘- ]
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o
250t o ©° 4
CTa
- 04 08 12 16

Fig. 4. Signal peak intensities calculated by using a damping coefficient.
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Development of Water-Tree Retardant Insulation Materials Utilizing Molecular Simulation
Yohei YASUDA, Masaki ONIZAWA, Naoya YAMAUCHI (ENEOS NUC Co.), Yuji HAKOZAKI (ENEOS Holdings, Inc.)

1. [FL&HIC

EEBENFIZBT DA —Rr=a— T L~ORY AL
LT, MEFESIE~T U TNY YA ZIOVATRERZRER Y =
F L U (XLPE)DBA¥E & 1 | 2 FREE O BB 2 s L=t
Fio, EEERZRY YA 7 AMEEEZ T TR, AT
RNF—OE AT B EELE LT, B XLPE 7 —
7V O A BRI L T B,

—F, A% ERDTFEEIRN A ENDE LRI EC
BOTUMA b U —MEZE4E AR U =F L > (TR-XLPE) D i 73
HEATND, L, BREOREIZHES 7 —T L EEE
{bizxt LT, €3k TR-XLPE 7> B AT EHEHE D A EA LI TH
Ly KHFRETIE. HFyIal—arEEALTHRER
TR-XLPE ¥ % B L7z T, ZDfERE2RET 5,

2. 770—F RSN
HEHEFF~D Y I 2 L= g L OIEH>

XLPE ~Dfif7K b U — DA G-HAiT & L Tix, 7k & Blfntk
DEWVIRINAIZBLE U, R oKRG 28 —I12 58 - [E
FEALTHZ LT, KM —DFAELMBEMGI TEHZ L
BESHBN, FOAH=RALBBRINTNBE,

AAFFE TS 2 = L—3 a3 U EEITSE, DRI
FIFFHS AR5 5 2 & C. AR 235 L TRk Lo
D, PERIAIZ E SRR E A B LT,

it b U —MIZWMmAIOK b T v THICE VBT D L
BI L. WAL KRS F & DT RLE—ZE, 20
FNEHE LT, =R AF—ITHEFL LI =
L—% Matlantis™BI 2 L, IRINAFI &K ERFEET 200
BOTZRXNF—ENOREAFTRANF —ZHE L,
<V 2 b—v g VRER E MR

14 TEOLEWICHK LT KEDREGZR VT —2H
U7, KETy 7HREOBENREAZIEERET 27290, K
DL OMEER OKERE) PEE SN DRI RE
THHELEBEAET VX =DM &K 1 1TRT, 22T,
FEATFAX—DORAMENRKEVIZEKR T v 7HEREN D
LEBWT S, KLY, HABRFIUAERT I REREW
KTy THREERT, SMBNAVE Fadx %I ER
LT 2 &, BofBEREAORIEEL KNI v

MIZFEST D ERRBEINT,
YIal—ia R EICHEA B AER, £ 1IOR
3" TR-XLPE #1 % 7 7= |2 B & C & 7., BRFEA 130E 3k TR-XLPE
ERIEDIMAK Y —PEEF LR’ 5, % XLPE &R
EOBEBIHMEEZAL TR, BARETICBT2mEBLES
— VMR L CORIARI SN D,

SRR

! |
S &

>

BETF ¥ —/kl/mol

-175

H R-N-H T o0
R b )i Y4
RobeR L o A oH

B 1 BolBEERER COB LToK & OfEA =RV F — oA
Figure 1. Distribution of Binding Energies with Water
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Table 1. Characteristics of Developed TR-XLPE

HH XLPE TR?;ffE TR%E%PE
NG Hot set far EEFREHITY <70% at 200°C
B AR PE 5 BEIRE>25MPa, AT IREH U>500%
KRR MY —F Ref. Ref.tb 30% | Ref.tk 30%
FHEIEPE at 90°C 0.02% >0.2% 0.02%
DC HEHi=R at 90°C >10'""Qcm >10"Qcm >10'"Qcm

XS BB IEC 60840, ASTM 6097, JIS C 2138, JIS C 2139-3-1

3. £&H
DT Iab—va Y EEH LEIAERIZE D, §¢
bt L FSELL BRI A2 F 95D TR XLPE M 2B T& 72,

3Ck
[1]a) ZZHET - B, 5 6 BXFE2EK, No.2-046.b) %2
M5 1A, & 7 R EK, No.2-033.
[2] ) fEHHEDR, R A, 108, 5, 386-396 (1988). b) AHJFALHA,
BB Bh A 3 18K05244 (2021).

[3] Matlantis (https://matlantis.com/), software as a service style

material discoverv tool.
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Water Tree Propagation Characteristics Using XLPE Samples under Two-Level Inverter Wave Applications
Yuki Kobayashi, Hiroaki Uehara, Tatsuki Okamoto (Kanto Gakuin University)

1. FAMNE

CV =7 MBI, KEEBROIAFIZE - THRE
T KU —HLBRBMEIRE LCHIEE 22> T2, FE
ERTIE, A =X BN ZHENTEY, KM —
FALZ IR S5 A ReEN B 2@, ARAFFETIE, XLPE %1
AL, 4 AC D 2 Lryb A = Z LR, INV
W& WD FVINRRIZ F 1T DK b U —HERAFEIZ DV TRt
L7=DT, ZORERERET D, WEROMES Lk % Fi
Lotz & LTI, INV A SHEE L AEIEIC &
> TEAM AC BEBETEEREIE L0, ELHbaw
L EFEBOREHERES o T DD TH D,

2. BHEBLUERAE

<2-1>#% Bt EX2mm® XLPE >— & 5cm PUFIC
GIOEY, SeumliREsE 3 um, B 1 mm 047 T EHEME
L, 5 mmMAOEMHIZ 1 mm BRE CTES 0.5 mm OFLEZ B
GCEBEIE Lz, oY — MIEA3em T 7 U LRI
KV a—r 7 ) —RACEET D, #5 LMRES
W% 1 mol/L O T MU w7 LK Cimi7z L3 Lz,
<2 - 2>FEBpJFE O EBRTIE, SV RAEEEZ 3KV L,
S AC BIREIZ I B INV ({5 5 50 Hz) % 336 FEREF]
Mi7z, 22T, BFRL 5% THD, 22T, KhJ—
DIEE ST HE~DHERZHOL (um) & L, KFEIFH~DHERE
ZIEWum) & LTEERT D, ZREi, 75 ORI DT
& UCEEHl L7z,

3. ERHERPSIUER

<3 - 1>K MU —JRIR B 10z, INV EHNREZHST 5
KU —ROFZRT, KN U —TRE, KB HT
TRELDELEZFOOBRNRE -T2, Tz, KEBOM
HEAMICHHER L TWD Z E¥bho Tz, #EH R EEN
Bk B U —JBRIE, <~ U BRNZ =6, INV JEEIINEE
TIERELSIRP R D Z LR TE T2,

<3 -2>Kk b U—HERARE X212, INV KRR
FHK b —HEREEOEEEZ R, K Y — DM R
P, HTTIEHD LOEI BPER LTV ER8D)
STz, INV HEIINERCRB VT, Sl a2t s LTl
T 2720, OTHOEENREZOND, T, GEEGEE
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Fig. 1. Example of water tree shapes two-level inverter
wave applications
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Fig. 2. Average values of water tree propagation characteristics
under two-level inverter wave applications

4. LTV

AWFFETIE, XLPE & &M L, Sl AC BB
TINV IEHNFIZRS T DK N Y —EREEE R Lz, £
OFER, INV FEIFFCB W TIZL DI 523 W L0 b Hik
FER LT W2 ERnbrolz,

Xk

W BE@EIE : WEE TS (52 K], HEET224E (2009)

(OHEELBAM - Baeim A, Vol. 132, No. 4, pp. 325-332 (2012)

©2026 IEE Japan



2-023

PV AGFHANZ 31T % AR O E 1L & 22 I E MR ~D S H
PR B (FERERHIMFIERT /46 B SR A SR T)
Baseline Ensuring Algorithm for Pulse Measurement Applied to Space Charge Analysis

Naohiro Hozumi (Hozumi Measurement Lab. / Nagoya Industrial Science Research Institute)

1 E O 3R 7 TR & RO & R 2(E)ICRT @, FEHNTO
SOLABEIE A, RRNOBERI AL A ER s ORHER MIRICELE LD EELBND,
BIETHEELRESYE, MMNEMTIESFORMEL 4. FEDH

BB DR E T B, B DR B THIE SOV BB NIETRE S B E R H 7 2 IO
AERISA L LB U EALENTON SN, Bl EBAEATEMEE R CERAHE L, WEALE R ZE

BT & ST O B (BaseLine) N 1E L < 72 WFEITIT K fbT&EBHZEERLT,

TRFERESA LS, ZOMBE, BV EECEIE O
WEATH & ZITHFE LD, RO offset LM X (tilt)1X, A H?DH:%
AT ) A ARFMROD S EITERRKT L B2 60, Backing Coupler Sp/cﬁfncn Backing
B LICET DA EETOT, BERER D L OREEHR l>ﬂ4%m@ﬁf
ERMBEE L 72D, ARROFFFZEIC L HFHAFE R Tl RNt Acoustic
TZILEE L TWD R WAL, SV A ETEOE RS T e L., As sequired
mE D kOISR A IET 5 IR TREE b6 o AL |
T, T, WMOVER % L oY 7o B (kernel) 2 BEiATr 0k N ﬁi\f\_ﬁ"“"""’“‘
LCHBE T T L L (E BB U, S EAERE NN YN
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Influence of 0il at the Interface between Glass Specimen and Electrode on Polarity—Reversed Space Charge Signal

Yuki Teramoto, Shinji Yudate,
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Fig.1 ~ Waveforms of Aluminum deposited Cover Glass obtained
by the Field Display-type SEA method (Without Deconvolution)
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Evaluation of the Insulation Performance of XLPE Power Cables

Based on Charge Absorption Ratio Derived from Space Charge and Integrated Current

Yusuke Saiki, Shinji Yudate, Ryotaro Ozaki, Kazunori Kadowaki (Ehime University)
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Fig. 1. Space charge distributions in the XLPE layer of a dry-
crosslinking cable at 30 min after DC voltage application of +20 kV,
(a) without oleic acid doping, (b) after 2 h of doping, and (c) after 4 h
of doping.
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Fig. 2. Space charge distributions in the XLPE layer of a wet-
crosslinking cable at 30 min after the application of a DC voltage of
+20 kV, (a) without oleic acid doping, (b) after 2 h of doping, and (c)
after 4 h of doping.
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Fig. 3. Relationships between Q.o(t) — Q, and dc voltage
application time for (a) dry cross-linking cable and for (b) wet cross-
linking cable.
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Fig. 4. Time evolution of n(t) = Q,ps(t)/(Qrot(t) — Qo) for dry-
crosslinking (dashed line) and wet-crosslinking (solid line) cables.
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Thickness Dependence of Current and Space Charge Distribution in LDPE Sheets Including with MgO Nano—filler

Genta Hoshigami, Shinji Yudate, Ryotaro Ozaki, Kazunori Kadowaki (Ehime University)
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Fig. 1 Time evolution of external current under stepwise increasing
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Study on Reference Signal Acquisition Methods for Space Charge Distribution Measurements at High Temperatures
Using the Pulsed Electroacoustic Method

Kunihiro Takahashi,
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2. 200CIZB I+ 55 BEFEIE
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SEEJEUNESR 2 10 kV/imm & L, 7L AEEE 600V & L
Too 7V AEEERAINZIZME 0 R LB 1 kHz D791 A
FEAERREME Lz, 723 Z 044 TiE 2000 [B]| O P T,
HENCHEE BRI T & T e, 22T, FEGQ) BERELES
2 s EML T, 7V AEEZ#kE LT 2000 BIFTINT 535
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B 1EIFDI 76, Fiicke < EEREOREE (10ms T/
VAL EIETN) %2 LBI&, ThE 250 HRIME L+ 5
B v 7 A4 EOERWERAO 3 SOFETHREZ R
B L7z, 7)) Cix, ABERMEL, EEREOESIE
1 ETFRER L CHWERE LT,

LQ2>FERBRBLOEBE X 1~4 IZNERER,
150, 175 B LV 200°C THG L2 E =T, M1 B
O 2 ickdl, REBIOQ 1I50CTIHETREORE &
WZERHD OO, 7V ABERMPECL D EIX 1T EA
RN oTz, —FH, K3 IR L7z 175C TR, BIEG)
TEAS L7 Tk, BB ICABMOSHEA B S, &

Yasutaka lkeda, Hiroaki Miyake, Naoshi Hirai,

Yasuhiro Tanaka (Tokyo City University)
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WS L2 CiE200CTH  RIBROFER LF L X 5 I2EM
EHIA e oTe,

3. F£¢&H

B v 7 A TR L2 RIE BRI, 175°CLLE
DMPEE TR N SH R BRI ERIC L HELBETT,
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(1) K.Sato, et al., “Fair Signal Acquisition Method for Calibration
of Space Charge Observation at High Temperature by PEA
Method”, 2023, IEEE Conference on Electrical Insulation and
Dielectric Phenomena (CEIDP), pp. 1-4
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2. AlEEH

HERBHIESK 150 um O 7 I R LA % v 7-—
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B 2 B & AT U 7o BRI NI O ZE R BBAR 4341 1%, Volt-
on IRF/off REDWEHE % /31 TINESEHJLER S L, Volt-on RFD
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3. HIERRLEZE
<3-1 JHERER> X212 120 CB L1150 CHREETIC
B DHERIEINEED EP-A PO ZERIE R A0l B R &
A7, @ LY 120 CEREE T TIX, EEAMBEZNS S
O3t £ TR BAERIIRO o 72038, HI 10 2
LA\ B M BB AT 5 C IEM I~ T 2 B A O B REOME D T
EN, —J, REOb)IZRT 150 CEREE F T, FNs
O3yt LA\ Z 2 M FR RBOIT 13 C IR ME~ 7 1 BB 4hf oD PR e 72 S5 A
DEEZE SN, FEoORE & & I8N LT, BREEITYH
BRI & RRRICRBI N ICA~T o B ERAAE L 5 Z &0
Bl oniciholz,
<3-2 [E~T o B LR E> HIEIRE LBt B 5
AERIG A Te BRI 5, EP-A 13 Te A 140 °C & HLERHYIE
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(1) K. Sakakibara et al., 2025 IEEE CEIDP, Manchester, UK, 2025,

pp. 704-707, doi: 10.1109/CEIDP61707.2025.11218388.

(2) N. Saito et al., 2021 IEEE CEIDP, Vancouver, Canada, 2021, pp.
458-461. doi: 10.1109/CEIDP50766.2021.9705317.
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Effects of square voltage waveforms application on the space charge distribution in epoxy resin
Taichi Minegishi, Keita Sakakibara, Hiroaki Miyake, Naoshi Hirai, Yasuhiro Tanaka (Tokyo City University),

Volt-on

Electric field £

Volt-off '

24

( _Pulse voltage
L’
%

g !
L
> !
o~ 1
I=H i
| !
0 20 40 60

| BEENINR T

2
80ime ¢ [ms]

Fig. 1. Applied electric filed application wave form

[S—
()]
S

Charge density p(z) [C/rn3]
o

W
N
[

[
D
S

—_
o)
=

Charge density p(z) [C/m3]
%)
[\ e}
S o

Cathode (AD

~
9]

__Anode (SC)

—35s

5 min i
—— 10 min |
—— 15 min

50 100 150
Position z [um]

AT AN

(a)120 C
Cathode (Al) Anode (SC)
S5s ]
5 min

—— 10 min

750 100 150
Position z [um]
(b) 150 °C

2 120, 150°CIZ 1) 2 BLARM: FE T FIUINIE D

EP-A N ZER B3R

Fig. 2. Space charge distribution in EP-A at 120 and 150 ‘C
applying unipolar square voltage application

©2026 IEE Japan



2-029

% S F A A 2 1= PEA SEIBC £ 5 = LBERHD

BV BT, L B, & OKEd, == 5L, P EE,

22 [R] #EAwT oo A U e

HIHP BT CRORCER )

Space Charge Distribution Measurement in Rubber Materials Using a PEA System Equipped with a Thickness Gauge

Sho Miyazawa, Natsuki Maruyama, Yeongguk An, Hiroaki Miyake, Naoshi Hirai, Yasuhiro Tanaka (Tokyo City University)

1. FALE

= AR OB BHI LTV AFEIS /) (PEA) B0
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MBROBEZEEZAETSED, LEN->T, PEA JIEFICE
TAHEEEFHL, WUREREELHML, fSohiE
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T Y& O CHIE IS RENE S 2 {048 A7 22 [
AR o AR E S A T T IR L, MO TEIC K 2R S
Lg% B R L7 2 EIEFIING X 2 B A Ol E & ik
I, PEROPFELERE & O EIT 72,

2. ERBLURESREH

BT AVERL L 7= PEA 2513, Fig.l IR T X918, LiE
B & §E 7 > Y (KEYENCE,EX-110V) 2 5% B9 5 = L IZ
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I, WERNCHA A TAF— V% AWCHIE L3kt
JEESHHMEEZRE LIZEROREEE, BRLE
PEA &4 W CHEE TR ONCR R AR LT, ok
FETIC L BEE & VTR 2 2o fHTIc X lE R o
BHESZEZ THONIMEEBIC L FHERH Lz &
ZAHEEPELTHERIEDLLRNWT L&A LI,

3. ERFERRUER
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ECHM L7z B4 & DOHEE, (WSRO FIE TR L
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Fig. 1. Improved PEA measurement system
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(1) Y. Li, etal., IEEE Trans. DEI, 1, 188-195, 1994
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Evaluation of Insulation Properties of Polyimide Films with Different Manufacturing Conditions under High-Temperature Conditions

Mamoru Wada, Junpei Kobayashi, Hiroaki Miyake, Naoshi Hirai, Yasuhiro Tanaka (Tokyo City University)
Takahisa Manabe, Motoki Sato, Keita Suzuki (NOK CORPORATION), Yudai Hayashi (MEKTEC CORPORATION)
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AU A I RILMHEE, B0 | (LR E I BN D
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BRTSA A7 EOMefgE & L O SR TWD, £
DEFETRRITBN TR, EFENE & B O ML N B E
REREHE 720, BRTBERL T B A DR IR LT O
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BERSRME DR % 2 FEOHERA Y 4 I FRlB 2 ER L,
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TR BAIED (Q(HE) &AWV TZERERERP L sl
BIRHEOBLR D b HERRMERE O LR G 21T - 72,
2. AERMSLUERAZE
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Z80°CL L, WIEFIINRZ 10 43, FAERRIZ S5 & L
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3. EBRBERBLUBER
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DORERBRERL TS, 3B A CTIAKE AR & 0 il
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ROTEEIC L B O R EEBMOEHEN R O, FICEBESREIN
RFIC B W CEREHNNIC £ TEAMBIEAIN TV L ER7- 238
MENn7, X223k A, B ORER &L 0600 s)/Q0? %R
T MM R, BN D BROES & 00 ) b,
I BRAATE # O RIEE Qo & A FIINE R ICEB T D Btk ORIE
5 Q(600s) & DL TH Y . T 1ITIEWIEEIE, B iz
AR L TWA LFMIEN 5, 3B A TIZHINERN
20 kV/imm DEETH 1 MO RELANDHER->TED,

Z OB IR S N R o To b DD, EE
(27221 Y, NDERBHEFICRE N LB SN,
—J5#E B TiX, AVINESICEK ST 14 KDL 7> T
B mEMEINEE S & OIERIERE 2 MR L Tve, 2hb
DFEFRIL, RE O FHEDOBNNER LTS EEX D
NORHC B U724 X MERPRERER EEZOND, T2
72U, 4 MMEEBEENIZ, O XS ICBERGEICEE L
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Fig.1. Time dependence of the space charge distribution
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(1)Y. Li, etal., 1IEEE Trans. DEL , Vol. 1,No. 2,pp. 188-198,(1994).

(2) T. Takada, et al., IEEE Trans. DEI, 24, 4, 2549-2558 (2017).
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Space charge accumulation in FEP irradiated by proton with repeated condition
Haruta Yamazaki, Wako Abe, Hiroaki Miyake, Naoshi Hirai, Yasuhiro Tanaka, Naoto Hagura (Tokyo City University)

1. [FC®HIC

WA, H - BREEAEHENER SN TEY, FHEEITmER
KB & DD SRS L Vg LW ERBEIC S b a b, A
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Fig. 1 Spatial charge distribution waveform of FEP under proton

irradiation
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BN
(1) Heiken, G. H et al., LUNAR SOURCEBOOK-A user’ s guide
to the moon, Cambridge University Press (1991)
(2) PIA fh, J. At. Energy Soc. Jpn., Vol. 17, No. 3-4, pp. 111-117
(2018)
(3) J. F. Ziegler, J. P. Biersack and U. Littmark, "The stopping and
range of ions in solids", Pergamon Press, New York (1985)
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Conduction Carriers in Silicone Rubber
Yoshimichi Ohki* (Waseda University), Naoshi Hirai, Yasuhiro Tanaka (Tokyo City University)
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temperature. Al: aluminum, SC: semiconductive layer.
(b) Imaginary part or dielectric loss factor

Fig. 1. Frequency spectra of complex permittivity measured in v

silicone rubber; (a) relative permittivity and (b) dielectric loss factor. Es———— ——

Some data overlap. o: 25, : 50, A: 100, A: 150, c:: 200, m: 250, <: (1) RORFEEE, PHEE oy FHiGEIciE S (20

275, ¢: 300 °C; Red line: Inversely proportional to frequency. 2 FEMIRR)”, EARFEWI%ES DEL-26-009, 2026 42 A
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Space Charge Distribution and Integrated Current in XLPE Cables with Artificial Water Trees Formed under
Different Conditions

Tomonori Sone, Shinji Yudate, Ryotaro Ozaki, Kazunori Kadowaki (Ehime University)

Kazutoshi Tazawa(Yazaki Energy Systems Corporation)

L ELB ~HIEOBBHZ BT, ZRBHARES & R
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FORR A S S B L LAl s b S 2T, KIRORE LTS TR Th 2.

RERTOED, Linl, A R —MHEBLEHEOENR, !

22 BRHA B L OB TR VBRI T BEIco» s 09

T, RRMR BRI R SR TORY, AT s 0 *“vﬂvmﬁﬁﬂ“““”“”“Jf\\
I, 578 B 4Tk B U — ik A L 7= 6.6kV FI XLPE §@5

=T MRS, ZERITERT AT K O TR A A g e 5 7 65 o 55 5 a5 4
EL, HEREDOEBENC L D EREEDERE S BT Distance from the center (mm)

Al (a) Sample treated with sandpaper and immersed in Na-SO«
2. EBAE .

BT 0 12 & B KB R I ~0— HIO RS L, &L 5 °° AN
<, BHE LD 1 em BN CORMMZE LR OV Ol g 0
B SRR, AGEK b L < IRRRRET U BRI iﬂS*wvﬂw

(0.5 mol/L) IZigHE L7z, ZOIRIET, FAfH 6.9 kv @ g o ar . a4

8 75 7 65 6 565 5 45 4

%gt 2kHz @ﬁ(ﬁ%}fi% 37°H FE'EJ Eﬂj][] L/f:o 2 @@ﬁﬁ&&@ L2 Distance from the center (mm)
FEOWIEN B 702 480 OFEEINES L%, F53EHI+20 (b) Sample treated with a needle and immersed in tap water
kV DOEFIEEREL 30 2FHINL, 0 & & OZEMER 7 1 : FEJERVIN 30 434 22 AT
fid L OEFRAERZHE Lz, WEEEIXRIHRE R T Fig. 1 Space charge distributions after 30 min of voltage application
THDHO, 9
8 L
3 . %Eﬁ%ﬁ% 7 Needle / Tap water
= NN . N o = 6 Sandpaper / Na,S0,
NasSOs BHEORTF ) 25 BREHE , AGH AR O§HRI Lt S s \ e e\
BHZ I T 2 BIEFEIIN 30 4315 D 22BN 040 2 X 1(a)B LV = 4 \
® byl Bl 7.5 mm ORI SAEEE Th D, 1 % <
(@)ITIIT D Z DAL IE O E I, 1) E D H3 U T T ¢ 1 Needle / Na,SO,
HoT, ZL OEBMPIENL SV TAIZRBRALTND 0 : : : ‘ ‘
- N 0 5 10 15 20 25 30
ZENbnb, Time ( min )

4 WY OIMEL LI X 015D ARE OB
B (Qui(t)—Qo) DHFRIZALEX 2 I/RT, KEKIREDH
#ill LREHZ BT 2 BEEIIN 30 431 OB S E I &

B2 A4 IO BRI EOR AL

Fig. 2 Temporal change in the current integral for each sample

BLT2MHRERI NI LERDMND, o

ZEHEMEREDS D2V ED O, BRI ES KR (1) FERSECH, WHTC, A L35, ERH, GTeyssedre, C.
FWVWEWIHIEREE, SAITRICEMN T v TINDH I L Laurent : X FEHLEE A, Vol.128, No.2 (2008)

2L, BT VREBIZ RS TWA Z L aEWT 5, Zh ) MiGE—RI, FEEm, SEETE, RBREKER @ %55 FIEK
L, K B —OBRIC £ D bOThD EEZ D KR Y PRI 2T 6 2R AR, Vol 97, No.T,

pp.339-346,  (2024)
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The Effect of Aging Changes in Materials Used to Produce Epoxy Resin on Electrical Insulation Properties

Shusuke Harada, Atsuki Shindo, Hiroaki Miyake, Naoshi Hirai, Yasuhiro Tanaka, (Tokyo City University)

1. [XL®HIC

PERO M ELA, BEEPSEATZZ & T RT—F
NAZADEY 2a—VITHOWBN D ERPE LM S, 2 h
I 2 DN BMEREEEETDLERH D, BT I v/
IRARMRELMLLSS WD, TN &R TE DR
X UHHE (EP) o@mtERbAmatsh b, L L EP IX
AL & B IHERMEDNMR T 5, 4la, SGEFEE DR D+
il & REALF 2 I TERL L 7= EP Mg E & Hei L, (23
MR TICHF ST 200 %A Lz, koM <
VARG T (PEA) 15 & BIRAES BA (0(0) xRV,
2. AEAE

A7/ —v ABOER (Z£5 I 1 JER®S28)
LK LA (LY )y 78 HN-2200) CIERIL 722
SH9 125 pm =R X URIAEREE (EP) Z3ktE L THW
7oo MALIEAERZ X HIE EM 8 DMP-30 ZfE M L7z, 3241 :
WALA] LR DR AT 100:80: 1 & L7, 2018 4E8 (o)
& 2025 8L (n) OREALFH, 2024 5L (0) & 2025 5L (n)
OFEAE R, FA BRI OMA G DR EE X TER L
72 EP OHEfZIREEN & D X 512 kT B & ifid L7z, 3Bk
DOFEFLICIE, B ERD o, BELAID n DAL EPon O
X OICR LT, e FAl ELANIZER T, 77 —F T
R L, BRIBZR A 2 B3 T - TWRW, 2 b OFREHT
*F LHIEIRE 2 100°C & LT PEA JEIC X B 22 E 4y Ar il
EE QUIEIC X HEIAY BT RO AL 2 E Lz,
20 kV/mm (A2 2 EEELEE 10 L, 5 2o
A& ATV, LA 20 kV/mm 75 BH &8, 100 kV/mm £
TRIRDOTA 7V TRIEEIT > 7o, Q@OBIEICE T 5 HkkiE
REDOFM T, BEANBRE L PEA L L FEREE L, FIN 10
Srth OFE BT Qsoo & FIIEAT 8 Qo TR L 7o FREE o &
Fe(Q600/Q0) P B FAWTIT 5T,
3. BEHRRUEE
Fig. 1 IZ&3ED Qs00/Q0 27”7 F, Qe00/Qo 13 1 IZEWVIEE R
IR T H Y . RE VI EHEEIEDME O EPp T
A OFEHI T LT Qs00/Qo 23, & TOHIER T/IEL,
MDY BV — 7 EPoo Tl RN BRI TR E < |
HERRIEDMEN Z & 3o 5, IRIT Fig2 1TE#E 5 B D22
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BRI TH Y . EPoo (B TAT 1 ZERER B S 1
726 OO OB CIINENIC AR BB OERMABI S -,
T 725 EPoo TIIMERMEMME T L, IEO~T o BN
LT 0005, WOMEFCIE, BB AETTND Z
ERRAES N, FND B o 7B E . MR O E TR b A
WASNDZ E, b LBEASREVE ) ~— D50k
MysLEzon, ZNODBFEKETEASNEZS Y U TR
BN E THEITN D720 MERMIESME T L, ~7 2 BATA
LEHETL2 R TFHEEIND,

TR BABFILIL, —EB ISPS BHFE: JP24K07581 DBk % 5%
e,

Charge ratio Q(600)/Q, [N.D.]

0 20 40 60 80 100 120
Applied electric field £ [kV/mm]
Fig. 1 Applied electric field dependence of the charge ratio Qgsoo/ Qo
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w
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% 25F < @ 25k 1
2 2
S st l S sf 1
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24 8o
£ 250 ? L = : ‘
o 0 50 100 & g 50 100 150
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(a) EPoo (b) EPon
"E 504D r —~$Q ”E 5040 . 9
9 9
w 25¢ ~ 25F
N )
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E B =N z 0
£ £ N\
S st W S st
3 S
8 50 . , s s . ‘ ;
3] 0 5010 10 5 0 50 100 150

Position z [um] Position z [pm]
(c) EPyo (d) EPyy
Fig. 2 Space charge distribution at 5 s after the circuit was shorted
SCHR
(1) T. Takada et.al; IEEE Trans. DEI, 24, 2549-2558, 2017

©2026 IEE Japan



2-035

A AT - BIRERRE S AT bk

FE LA 0 BRI

K 2 IR R D i

RIF BT, Bk £, =% 505, W R, P EE GOTETTRT)

Comparison of Measurement Results Using a Simultaneous Charge Distribution and Current Measurement System and

the Current—Integrated Charge Method

Takao 0i, Shunsuke Shinogi, Hiroaki Miyake, Yasuhiro Tanaka, Naoshi Hirai (Tokyo City University)
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3. BERRERUEE
Fig.] 38X 2 1L, RREHE S 27 A TR S hiz () &
OOIZ LV RDTz j(ty DR EAL & F N ERT, Fig 1, 2

MHWFELE BT, FMERO EFICE b, EFIRED
B RE B PERITHIIN L TV 5, LU jo(d) T, HrI2IK
BRI TR RER AN SN TE LT, FRERE
WIZBWT AL 7 ROEHRBR S NIz, 10s TEICT
— X ERETH5E. BESREEROLBNBKE T LI-#O
ERFLEREN D oD, TOEEBBR SN olz B 2
I, FEBER N TO QOWME TIX., HoKEICBEET 5
FREFEOMERF SNDGENRDHY . ZHUTL > TARL Y
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Oy & QWD EALE TR T, Wb HIIIER
OEIMZ L L WBllE N2 &N L, FHIEHER FT
T HE ORE MBI STV DA, Fig. 3 lIRsh
72 Qp(t) Tl FIHME Qo DEEMASERE TlL e e & ORRE A
BRZT biD, A BIORER RO 6 | Wil ERs R
SERITIE—H L2 Z EBRH LN o723, AEEST
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Fig. 1. Time-dependent current .
density j(¢) obtained using the PEA
measurement system

Fig.3. Time-dependent integrated
charge Q,(f) obtained using the
PEA measurement system
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Fig. 4. Tﬁne—(féglgrﬁgﬁrtﬂmtegrated
charge Q4(f) obtained using the
QO(?) measurement system

3 #k
()T Mori et al, IEEE, DOI: 10.1109/ISEIM.2011.6826346
(2) T Takada et. al, IEEE., DOI: 10.1109/TDE1.2017.006355
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Guard Electrode and Q(x,t) Waveform in Needle-Plate Electrode System
Fukuma, Masumi (NIT, Matsue College), Fujii, Masayuki (NIT, Ohshima College),

Sekiguchi, Yoitsu (Sumitomo Electric Industries, Ltd.)
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Fig.3 Q(x,t) and dQ(x,t)/dt when trapezoidal wave voltage applied to the
needle-plate electrode system with Epoxy molding in 30°C, [(a): Applied
voltage V(t), (b):Q(x,t)(2D), (c):dQ(x,t)y/dt (2D), (d)dQ(8mmy,t)/dt,
dQ(0,t)/dt, Q(8mm,t), Q(Omm,t) , (*-1) :with guard electrod , (*-2):
without guard electrode ](Experimental results).
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Fig.4 Presence of guard electrode and current distribution (dQ(x,50s)/dt)
when trapezoidal wave voltage applied to the needle-plate electrode
system with Epoxy molding in 30°C(Experimental results).

X 3(a-1) & (a-2)\ZR L72HUNEEIE, FIINEE
Vi N — REWA DOBE & ELOLE

O &l
T, T L 3kV &

_42_

2026/3/12~14 &

0.2kV & R&E B D, ZHUd, PIEZ1T > 72 mREHD Qx,b)
ORKEMFZER CIZR2D LI Ve ZRELTZZOTH
%, Hsmn&mm_rbtquoi ﬁ~bﬁ@®ﬁﬂ’
Lo REMBEBOBBRI SN, V— NEBRH D
Q)IFFHEME T (x=0 mm) ThHKE iié/\ﬁ‘ﬁ%‘:T Lf:o
—75, H— REBA2WVEAICE, $FEMRE T T Q.0
FINEEORNEEME & & b3 22, Zh &b %/EIJIE
TR W HE D Q(+8 mm,t) & Q(-8 mm,t) TR KK Z 7= L7,

X 3(c-1) & (c-2)DEW A dQ(,t)/dt 1%, H— NEMBNH
HEEICIE, SHEMRET x=0mm) THRKREZRLE, H—FR
BRI WAL, WERPH O S (x=+8 mm,-8 mm) Ty
KER LT, K 41%, Bt 23 50s TOZFNENREOE
I3 dQx,t/dt o L=, X 3(c)& X 4 vd, H— REMD
HEIIBROMICKESBEMRLTWD Z ERbnD, -
BJ3(d-1) & (d-2) L 0, B DR K& R~ AL E TOENIL
FUMEBENSZET 2 & FEEENER, Mk ERE %) (2
BN BRI ENT D, TNOOHBIUTOL S IZE X
HTENTED, H— FEBBDDLGAEITIE, - FHER
DOEBRZANEEZT, BRNRKE2DHEME T CE
ok E/en O, BEFAINES & IR ERE % OR
W 72 D ZALIE, RFRIAVIC R C, =A% Ui O3 fiic &
LR FREBN T, EMOBIICL2EIRICLD D
D& HE X LIz, MR 1, AR D IEAE 72 i3dh
92 B OWPEN KRS 5 (~T m ERZIER), Zhidh
PESCERTR B AR B EA SN T BRI S 2
&, RERRRIC & 0 Bt o RGO B EAZ Bl 5 72
DIZERPBDT D (REEMER) OTIEARVNEEZD
o,

— REMBR2VEAICE, $HEm S HEBEBROER
JIRI AT — NEBP N DREEMRIZEFTTH, T—K
B B HIFE L FRIC S EMmD DA S LTz B 330k
IS5 &, Bl ENERIE, RO BRT BN
WCHEIET D720 TN ERET D & 5 ITEHEMm SEEN -
ORNEEMIZELSIIHEPER L TERD NS 2D LE
Zbivbd,

BEL7Z Q) A — ZFIH LT, #HEREMR OB
HEPE L, Qx)ZETH I &T, REHOZER BN
HEMIONWTHIBEDBENARICR o EBE I BN
Do

BN
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(2) M. Fukuma, Y. Sekiguchi, Current Distribution Measurement under
Non-uniform Electric Field by Current Integration Meter,
International Symposium on Electrical Insulation Materials
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KAF Ty, KRN, AR (GHEH),
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Electrical Conduction Measurement of LDPE applied below 40k\V//mm by Current Integrated Charge Method
Ayano Ebi, Kosuke Sugimoto, Shinichi Mitsumoto*(National Institute of Technology(N.I.T)., Toyota College),
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Study on Optimization of Voltage Application Method for High Capacitance Samples
Using Direct Current Integrated Charge Method
Hayato Koyama (Tokyo Densetsu Service Co., Ltd.)
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Evaluation of Dielectric and Insulation Properties of Insulating Paper by Q-t Method
Gaku Sato, Hajime Yoshikawa (YUKA INDUSTRIES)

Satoshi Matsumoto, Hiroyuki Nishikawa
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Fabrication of Hydrocarbon Thermosetting Resin/Oriented hBN Composite Materials

Yuta Miyachi, Takamasa Sato, Yoshinobu Murakami (Toyohashi University of Technology)
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Thermal Conductivity Evaluation of Electric Field-Oriented Diamond/Epoxy Composite Materials
Rinsei Hori*, Chinatsu Fukuda, Kaisei Yoshii, Hao-Tse Lo, Hana Kim
Masayuki Hikita, Masahiro Kozako (Kyushu Institute of Technology)
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Table 1 Results of thermal conductivity measurement for each specimen.

Speci Diamond Diamond Alumina Alumina
PECIMEN 1 w/o field | with field | wio field | with field
Filler content
[Vol%] 37 36 35 35
Thermal
conductivity 1.30 241 0.74 0.90
[Wm/K]
Improvement 1.85 - 122
ratio
3COER

(1) [, fl, 2541 BIERE e AT Ay Ry
% A, No.C-1, pp.79-84 (2010)

(2) /INEFER, fil, FEEk 23 AFEKFES A - Ak - HEEe
£, No.XVIII-3, p.397 (2011)

(3) Lo Hao-tse, il : 45 56 [AITEREFHBFMEI L AT Ly Ry
7 2\, No.MVP-6, pp.161-163 (2025)
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Hydrophobicity Reduction Behavior at a Fixed Point on Unused SiR
before and after SD Treatment

May Oo Khin*, May Thin Khing*, Tatsuya Sakoda ™
Yoshiki Nakayama™ *, Kota Niwa™* *

* Electric Power Lab, University of Miyazaki
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1. Introduction

Silicone rubber (SiR) for polymer insulators has high
hydrophobicity; however, the surface gradually degrades due to UV
ray and contaminants, reducing low molecular weight (LMW) and
hydrophobic groups. The surface can be evaluated through the
temporal behavior of a water droplet on the SiR surface. In our
previous study, we measured droplet behavior at multiple positions
on insulator sheds taking account of the surface roughness
depending on positions.

In this study, the effect of surface discharge (SD) treatment is
clarified by eliminating positional variation. The SD induces
temporal decrease of hydrophobicity due to breaking Si-CHs group.
By analyzing droplet behavior at the same position, we isolate the
influence of SD on 1st hydrophobicity decrease, hydrophobic
recovery tendency, and 2nd hydrophobicity decrease.

2. Experimental Procedure

SiR specimen with 50% alumina trihydrate (10 mm X 10 mm)
was evaluated without surface cleaning to preserve its original
condition. All measurements of contact angles were performed at
the same position to eliminate positional variation. In this study, a
single water droplet was placed on the SiR surface and kept for 10
min to observe its temporal shape change. This differs from our
previous studies [1], where droplets were placed repeatedly every 5
or 10 min and the surface was wiped after each measurement. Each
measurement in this study was repeated three times for both
untreated and SD-treated conditions, with a one-hour interval
between measurements to allow hydrophobicity recovery by LMW
siloxane dispersion, ensuring independent surface conditions.

An SD electrode was designed using a 0.5 mm glass plate (75 x
25 mm), 0.1 mm aluminum (Al) tape, and a 150-mesh stainless-
steel plate (80 x 20 mm, 0.1 mm hole size, 0.06 mm wire diameter).
The glass plate was sandwiched between the Al tape and the mesh
plate, forming a 20 x 30 mm SD area as shown in Fig.1. 8 kV with
10 kHz was applied to the mesh plate, and the treatment time was
set at 10 s. Voltage and current were monitored using a high-voltage
probe and a current transformer. Before and after SD treatment, a 7

puL water droplet was placed on the SiR surface, and the contact
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Kansai Transmission and Distribution, Inc.,

angle was measured for 10 min.

Chemical changes were analyzed by ATR-FTIR, focusing on
Si02, Si—0O, Si—CHs, C-H, and O-H peaks, and peak ratios relative
to SiO2 were compared. Surface morphology and elemental analysis
were examined by SEM and EDS.

3. Experimental Results

3.1. Contact Angle Variation without SD Treatment
Figure 2(a) shows the variation of contact angle measured at the
same position for an unused and untreated SiR specimen. All curves
start with high initial angles of 100°-110°, indicating high
hydrophobicity. Even without SD treatment, the unused SiR surface
shows a rapid initial decrease of the contact angle within 1 min. It
is thought that the hydrophilic siloxane covers the SiR surface by
inverting the methyl group. After this stage, the contact angle
decrease becomes slow because of LMW dispersion.

3.2. Contact Angle Variation with SD Treatment Figure
2(b) shows the variation of contact angle measured at the same
position for an unused SiR specimen after SD treatment. All curves
start from lower initial angles of 95°-100°, which is clearly lower
than that of the untreated SiR. A rapid early decrease is observed,
followed by a gradual decline, indicating reduced hydrophobicity.
Although the overall curve shapes are similar, slight differences
appear in the timing, particularly at the secondary reduction
initiation point, due to normal experimental factors such as droplet
placement, local micro-texture, LMW siloxane redispersion, and

environmental conditions.

NN

XXXXX Mesh plate

H.F. source
CT sensor

'

H.V. probe |

| Digital oscilloscope

Fig. 1. Experimental setup for SD treatment.
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Fig. 4. SEM images of unused SiR without and
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Fig. 5. EDS spectra of unused specimen without and with SD treatment.
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3.3. FTIR, SEM and EDS Analyses Figure 3 shows peak -
intensity ratios of SiO/SiOz, Si—-CHs/SiO2, and C-H/SiO: for an
unused specimen before and after SD treatment. The SiO/SiO; ratio
does not change. In contrast, Si—-CHs/Si02 and C—H/SiO: decrease
after SD treatment. The reduction suggests that SD breaks Si—-CHs
groups, which is consistent with the contact angle measurements,
where lower initial angles and weaker hydrophobic state were
observed after SD. Thus, FTIR confirms that SD causes a clear loss
of hydrophobic groups while SiO: structure remains unchanged.

SEM images are shown in Fig. 4. Even after SD treatment, the
specimen surface is uniform with fine micro-texture. EDS spectra
of an unused specimen are shown in Fig. 5. Al, Si, O, and C peaks
can be seen before SD treatment. The intensive Al and Si peaks are
due to ATH and the silicone matrix, while O comes from both Si—
O backbone and ATH. The C peak reflects the silicone chains, and
Na also appears. After SD treatment in Fig. 5(b), Al, Si, O, and C
remain, showing that the silicone matrix and ATH are still intact.
However, Al, Si, and C peaks become slightly lower, consistent
with the removal of LMW siloxanes and methyl groups. This
suggests that FTIR and contact angle findings that hydrophobic
groups are decreased and hydrophobic recovery becomes slower.
Thus, EDS confirms that SD modifies only the top surface layer

without removing the underlying material.
4. Conclusion

This study confirms that a SD treatment can be used as a
controlled method to simulate early-stage surface aging of SiR. By
evaluating an unused specimen at a fixed surface position, the direct
influence of SD was isolated without interference from positional
non-uniformity. The observations indicate that SD mainly affects
the outermost surface layer, reducing hydrophobic functional
groups while leaving the bulk SiO»/ATH structure unchanged.

These characteristics are consistent with the initial degradation
processes, where chemical modification of the surface occurs
before severe physical damage. This method is suitable for future
comparative studies with naturally aged specimens and for
improving diagnostic techniques related to hydrophobicity stability

and surface condition evaluation.

5. References

[1] M. O. Khin et al., “Evaluation of degradation degree of 20-year-aged
insulator by using surface discharge,” in Proceedings of the 2025 IEEE 5th
International Conference on Electrical Materials and Power Equipment
(ICEMPE), China, 2025.
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Fabrication of Silicone Rubber/Oriented hBN Composite Materials

Takamasa Sato, Yuta Miyachi, Yoshinobu Murakami (Toyohashi University of Technology)
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Power generated energy by vibration using BaTiOs; thick films annealed above 1000°C
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Novel Prototype of Multi-stage EHD Pump and Pumping Characteristics
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Sugar Concentration Dependence of Relaxation Time Based on the Debye Relaxation Model in Aqueous Sugar Solutions
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FTIR Evaluation of Chemical Structural Changes in PDMS Cured Materials with Different Main-Chain Lengths under Electrical
Discharge Exposure
Naruki Yamakami, Yusuke Aoki (Mie University), Shinsuke Kikuta, Tetsushi Okamoto (TMEIC)
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Prediction of Mass Spectra using Large Chemical Language Models and
Verification of Adaptability in Data-Scarce Domains
Satoki Muto, Akiko Kumada, Masahiro Sato (The University of Tokyo)
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Thermal resistance of insulators deposited to simulated volcanic ash

Koki Mitsudome, Kenichi Haji, Takato Kamikubo (N.I.T., Kagoshima College)
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Investigation of Tracking Phenomenon Detection Using Harmonic Analysis of Current During Tracking Resistance Tests

Noriyuki Urayama', Hiroyuki Shimizu!, Kodai Takamatsu?, Tomoaki Sato?, Yukio Mizuno*

(Nippon Institute of Technology!, Mitsui Chemicals Inc. 2, Nagoya Institute of Technology?)
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Fig.1. Tracking durability test circuit
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Fig.3. Trends of the second and third harmonics when tracking
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Evaluation of Tracking Phenomenon of Highly Heat-Resistance Polyamide 6T by Analysis of Leakage Current

Kodai Takamatsu', Tomoaki Sato?, Noriyuki Urayama?, Motoya Shimazaki?, Hiroyuki Shimizu?, Yukio Mizuno®
(Mitsui Chemicals, Inc. %, Nippon Institute of Technology 2, Nagoya Institute of Technology?)
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Figure 1. Molecular structure of PAGT.
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Figure 3. The time variation of current of PA6T-GF at
(a) 630 V 5mm, (b) 630V 2mm.
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Figure 4. The power spectrum of various electrodes
distance at 630V.
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Figure 5. The power ratio of various electrodes
distance.

(1) Hk KB BRERH GG D, 142, 553-540 (2022)
(2) wEka, g, KER, K. BRI F 5 36 5]
HEYR RS, E-106 (2025)
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Influence of Insulating Encapsulation Liquids on AC Dielectric Breakdown Characteristics of Silica filled

Alicyclic Epoxy Resin Composites
Chinatsu Fukuda*, Hana Kim, Masayuki Hikita, Masahiro Kozako (Kyushu Institute of Technology),
Minoru Ueshima (Daicel Corporation)

1. FANE

EFHOIL, BRI A BIEDO Y —E Y 2 —LE Ik
MeLToBAMERE B L, MRBREEMR TS XOHE
FRME 2 RN L C X 720D, 2 OfE R, IRERA A % SR,
ZDENA T AR DT, 175CHHE O SR EIRIC
BOTHEBFEERENZEL TND ZERHA LN LR S
72o —H7 T, WIS T O piiEiRMEERER TIx, RERICH
VB TR I O W P DS TE A BB R RIE T RTREMEDN B B,
T TARITIE, YV W7 47— RBPRRA T R % R
BAMEIOBEIR S TSR 2 A2 i L
Mol B L R DR E 2 B NS, &S A S0y ) a—
s KO IVT o T O MR R 1 % bl « BT L 7255
BlZonWTHET D,

2. EBRAE

AL LT, R AR fiE=—1 (L&, A0 &F5

T) BLOREBIBIC S Y A7 4 7 —% 30 vol%iRN L= &
M O(AS30) #HE L, HEE LT, A7/ —L AR
TARFURBAE=—F (B0O) #HE L7z, A0, AS30 ITiX& A
Tl o Y4 K 2021P, BO (Z/3#H i bR R b —
N YD-128 2 L7, HFAR % FANTx LT, BRIEAY
fE(LHICd 58 A AL MH-700 % =K% 2 4 EiHINIC
BALTCHELWEER Lz, U7 47— LT, Fks
£ 04um OEERIRT N7 7 AU B (YL T2, Sciqas
04pm /ra—h) ZHEHLEZ, AOBIOBO X, EAIE
(LA % B im0 2 39— (THINKY 4, ARV-300) CiREA
%, PEALIZ&RNZEAIL, 100°CT 2 B, VT 150°C
T2 FEM O TMBWEL L, EX 0.1mm O — MRFEE
ZAER L7z, AS30 TiE, f{kAE 7 ¢ 77— & @2mm BL O
®0.5mm DL A=FE—XEWMALTREESL, Yra=
TE—RET 4 VE THBELTZBIC TR ZBMLTE LI
RAE LT,

MBI IZ AT o L 2B E AL 12.7 mm DER—F
WREMZ AT L7, 30X30X0.1 mm OB & BMENEE
H, AT VLVARBMAICT Y a—il (Ebe T3,
KF-968-100CS) F 723 HNT v (VIR AR ¥ )T 4
RY w—X V8 GALDEN® HT270) %7~ L CiEi
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L7z, BIEIFERSMETITY, FAEEE 0.5 kVms/s DA
B (60Hz) ZFEIINL, SURFSHEMEE L/ EEA Ll
7o FREHZ S 10 SMEZITV, MumIEmE L, ok
WEEBE2EREOELTHRLTCHEM Lz, £72, VA 7L
7y b K BEAEMER 63.2%I2F0 2 3 B Kk g
1 2Rz,

3. BEBLUBR

Fz 1L, wraZhoi LT L) a— il
DOHFHEER LA 7T, 0T, RRIEH o IEEEO
HERRIEEIRE n 2789, [A—REThH-oTh, ¥V a— i
W& RS LT LT R G 0K N T D A A e
WENT, ZOFERO 1 20, MR E A OEixikEER
FEOREBIZE D EEZ BND, Fiz, MR OLFERAEIC
ERTZERIMOBNCLDEZELEZLND, T2
B, HFHERe N 1.94 LEWHTLFT o HTIE, 6827 D
VU a— il U C, BREM L REER I TR S R
DURRF O ¥ » 7O FFTERN L DRI, Ok
B, RWHERRIEEEEIC /R 5 SR ENn D,

HIERIE OB K o TEEEEF D R2NT O Mk iR
FEPMET 22 &%, BEERMEASK R R 21T 5 £ T
PELLL W, LEXY, KFRSEMTTIET U a— o
J7 N ERAS TR EE R BRI T B T D g bk iR e LTk
DL TWD BTSN,

Table.1. Relative permittivity and boiling point of each liquid sample,
and the dielectric breakdown strength of solid samples

Relative Boiling Breakdown strength,
Sample | Permittivity Point n [kV/mm]
@AC60Hz [°C]
BO A0 A30
Garden 1.94 270 83.5 86.2 83.4
S"'oci‘l’”e 27 >250°C | 140.4 | 1053 | 96.1

(1) TEIRFE=H, F o), IBHBGE, /NEFER, RER: B
BB AT L R Y T A, No.MVP-11, pp.126-
129, 2024

Q) WHETE, o0, CHBGE, MO, EER, 5
7 FEKFSLEME - MR - EEHPIRE, No.3-P1-30,
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Gap—Length Dependence of Breakdown Strength in Various Fluorinated Liquids

Arata Shimizu®, Shota Suenaga, Ryuto Tomaiwa, Masayuki Hikita, Masahiro Kozako (Kyushu Institute of Technology)

1. FAMNE

WA AT —F P 2 — L OFEEc b, B kb ok
B RENBEERE 2> TS, L, kDY
T P VRIS H B EEICRREERN B B, £ T
AL TIE, mafi S - AREE AT 5 7 v FRIBEIZ
EHL, #FZeihibdt & UCom i aTRetE 2 e L7z 00),
AT, 4 TR O FRBHT DU THa ke B o B B
BER A7 2 5 AT L 7=,

2. EBRAE

3M #L#4 Fluorinert FC-3283 (LA, F LF9), ¥ A ¥
T %% HFE-356mec (LLTF, M &#d), &1 % L%
CELEFIN 1233Z (LLF, C &Fd) BILOF A F o TR
HFMOP (LLF, H EF8T) @ 4 FHHZ MM L 72, 7ok, 6
HRENZIE, FEXHEE (relative humidity : RH) 38 X O%i 75
BE (RMRE) B+ 2 & 2 HEE Lz,

B8 12.5 mm OEK — EREM A 2 72 5 200 mL O A1 /L
Wy 7 T, AR ERE d 12E A — U % AV, 30, 50,
100, 150 35 £ TN 200 pm 28X E L7z, FIINERE Va ik AC 100
Vis (BIFRERNER 60 Hz) O—ERIEHRE T, HogigEst
U % ¥ Tl ICEBE 2N U7z, Mg A U7 By
DOFE/E% BDV (breakdown voltage) & &3 L, &FHERIC
W, AT TREHEEBL, 1 SREHE Lz, 55N
MFRIZ IV T BDV i 10 B DHIE L7z, 5 54172 BDV I
T A TNRFET IVCE ST L, HOIES X %R
FTHRANT A =% m &, BFEMRMIETESR 63.2 %3 g
BREENRT A—4 5 [kV]ZIHMIFEE & UTERH Lz,

3. BEBLUEBR

K 1IBIOE 12, FEERENZIBIT 5 BDV O T A 7L
RTA—Z B L ONEIRIBETRE E OEMERIKEEL 2
TR, 2B, R CBIVOHIZBNTIN30um D&
&, AREFRRTIEBDV # EREICHIE CE o7z,

K 1ICRT E-dBELY, WTFhoEEICBWTH dD
HINZPENETIR T L, BB E = Ad" 1T L Vil T& 5
ZEDRER ST, TRV, d DOEERIZ KD HRMARE S EEIN
L, #fEOE R & 72 55 ANFET DENEE D2
DEBZOLND, WEMTHIETSE, FITETD 4128
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WTE () BELEL, EboEhkRE, —H, M, C,
BLOHIL, FIZRSHEMEE R L2, E-d oz
RN TH Y, dIRIFIES I N E L XD &N E
W, TN DOERIL, IRIRD S TS, B EE,
B L ORHDER: EOpEICRINT D EE 26, 5%,
Watd 2P ETHD, U ELY, 7 v RERBETH-TH,
T ORI L » THaigak it EodMEN K& B b Z &n
BomnERot,

4. £&6H

R F Db mWVMERIEERE 2R L, MUNE Y v 78
WIZBWTEN MR 2 H T 5 2 L2 LI LT,
—HT, WEOHEIC L > TE-dBHERIEH X ICHEER
ENFET D ARSI NTZ, 4%, SREZ@EAL
ToR T —F Y 2 — VINE Z R L7 BT 21TV, Ay
JAFERMEIL (PDIV) OHEEEITH FETH S,

Table 1. Weibull parameters for BDV in each sample

Gap [mm] F M C H
7 m 7 m 7 m 7 m
0.03 89.6 | 5.21 41.5 18.7 - - - -
0.05 73.5 | 6.13 [ 36.5 11.1 283 | 9.59 | 25.5 | 5.25
0.10 56.6 | 5.66 | 32.5 | 845 | 255 152 | 222 10.9
0.15 49.0 | 5.13 | 29.5 | 540 | 20.7 12.7 17.1 24.1
0.20 38.9 [ 6.59 [ 29.7 | 548 19.8 13.0 16.5 | 214
160
140 .._’ SEARIE. Saul ©FC-3283
HFE-356mec
120 ) CELEFIN12337 | |
£ 100 HFMOP
E e..
> 80 ([y-21.443x0m3 o
w60 ||y=12.819x°" e
40 e
20 | y=9.5117x%%7
0
0.01 0.1 1

Gap-Length d [mm]
Fig 1. Electrode-gap dependence of breakdown strength E (E-d characteristics)

3R

DFE b, 77 BRPARERK, 312-Al, F#HFE S 2-041

@inE b, TFE - #EMETSE4, No. DEI-25-120, 2025
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Fundamental Research on Use of Waste Cooking 0il in Transformers

Kohei Nakagawa, Yuichi Murakami, Yuji Muramoto (Meijo University)

Yuhi Kasai, Kazuhisa Kushiki (Meidensha Corporation)

1. FAMNE

R BERMAIIE, T4 TREE IR Bk CA S IRED =
<, BREARKEBCHRFBAZOERICET 2B E LT
HEH SN TWD, LA L, MR BRI IA < £/
ST 7G5 & el U Cle i 3 i <, - AT+
A TR, 2 TARIFREZE T, RAFEMmICER
L, ZZffin28EA A DRV ERMZIM ORI 20
ZEICI D A TE =0, RREFK T, FRICHERRE) LA
I U 72 A BE I &2 T 28 s~ i FTREPE IS D TR
LR E®RET 5,

2. ERFEAHBLUERAE

MASHBE LSO AEICTHH SN E E
Bkl & LT AW, BEEUEHI )T LTIk, Rtz RE L
7ot%, BEZE MBS & il U, SRR ORIE 21T - 72,
I BT, AHibRE R X OB INEN R OB laeH
LT, AT NS EFT 5 Z & T, = AT VEREY
ERL U 72, 2 25 VBRI LT, B2 B &L &
1ToTett, FeEOWE 2 EhE LTz, T2 oREH O ek
i s UC, RITAEREERIE, M, BEBL LI OGI kR0
WEEAT > 72, K IXREEFT (SEKONIC : VM-10A) % A
THE L, BETHEEH LB L3  DA-130N) ZAw
THIE LTz, F£72, BIAMIEBIKERIER (T h 3=
JV i CLAS) ICEVHRIE LTz, 61T, JIE LTk 255
THRT2Z ISR VEREZRE ML, WE L7
B 2 B EEEE (025 mm) THR{2 2 L1 &V ik
TRk DR S 2 BH L CEHI L 72,

3. EBRHERBLUER

F 1 ITHEMEB L= A7 VS O HREE RS, BE
IZOWTIE JIS € 2390-2:2019, = 2 T /LEEMIZ OV T JIS
C2390-3:2019 OHUEME & ENENIR LTz, ZDRER, &
VAR O X 1L, FEhB X T AT VO W
BWTH IS BUSEZ R Uiz, 72, BIFEIC OV TH,
MEEEE BT NS B EERE Lz, —7, BLKEIZ DN
THEL, BEME JIS HMEZE Lo lei’, = AT LB
T JIS MKMEZWE Lz, BICK LTz AT LA
BISERT Z &SRV, BRERS L UGIRRIFET L., 2

L, =ATAZEKISIZ L VMO ER S THD MY
JUEY RRNMEGFLLTZl2dThb EEZLND, £,
BRSO T IC X 0 P o @it A L, BB
B AT R BAD B AR MM DT S S R, R
THREEOB I AR E L b0 e #EIND, X 1 Ik
B L O 27 VOB Z R d, BEMIIR B EE 2L
TWeDIZx L, = AT AR GHE DT A7 )V EEMILE
A2 LTV,

PLEX D, BEWMICH L CmRAT ARG E T Z &1
X0, MekgkErE, BRSEER X OB RIZRBWT JIS Mk
i3 2 ATREME D R ST, BUTE, = AT VBRI O RS
FREIZOWTHIEZED TE Y, BEY BIZIFTEORRIC
DNTHLHET D TETH D,

F 1 PRl KO 2T VBRI O TR

Table 1 Properties of waste oil and esterified waste oil

waste | JIS 2390- esterified | JIS 2390-
oil 2:2019 waste oil 3:2019
AC breakdown
18.8 > 18 42.8 > 18
strength [kV/mm]
Kinematic
. ) 48.7 <50 53 <13
viscosity [mm?/s]
Flash point [°C] 296 > 300 196 > 150

Esterified §
waste oil

Waste oil

X1 FEhs L O 27 VEE o4

Fig. 1 Photographs of waste oil and esterified waste oil.

BN

(1) Y. Murakami et al. : TEEE A, 18. 1569~1575 (2023)
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Effect of Hygroscopicity of Cellulose Nano-Fiber (CNF) Board on Breakdown Strength

Kein Kimura, Hiroki Kojima, Naoki Hayakawa (Nagoya University),
Nao Furuta, Hiroshi Okumura (RISHO KOGYO CO., LTD.), Yoshitaka Miyaji (Mitsubishi Electric Corporation),
Takumi Iwanaga, Tetsushi Okamoto (TMEIC Corporation)

1. FAMNE

2050 AEH—AR Y =a— b ZVESUZ AT T2 H D FH A0 E
T 5 HC, MR ROBEREAFM R O—ETh L ELr—2
F ) 77 A SR—(CNF)PEH STV, EE LT CNF OH
DO S AV ERFEAR(CNF IR O [Eldinis g b~
WHEZ BIEL T A, JEATIFSECIWT, ONF RO AC #
TE B FYAC-BDE)IC B\ C, FBXHEE 97%RH @ BDE 1%
11%RH OFJ 110 1K T4 Z L #5002 L7200, AR TlE
CNF IR O 2 MR 012 R E T8 & 2 O FERIZ D
WTRRRT L7,
2. EBAE

FBHE 50 mm A, JEE 04 mm O CNF EEHRZ AV, i
TEARBRATIC AR X i S 7302 AL 12.5 mm
DER—EREEMR B, DC EMMERLEZFIINL, KEKERE T
THERIERBFEBDV)ZHIE L7-. ¥ 11 CNF RIERDEE
oo LHFFER o OMIHBERAELZ T, FXKEI D SmE
ZRIT DR EH (=e0ed0)i T 8~300ms TH D Z L2 b, HTHET
OFRERABR L LT, FEHEE 02kV/is & L7z,

3. HREER
212 AC-BDE 3 J: U) DC-BDE OAHRHEEEKAFNE A~ [
Xk, MHBEOINE & B, AC-BDE % DC-BDE b [Fl
ICRMITIR T LTV A Z L 2vbind. ONF BRI Ok o3
EREEIRICIB VTR T 2R & LT, BRI LU
HIZERAE 2 D, BRWEROBLEIGIL, CNF BIEHRD
WAL S AN & BRSO R XY, ONF EE%&W%B@%
FREEFD 7 F5IC B LD Z EAVRIB XL HM23, [X]2 ¢ BDE
DR TG 110)OFINA43 135 2780 —F, BWERIZ
BT, Va—VBOBLES BD ICEDREEE W & BDV
EEER ¢ ORI ORBFRERH D LB 6.
W= VBp¥R g Vep2 — Vep  1/\a (1)
(Vep: BDV, R: {AR§HHT)
LIZBWT, 11%RH 225 97%RH ~OEERDOHINR D
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Fig.1. Humidity dependence of conductivity and
relative permittivity of CNF board
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Fig.2. Humidity dependence of BDE of CNF board
FHROWEL(1AT40 = 1/12)iF, X2 ¢ AC-BDE DX FHE L IFIF
AELTEY, F7-DC-BDE & [RHEMZRT Z & IZEMEER O
FMPEE R LTS, DLEL Y, mIREERHRIZI T CNF %,
TEARDAERIN I 3SR T3 23R & LT, BWIZER2 3
B CTh D EEZDILD.

Bl
(1) K.Kimura et al.: ISH, A5-3, 2025.
(2)  BAREEHUE: JIS C 2142: 2016.
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Study on Accelerated Ageing for Insulating Oils in Terms of Conductivity
N. Fuse, S. Nakamura and S. Miyazaki (Central Research Institute of Electric Power Industry)

- e 10"
1. FaAE _ (a) °©
HVDC B RMOMMA WA — 5 <0, CIGRE off 5 0 .
25 I B2 A FE 23 00 — W (PR AR ODAG R £ 10" o
BEHFRE L 725 TV B0, HIfER F TOB/ANMILY S 10?
BRIKFET D720, R ENALE OBERELE MG E ° O Air blowing, before drying
B o ® Air blowing, after drying
TELRGERRTIED LB D, et N
2. EEREH _ T °
Fi (JISC2320 D 17 4 %), K 1.4L Z 140°C T 2 i ] § 301
MBI, kT2 & 512, BREMARF TR, BEERT ER o o
U DRI LR S, ZRUCkE D EERD LR AFBT g 20r
ERpote, TIT, TMOESE, METIRILRLED 5 wle
T 1,50/ ORRZES, (K5 &4 i - 0.54ppm) % iiheh 2 ° . °

\HACE PR & AT 72, SRR OSRIITKE L, o—
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L Ty — R CRIE LT, Eooal ¢

>
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'_

oy, BRURBMOELER 1 ISR, FR@)CRT X P
D1, HERTMBRI M- LR L7z, 2 2 C, (D) 0 émymﬂwQO >
1= LA, MERSACHE DT DAGETRL, BIZE ) iz 1a0oc REFOBIKE (T THIES T
%1629 HT 30ppm F{EFLY, TIT, ZOKGERDE  p stpiae TR TRA L, A COMEZTo7, 1@
BRIZGZDHELZWRET D70, HZEWRARIZEVK  fhx  HUAREE (=RKHD, BSOS  EZERK0NmE,
Sy R ppm (B T &, TOMREFABKIR Lz, Z0
AER, BSALEEE S EBEROBIMENITHERF SN D Z &R
FER SN, E7o, EHES BT 5 72 RR LA, 285K
BR (=T D7) ST, RIS LY biEERE
Bl ERBKE L, 2T v VS RELL, « B

PR Lzawas, BRLEIFHN, SREMBSETIME Y O s, ErnR B e (LRER A RO~ A —7 5 ),

FENDKGEEDHKSG ERE R S &, 29daysx1.5L/h
x0.54ppm/1.4L=41ppm & 72 1), EERFER L REET 5.

L AR — R &[RFFC 50 BMBS(L &7, ZOfEE, 7L T IR B HEERE RS, 2023, URL: https://www.occto.or.jp/
Z B — ROFHELEEIL 1160 705 243 [TAEF L7210 23 assets/kouikikeitou/chokihoushin/files/chokihoushin 23 01 01.pdf,

. T B 2026 41 A 6 HE%

i HER|C BhE ) -l - 2 .
oY, ‘(Hﬂ@%%ﬁb ESER A N(AES &) ST, 2) BlzIX, HVDC Transformer Failure Survey Results from 2013 to
ZOZEND, EEREFOLEERN I OBRLS LT 2020, CIGRE Tech. Brochure, No. 859, 2021.
DL WRERE T, () BN, TR IR AR O %L & AR KT iEOR
BB | R LTkt sy L, AR AT B, 032 il aibam o B TR S, pp. 38-43, 2012.

’ R e o X ’ RS (4) HVDC Transformer Insulation: Oil Conductivity, CIGRE Tech.

HRT 2 LB 2T o, I, 29 ATA SN AICE Brochure, No. 646, 2016.
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Investigation of the Mechanism for Improving Adhesion of Resin Materials Using Ball Lightning Discharge
Nagomi Nakajima, Yuji Hayase, Sho Takano (Fuji Electric Co., Ltd.)

Takuma Oikawa, Yuki Inada, Mitsuaki Maeyama (Saitama University)

1. #=2 - 81 M BN RS2 o T,

A= "
Py b ] N 3
DR R 1 BRI LORA S L0, OH ORI 5%
b Lz L T A, BT ’J: V)*E%ﬁﬁi%é%@&foﬁb‘%@

by /\ [9 Zo
;@ WL 1 T Wﬁﬁﬁ%k&ofwéo e ’

Currcnt

ZO7h, HILEEEN AR E L SmESEEE Charging Limiting
S DA KD BTN D, @2 Resistor ~ IGBT  Resistor

° ) 500 Q Switch 100 Q
ek, LB REHIL, 7T X~ BN EA ST 7 1
X720, Lil, KEJES T X~ (2 o F HESLHER —
PR TN VL IE MRS FE MR\ B o 7, ,
7. BENGEIL. EHAROH 7 v s s L L reopr Parallel [ (l__—
ERAE &SRR 2 LO, B E IR & 11 It _
CE B, ATT R BN REST ARSI, AT Discharge
JeTlk, BREREABIERTABCEA L, BEHm L Unit

FH O OH OO DKL Z 1T - 72, o

1 EBR
2. EBRAEBSLIUVERGER Fig.1. Experimental system

EREERAEE (X )X, HERS §il - FRFEE c 200 %
THESLTOSMMARIZLTOS0, REHCI, —ie 89 250
Ml L LTRIM SRS 2 L oSV AEOMIEE v, §2 13ﬁ
FTo, WERENZEAIGES 1T > T2, = % 200 148 }
BREHCEIL, hOEHERES, HUNEE 38KV, /L2 E& 10 £
g 100 msec TR &H, FURMEMIZ 20 [FIFRK L7z, P E 74 ®
KBS OBATHEICIE, 7V v v =7 HBOEmy 5o 10 65 o
7oo REREICT U RICEIEBEZERL, v — KEL _E 5 5.0 o>
Sk BESEICHEL ML, BEEORAMEZEE 2
OEH TR L, BARELZHH L, S50, AFREHC before after before after before after before after
% L XPS (X-Ray Photoelectron Spectroscopy) & M\ Tatkh# Epoxy  Glass Epoxy  Bakolito PPS
D C-O Kia DKL, il ﬂf?&ﬁﬁ?&@ C-O fH% [ 2 R LR R %35 1)
(LEE OH DR L 27 Ui, “hic kY. OH 02 At and i e
5B % BB L=,

ik
3. R -BE (1) Sk ALk, FifiHl, 28~33(2021)

[ 2\ BRE B AL BRI #1512 AR BB O B A T
R, TARFL, TR, PPS TIE, BREELEIC
L0 EAHRE DR LSRR SN —J, N—2 T4 T (3) JJIIHSE EPP, - 41~46 (2025)

(2) WA, IS, 376~384 (2013)
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Comparison of Dielectric Breakdown Properties of Dielectric Materials Used for Distribution Systems

May Thin Khaing, Tatsuya Sakoda (University of Miyazaki)
Kota Hamada, Chihiro Tateyama (TOSHIBA)

1. FANE

MEDOH—HRy=a— M7 LECN)RY—F 2T —xa )/
I —(CE)Z HIs TV MAD T, BRI OBk
OEFERANHFI SN D AREMNEN D O, S ®%IFBERERA O
et O ANEES D, LnL, CNXCEIZf LT
HaRRA B D HEGAL IR N - BEA RN &V o To AR
PEDFHIL e STV D0, THHRFOMEERFRED S LEE
WZOWTIE A ITREES LTV R,

ARG TIE, B EIEBEO T T 2o REy, T35
&, BRBEMRBIEOR Y T T 7 vF =T L (PTFE)
ERY 7 2= YT 7 A R(PPS) DR V5 R D H ik
TR E 2 Hhf U 7o i SRIZ DD Tk R B,

2. EBRAE

[H2Z 80 mm, JEZA 5 mm OMEHH 7 AR ¥, T3
J, PTFE, PPS)% K H{5# W 51T, Al % 1
ELT, ZZTIHTUL OKFE~A 7 v Y U TERAIC
ML, BeffaEERHAUTO100, Simage) THIE L7z, 728,
PEfiefy BE ORIE L 3 ATV, FHEE RO T,

GHEME & L TR & O OSEEIRIA TS 0> 1/1000 2
ETHbD, ZZTIL05g DEDE%E 30 mL DA A A3HaK
IR, Z ORI CHEN B S,

Fig. 11
[E£% 50 mm OMFEEM A ®ELEEME U, HHEBFE Ok
ERITHE L 7o, MBI XN 4825 60 mm D ) o ZRFER T,
EBIEBMOMUNCEL L=, T D7=®, 5mm OEOREHNS
HiERICEERAVRHME D, Fig. 1 OB Z HIEANICE

L, [E{EMENOEEE 30°CH 5 60°C £ T 5°CH IS HEE

1 IR O R IR IE & Bk
Fig. 1. A polluted specimen and an electrode configuration.
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BN 7 2 2R X )06 & B &R T,

60% & 90%IZFREE(A A L AZHK & N AR THERR) L TRtk
TR 25 L7, FEHAE T 0.5kVimin & L7z,

3. ER#ER

<3 - IR VG KA I, TS
(28.7°) <PPS(88.28%) = # 5 % 7R % 3-(90.7°) < PTFE (103.7°)
DIETH o1, £z, BEKEEREOREITH T LT
MEIOBEHRO LT S &5l L7z & 25, REBEARMEICEK
17 L CHEHEERO KDL ED 2 &, R OmERTaN
BB OREBEKMEIKGTT D 2 LRI N, TDT
W, EBREECHRBMESORESNIEGE SN DRI, K
AED/NZ VA EE, TE0T < A oFHEEENSKE
rrEZBND,

<3 2> HEFREEREE Fig. 2 ICHERREREEEIE OB & LT
PPS L7 NI T OREREZRT, PPS ITMaxHBEN 725
AR EIE MR e 2 TH D, MR E < 72
582, BBREOKSIZMA TRERIL L7 & OB TRE
EbDND, ZORETERBEIKNERNTNT, B
W O ER T RT AN RT =7 ENFEAEL T
bEBALND, —FH, TAITOHE, RHlide Fax
IVEE(-OH)NEE T, KD X 5 72485 T OWAEBE IR,
ZOD=8, PPS L0 HIBH LaFKENER I LT,
D—JF THLERLT V), AERTIE, FEE T, fHxHEE 90%
DT 60% THEFZIKIEET 2 HE L T 5, 60%KRFE, 90%
BEIZ L R ORI E DMK < 72 0 Mk BE B 23 < 72
oltEZLND, UEDX ST, &OBEHEREEORE
ACIC I D A, SRR I OB KM < K
fﬁ_é EM Mmool

5

45 b a5 b ORelative humidity 60%
ARelative humidity 90%
4 R
< 35 o .35 F °
@ o o
g 3 x >3 o
£ Go © o o®
> 25 25 o
c .
R A 2 F
3 15 — s 15 . 2
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) Ao
1 1 a A
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Fig. 2. Breakdown voltages on polluted surfaces of alumina and PPS.
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DC Breakdown Properties of LDPE Films Influenced by Addition of ADMER™
Kaito Ueki, Yoshinobu Murakami, Takamasa Sato (Toyohashi University of Technology)
Yuki Tanaka, Airi Wakai, Michel Kurihara (Mitsui Chemicals, Inc.)

1. FANE

KBERY =F L 2 (LDPE)LES 7 — 7 L7 & Oz
BHE L TR FIAENTWAR, EiEER T TIXzemME
FOERRLBERMLEOHRPPE L 2o TN DHD, —J7,
Kb A VEEMAH)TEME LR A L7 0 0k, bk
DREINDZ 0D, 2B 4V ADOEERBIZIA AV
B, REFEOUGEICH S L TNWDH0, £, FIFFICZ D
Rt e DA B 1 X BB AT RS B D il PR — (b & @ U TR
Bttom b FE5 5 2 e cE D, AFETIX
LDPE T MAH Z8M: R U = L (PE) & AN L 72 BE D [ i e
BEFE~ORBEEZFE L0 THET 2,

2. BB LUEEBRAZE

ZEMEBTRIT I T D MAH ORKIGHESr GREEE) REN 1
ppm #iii> MAH ZM: PE (=3t (k) % ADMER®)
%, LDPE |2 Swt%#s/ L72/E X 0.1 mm © 7 ¢ /L A (LDPE-
MAHPE(I) & {E#L U7, [RIAERIC, ZRRIEAIREEAS 200 ppm O
MAH Z% PE % Swt%#sii L 72 7 « /L . (LDPE-MAHPE(2))
HIER L7z, kD72, LDPE 7 1 /L A(LDPE) b Y L
720 X112 McKeown FEMGROOHEIS X, X 2 |2 EFTAER
BRCEEH L7z EEX AR, iR E 70°COT Y a—F
AMTERE LI, ERER 1 kV/s OIEMBIEERR 7 > 7 EE
ZHIIN L CTHEBaREE S £ (DC-Vb) &2 HIiE L=, 15 547z DC-
Vb ZBHE S TER L, BRI DR S (DC-Fb) % 3
L7,

3. EBRHERBLUER

¥ 312 DC-Fb OFEMfEREZ RS, BEY 7o v MIER
£ DC-Fb, AHkE 7 v v MIERITEEL 10 [BIOFEH)E, =
T —N—3E DIEREFFZETH 5, 1% 3 L U, LDPE-MAHPE(1)
3 & Y LDPE-MAHPE(2)® DC-Fb i%, LDPE & L L T
<, BE¥FEEL/NEholz, Tk, MAH 2% PE OfR
PERNEWBINCTT D N T v 7 A FELTER LR
WLEZBND, Lee HiE, PE # MAH TEM+ % Z &1
L0 =M EREES I S, EREEERMETT5 2
LEREL TR, KIFEORELEST D, £/, MAH
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ZEME PE RN L 5 DC-Fb @ ERSEIE, 7/ a0 R Yy
MR CHAE STV IROLEBIL TV, MAH
Z5E PE IR AMEEM B LTHEE THD L HEZBND,
—7J7, LDPE-MAHPE(2)?® DC-Fb (%, LDPE-MAHPE(1)& ¥
<, ZHIERBH OEREBRABERBLEICT ST 25 liek
ZRLTWS, BLEXY, ADMER®D X 9 227 BRI E O
VY MAH 251 PE 13, TERMEE & Folg U CHRRIC B AT
Mom Eicw5T5Z LRSS,
! Sphere Electrode( ¢ 10mm)

c / Epoxy Resin
=
F N o[ Insulating Plate

‘ N\ Sample

; 1 McKeown T
Fig.1. McKeown type electrode
Protection Resistance

A
HV Amplifier  HV
Probe ili i
. .| ilicone Oil
(o0
= Osilloscope /

=z

Function i
Generator [ 2 s Sk ] 5

Fig.2. DC breakdown circuit
T 500
£ A
> 400 F T .
E * . Aaa A} " -
= o A "
72} °
E 200
3

L]

< 100 |
2 LDPE LDPE- LDPE-
m MAHPE(1)| MAHPE(2)

3 [ A o
Fig.3. DC breakdown strength
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(1) IS T - BRFRWMOGE A, 117(7), 754-760 (1997)
(2) BHEBE BT, 17(2), 62-70 (2005)
(3) J. J. McKeown: Proc. IEE, 12(4), 824~828 (1965)
(3) Lee, S. H.: IEEE Trans. on DEI, 2(6), 1132-1139 (1995)
(4) Murakami, Y., et al.: IEEE Trans. on DEI, 15(1), 33-39 (2008)
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Breakdown Characteristics of Si0,/SiN Multi-layers Sample Influenced by SiN Layer

Takeru Kimura, Yoshinobu Murakami, Takamasa Sato (Toyohashi University of Technology)

1. FANE (GND:Si)iE DC-Fb(GND:SiO2) & W /& <72 % L\ 5 R %
i%bfvé%mkmbné

RN, ATEDOZRITICH T2, 32 TRt 22 & %
Lz m— ApRalatt LSI Eﬁ%&ﬁﬁm%u HR7R 5 NS R K

TUBNT A L—=2E 7+ NI 7T L HER L TN,
EH, R BREN TH D 2 LD, ERH B ECER R
E~DISADBIER LT 20, gkl & L Tid Iz

£ FSONA I DB, MRS L Ok, R LT
LI A BEINBOFHEINDHE L LN, FDi=®, = SiINEETE1.20 pm
Si02 & SIN Z ML & DB 7RI O B RRHE 2 4R 5 5i0: || 538um 510, ]| 5s8um
CEREETHS, AWETIE, SOVSIN HABICHT 5 2L 77 2L_LL 775 ym
FLTAGRRE L £ R T 5 7200, Si R ISR Lo @ Selel® e
JE ¥ K O A FE AR IR 2 W Tl B 4 50 L Fig.1. Sample configuration
7O THET B, _ '
Protection Resistance

2. ERAEBLUHEN

LIZRUBHEE A3, BUBHIE S 775 pm @ Si Bk | /M

12, (a) SiO2 % 5.58 pum BB L 7= iRk, (b) SiO2 % 5.58

um & SiN Z 1.20 pm ISR L7 A ERECTH 5, 3R o — Sage E
12iE, 2o RBEZ =R UBIETE—/L N L7 McKeown HV Power Suopl:

C:';*ﬁ%\@)%)ﬂb\f:o

| LA R R 1 %759, 30 °CIT T 53R 50 777 . ﬁf%@% S
= 2 EEHE o %

Vis ODEFJ} PEELI T » 7R Z AL, B RIIR Fig.2. Experimental setup for DC breakdown test
(DC-Vb) & HI7E L 7=, DC-Vb % 2HuiZiEE f[ﬁ? L, Bk
il D58 S (DC-Fb) & 7l L 7=, FIVINFEIEARMEL, 508k Si __1050 T
EAEE GND & 5 HAGNDS)L, #@f%ﬂ%ﬁll% GND & Eoo | ! &
T 544 (GND:SIOs %7213 GND:SIN) TR L7z, = 950 o{ o] :

. =2 |
3. ERBERBLUBE £ 900 :

312 DC-Fb 7~y , MM D7 a y MIFATHEE 10~ £ 850 : o[
15 EOFLIE, =7 — —FTOREFEE R LTS, 3 s00 :
HiJ@HBHD DC-Fb(GND:Si)id DC-Fb(GND:SiO2) & ¥ # T = s [ T R
< tpotz, =05, HAEREH BT DC- Fb(GND:Si) I3 DC- mgle Shgolye | Ml
Fb (GND:SiN) & 0 (< 72 0, HUMFE AL XY K& 722 DC- 3 SiN 2% SiO,/SiN #E R OAERR AR IC KT 2
Fb DN R LTz, #E EHENCIX Si02/SiN ﬁﬁﬁi‘f EL, Fig.3. Breakdown characteristics of SiO,/SiN multi-layers sample
GND:Si Tl SiN J@ A BRI BT 5, SIN i34k — L influenced by SiN layer
DHRNLT W2 AT DD, BARAlD SiOo/SIN FLE S,
CEERNE i04/Si B LS 1 -
(S IEEAT ﬁi "L, SI.OZ/SlN ﬁﬁ@%ﬁ%ﬁﬁ i,%.jJI] L7, (1) Isa Altoobaji, et al.: Electronics, 12(5), 1~15 (2023)
357]‘: i%@IEEéTTﬁ) 8102):' Z %.)(i)\éﬂ SIOZ/SI ﬁﬁ@% (2)@%EH§%72\,E . ﬂﬂ . mm*@@’ 54(12)’ 1250~1266 (1985)
PreE 388 K U7 /5 5, DC-Fb(GND:SH) 23 KIRIZAR T L7z & (3) J. J. McKeown: Proc. IEE, 12(4), 824~828 (1965)
Ez bbb, SiO E~OIEER OEAITHEEREIO DC-Fb OHFERWE - HAWE, 60(11), 1131~1135(1991)
_70_

2026/3/12~14 & ©2026 IEE Japan



2-061

VGRS TR Dt Bt &
Bt 7 v A —/NEE OBk
Rk B, B AR (R ME & (TMEIC)

Relationship between Hydrophobicity of Insulating Materials and DC Flashover Voltage under Low Pollution Conditions
Yusuke Nakamura, Chihiro Tateyama (Toshiba Corporation), Shuhei Kojima (TMEIC Corporation)

1. FANE
EFHOIX, BNRICKRE SN DG O RTGEEEE

A L CUN 20, SENAR I, EAMEERT SR ATEE S

NDZ EEndy, EE o 5% E (Equivalent Salt 3mm I

Deposit Density: ESDD) (Z#2% L T#J 0.01 mg/em*f2fE £ T

BHREN, SHICEBEICHINIGE DL, ZDLD

72, IGT5HL B G PE F COMBT — ¥ I L A L0, Fial Bl System
ZZTARTIE, 20X 5 REGH - SBESEMFTICE

FAMERMD T T LA — NBIEICK L. ARG XS ;35
A PEE L0 CTHET S, %30
2. %ﬁﬁﬁ z
(CHER AT, BRI, (T3 3 mm, FR T
62 mm) T, H 7 xTHR(GE), PTFE(PT), # 7KV (GP). E e
Hi\Z PTFE % i L7 % 5 =78+ PTFE(GE+PT) D 4 Fiffi% g10
WL, 7, B0 - Fic 27 L—CiERk %% 23 I
0

E A1, ESDD A% 0.01 mg/enm?i® & 72 % & 9 HAK & AR TIH
BT, Wik, Vo7 LRz EA 20 mm OFEM THA
2o IR 45 mm TH D, TDK, 50°C + 95 %RH F M2 BHERMOERT T v A —NEBE
CEFEE RN LT, B 2.5 KV L5 CRE L. &% Fig.2. DC flashover voltage of each insulating material
FEZ 1 RFLTT Z v oA —"EELAE L, FAEH
W7 Ty A —N\RRELIZSGE T ORI OBEE LB

Lon8id 3 & Uz, 3Rtk Al Bl o szfi /g 2 JIE L7z,
3. %%#% Y
WZHAHMEI D 7 T v A —NEEERT, GE Z i = II
%& Lfdj- YINDT Gy A —NBEITR B FY 2 40
EIL 11.6 kV Th o7, PT ZAiGEM & Liz¥ o 7 OFY 20
EIL300kV TH D, £72, GE+PTIZERT S &, EHHE 0
GE PT GP

1X27.9kV C,PT D7 T v A — NEBELITVELE 2o 77,
3 KM OBl & R, GE DR 13 82.0° )
THAMEZ T L. PT 135FH 108°, GP 135F#) 95.3° Tk . 3 # AR O BEfil

Fig.3. Contact angle of each insulating material

GE+PT

120

._.
=
=]

Contact angle [degree|
=
=

MER LT,
4. EER ® RIA N RETT =7 B5ET D

AR TFICBT2 7T v oA — T R T vF o 7 BEKE @ 7—rizLvEEBRILL, %%F%ﬁ)imi“
k%i%ﬂéo I*?‘yf'\*l/ﬁ“(lié7'7~y\‘/z]‘»—/\‘pj, ® ZOBGNEYIEI, HIEBEITT S
@D BIBEEIC L 0 HEAy AR L . M35 f | B Mk I 3 ® HEERENER S, ETEBETY 7 v g —n
Eiéﬂ?ﬁﬂa%{i"#{f"i’bé LW A= XA TRAET S,
@ WNERICE DY 2 — VENVTIRFTEINT K AN FESE L i CDAB=ZARLEBETHE, W2 D77y F—NE
H(RZANR) BERENS JEDZE, MG OREARNME, b b A IR T S

LEZ5ND, K412 GE B L ONPT DRl A & R O Hj{g
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EENENRT, GE TEEAA /NS W=, JKiié GE O
BRI AR E VY, —F, PTIIEEfANKEZ W=, Kil
& PT OEMERIT/ NSV, 246 OfEEY O Sl FI2k
A FREOERKZK 5~7 1R T, ABHRRIZIELERND
0, B TIHEROBRTHRE L WD, X 5 1% GE
O TH 523, GE 13K & OFMEENRKE L R D72
W, AN=ZXAOTER SN TKEIC X > TRIVEFA T
NORBENTELT LAY, FT v IRERELLTL
2%, —H, X627 PT Cidkil & OFfihmmfEs/h & <
257, WLERSENLBEBENTEOIHL, FFvF
VIUMMERLIZS W, TORED, #EiRfa /NS GE O
Ty —NEEITERroTbDEEZ BN D,

RIT, GE+PT ZM#atd 2, ¥ 7 Oz~ X iz,
GE MNZITIMAVEI AT DA TE 555, PT TR
BTERWIZYD, RMOICRLERITEN S5 8D, £
DI, 7T v F—NEENRELS RoTbDEBZZ BN
%, DFEY, KIGH - RIRETOHEGH DT T > A —N
BIETEAA PR E SRET D, K 8 IiEiEm o &
BT 7 v A —NEEOBMRE R, HEAARE
L&, HRTZ 7 v A —EENREL D, BRI, Bt
2890° LAFOREDBHAMETH DitEmIcB VT, K&
7T v F—"EEREIMMETT D, —FH, GEHHPT D7 F v
A= NEELY, RESBKETH DHEEDICENTY,
IRNEBRDBFTNDREZIED L H I —# 2Bk T D &,
T oA —RBEERELS M ESHEDLIENARETH D
ZENbhot,

5. &

AR TITRIGE - BIBETO 7 I v oA —NEEICH L,
BN G 2 2 BERE LTz, TOMRE, 77 viA4—
SNEEREMANRKEL RBEEEL DL, EaINH
KDY T, IRNBERSTMN DR EZIED X5 1c—
HEHKEIZTDE, 77— "—EBENRKEL AL
SHELZEBRHLNERST,

Water droplet

PT

4 RS I E B 0 5

Fig.4. Image during contact angle measurement
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High voltage Earth

5 I FIZH1 5 GE Rifif DR
Fig.5. Schematic diagram of the GE surface under high humidity
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6 ML T2 5 PT FKifi ORI
Fig.6. Schematic diagram of the PT surface under high humidity

High voltage
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Fig.7. Schematic diagram of the PT surface under high humidity
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Fig.8. Relationship between contact angle and DC flashover voltage
under low contamination
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Characteristics of Filler—Composite Coil Insulation Materials

Takahiro Mabuchi (Mitsubishi Electric Corporation)

1. [FL&HIC

WA, O BB E S i MR B =i
TBEPED LN TWD, ZOFEBUIZEEERED =14 1|
i 3 B Haiab ORER LA BB TH B, A AT,
HIKIC~ A BT — T E2HBEMIT RIS & &R, INEwE L
THRT 578, ZORMR EOFRE LTI 4 7 =DM
MHFIEN TP, Bl F ) 7 4 T —IFER N — i
BEIETADRAEE L, 2T LV EREHEGBKIRICH
EFoimiEEInNCND, AL AR BT 28R
~ AT 4 T—DRFRELTHT AT 4 T —DFINBHE
WZOWTHRF LT,

2. ABRUERAZE

HIZ AT A GbElo~A DEMIZ, HT2AT 4
7 —(Bi203-Zn0-B20s, F-¥JRifE 3 pm) & =R % VG % IR
iz MV URRE AT V—8A, MRT 52 L THT A
T4 F—BEYA T =T EH G, THEE S 300mm D7
VBRI E T2, RS URHE & BRI A RS
L 7RI 2 WE SRR CER L. v b U CEEM A
DETNVIAANEERUZIK 1), KRIZZO A LHLES
50mm (8T — T EBEY (T, TV AR FEEICEE
ZEML T, I OGRS R N EBELFINL T
MR 12 2 D R GREF IS D W THIE Lz,

LER &R LIz aA LvEeT v
Figl.Resin impregnated Coil

FRLERERIC, HiRE LTT 4 7 — 25 £720 R ([Refl),
WHOFEM TH DY BT 4 T —(Si0y, EHRiFE 8 um,
Ref2) %~ A BIZEAT L2 RICOWTHFE TR L 7=,
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3. EERHER

2 (A TEAGRR R O R 2 R, W IORBRIC
BT b, BN CTERNED LT VAT
AL TEY EREEEL IO TN B 36kV LR%ETH
ST, —Ji. EHEMITT 4 T —EEERVFRRe DRV
VA7 4T —% S5 L= R (Ref 2)13 76~145 Bifi Tdh o 7= D
WXt L, BT A7 4T —Z2FE LI RTIE, 192~335 K &
M kL7, FREORMEZERERETT D720, A I EZBRW
TR E 7 4 7 —%BA UL ELE &2 — E RN
L7, ZOWiE% SEM 8142 L7- /s 5, BN OER &
EICBWTH T AT 4 T —E 2N IREETH - 72(1X3),
I EZRNEF—TT7 07— b L, Mg L7k T
CRE LI R BN, ENREEZERT D 2 & TRER
RZWEAICIH Lz L HEE SRS,

O Breakdown Voltage Alnsulatuin Lifetime
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Z L 1 1 g
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E ] A 150 E
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20 0o =
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X 2.2 A )L DHEIR AR
Fig.2 Insulation Properties of Coil Model

.........

B 3BNENDHT T A7 47—
Fig.3 SEM Images of Glass Filler
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(1) P. Gropper, T. Hildinger, F. Pohlmann and J. R. Weidner,
“Nanotechnology in high voltage insulation systems for large
electrical machinery —first results”, CIGRE 2012, A1-103, 2012.
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Study on Lifespan Prediction of Corona Armor Tape under Resin—Impregnated Conditions

Takumi Yasuda*, Takahiro Mabuchi (Mitsubishi Electric Corporation), Takumi Iwanaga, Ryuji Ikeda,

Naoki Okajima, Shinsuke Kikuta, Takayuki Sakurai, Tetsushi Okamoto (TMEIC Corporation)

1. [ZL®HIC

EEEEEE TR, SOL EEET AV E OBUNERT
RATHEMEEIGT D720, EHREONE IR
plav iy —7 (BUF ‘BB —77) ZEE LT
Bo LML7Zen s, EHkgE L KR —7 & oMoy
WCHRAET DAY I A(0s) ITL DS bndfE s

TV, 4y R LD O 5 MER I 2 fEL LT,

EESHERIZESLS T b= A7 oy M LD, KK
T —7 O bHEMEWETEX DI EEFEFELZO,
AT, FERBRROBEREZ M LS¥52 L& H
&L, LYERSETICRE T HIERERT — 7o LT
AR FF i TN EAN 038 A E & BT L 72 0 THRE T B,

2. AHRUHABRGE

B 1 ICRHEE 7 L ORI 2R T, HoMEIC LD
BIHT — 7O LB 2 M4 572012, THeRE &K
BHT —7 & OMICZER 2 f0E LIcRIHiieT v & Lie, &
i 7 i, FEEBRFI AT 5 2 L2 AL L, #ix
LY agir UNBEL S E BT — 7 2 #7004 7,
TEIRA P ISR E L C iR SR DR AU Tl o0 iR el B & S0 L
7o V-Q U —Uaikic kY, ZRNERTRAET HE 0 E
DIFEBRNZFHT 5 L L HIT, HEICE SN TR T
— 7 OREIGUE 2 AN IE Uz, REESUEDHE
REEICHET L E CORMEZHLEMLEELRL, TL=D
278y MLV EEIREICRIT 25 bHEMEEE Lz,

GND =

electrode corona armor tape
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I @
\D
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1

= H.V.

1 o3 1R 2 5Lt L7 A8 7 L O R AENg 1]

Fig.1. Schematic diagram of discharge model.
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HIRIRIT — 7 OH b EME T TE D E2HLMITL
T T2, MEBNNEL RBICoNTHILHMTEL 20,
FAbFH & BB & ORI ZRMEN R S iz,

U EORERD D, VYU EREE NICET DRI T —
TOHEMIT, TL=UATay ML) FHITESZ
EEPILMNT LT, £, ERBRE TSR SMEEID
BERAE IS EE S W Tl LR T — 7 0Bk Fmic o0
T, #FEIC T 2R~ 5,
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Fig.2. Arrhenius plot for resin-impregnated Corona Armor Tape.
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Conference, 356-359 (2017)
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Effects of External Circuits on Partial Discharge Detection Current in Rotating Electrical Machinery
Sora Kato*, Towa Kajiyama, Tsutomu Kuno, Masayuki Hikita, Masahiro Kozako (Kyushu Institute of Technology)
Takumi lwanaga, Kohei Zaizen, Shota Kodama, Tetsushi Okamoto (TMEIC Corp.)

LEMRD PD BHE ORI, K& IH[E U TN

L FAnE L THY, PDEMGEFRELFRRETHD, T74bb,

AR TIE 43 Ji% % (partial discharge: PD)IlE (BT 5 SW3 0> On I PD &EHit(5 503 BERR 2 A L CEMR(CT4)
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PAaMitr s < = b—3 a3 oS Z BiEd, aidd 2T, FRHETHDZ Lnd, ERE OFRIEREN PD it
W BB ORR 225 L, SlirIC PD AN E & 21k DEREHRE CTHDEBEZDND,
S, PD EBROMHEHICKIETTHELRE L, Z0D INHORERNG, EIEFOREEHICBWNTY, ER
fES, PD FAENLEME 5 BMLETIX PD BHE 5K PRI E L7z CT 1L Y PD {82 MR T 2
ELWET D2 e broTe, KRBT, FEHINHE TR Z X, AT A UBREICET D PD 2 AR R E R
T % PD B B RIE TR OB O 2 B & E L THATH % ARtk e S vz,

T5, £ T, FHOEFITHERT DG 2T YD
AN PD BIRESIC 52 2 BEMELIZOT, TORK
REET 2,

2. EEBAHE

FEBRIC W= B E 883 L OWER L, A2 & [[fk
(2, WHHES 1 B oA /W N TRz T TR Y, A
I DHFREST BT DR AR L7z, K1ITRT LD
I W HPBHRE O AL E T 5 2 & T, PDRBAMBE AL
M6 12 B OBBIH YT 5 K S L7, W HHO IR
B FEE 3.0kVims (60 H2) ZFIIN L . A TS CHRAT 2 Fig.1. Connection configuration of W-Phase windings
PD ¥t % e TS E (PMT)(A 7R h =27 28 H10721) corresponding to each PD occurrence location
TR 2 & & bIC, SIS PD Biftf5 54 4 4

DA CT (PRODYN Tech B, 1-125-1HF) % U TR L ():« A
7o BAEBRERICB VT, &CACHEE S SWI=3 O e A A —

On/Off ¢ PD FEHif5 52 i L 72 PMT DR HIE I O B _J\/vvw_
% —ET 5 2 & THRENFRED PD &G 52K ﬁ/'\/\/\,-\___'__C_

/o7 100 OGS % & mACFEm L7z, ' : i I P

3. HBEBLUER Tty Y e

3 — 4 N i i Fig.2. Detected PD current waveforms from the PD source within the
;5(2;2(20(;2\7\; ﬁ?;g;g;ﬂg;;; ;V:/;g);’; 2:;{; first winding. (a) All SWs ON, (b) Only SW3 ON, () All SWs OFF

e D = Z E=RINE]
BErT, FAX@EEY, HEF—KOmMEZR RS2 &, ok
W FI(PD FEAEFNDE BRIEAM O & KL T\ 5, 4 o [T
(OIRILS : FERFERIME - 0B - @M K2, No. 5-A-a2-6(2025)

TO SW 7% On i, PD U5 5AEMBRAI L U AR, V QEIFS « A T EBS AR RL, No. 312-A2(2025)

A, ERICEHEL WD EEZBND5, RXKbL)TIE, WiH
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Effect of Electric Field Distribution on Breakdown Characteristics of
Streaming Lubricating Oil for Electric Powered Aircraft Motors

Shimpei Noguchi, Mao Kato, Hiroki Kojima (Nagoya University), Nobuo Aruga,
Kiyoshi Utatsu, Shunya Watanabe (SINFONIA TECHNOLOGY CO., LTD.), Naoki Hayakawa (Nagoya University)
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EH DI, EWmeREEA LB e A T —
Z OB E A HES LT 2O, B TR 0% El
DIz, BROGAMBER DEFTEWRENT 5. AT, &K
B D 90%LL o & E R M IEFE(90%SOV) I L OVE L4 Am
D BT 2 BRI I T, BN M i o fig kB E I (BDV)
R L7
2. EREESLUVUERAZE

F 1 ICHEREMSR, X 1 ICHREIRO @R R X Ob)/ME

TR, A EMRZ ABRARICERE L OB ESEL, K
7 EEESETREE (R &R 0~38 L/min) CTiHiE%
23°CIZRRE L7-. RiELE (60 Hz) T BDV #45ii& T
10~20 EIEE L, HHM7z BDV IZOWT Y A RN 21T
W, S0%BDV 2R L. £, BEEUNEIRICH—L T
g —AKSEEROCTHRASEEHE L.

3. EBRBERBLUER
2 [T FEMGRIZE T A IHIBMO 50 %BDV Ot ikl

PERT. PO T —_— 3SR FETH D, FEMRIC

B B F L0 L/min) D 50%BDV TZ 2L L T
5. VAT, REhAEEmO X5 22 EEER Fo BDV (X
WEOIE & bic#ikilo BDV L0 b ER L CRKME
IZEL, SOICHEZINSE 2 Lfafnd @Az R L.
ff@ff%?ﬁﬂ':ljf“ I, R X D7V v VR RO
RIZ72 0 5 28, R &K (0~11.3 L/min) TIEHHRIZ LD
-7 ) v PR IE S, BDV S ER L0 E 2615,
F7z, M EERIT AT ERERE D B 90%S0V 23K &
<, THBRIC LD AMEREDFR L0 IR R OB NR K
W=, A fE SRR BDV O R R34 T R BRI
RTELS ol tBZE2bND. —F, REFEBRTO
PE-SPAEM O BDV (TR BTN 2 B2 o Tz,
K- AR B T AR EN S o= 2 e b b, BT
WEEIZ L > T BDV OIEKFERL LR -T2 B %
L. Lk X 9 e R Ehi Vg h O RRIE R, T
Mofw A3 U 7o BEhHEREAT 22 £ — & OfigaR s H B A
Thb.
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Table 1. Electrode configurations

unit : mm

Electrode Rod-plane Parallel plane | Coaxial cylinder
[=-3 @lﬁ
Shape { | \ / & @ o140
R=1.0 ’ )
2.0 ©30.0 ©30.0
Gap length 1.0 2.0
Material Stainless steel
90%SOV 0.425 mm? 359 mm? 2.16 X 10° mm?
Electric ficld non- 1.97 1.02 1.00
uniformity factor

= : Oil flow direction
p

i I
Buffer tank . Tes n,l amlx I8

—
Pump g Flow meter

(a)  Configuration (b)  Appearance
1 mER
Fig.1. Oil flow system
2.0
s | :
2 :
S B
= 1.0 3
e I B
8 't !
X
=)
0.5 |® Rod-planc (g=1 mm) |
@ Parallel plane (g=1 mm)
@ Coaxial cylinder (g=2 mm)
0.0 .
0 10 20 30 40

Flow rate [L/min]

2 ABIWRITITHEIEMD 50 %BDV O ek 70
Fig.2. Flow rate dependence of 50 %BDV of lubricating oil
for different electrode configurations

Z OFRE, ENTAFFEBRFSE A = L ¥ — - FEEHTR
£ BA AR (NEDO) O Bl ik 2 (JPNP21005) D et & v 7=

LOTHD.
3wk

(1) N. Hayakawa et al.: ICDL, ID:1144 (2025)
(2) ML - 27 B, VoL99, No.10, pp.635-642(1979)
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Pressure Dependence of Dynamic Breakdown Characteristics in Liquid Nitrogen

for DC Superconducting Fault Current Limiters

Kosuke Naganawa, Ryuichi Takeda, Hiroki Kojima, Naoki Hayakawa (Nagoya University)

1. FANE

EELIL, ZunTHEHMEB AT LA~OBEAZEE L
EL i A FE PRI #(SFCL)IZ DWW T, FRIEENMERF D & 2 — 1
FEEMTPE D TR EE 5 (LN) O B B M il B AR M 2 ARGt L C
WHAD, AR T, 288 SFCL 248E L, LN, OBfHafkk
RS M D [ E R 2 TS LTz,

2. EREERLUERAE

X 1 (ZFEBREK A~ SFCL FRIEEMERED Y 2 — L%
AR L= —Faf LEFLE LN (I=77 K,
P=0.10~0.25 MPa)|ZiR1& L T\ 5. KEF LG ELEEMIC
SUS 7—7, HEmc=/uir7—7%MHAL, v
TEZgD2 mm ELTHEI X =AM T 74 TH L. &
T =7 OFETE 4 mm, JEZX 03 mm THDH. &EBLEEM
WL A, BRI E R & B L 7.

9, BEREABME)E IR M60 HyomELE % 1
KVms/s THIEFIN L, LN2 OFBIHaEAE T S BDEsttic) &
HIE L7z, Wiz, mBEBMIC BDVic UL FOHNELE %
HEFF L7-RREC= 7 b AT — 71T ER(60 Hz) % @R
12 0.5~5 cycle E L, LN2 FUTEFEHIIIKIAZ A SY,
BN a8 7B S (BDE dynamic) & HUf5 L 72, BT EEE
M= L7 — lmEEE DA =7 L7 —7KHE
FECHR U2 ETER w, TOFMEEEE J & LTI L
7o X 2 \CE (R B B EENME O () B, 88 BT
¥, (b)BH, BEEEO—FZRT.

3. EBRHERBLUER

X 3(a)lZ B (IE A3 L Ot s EEENE, P=0.10
MPa-abs {235 ) % BDEdynamic DEAEKEM 2R+ XK L 0,
EhE OB £ BDEdynamic 23 BDEswic 22 5% L <K F LT
WL ZEBRbND., £, KL LT, EROFD
BDEsatic, BDEdynamic & HITRWZ E D, EFRFICEAT
% SFCL 13 PAMITEAT 258 L0 &k LR E
%ﬁizgﬁbé’&ﬁﬁﬁéﬂé S HiT, X 30
J=0.75 J/em?* {2331} 5 BDEdynamic/BDEstatic 00 LNz JE S AENE

oRT. IEIJ:V), LN ENh & EHFT HZ & T
BDEdynamie/BDEstaic 23 1 [T 35 Z & bnnd. . LLELD,

Pulse
generator

200 kQ

‘El_“/AC 60 Hz ‘\j E

DC high voltage ~ —>
power supply

Thyristor
switch
0.5-2.0cycle

Inner vessel
Outer vessel

Observation
window

Vacuum layer ‘

SUS - Nichrome pancake coil model

1. SEER (a1

Figure 1. Experimental circuit.

Dynamic BD
200 4 40 15 - 06
P E

= L bl = = - 0.4
z w0 \ e 20 2 10 04 2
% 0 0 5 —402 =
S of {20 ¢ 0 00

ool I 1 1 1 ag sl 1 L L L g 3

20 0 20 40 60 T2 0 2w 40 60
Time [ms] Time [s]

(a) Voltage and Current (b) Heat flux and Joule heat
[22. Byt a0 B, BN, MG, HdRE

Figure 2. Waveforms of voltage, current, heat flux, and Joule heat at
dynamic breakdown test.

80 2 10
E 60 o 08 =
= 2 06
= 40 T
5 g 04 =
g o 02F R
0 1 | 1 g 0.0 1 1 1 1
00 05 1.0 15 20 010 0.5 020 025
J[Vem'] P [MPa-abs]
(a) Joule heat dependence of (b) LN; pressure dependence of
IZH)]:—IS,;‘“C and BDEdynmmc BDEdynaml: /BDE i

(P=0.10 MPa-abs). (J=0.75 J/em?).
[4]3. LN, BRI Rt
Figure 3. Dynamic breakdown characteristic in LN,.
L SFCL ICHW T, LN Z LT 5 Z &1 X 0 Bhavffis
WD Y A7 2R TE, MREEELZM ETELLEER
bIhvs.

XOHK

(1) N. Hayakawa, et al.: IEEE Trans. DEIL, Vol.29, No.1, pp.264-269, 2022
QKM ML B - BT - HRER SRS S KR, B3-6, 2025
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Relationship between Density and 0il Temperature of Rapeseed 0il
with Fine Bubble at Different Addition Time and Standing Time
Ryota Takeuchi, Nobutaka Araoka, Norimitsu Takamura (Fukuoka University)

Taisei Homma, Satoru Miyazaki, Yoshinobu Mizutani (CRIEPI)

1. EapE {0.92 g/em® (15°C) } 7> BIEHEFREL 0.00068/°C % >k 8 THT{EL

WATER T 0 AR SR D 5 b kg LI ELOTHD, RREEMERROT ™ O
e 7L B St o e T B (WERHO 1T 0.00080PCTh S,
BT S B e, sy L TR 5 L WERR O SRR R <
55 L5 MR DD, TOTbEE DI FRE g;;:z%;iffikg;jf%ﬁffijﬁ:?f
e RIRLCEH 7 7 1 2870 GUF, S eied) i e - o AR IR =S e
N & B BB AT L T2 =0, ARTI, SHFB &M © :

VAP FEEE \ , WL FEEEIC NPES:
7][1Lfi%?ﬁ/ﬂﬂ@?ﬁfﬁ&E{E@Fﬁﬁ:é:’)b\fﬁjﬁﬁbfzﬁ%% cﬁjb; @j*ﬁrb /)l/ Tli E%%& &I—J%L hi(@;@%ﬁ
i M CIEBRE R BNI R o e o T,

2. EBAE i oo ' S
o IS EOEER SR L AN e T 0 SR ATFFED—HRIL ISPS BHFE 22K 14249 OBk E 52 1) 72,

MW (A4 —L ECO, MATAT =T U 7)) 25 840 0.920

mL PR L2, KREETERT A (ME 99.999%)
ZEA LT, EIATRICZEHE FB 24000 L2V EEE (A2 Ak e g 0915 H{'&{.{.} }H ﬁ
0 53fH) IFAFRTTO, 30 £72iF 60 S MFHE L7z, —7, iﬂ 0.910 | l “ U
EHFB AN L7Z30BHT, 1B FB JeA4 0 % 2 . + l
S FB % 5 4RI~ 150 R RR L7 I 5T 0,30 £ B 0905 e et i
I3 60 S FEHE Lz, BEHIIA LT ET oL Lz, oopp | Sommedmedbmn |
<2 2> LINROWEFIE  FREROA R E R 0 liié‘})g 35 o TR 108 }flgnlﬁs 150
LCAR—F 7 VEELRER (DA-130N, s#ETT¥) < 1 2 ORIER R
ERERBE U, E 7 MR — & 7L RS R 0,940 Fig.1. Measurement results of density
EI R SN DIREZRAEME LTRegk LT, = =
3. BREBLUEE £ 0920 | et
R 1 ICEEOWERREERT, Hh072 Y MITHE z B
B, TN IRKE L FBMEE R LTS, BB, 7 £ 0900 ¢ [~ Sunding ime:0 min
— X OERD EHS DI DTHER 0 5y ORERE L L i e i
T30 & 60 3T T H L TEREETWE, K1 LV, 0.880 ‘ ‘
A ORI o T, BIEAE T B 2S5 b, Y0 ontemperawrepg ¥
FoFRERBENEVIZE, BEMIT L, RERTIL, Fig.2. Relationi?) bf&%ﬁﬁrﬁtﬂ; Eigﬁoil temperature
IR AR OB E-> T EF L, WEEFICK? ik
BEA~ORBL TS 5729, 2 |\ &R O BEIfR & (1) D, 47 EEREAATEIES, 2-043, p.47 (2025)
TRT, MURRIE JIS K 2249-4 : 2011 DA MBS, ORIk (2) JISK2249-4 : JFh L OA MBS -FE Ok S (2011)
HEEHREBEB I OREBEREROELARAKOL & o 7 EO (3) https://www.kanden-eng.co.jp/special/so eco/feature/
_78_
©2026 IEE Japan

2026/3/12~14 &



2-068

=< B ARG D2 W S ki 7o
5 25 A A PR — L DB 5

IR RBRY, RZ AR, 2 RS, K R (ZZEEK (BR))

Development of simple ion sampling tool for insulation diagnosis of power distribution equipment

Soichiro Fujihara, Fumiya Honda, Risa Sugitani, Shinsuke Miki (Mitsubishi Electric Corp.)

L7z, £oT, Y—IVHENLLDBEHA A BEIX+55icd
72l BMERICEBELZ RETZ LiThVnEEZI NS,

1. [FC®IC
WA TIL, ZRCEMEIHEEDI S Lis A A BRI,

MT (T ) B R« 2 7 FIE)THITT 2 2 L1 & D ik fﬁﬁ
BACBITY— & A B4R L TV DO, RO A AR, F 16608
Bty NENT, SRR R E IR 58 B HEM
ERRLE Thot, 20T, BIERLEOMS LA D o
BTV, ARETE, BEMREE LY MECTs 2 X soe0s
Z BRI L fli5 A A AR — D0 Tk B, ¥ 60809

4.0E-05
2. 5;5% 2.0E-05

fGR4 A ERY - KU T XTIEERGETR)
ENa+ HNH4+ EK+ mCa2+ mCl mNO3- mS042-

B 2. BGA A I — A EOA A oL
R Y = AT AERIEL O R E A A RO LR

<2 1> A A BB — NV OERE - FRAE
vty MEEREDD, B RGN oA 4

BHRAREL X<, PET(RY =F LT L7 X L— NEF

HFEE L, BMICIERkIELERIUAKEILY b BikE

FBRL, K LUITRTEES A A BBy — L ERIE LT,
AE(1 x 1cm) PET*/—I k(1 x8.5cm)

=

20 30 0 50 e0 70 80
Luunl \ih‘\‘:‘lui ‘H_MM‘ ML “’ ML

1. S A A BRI —v
Figl. Simple ion sampling tool.
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O, YRR EMAKITIRIE L, 30 SR8 E I YeiH AL
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LINNZTH I EERAMIC, THELGEN LT v v
VITEDREA IR TR L, Bty MEHWRER
BERY =X DA F U BRIVEITV, MFETRIL
A A A IC I L 0 I - bk L7z,

3. BRLEER

<B 1> 5 A A AREY — IV AR A A B E G R
X 2 \ZHG A A BB — A OA FotE e | b

extge e ULTARY = 27 Vg O Rt & A 4 &
DRNERERERT, V=D bid Na™=e SO2 M & -
HLOD, TR OA F U ATEREI VDR L AR
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Fig2. Comparison of ion quantification from simple ion sampling
tool and surface ion amounts on new polyester insulators.

WIZ, & 3 ITHERIE & ARY — T K DA F o BllERS B
DR ETRT, A UMK S E VA (FE RS 0.96)
DELNDZ MR LT, Lo T K3 DEYFRITLY |
AR =N ERWZEHAETYH, ERIEERSEOREE T 4
BN FREE B DS, GHIZ, AY—1LDT7 4 —/L K
R adEn, 26 FEELVREHZBBETL2TFETH D,

1.0E+00

j AC-
o ONO3-
§>’"" 05042~

’ ANa+
< ONH4+
1.0E-02 o> e

1.0E-01

1.0E-03 @
P
N
=0

RHREICEL DA A RAEHR (mg/cm2)

1.0E-04

PR % 0.96
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1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01 1.0E+00
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3. M54 A Y — Ak L GRIKIC L B
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Fig3. Relationship between ion quantification results obtained by
the simple ion sampling tool method and the conventional method.
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(1) =&, ME, BRI, AH, K& [SZEERHEEED O

I, B B 127 7 p.863 (2007)
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Possibility of Electrical Conduction of Al-Mg Double Hydroxide
Masaya Ichimura (Nagoya Institute of Technology)

1 FamE -7C, (3Al-1Mg)-O0H X p BlDfZEM 2R T B 2 b,
- ML A Y s <
A QO BRI ¢ %7 LA i ST Al-Mg BRI 8K GRS L TR T&E 5]

D, = BB T A 1 InOs, S0s, Zno  TEHEADD.
;iiﬁzsm;i;% ﬁiﬁj{i;}%zm T Kpeicw KPR 22K05268 DB AL T T
DO IFMEE LR s TERY, ETHEE LUSHE
nadZ Li37no7z, Mg(OH)2, AIOOH & H K& 7N K
X ¥ v 7 a2 FOBWHLRWE T, ISHR®RIIINE Ty
PR BN TE T,

AWFZED B ENE, KLY OBHE THEE L TOFIH
Thd, THET, MYOH)2 (DB IEHE 2 IR EHIKEE
(L OFEREEER L, ZOESBEELZHE L TE, #
JEHEREIZIL, LM TIETH Y, KR CRBIFTEEZ B
v 75 (Dorp Dry Deposition, DDD)% FV 7= [1], <& P
FE R, Bl Mg(OH)2, AIOOH 73 108~10°Qcm DOEH IR %
FFoDIZxt L, ALMg OB L% 4.1 O Al-Mg £k
Bt OIRHTRIT 103~10%Qem & EATHRNZ L 235 o7
[2]. =2 T, Al-Mg B/KER LD ELARE & BERI IR

_ (@) (b)
T B8, BEPBISIERICE S B FEHEETT -T2, %] 1(a)AIOOH D i i i, (b)ff%;_fﬁuﬁé@ (3A1-1Mg)-O0H 0k

2. HEAE Fig.1. Crystal structure of (a)AIOOH and (b) 3AI-1Mg-OOH after lattice

relaxation.
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3. BMRLER 2 (3Al-1Mg)-OH @%%Mﬁé%f;: gﬁiﬂmﬂﬁ/ﬁm B YN DR b
e ﬁ%ﬂ]?{ﬁ@(&a‘l -1Mg)-O0H DG 2 COISCER Fig.2. Density of states for (3AI-1|¥A%)—OH. The origin of the energy scale

JFEAERN/ NS N E &KL, Mg ~OERZEOENIEN Al is the energy of the uppermost occupied state.
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Orientation Dependence of Diamond Crystal Growth on Highly Oriented Pyrolytic Graphite Substrates

Ayumu Kubo, Takaomi Matsutani (Graduate School, Kindai University)

Shuhei Toshinari (Thermo Graphitics Co.,Ltd.) Mami N. Fujii (Ritsumeikan University)
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Fig.1. Raman spectra of non-crystalline
growth regions
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Fabrication of La,+Ni,0s+thin film using pulsed laser deposition

Hiromi Tanaka, Souma Kodani, Kouki Ishida, Hiroto Tanoue, (Yonago National College of Technology), Ryo Matsumoto

(National Institute for Materials Science), Eiji Hitsuda and Yoshihiko Takano (National Institute for Materials

Science, Tsukuba University)
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STV, & T TARBFE Tl LA L — —HEFE
(PLD)EZ HWT = 7 )V LaNizO 2 1L L
&% LanNinOsne OEEMEAER A 3272, FFIC RO RE
(b SIG AT S Sk MU A Y S I[P S ON-ERR o
PLOFHm 24T > 7=,

a;g

2. EBAE

PLD 7% T LAO F:# EIZ LasNizOy 5 % Ak
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M1 ALNEREOEFEERRS LU XRD A7 —
Fig.1 Optical Photograph and XRD pattern of obtained thin
film.

X #k
[1] H.Sakakibara et al., Phys, Rev, B 109, 144511(2024)
[2] Ko, EK., Yu, Y., Liu, Y. et al. Nature 638, 935-940
(2025)

©2026 IEE Japan



2-072

VU aVERRDODRRD
TIIVY arv B8l 558 a Ao R vER T

M B, ek

BEAT (RO R

Charge-Discharge Characteristics of Porous Silicon Anodes Made from Al-Si Alloys with Different Si Content
Gai TAGAMI, Keisuke Sato (Tokyo Denki University)
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Figl. Charge-Discharge Cycle Characteristic Evaluation

S5 30K

(1)J. -M. Tarascon, M.Armand, Nature 414, 359-367, (2001).
(2) Uday Kasavajjula, Chunsheng Wang, A. John Appleby, Journal

of Power Sources, Volume 163, Issue 2, 1003-1039, (2007).
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 AVGa R — % v MmO
BABREERED Y F v A A4 Hlh
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Lithium-ion conductivity of Al/Ga-substituted garnet-type oxide mixed solid electrolyte
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Table 1. Lithium-ion conductivity of the mixed solid electrolytes produced
at different sintering temperatures and times

Sintering

Lithium-ion

REDOF A FA Ty FERT, 2TOREHIRBWT 2

SOEMPIABBR ENT-, D 2 SOXHNAETe )1 F

Sample te:::rt?r:ze(r(])c) conductivity (S/cm)

950°C 3 h 3.63x10°

LLZA75LLZG25_LBO10 950°C 10 h 3.14x10°

950°C 20 h 2.93x10°

950°C 3 h 3.67x10°

LLZA75LLZG25_LYB10 950°C 10 h 5.89x10°°

950°C 20 h 1.22x10°

A My MR L TEREMEREET VEH W7 ¢ LLZA75LL7G25 (Reference)  1150°C 3 h 7.27x10°

3k

T AT EATY, BT T 4 v T 4 VT RERE ST, @A
B A D =ML ST Rep (ZAHM 9D %, D Ry W
TENENDY F U LA A BERERDT, LLZALLZG
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(1) V. Thangadurai et al., Chem. Soc. Rev. 43 (2014) 4714-4727.
(2) C. Chen et al., ACS Appl. Energy Mater., 3(5) (2020) 4708-4719.

©2026 IEE Japan



2-074

FR A B OIS DIE )

UF U LA K BIMOMRICE 2D

ANIBER T, RO 2, PrEIRZ% 3, BIEIER 2, JFREisC 2, mEE= 4,

98,

Bz
2,
=]

e

BECPN

(1f@M T3R5, 2.Nash Energy Japan A [Rl&fl, 3RS TSSP =2 —HR L —a v, 456Gt~ T 3 i)

The Effect of Structural Differences in Carbon Materials on Lithium-ion Battery Performance

Keita Ogawa, Ibuki Yoshida, Hiroyasu Takeshima, Masashi Abe, Hirohumi Iguchi, Keizou Matsuo, Daisuke Tashima
(1. Fukuoka Institute of Technology, 2. Nash Energy Japan GK, 3. TSSP Corporation CO.,Ltd., 4. Matsuwo 3 Planning Co., Ltd.)
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ARFZETIL, JFAEHE BULEE C R A S TR &
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T LITLE O MR L LT, RE - BIEFEBRITEIRE
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Fig.1. Create methods(Activated carbon).
AR SRR FEMENL, K2 OFIETERLZ. M1 CTFER
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Wood-derived
graphite

Activated
Carbon
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Experiment

¥ )

2 VERUFIACRHE F 2k D H 80
Fig.2. Production Procedure (Wood derived graphite).
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SRESMTERT & e o 7=, BIH JEIC X 0 A Ao DIz
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Fig.3. Charge and Discharge Test (Activated carbon).
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Fig.4. Charge and Discharge Test (Wood derived graphite).
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Fig.5. Charge and Discharge Test (Spherical Natural Graphite).
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2D YUTF T LA A EH-] B EHE, Vol. 66, No. 6,
pp. 296-299, (2018)

(2) P.Molaiyan, G. S. Dos Reis, D.Karuppiah, C. M. Subramaniyam,
F. Garcis-Alvarado, U.Lassi, [Recent Progress in Biomass-
Derived Carbon Materials for Li-Ion and Na-Ion Batterise-A
Review| , Batteries, Vol. 9, No. 2, 116 pp. 3-4, (2023)

(3) BT, AREFT, T4~ ZEHUIOJFTE & 2] mik
PR, pp.43-49, (2011)

4 BREEE, LRESR, AouER, BESH, RTRIEL, 7%
JRH, TMgO 85I X VIR —F R RFEDV F 7 LA A F o8
X R TANSO, pp.57-59 (2013)

(5) BIEEEHE], TV F U LA A& - REERERLOM B
B A e G E T, B kAL, pp. 32-

33(2021)
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F ) 7T =2 T —JEEO NTC ¥— I A X Bk EEf
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B, /K B (EREHIFIERT)

Evaluation of NTC Thermistor Characteristics of Nanogranular Thin Films

H. Tanimura®, T. Iwasa, K. Ikeda, N. Kobayashi
(Research Institute for Electromagnetic Materials, DENJIKEN)

=
1. B=

F /7T == 7 —k#E (Nanogranular Materials: NGM) 1,
HRENS R/ (= MY v o R) Fig, F 7 A— L
YA ADERBRF (FTF=a2—N) Do LEEEEZHET
LHEEMEICH Y, BEVEMEL, SREEMEIEL L TENLL
Bz Rrd 2 & THHNTVWA[L2]. NGM OfmsE ki 2 B
LT, &BOMENEWIEAITEE T T =2 — i gl (%
—al—h) $52&7T, ERNLERBYEMEELRT. —
7 CERBOMBN DR WEE T, K77 =2 —FAEWN
WCEEERHRT D Z AR I L7ZIRREIZH B 03, BTN T
TJoa—NVHlE N RVHRICEIV Sy TTHT LT,
BLXAGEMEATKIRT S, 20X 951 NGM DEXEHIL,
BBV T =2 — VIR KAFE L, IR L~ b4
AR VMERIEII L~V E T, FERIZIRNA—F —IZblz o
THIEWRETH H. £, M RMBEEIZBITHETO b
VARVHESRITRERRE IS G IKIE L, —REICA B O AR
PUIREHRE D EH L L IZD T A 2R~ 20
RERGAEDBIN DIREFKIE, ~ ) vy 72 LTHY
SN DR B ORI ARFET D Z LR BT
5. MefxiA E LTk & 2 NGM Tlit, BRI
WERE 2R R AR AT 2 R IR SR 3 2+ KRR o Rk
RoD5E13% <, ERFMTTIREBRPIESCHZRE L
IIRERNZ EN KB TH-T2[3]. AU L, Frxix
HAZARIZ 7 b % IV T2 NGM 1B\ T, =IEU LR
FEREIRIC B W TBRIBPINRESBL T L2 AH L.
O XD BN, NGM ZIRE R U — IR EMESE TR
ElIZHWEN A —I 2 & ke LTSHTE 2 REME %
RTHDOTHY, ERANRBLEN O LEETHD. A%
TiX, #elgkik~ b Y v 7 A2 BaF., &7 7 == —/LIZ Co
W2 NGM % £72%5: L L, Co Okt ZElb X7
Bz, BRIEOBEERGEEREDO LSBT E0E %R
R HRAE LT,

2. =B

NGM i, AR X Y7 &2 —77y NI BaF2 8 XU Co &
HAWE o F ARy 2 Y N2 &0 0T 2 HEMR IR
L. ZORE, Co b\ NEFETHZ LITLEY Co
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X1. £4% Co #EERTHHMD, EiRE 80CIZHITHERIENED
ik

FRR D 72 BB 2R L7z, BB RS sb kg %2 XRD 1T &
DIEL, EXIEFUTIRERIEATRER Y v —T AT —
a yEAV, RB~80COREMEKDEXEIE, K5k
T asHiEIc L D E L.
3. HREEE
112, ZiRI L 80°CTHIE L7 Co-BaF2 % NGM DK
PLRD, Co MEIKIFMEZRT. Co DMEKZEELESED Z
LizkY, BROBEKIEHE 6 HRE OIE CHIE FEETH
D2 ENDND. £z, WIE LEEFEKIZEH VT Co MR
DNSBRRIFEREBREFEROBWADZ T, Col 1% D
AEHZ BV TR, |25 80C % TT 78% DIEFLED T
BRI SHhiz. ZHIEBITO NTC y—I 2 ZMBTH B
MnNiCoO4 23777 80% DIEFLHA L [41123F <, NGM D H—
IRLMELE L CORAEEZRTRERTHDL EEXD.
FEHETCIEL, NGM BB ORERFEE L L VMR &
2, MDA - HuFIREZ V-3 &l L, NGM O3 —3
R B BEIZ DN TRRETT .

[1] N. Kobayashi, et al., Nat. Commun. 5, 4417 (2014)
[2] Y. Cao, N. Kobayashi, et al. Acc. Mater. Res. 6, 979 (2025)
[3] S. Mitani, et al., J. Magn. Magn. Mater. 165, 141 (1997)

[4] K. Park, et al., J. Korean Phys. Soc., 49,585 (2006)
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Development and evaluation of halogen-free, flame-retardant cables using bio-based plastics
Tsukasa Kamo®, Mitsunori Yamauchi, Yuichi Hara (YYazaki Energy System Corporation)

As part of its efforts to address climate change, in October 2021 the Government of Japan announced a medium-term target of reducing
greenhouse gas (GHG) emissions by 46% by fiscal year (FY) 2030 relative to FY2013 levels. It has also stated aims to reduce GHG
emissions by 60% by FY2035 and by 73% by FY2040, relative to FY2013 levels. Among the strategies to curb GHG emissions, the
utilization of biomass has attracted increasing attention. In this study, we developed EM 600V EEF/F, a halogen-free flame-retardant
cable that employs bio-based plastics produced from plant-derived bioethanol as the feedstock, and conducted performance evaluations;
herein, we report the results.

1. FahE

A ABUFITREZBREA~OER Y fA & LT 2021 4 10 o
AICIRER AT AOYeHE B R A ED, PHEREE LT %}@
2030 4RSI 2013 LEFED D 46% M5 Z L A BT Y,
F 77, 2035 4EFE, 2040 FEEEICEB VT, IREME Y X & 2013
FENLENEN 60%., 73%HIKT 52 L& HIET 2, %
DHFTIREZRT ZADPEHZIH L T 72D RO —
DL LT, NAA~wR (HEFMER, AWHREOFEIEER
) OFRANEE SN TWD 3, 22T, lWHkD 1
Fxy )= EFEMEE LTRSS T A NS A~ AT
FAF oI EERLT, o ViR r—7 L Th D
EM 600V EEF/F ZBH%& L, RrtERHli 21T o 72D TE DGR

(Dannealed copper conductor
@polyethylene insulation
(@flame-retardant polyethylene sheath
(@covering materials(insulation and sheath)
X 1. EM 600V EEF/F OffiE

Fig.1 Structure of EM 600V EEF/F

ARBAFE IR A, A~ AR = F L, — AT
NAF<ARY ZF L XA F~ A EVA (=T L HiEE

EHET D, . .
= VR E A EBR) 2 L. BB IS A A 26

2. FFES Btz 5% LB LTV A —7 A Th b,

<2.1> B E <2.2> FHlifS F

KBRRFEIX, va SRS — TV Th D EM 600V # 1-1, 12 [CEHMmRE R AR, s, GRER 2.0mm,
EEFIF DWBMICAA A~ AT T AF v 7 i Lz r— 30> EM 600V EEF/F %3 /fE L CREMi 24T~ 7=,
TNTh D, RO —7 RN 2R L F 1-1 FPAfhRE
THNLREINDTTAT v 7 ZHEH LT D5, ARBH Table1-1 Result of test

FIENIE D S GE- A A2y ) —LExF L AbL, £ HE Y BT HARSAE BH S L T3k
DEFLUVEBERRALIENANATAT T AT v 7 B ki

IZfEf LTV %, EM 600V EEF/F (BT EM EEF) 13541 — C | 25kViLoy | TR L | R L
WZRT XD ICEERER (DLTFER) . R =F Lok Mg tHT (MQ-km| 2,500= 6,969 6,143
(AT HERZAR) TR ) = F L o v— R (el A8, E it

PR Y—R) BB r—T M Th b, WM @ | C 5= 87 81
VA THRE TV D, Tt 952 | o 50> 97.9 96.5

%1 40,000H F%38 FF 5 CHIOFR SR 50% (272 DILE 2 #HEE
%2 3,000H FBIE SO UFRRERE, A A RBE R R
Vi A v P — A= —%fH,
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R 1-2 AR FCRRER LORHEZAT > TN FRETH 5,
Tablel-2 Result of test
HE Y BN | BURRAE | BAFSAL | fEkdh S,
g Sl s | MPa | 10= | 156 | 15.
gl | | mo | w | ss0= | 531 | sa 1) A0 NDC (RSN % OBEH B B 1) 202110.22
& v | simsms e | 10> | 132 | 123 2) HAG NDC (HESEA A DPEH R HI %) 2025.2.18
A 1330‘ % 350= 618 595 3) BRI R b k) 521, 2021.10.22
g iﬁi?é % | 8= | 950 | 938 4) JISC3605 60 0 VA Y =F Lo br—7 12022
| & | sk
a | B Cages | % | es= | 996 | 954 5) AURMKL A BIE MR TR S D
% — : :
. B & AR DA R O LIRE) 2013
?EI 7 7l L % | 80= | 932 | 996
)= 6) JIS KT350-4 75 255 7 — SMRELIC & 5 RERBS
s | 9% | 65= | 960 | 102
@?ﬁﬁ ; E—FA AT TV =R T =T T
. Hafx IR % 10= 0.7 0.7
"V v—=x | w | 10= | 56 | 56 72008

7) Braskem Releases Updated Life Cycle Assessment of I'm

F1-1, 12 IRTWBY N AT AT T AT v 7 ki greenT Bio-based Portfolio,2025.10.13
M U72BR i & ek & i U CRIZ DR % H 9
LT EERMER LT,

<2.3> b R R HIEE R

A LITEM P OAWBR T T AT v 7 2N F=
AT T AT ZICEEHZ T D, ARBR%E TlX Braskem S.A.
DA A~ AR ZF L NS A~ EVA ZHEALT
Y | Braskem SARAFE L TV BHEMRIE N D3, A~ A
TIAFy 7 EE IR D RMbikE (LT CO2) B
HEZAMERORY =F L B L OEVA L L7 CO:.
PEHEI R 2 W2 (),Q)Di@ Y ),

WA F<wARY=F L : 5.0 kg of CO2e/kg - - - (1)
INA = A EVA : 45kg of COze/kg * * - (2)
BRFESIINA A~ AT T AF w7 % 25%LL B L T D,
(1),(2) &V VEN L DRERS & BRIFE St DAL & bl L 7= 1kg
W70 D COHIHEIXB)DH D

W 1kg 2720 @ CO2 HIlfsE  (TER5h )

1.49 kg of CO2e/kg of covering materials = « « « « - 3)

WBMICAL A~ AT T AT 7 2ERT D2 L TR
&bl U TR 1kg $7- 9 1.49kg @ CO2 B TX 5,

3. F£&6

AR T, RIEEBRE~OR Y 4 L LT HABUT
DT T2 IR BN AN B AR DFFEE 1T T, IREHR
HAPEHINHNC RN D DN, A~ AT T AF v 7 ZF| A
L7z ) g B U A — 7 L OB 6 L ORI & 3206 L
oo WAFVATZAF 7 HBRHNT ) a U R
— 7 LT % EM 600V EEF/F OB % BHIE U HHMEREAT 2
1To T fE5H, JIS C3605 TED LD FFEIC DOV THEM L,
HEBEMLET L E2MRTEL, ABIEIANA A~ RAT TR
F o7 BRI LT o R — 7 L ORI
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Liquid Crystal Loaded Milliwave Reflectarray with Double Layer Patch
Hiroshi Moritake, Yo Inoue (National Defense Academy

b3 2 EREAEEEMICS 7 FLTWA Z EBbhnd,
— 7. 2@y FREE DY G AR AT D JEE SR P 73
JERLTWBZ EDb»nd, 100 GHz £HIT TOWEY 8
FEMCRE ISR LT 0 & 90 FEIZ 31T A2 LoD i KE I
1Ry FIX3BE, 2Ny FIL316 ETHY | fiFEED
RAMEEDHE VBB R SNt

1. [XL®IC

100 GHz BA ko> I U iTR AR MR IBIE T o ER{kizm
JCHIAOHfE N EE > T D, BEOBEKRENEL 25
CEEENET D, ELDOEREI ALy VR —IL D
SIS b B LD, —JF, REEIEFBERICRE R E
AL, BRICKHLTEWVIREEZ R T Z &0, mEK~

S-Parameters [Phase in Degrees]

DIEABHE S TS, UL, BEET S A - L
ZICHT DBE, #0100 pm & FEF IR WVIREEE LI L 72D R 0
b, HVISAR A EHT 2 ORRETH S, w i
T CRBE T, 2B Sy FHEEERY LIS, THHE o
KRG 2R LT 5 2 10 X0 BNENRRBIC BV TR )
TN EAENEBR TERVDICOVW TR LEZDO T, % \ L
OFEFNZONTHET D, :ZZ Patch size:/0.77 mm
2. $RRURE e
AR CIES Sy FOHMELZRY EIF, V7L S R »
U N7 L= DRAREC OV TR 5, RBICE, T I = _— — i
T IRk & TR O BALE LR STV D, R 123 — s
BFJE R LI MR E VIS ORTE T L &M 1L ISR, -
1@IIPERD 1 EOEL/ Sy Fr L oWrmfisz & L N =
EGSUR 10X 2 BOIEFE NNy FEALOEEZ R LT
w00 |..Patchisize i SR
Wb, £ 1xZNnN6DNy FELD EHIKTH D, | Upper: 0.85mm o
FBEEDBELT DB THOMBMORS (L, WHOIEER w28 ]
MZZELTS0 um & L7, AUFETIE, BN I Frequency / GHz
—%— (CST Studio Suite) % N THEHT 24T > 72, : &(g{; Eg}%gg{gﬁg@)z Sy TRIASET S
2@ 1 By FREEICHOWT, Ny FD10%E 0.77 i '
mm & L7z & & OG5 F A EEBORES O LT 0 E2 S 90 3. F&0
JE F CEW TR O ST A O B E R 2 7R LT D, 2 BNy FREEORAEGIVRY 7L T L — %R
SORIE, DEREREES ERBIEONTHMEE gt 12 0 2 ZRKFE(CRE 1By FHBITL AL
writ, o Ix = 1 S B8 B AT o o8, REARZEAL 2 FE B A 175 2
dielectric dielectric LR TET,
0.1 (£=2.6) (€=2.6) PEC 1.5
00?1 (s=2|.'5C -3.5) (s=2|.'50 -3.5) R
0015 @) (b) (c) o (1) T. N. Lang, Y. Inoue, and H. Moritake: IEICE ComEX, 13,
235~239 (2024)
P A e R () B V- HEL W AT BRERAK, No2054 2025)
Ny FELD LEK)
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Humidity—induced liquid crystalline transition of dried HPC thin film

Kana Teranishi, Sadahito Uto

1. REREM

EIESNMACRESFMP OFEEHI L LTI AT
v Fr ¥y 7uvritnro— 2 (Hydroxypropyl
Cellulose : HPC) &, K& DREATIL AT 4 v 7 i
ZRBL. b AMEIC X 2@ RN FHE 2 R o, ABtsE T
1. HPC /KB AZ 2 7 4 F 77 R F L ek X ¢ 7=
ELRAL L BB e O SOG R BIEE L 72, Bk O 7 4 Vv
L0, WEERE L D b LB ICRRRZERPICRO Z 23T
%3,

2. =B

ARFEEECHH L 72 HPC 1%, Hydroxypropyl Cellulose,
3~6mPa-s (fd& HO473, BRI LEKRREH) ©h 2,

9. Ko HPC %MukiciEH L <, HPCIREE 32wt%
OREREER L, BHRFCRE L 28R RET 2720,
IR C 24 KB L 72, S OKERE 2 T4 FA IR i
WL, W L7z, C oA 24 BERERLRS S CRGE L
THARGREE ¥ 7,

PRSI L 724520 HPC Wz KRR E =& ) — AR % *
NENET 2 O KMAICEEEE L. EHUUR o B % 85
L7z, HPC /KiAWR IZ. IERE 58wt%~66wt%IC 7z 5 & 4t
MBI, BRI L 2 REABHEI NS,

KIRGDBFZER T, M1ICRT XS CH T ABHRD
JE—MHICKZIRD . BBMNTOLFAD FICKE 2207k
WX S IcHz HPC Ml 2 B 72, [fkic, =4 7 — AR
DEEETIE, /7 AREICHE HPC HlE % A, I
PoEVWEISICT X =V EFHILRAEICTSZLT, =
2 ) = NVERWIBEFZ L 72, TN nOEFEIC oW, BT
R %8 - CTRIZL 72,

Dried HPC thin film —]

Water —

1z HPC Wil ook ZE I X 2 BgEE s
Fig.1 Exposure of dried HPC thin film to water vapor
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3. HRLER

KER LR HPCHEOKIGHBEL-L A K21
N X DT R0 BRI AR IR X 7z, T DIER
SEHZEERBHMA 2> & ) 24 Wil & HHA X v, 59 4 H &R
KSR S Nz, TRz L TGRSR D7z i
JEAKFR G A KD R WINT 5 & & CHREMEEZIRDREL 72
TEERBERL T, FEESEIC X 5 T, HPC B 66wt%
fHECTR 6N 2 EEOERH 0 & 58wt TR 5 v
BREDOBB RN~ 7 F LTz, ZhiFiEh ok
ROV EEOREMET L, bEAY Y FHAZE
L7077tz 5,

IR - ANEROBTZEER T, K 4 FERRICKIER L
FERRICGERK 2 BIE S ., WRMHZIRD RT L2350
D7, TNHLDT L H b, Hol HPC #iII kAR = &
—VZERIIIGE L CREMEANEE T2 2 L3 AL 001078 o
7zo HPC i IR 23 < L W E IR IR A3 5 Rid%
WY c e WA &b, Bz EHT 2 C
EDEEL W, L L S L 72 32wt% D RKIFTR I,
WP Z R TIREICERE L TR n Sk AR W0, 1
Bl e NG c8FT 5 2 LR TE T,

S lal o iziE HPC il o W Hsfs 2 FIH 3 % J5 k1%, #i 7=
RS OICHERE & L CTHEBRZE O,

(a) ¥ZMEHPCHE  (b) WAHH%Z A3 HPC i
(a) Air-dried HPC thin film
(b) HPC thin film in the liquid crystalline phase
B2 JKFERIC & o TBUN 2B

Fig.2 Appearance of selective reflection due to humidity
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[EAEEE THERL L 7= BaTiOs ~?
L — 7 =— | L A

NI R, e ER, AL 2R QR

Effects of Laser Annealing on BaTiO; Prepared by the Solid-State Reaction Method

Yoji Ogawa, Takaomi Matsutani, Miho Tsuyama (Kindai University)

1. B 3. BRRUER

F 2 N Y U ABaTiOs) i~ v 7 A J A F A S
EHTOHMABAERTHY, BENIZHERLIEEEEZRFO,
FRULXr 724 MUKERANEE AT 2MEEROT Z
VEE YV 3 VERER (Pb(Zr, T)Os) & B W BEEWME O E S
FRVWEH, BREEHTCOMRED L, ZOFRMNG, FEE
tvI7IvrarrFuoy, BEKRRETEOELNEOE
THEBRICHAVDONTEY, FxDEFICE > TRNTIE
DTERVIEITH 5, BaTiOs DREMRERIEE LT,
BEABER S D, FEMBE L1, ZHREEL Lo EREM B R
ZIREG L, WIESERK CRIGEEITSE CHMLEY & AR
T 5HETH LD, BaTiOz & ERT 2 BRD EARE D TR

W — AT IRER N U ™ A(BaCOs) & BR{LT ¥ > (TiO2) 0N H
WH AL, ERREO UG
TiO2 + BaCO3; — BaTiOs + CO: (1)

L7725, ()N H BaCOs 7B L THWAEE, Ak

KRR A D CO2, G I - TiX CO DFRADNNR
BEND, TOZENPLARFETIEIABELANY VA
{Ba(OH) * 8H20} & BR{LF & /(TiO) & b & L7z, ARk
REDORGRITAQ)TH B,

Ba(OH>) * 8H>0 + TiO2 — BaTiOs + H0 Q)

LT LR S e B kil TH 5 28, 1ERLL 72 BaTiOs 1%
IS 7B A HER STV D, ABFETIE, mliEE L —
POV R EMEEREICR L, RALEETH) L—FT =
—WEIZHE B L, BRI X 0 ERLL 2B o i &
DRFEUGE R HEE Lz,

2. ERAE
ﬁﬂﬂ&&émeg%moeﬁm@%i%ﬁ%fﬂf
mol LA R L, FLeKITT 15 RRA Lz, SEAIAss
8mm%mif,57VyH¢nmm;ﬁ@L,$L7y
T VAR E VT 1150°CTRBE L7z, e L7230k 2 Atk
IZRDETHRL, BEZ 7Ly MO L%, 1150C
fﬁm%ﬁoto$MLtﬁﬂ WZxtL, KREHFCTL—%7
= VR A L 7o, X BREITEEE (XRD) &2 FI W T b7
X BRART b h, fEEmMEEFMm L, e, EEWE
TBEMBI(SEM) % W CRUBH R i OO & & Bl L 7=,

1%, ()7 =— /VARAELD BaTiOs B L O —HFH ) 3
GW/em?, B3y ¥ (HRFTHE) (0)100%, (c)10000% T
7 =—/L L7z BaTiOs ® SEM B CH 5, X 2 1%, FilElo
XRD IZ &% X BEHT AT FLaR LT D,

(a) unannealed

B () 3GWiem?, 100% T '(c) 3GW/em? , 10000%
3 o g A A\ V.1 7g

X 1 BaTiO; ® SEM {2: (a)ARMLEE, (b) L —H i) 3 GW/em? - 7 /3
Ly P 100%TT ==/, ()L —¥H 13 GWem?+ 3L v
¥ 10000%T7 =—/L

Fig.1. SEM micrographs of BaT103 (a) unannealed; (b) laser-annealed at
a power density of 3 GW/cm? with 100% coverage;

(c) laser-annealed at 3 GW/cm? with 10000% coverage.

20000

15000 (a) unannealed

10000
w 4 I -
L sl (b) 3GW/em? , 100%
2 10000
% 500:7 J A A A
£ 15000 (€) 3GW/em?, 10000%
= 10000

5000

ol 0,
20 40 80 80
20(deg.)

X2 BaTiO; ® XRD [EIf : (a)ARLEE, (b)L—HPH 3 GW/cm
Ny P 100%TT =—/b, (c)L—H )3 GWiem?
71731 > 10000% T 7 =—/b

Fig.2. XRD diffraction patterns of BaTiO;: (a) unannealed;
(b) laser-annealed at a power density of 3 GW/cm? with 100%
coverage; (c) laser-annealed at 3 GW/cm? with 10000% coverage.

K1 Lo, L= 3 GW/em?, B3> Y 100%,

10000% T7 =—/L%&fE9 Z & T, BaTiOsz FH OEE LN
BTxBH, F-M2 kv, 7=— /% TIEEPTRE LK
T2 0DORBBEEITHEFEINTHD Z RN bnd,

4. $5:m
EFEYE CIERL L 72 BaTiOs 12 L — Y 7 =— LiEE T = &
T, fEmEEE RS R WREOBBILE RS L,
Sk

(DA Hfd—BR « MR T30 |, pp.125 (2002)
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FEM-EK i T 3 % B O E XA F R beifg &
ST B R AT

e wibE, AH L Ak, NR

BT, HE—/L AL RwLGEKS)

ek Kt (ZF7 » SpRath)

Comparison of Electrochemical Properties of Electrodes Used in FEM-EK Method and

Equivalent Circuit Analysis

Mankai Goto, Kazuya Aigami, Obara Naoko, Mahmudul Kabir (Akita University)

Yusuke Sato (Sanwa Tekki Corppration)

1. [ZL®IC

2011 3 A 11 H O HARER %, mEH R T 13E
s RAE L, ZoFEKC K> TIE#REnZEY T A
(BTCs) I BT SR F < K 30 L R o,
FHIMBREICEYEZ KIFTANAH 5. BEMICET D
THYe T EM Y LEBRE S TWA S, RIS E LT
IIFER 722 SIS AV AD W Z &, ENCEVAETT:
B OE & GOMBIE N VEIZ R D Z LR b
5. FZCHEREEREEAM & LT, AKEEMmAE)EFlat
Electrode Method Electro Kinetic ; FEM-EK){ERBE S 7.
ZOTFIEE, MR E LN R ERR A D IAS, Hi
RiZv— MROBEwRE#HE, TEICK L CRESHICENE
WERZAT 5 2 & T & MR AT IZE D, TEEYRO
JRK & 7o CWDEBBEREINT 52 L& B E LTV A,
T, ZORMOMBNERINZE D L D RE&El %2 R
LTV DNFNDT20, BRI E T DRAEH & UTE
HALEAZ74 boOEERILE, FRIBEO—D2THDL T L
AJEH I Z 15 20 B OB OB LEFE 2 RE T 5.

2. BAIEARE

AVE—H AT ST T4 6500BEFEATL Y =Y
A)EFAL, BV 7B DERIESA =
Z&EWET D, JEREGEFE S 100 Hz~5 MHz TH 0, JHIE A
B 100 HTHD. Sy LT A R T D FEM AR
ELTHEMLELODRHTHD. £i-, HELLERIL
A UE—H U RNG, B TA NEREOEIIZE ST
FEARBOSMEIE N ED X SICET H0O0EHET 5.

3. HIEHR - B

WE LoV y DR ER LITRT. 1L EIVTA
TOE¥ATA NERIIZBWNT, FLVRAENREFT212o
AWTHERBSBHEIML TWD. ZAUT T L AEREINT 2
WCONBBOE SN LT hbEEEZ6NS. £
72, TRTOELF T A NERHIZE W T 0wt%h 5 5 wit%lZ
DT CEERSVEML, To®%IFED LTS, €4
A NEEHOEWIC X DFERNRST OB OV TS H]
BAERWTELT D, flE LT, VAL I0MPa, ¥4 7

_93_

2026/3/12~14 &

Wt%IZ 7T T 43.2 pF DX &

WIS TEE

A4 MEEE OWMWOEMROFER TZ Co b THEHRLLY

Cb=375pF TH 5. 7=, 5 WU DEMDO AR ER 1% 80.7 pF

Thdled, arsT o voMEEHEEx5 L, Owt%H 5
AN R S T LB R
LD, ZDA32pF 2B AT A NME R 5 W% sy DF EK
B CulT5H. FLTC, E4T4 NEREED 5 wt%)» b 10
DS LD £ Z &I Coz A
EREFNCERIN TS EEXLND. ZOKkTEK 1
WRT. FLTH 1 OREIKICKIT 58 AEL KO- L 2
AB9.1pF L7220 HIEETH D 74.7 pF L DFRZEHRIL 209 %
Lo dz. [FABEIZ 20 FEXE TR CTOEMIZEB D THRARD
FAFERZRDIZE Z ATV 9.36 il oT-. Zhdkbp, 4
3L HEN, BAT A NEELOEMIEE S SAME R
OEEBNHHALIEEEZEZ BN D.

#1 TVUREN10MPa D& X DNV DRIy

B2 [wit%] EH [MPa]
10 20 30 40
0 375 9.4 61.1 813
5 80.7 89.6 95.0 112.7
10 4.7 76.0 90.9 953
15 60.9 703 849 1053
20 5213 599 718 86.1
¥ HERTOELSEFTH D,
Cy=37.5 pF

Co,=432pF C,,=43.2pF
R 1 10 MPa, 10 mt%I=&1+2EE/ LY D {HE K

(1)EHRN, T E— AL R oL, $ARRESE, HEEN
“OKEEMAE) EE(FEM EK 1) & W5 15,
KRR, H41%, 15, pp.51-56 (2017)
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Evaluation of Charging Characteristics of a Droplet—based Electricity Generator Using Ti0,—PDMS Composite

Yuta Suzuki, Kazuto Yamanaka, Yusuke Aoki (Mie University)

1. FAMNE

s R 1 (Droplet-based Electricity Generator : DEG)
OREMERM EZBEHELT, RV TAF LR XT

(PDMS) ~Dm{LF & > (TiO:) KT DAL A LT
&2, 1ERIE, AMEREHEELSETRELE [V
REPEDN O BRACEEE PR B & HEE L, DEG OMEREREAM &
ToT&El, 72, TNOOELFERBEOHEITESZ,
HEBMEOMILAATE L, LML, BERAEOHEE
WFRE R DFEMS OFEEZ T HAEERS Y, EED
HEEMNEOFMIZIITENINE TN D, AIFETIT,
DEG Z Sl RC [BIFE & L THY, IEFEALE OB
BIZB T 5 H1ERZ AT 5 2 & T, BEBRRTE
B U 7o i & BRI L 7o, ARFEER T, Tio & A1k
73 DEG O ERMES X UOIEMERICKIETREIC DN T
WmET D,

2. EBRAE

1 |\Z DEG Ok L JIEFRZ7RT, DEG ITHAR LI
% L7z PDMS R BN & B DA S5, FBHIIE,
TF )L r— hREE PDMS &£ & L, TiOAki 1 %A
FEOYER 2.5 vol% B LT 5 vol% I L7-BEaME %2 Hn
720 TIORI T 2B — 1245 Bk L2, BUE(bic X AR E 1k
7o, WO, TiO%F £\ PDMS HAGE S [F
FAFCTIERI LT, 8960 u L O % & 6cm 2°5 DEG IZ
WEL, MTARMERREZ A IS RR M NIEEL LOE
WERE L, FV HEE2ES L, BUG Lz LV BEn s,
B L OHR T2 & LEMBIK T 7 IS X RE it %
HEE L7-. DEG I ZZEMMMICIRPI Y & BRER SN O 2D
RC % & L TREIR TE, #AE 12 2 D Bm 2SN E

High speed
camera

; ‘,—L Droplet

Top electrode
Auto Burette
PDMS
X composite film
Oscilloscope p—
N———
= —
( electrode

1 DEG DHIE & MIE R
Fig. 1. DEG Structure and Measurement System
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ENBD, ZOREBRICETDHIEREFEREYT 5 2
LT, REAECTBHLL-ENEERH L,
3. BREER

212, FNZEND DEG O HF1ERORHEIGE I L O%
IHBRER L CROEMBEEZ AT, 2.5vol% HERTIL,
PDMS H{RIZH A THRREN R L ORHEEM &R DT I
WRU, —F, Svol% #HEEIRTIE, PDMS BRIZHAT
RRKERBLOBEEEMENS L BITH 2 fFiIcERkLizz
EDRHERR STz, T OFERIT, TIOR8 L7
BEIZ, DEG OF BRI ET5Z 2R L TV,
—J7, IV D BHEE S A RS IIE Ak Lo TUE
ENEBL L 2o T2 D, TiO & DAL, HEE
FHEOHEMCES L, fHRE LCDEG AN LICERT
DI EBRBIND,

WEBMEL EETMET 52 & T, R0 LV Krikh
AR A B CIXE T X 20 o 72 DEG OMEREM E%
EEMICRT I ERREE o T, T2, AFEIMEISE
SR RGE I X D PERER k& bl - BT D 72 0 DR
RIEHE L 72V, DEG OfKEF - B LICBWTHEHATH D,

tor TiO2 Content | Transferred | |
120 L ! [vol%] Charge [nC] | ]
: 0.0 6.1
— 100} i J
=z i 25 70
= s0r H 50 12.8 1
E 60 - ‘ .
5wl H Svol% .
@] E 2.5vol%
20F § Ovol% 1
0 -——4
_20 1 L 1 L 1 Il 1
00 01 02 03 04 05 06 07 08
Time [ms]

B 2 DEG OHIJJEIRFFHIGE LA B (AR 500
kQ) Fig.2. Time response of DEG output current and the
corresponding accumulated charge (load resistance: 500

kQ).

XOHK

(1)Y.Aoki, D. Tajima: Molecular Crystals and Liquid Crystals, 769.

1315-1332 (2025)
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Consideration of Fine Bubble Generation Mechanism by Electrostatic Pressure

Masahiro Hanai (Hanai High Voltage Insulating Consulting), Norimitsu Takamura, Nobutaka Araoka (Fukuoka University)

1. FANE

B 100 nm HED 7 7 A 370 (LI, FB &%)
BT, B—ZERMA-40 mV IZI1F 5 K700 RN
BN LA NBIERNGHE ERHEN LY L 1 P EAE
Wi, REOFRITHBELK TIERVE LTHRPRTZ
72705 12O, ZILDJE PN 7 7 A BRIBFET IV RIER
TR EREMMEFF> TOTHINRD S RE FTREZRBAL I/
<, KIEOBEMIZH L TERBD 2 AEL LTS
ELEZLND, £IT, VAT RAEMNRIDOTEICE F
0, EOSMINZE RN D 7T A BN
PIFET 5 Z & TRNTOBEMIT/ NI VAR E BN % FF
SFB BNFEETE A0EHEICL Rz,

2. [NBICEBCEADEERE
RITBLIEAE LT, (HRTRT LD ITH 1 HTKR
ORI T HRMIES, H2 BHITKREE, 3 HITHE
RIRET), % 4TIKIAOYH O 1 NEE LTz 1 i
RoOTHEONEDIESI T4 OOENH 5,
%?+m—%—p:0 RO

RIBOEME L TCRARALO¥RE n 0L 2 A~ AT
REMPEE Y ZOMMNT T AOEMMBEE 5 Figl O
XORBBRIEEEZE XD, [IAEREO~ A T ABEAILHOLH
B o OABEICEN L TREICH > THOM LTWAR, KA
DA AT D7 T ZAEMMITZIEDORE NG ( DRI T
BRI D QUSRI X D A BRI AT IR
BT 504 LT05 ERET D,
ln2*(r—rl))

, - (2)

ZZT, rixRyEH L b O, g XY T A EROEE
Bi%%k, qE7° 7 AEmMOEEH, CIREHERES (77 2EN
DA D RIARR N D O THDH, PERES ¢ &
LT20X1019m (0.2 nm) 7>5 1.0X107 m (100 nm)E TH
16 FEO BEREAE Wz,

3. ME#HR

KO BN -30 mV, 77 ZABHIC L D JEMEE SN
BNERELEEED, [IANTE Y ONELE To & 5.0
X10°~5.0X10%* m & L7=HAEIcB W TR A iz 328
rn & OBERERLIZONFig.2 ThD, HERES L 2 1.4nm

¢ =4 ve -

,95,

2026/3/12~14 A&

DT TIERIL 023\ T 2 20 1 TRE LI RENGEES
%o 1 DFRIEOFOBRNKEL, [IANEHNEZE L /e
DRtk b RERKPERDIRETHD, B 121
LI OFFOEM /DS S KRIENHERED KEE LY bE<
0o L HNEREE ORI LR DRETH D,

7T ABMDOTTAEE S 2D & FHE EER 60 nm 525 200
pm £ THOEZEDFB N TE L2 ERH LN ST,

i S
1q**exp(—ln2 (; zl)J

Fig.1  Charge distribution around a bubble

103 V: -30 mV p<p f3

4L P > PO—:

maximum £(m) §
LOx107 | 3

ﬁ Length at half ]

<
<
<
<

tos D
K

10 F

>omobon
©-oponm

107 F

“.>00 6bOD
©» 00 b0 D

Stable bubble radius r1 (m)

108 £

E ~To=r1

10oF ©

4.0x 107 3
30x]ol0] 4
20101 o
1 ul 3 sl

vowd v vvend vl vl 3
108 107 10% 105 10* 103

Initial bubble radius ro(m)

>|00¢(>o|0¢(> o >|oa¢

1010

Fig.2 Relationship between initial bubble radius and stable
bubble radius at potential -30 mV.

3 #k

(1) K. Yasui, T. Tuziuti and W. Kanematsu: “Mysteries of bulk
nanobubbles (ultrafine bubbles); stability and radical
formation”, Ultrasonic Sonochemistry, Vol.48, pp.259-266
(2018)
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Development of Integrated System for Estimation and Visualization of Permanent Magnet Magnetization Distribution

Supported by Single-board Computer

Yusuke Kimura, Yuto Hirose, Hiroki Yoshimoto, and Yoshifumi Okamoto (Hosei University)

1. FALE

AR, BURFARITIANT TR A (PM) B—% O
RN CTVD. PM B—& OMEREIT PM OFERGIRFBI kA7
D728, FANRY AR D Z L NEHEL 725,

PM RAEAAROHEETIEE LT, PM JEFHDRRE EEA D RER
HRZ LY PROBH L ZHEE T 5 5EI S 573, THIROBIERRE
W HH | DDA T, Z A0 NITRERHEET 2. if_,
WA LR E DI TH D720, FEROMER]

PC THHY 7 MZXLDFHULATT 5 BN BTz

ZZTHARETIL, SRS Y 2l U RS HAR 2Rk
L, Raspberry Pi?'% Python DRIFHLT A 75 1 L+ 52 & C
PM JEFHDRIREEDRIE & 2/ \—% 7 hur (MLP) 12k5
PM WNERBHEOHEE, AHbE T ILR—Rara—4

I UCHERNAT O VAT 22885 LoD TRl A 51 5.
2. VARTLEHHE
<2+1>¥ 2T LOFHA 1 () [HIESROFEMZ, X1 (b)
(RIS LTc v 2T AOREKE R T, ESRITA—

(TMAG5273A28)) % 2D 7 LA IRIZHHRT L7=E i8R 2 A D
KD, VAT LEEROFEE LT, PM AT D & L TFORMET
REAEFEEAAIE S, BPC #fE T Raspberry Pi ~5{5 S 3.
Raspberry Pi CldZf@/ s—& 7 k> (MLP) (2L % PM PNEFORE
{bHEE & VPython™hZ X % RIBHE IR A TN T 4 A7 LA T
FERPHERTE D,

Magnet
insertion section  Circuit board

Measuring instrument

(a) Measuring instrument. (b) System overview.

Fig. 1. System details.

<2 2>HIEERME HEEHBROPMIL, +z HEND T LIVER:
SNI-AA VLA (N2SHR) C, FEEHEEIL1.27~130T
Ths., PESFa E T2 590, 64 8Thh. JlES
ORI x HF1EIZ 5 mm, y AIANZ 8 mm THY, ZZ5JEIE3 mm
TH Y FHIESIR— 2 D BlE L.

<2:3>MLP |C & BHHUHEE  FB T — 413 Biot-Savart HI| %
WCAERT S, MLP B /L ORE(KIE Optunal 4 VT To 7=
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S bZ T - BT VORI ESR 1 1R
TABLEI HYPER PARAMETERS FOR MLP

Input Hidden Output | Epoch Batch | Optimization | Activation Initial
Py layer uipu poc size algorithm function learning rate
192 8 3 150 32 Adamax GELU 0.0005
<2+3>VPtyhon  VPython*i Python & 3D 77 7 ¢ » 7 HIFE

Va—)VERGLIZTA T T Y ThHDH. BERERITHIELIT
BY 3D YR L S 2 L — s VERSIATO 2 L
WTED.
3. WEREERTEHER - HALHEERER

AETL, RV AT L (nhouse) DEUMEEFHIT D728
MTX-6ROC R A% FE % JIE L, SiGrad CREAL % # & L,
MicroAVSUICRITUE A To T R & i a1 To 72

WA ERERSE R A 2 12, BAHEERER AR 3 1R BER
B DI GEZENE 836 mT CHEXRAZE 832% Th Y, MlERED
FEZEIT 1.00 mT CHEARAZEIT 0.08 % CTdh 7=, EAENS AR
(A5 L7251 In-house T 0.4s, MTX-6R+SiGrad+MicroAVS T
266s THh Y, REHDOKIE L EMRA FE & Tz,

Zky ‘Bl_'mlT” > gk&f s s
- i "‘"'-;‘.il N ¥

-, Ve,

(2) MTX-6R + MictoAVS.
Fig.2.  Magnetic flux density measurement results.
M| T M| T
:o, ML 1 w1318 i
kx oo BRI
(a) MTX-6R + SiGrad + MicroAVS. (b) In-house.
Fig.3. Magnetization estimation results.
Bl

[1]1N. Nakamura, etal, [EEE Trans. Magn., vol. 58, no. 9-6000704, Sep. 2022

[2] Raspberry Pi 4 Model B : https:/www.raspberrypi.com/products/raspberry-pi-
4-model-b/

[3] TEXAS INSTRUMENT : https://www.ti.com/product/ja-jp/ TMAG5273

[4] Scherer. D, Dubois. P, & Sherwood. B, 2000,”VPython: 3D interactive scientific
graphics for students”, Computing in Science and Engineering, 2(5), pp.82-88

[5] T. Akiba, et al, “Optuna: a next-generation hyperparameter optimization
framework,” Proceeding of the 25th ACM SIGKDD International Conference
on Knowledge Discovery and Data Mining, pp. 2623-2631,2019.

[6] A&7 A = A A hitps://ims-jp.com/mixsp/product/

[7] %4 5%y b 2T M2

https://www.cybemet.co jp/avs/products/microavs/
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Accurate Saturation Magnetization Measurement Method for Soft Magnetic Alloy Foils

Tomohiro Tabata, Yusuke Asari, Masafumi Nojima, Shohei Terada (Hitachi, Ltd.)

1. ﬁg 3 nn%
T DB T BT I, SR b L TR & B2 12134 VSM TRHII L 72 o fHRlE 2 30t 7 2~ 2 |k

NDBAER R ORRIRL (o) %10 LS5z Lpgme 0 LW BETEY RLE, B2 D505 L5 ISR

BT % A
b5, RE WERRKEENT SEmiasns 08 s BRI SBRRIIEED - LY - o
NTHD, EE 100 um BEOREAT Ttk s s HRT S = 2 SR L7, X7e VS

N SR R— = oo v I S G

Bo LIdioT, MUSVS BHFHOR LT oz ERRic  © 3 OP R Ry » T VST offli e
MR L. = A VB & ARBSTAIC & 0 | HEEIKICR T 5

7o = S aRm el o, BRI ASET 5 = L Ayt T, & BIC, BRATA B Ni
REEEPRL AT (VSM) 1T o, ORIEIZ A< AV BT %Qijf#;gﬁﬁ,;;iwa&%g4 M%ﬁ

VB, LanL, VSM KT % SRS, SRR, B L%WE%;%ﬁfé:éf/%*FﬁVMTM71;%
Ni B E OB L ORI S L ok RSS2 8 TR0 @; o
(AR STV, Foxd, BE 1omm B ;»5i IR E;ﬁﬁf -
10mm [ 100pm SFERFOBUNAEHZ 50T, 100pm 2 r— oM SIETHERRTRIC &5 0. FE~ORERRAR S 1o

DT I FHET b Ni 3R & OTAREDS o, K Zg???&?fifﬁ‘iﬁ%ﬁ“&“ﬁﬁﬁ””g&
EREBERIET L 2P BN L0, - -
Ln L7278 6, e Ni BUBE& RHIIAREF & OTBAR 37 ¢ -
70 WEEBHEOMBIC LY cBIEIENKE < EBT 5 &
WO RIFHOBRER B o 72, T OFRICSH 2 JIE R E 4
ﬁm¢5t/%ﬁﬂﬁﬁﬁﬂm@mﬁmﬁxé%@ Zon
EWERZHA LN E RS TR,
%:fxﬂ%fm\%@aﬂ@@ﬁ%<WM>7;5%
Bt RO BRBACHE R L% BT, ~HERSES X
O3 VR B AT L 7= 185
180

2 . %%ﬁﬁ;ﬁ 06 07 08 09 1 1.1 12 13 14 15 16
fligk, Fe-5Co-2Cr-V, Fe20Co 0 3 FAHOMEH (T & Aspect ratio, L/W (a.u)
. N " B2 EHET 22 R & o HE o B
0.1mm) ZM, #fxesPik (RS - 18) OREO g Fig.2. Relationship between aspect ratio and jc;s.
bz VSM THIE L7z, L7z VSM IZK 2 ITR958 Y 4 s
VLA R OV v T VSM 0 2 T % - ‘ ] ‘ .
L:4»mﬁaﬁaﬁ@@mﬁ&%®ﬁwﬁcm%@wg ABFAAC L 0 . VSM BIEICE T 2 BBk & S s
s S 15 3 Os{H Z " - ,
. . FRIRAL DRGSRk % < BT 5 2 L2 BN L,

- IR, SRB & & IS THEREZ @AY 5 = LR

200 e . Pole-gap
215 e

210
205 .

200 Solenoid
195
190 | 4

Saturation magnetization, o (emu/g)

il

%%ﬁﬂbto

REEBEZBND,

ZORRO—EIL, ESAFERSEA = XL X — -
R A IR (NEDOYD 7Y — A ) R— g Uk
é?%%ﬁﬁ% 2 —BFE(IPNP21026) DAt G B - b

Magnetic Field &
Vibration
Arrangement

o €
[T}
58 3k
E § (1)J Lindemuth, J Krause, B Dodrill:IEEE Trans, Mag., 37. 4. 2752
3 < (2001)
: (2)A Zieba, S Foner:Rev, Sci, Instrum., 53. 9. 1344 (1982)
. X1 ﬁ'ﬁ“W CEORE (3)T. Tabata e al., MMM2025, DD-03 (2025).
Fig.1. Instrument configuration for G measurement
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Measurement of AC Hysteresis Loops of Non—Oriented Electrical Steel Sheets under DC Magnetic Bias Using an

Integrator

Taichi Taninobu, Hiroyasu Kobayashi, Daisuke Miyagi (Chiba University)

1. [XC&HIZ

SR E—& EhAbic S, SEE D OE R T OEkE
AN RO LD, IEREZRFM I (LB bR Aoy D R A3 A28
2N, ZHUCITIERIREE D & OB I R R AE S DS BT
BB, FATIRIEOTIXT F 1 75 28 (Lake Shore 480)1Z & V)
7 1) EE RS SIAR 0D TEL (i fsS F "C O YEELYE B-H /L— 7 Dl
EVAT LEME LT, AR TIEIZOWE S AT L% b
LT, O RRE AWIZERER FIcBIT 5 1kHz £ TORR
B-HA—T7HES AT LEREL, ZOH AL RGEE LT,
2. BMEAE

U v ZOREESS MR B RGEAAR 35A210 (OME 120mm, PR
100mm, 10 #cfEfE) 12, BEREERT=11v (B 24 L)
& hBsE 2 A NV ER N B 3 A VYA T B-H AV — T HIE
L7z, A N DBEEEE N=144 X —2, B 24 VD%
EHEN, =25 X — b Lz, BOREBIIESSRICL DTS
0 ST HFE (FaaelE) &, B aA ViFEEE v %
T & J— Ttk LEER Y7 2 F ik (BERE) 2 H
W, W A LT, el ERRBES o i i3y — 7
EFi% 5 Bae = (Bmax + Bmin)/2% IV T2,
3 BREBLUEE

RS T ORI (~10 H2)IZB W T, HfERES %
Tix ve OB/IMEIZEES SN LEOEKTFIZL Y B-H v—7
WZIEB2&ENAE LT, £O—fFlE LT, 1Hz Thblg L 72D
WHEEONTEREREY™ 1 17 d, Zhicxt LESSET
X RY 7 MEIEIZ & 0 REMRIC S B b R BRI
oo IR Lo Tz, —J, 50Hz~1kHz Ll Bz
IR B ARIEIZ L U 2B EIRE b & Tl FEO B
ERBITRFIC % Lz, L EORN G, 7 u 7 #ygs
(Lake Shore 480) % A\ 7= fi oy a8k, MEt&1T-72 1kHz &
TOZRNE B-HA—7REICHND Z LB TE D,
BRI T OBK A E BRI 2 2 &3z o
BARHEEEOMNLICBW TEE TH D, HilEE F TR
TS D JBIE 72 L1 X 2 EiRRHEMEOZ b OF S & o7
BEEAT 5 2 0IiE, FERITARER 7 BB 02 Lh 5
ERKEOENETE—E L CUETILERDH D, 22T
T, PIBAE#ER(1HZ)H> 5223 B-H v— 7 (1kHz) DI FE I
FUNTRE R B 2 i I 28 b S TRIEIE DML A AT -
Too FESPHEITERIRRED 120 OEIED b B IREE T D52
FEhiERE £ CEFICBREE ORI ZIT ) Z & TL—T

DKL (B IR & EERETE 5 2 & BRRE eflR
Thb, —J5, BIEREETIE, KO E R OB & RIE
DR W20, BEIRImE O A BEENIZIEND Z LN T
&7V, X217, 1kHz FFOFE 315 & BB MEIC K DE
TARBERED AL B-H VL — 7 H O A Ol 2 g, K& v IE
FICEL — I AERNME LNz, £z, KK B-HA—7
EFEIZ K D #E DRAERE 0 VE I 275 421%, 100Hz T
1.4%, 500Hz C-2.2%, 1kHz T 0.7%& 720, FEo1EIT

EFHmEE T DA B-H L — 7 OREICHERTH 5,

4. F&EH

FE 7 2RVE VT BB o0 v C I IR 3 7o 1 i R OB AR 2 5 2028
Wit B-H L— 7 Z#ERICHE TE 2 2 &0 n, Rthihizic
L DERREOEALLHENTEETH Y, ERFE T O
i B-HA—7HEICBWCERTHDL Z L ER LT,

0.8
0.6 ‘
04
02
0
-0.2

-0.4
-0.6

e

HiREEB[T)

4
BRI s]
1 1Hz Bf D A 2 v —Lb—FIRIEIZ I 1T D RETRER 3 I 7k R bt

Fig. 1. Comparison of B measurements results in major loop at 1 Hz.

1.2
1
0.8
=06
[2a]
0.4
0.2
. | —HES 8 —%iEES]|
-0.2
-100 0 100 200 300

H[A/m]

2 1kH W COEG R T 0225 B-H /L— 7 H&B ORI E R R L
Fig. 2. Comparison of AC B-H loops with DC magnetic bias at 1 kHz.

BTN

(1) SERETHR M 17 LA B & 2 I PR D ~ A
F = FHERIECHT 2R, BRYEATRSER
SA23013/RM23013, pp. 63-66 (2023)
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Development of Vertical Double-yoke Single Sheet Tester for Magnetostriction Measurement
Masaki Ito*, Koji Fujiwara, and Yasuhito Takahashi (Doshisha University)

1. FANE

EEBNHETIBZOMENE, FEBREOERICIIEE
THd. I T, EEHBOHSIZHV SN SEMEMRIOR
ErRBERSIHMEL, BEHIEATENE, BEERBEXS
ZUMHEETH . BRI OBERIEICIE, SFFEENN
THEBIZRY, BRI IV—THNREL - #EE I — 7 iEE
DB S AEREE (HD-SST) M ERE®E Y U TRAY
= DDl KEAERERIY, BRI ICI3EE BN TV —
AT, RBBOBRBEENIAIS R LVWIBEENHD. T
ZTCARFETIE, LVEBAR—ZATHAEDOBEVHEE 2
— 7 EEDHERER (VD-SST) 2 AWT, MR (b
M, SRIBIEM) CRIE L RABICSRE CHE TR Y AT A
RHKTLIILRBNE TS, AMETIL, £7 VD-SST &
RAOWTHEAE 21T =OIIBELEENERNDEE - R
HETo%, MEREAVCTHEEE 2RI /-

2. HAIERDIERK

112, 85U /2 VD-SST & W/ HERIEHONER %
Y. M2, y BEOAFRANS R XOWEK, &3
IZEBI =2 2RA LT zEHOEFRD y>0 NERLE X
DEBXTH 5. MEHEIZ VD-SST 2H\\ 3154, HD-
SST DL S IZHBEFAANS LV —PHEAHFIEE L,
Hl2—rTESNG, F I T, FlEERRL 2 — 27 DRI
BT BREMNS L —PHEASIE, IT—2HVTL—
PHOREEEEFEL, HEX—7 Y PETEEITIEE
ERALL. I 51200 TE, HHIRFEROBVHEER
SBEI S —DOFAZRI LAY, BERFIZEZ<D) 1
ZWERX W=, 18 A XTRELERIENTETH
Y, MOHBWEZMRTNVI=ZoAI—T14 VI3
IS —2AULAERELUAEI T 2BEOATHS.

X517, fERD VD-SST DX S I I Eflla—2 %
HRETLH AN I EML, BEICLIHABOEH
BREENEEYXNTUED. T0-0, FEEED - AT
— VL EIMNERAEDODERBEEAVC LT
2% B, AL Fl3 —BEBEOMICE Yy 7
B®IIZeT, ARUII—0EENENS RVEE
Uz BBl 2 5 v 71220 Tid, EAI13 —2 o BRIk
EHEHEEOMD 1 mm OF vy iz, 3D 7V VX TER
UEB 4 ITRTEORBE (5 TE—R) AL,
zha g —70BE2MHALTHI A5 22 TH

BEEE L~ 77V TE—ADWRIE, 3 —INEEL,
MOMENPRELELVUTCHETE S I LWHERTE L 1 K
i iZ N2 O z

vLs

Optical sensor

Height adjustment fixture

1 EE I —2 SST & A\ -RHERE RO LRDINE
Fig. 1. Schematic diagram of VD-SST for magnetostriction
measurement.

Optical target

Reflective B-coil holder

mirror

/

Specimen

Bridge system Air-flux compensation holder

2 AL I —2
Fig. 2. Magnetizing winding and vertical double-yoke (VD).

— Optical sensor

Laser beam

Optical target Magnetizing Winding

/ 4

Specimen

Reflective mirror Clamp area

3 VYR EHRAERIS —

Fig. 3. Laser beam and optical-path changing mirror.

~

4 25V FE—2 (1 KH)
Fig. 4. A single-leg clamp piece.
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3. RIEEDIREE

FEL 72 VD-SST % R\ /=i RIE SR DOREIEREE = REE
T 578, HAEMERIMAKR 23P%0 %AW THERNE2T-
7= BRHCIMEEN R X <, BIENHERNA S L FILEEA
M (23P90_C), & & OMEfELMED T/ < Bl FRMEDHE
EHEELUWEIES A (23P90 L) D 2 EERWE. £/,
ARETITAEEEDEEL T 5720, BRICEERHRKLX
N T3 HD-SST 2 AW BIEY AT ATHEONALFERL
HER L 7=,

9, K5 ITRTHEEDHMERONE 7T 1 )V—TFIT
DWTEET S, MEDN—THROERIINXL, #EL
7= VD-SST I%, H2EEDOHEREIBHETITVEIIL
WHERTE =, UM URAYS, 23P90 L DFER & 3MICEE
95 &,VD-SST THESLNENE 7 51— T EAIERFR
LR BIERMMNREZIT SN, BEREE, BB HRE
B9, MEHIRAARIZER T 5 7280, BEEO & 5 R a2
HENFELZLUTE, RRZTDERICHFERERIEK
MEEZh0, UHUERS, SEEIE X 2RO R
B aiTo/ze 25, FEKEERTH S 50 Hz DI H
ZLEENTVWBEZEMHHAL /2. ZOERIZDOWTIL, 3]
BETEZONSTHMD 1 D& LT, BIERAEBIZHUN
RERBEIVDEEL, TANHEKE &N L THBOE
MRENCHEL 52 TWB I EMNETSNE. —RIZ, 3
& IA— I RICE RS HITEREED 2 BIZHHIT S
YEZOND, ZIT, I—U DHEBEUKXENEIRSEL L
IZERERT 2MUNETRE D AB BRFEK S Bysinwt IZEE
INTVWBLIRET D &, BMKKSISIE (Bysinwt + AB)?
IZHHlTEZicd, ZOREERT S L, (Bypsinwt)?D
TEIZIN AT, 2AB Bysinwt DENHEND, BiHE ITFEHIREE K
D 2% (100Hz) TEETIMEDOKT TH B, BEl
FIERRE . E—D 50 Hz TEETEIHOTH S, TOHE
&, 20D 50 Hz DHEKKE DRI & D EREEDIES
IZRE L CTHEHAMREIDZEFNELL, ZhBNZ TS
—7OEAIERNIREL UTBEII Wz L HEITX 5. RHT,
SEFEFE L /= VD-SST 123\ Tid HD-SST & I L T3 —
IOFER L I—2 DXy v SIZEHHEREAETE
Y, EAMEEI DR E . ZITRTWVIEENRENH S 720, Z
DHELNEIT S X517, I— 7S LORBEELHE
REEEBEFL, WEREZEUCDIMNENHS.

RIZ, K6 IZRT VD-SST D518 6 N2 REF D Peak-
to-Peak fB (Jpp) & HD-SST MHB6NFEREDEDNITD
WTHRET 5. (a) KD 23P90 C IZBWTIE, HEMNKX
WIERBEEEBTIIENE 1 % UTIZNE Y, RIFe—
MHERTX =, —F T, 23P90 C DIRBIEZFEME® (b)
K DBEZEHINIV 23P90_L IZHWTIE, VD-SST & HD-SST
DD EENIEAT ZMERANRZ T Sz, JOTEEIC
DWTIE, MR CHRARBEBRAMRANICELRSZ

0.5 hlI‘T] 05
(i) B,=04T
(a) 23P90_C

-15 -10 45 05 1.0 15
bfn

Gii) B,=14T

Y 0.5 bff] 05 1 2 ' ble 1 2
G) B,=09T (i) B,=17T
(b) 23P90_L
5 VD-SST & HD-SSTIZ&B/N& 7 5 1 I— T DEHE

Fig. 5. Comparison of magnetostriction butterfly loops measured
by VD-SST and HD-SST.
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Fig. 6. Difference in Appbetween VD-SST and HD-SST.

&, BXU VD-SST OEEIZERET 2 AR OEAEE DR
BRY, BEOBERMNEZ 61D, ULhLAMN5, HEBET
INSDERNPEDEEDEEG TCRIERRIIHEELS5 2T
WAEDIDWTHRHETA ZLIIRETH S, ULz -T, &
MR RREEHIZOWTIY, SHROMNEEE T 5.

X Bk

[1] S. Siebert, C. Kajiwara, K. Fujiwara, and P. Klimczyk,
“Establishment of the Standard Method of Magnetostriction
Measurement of Grain-oriented Electrical Steel Strip and
Sheet,” Journal of Magnetism and Magnetic Materials, vol.
565, Art. no. 170295 (2023).

[2] IEC standards, “Magnetic Materials - Part 17: Methods of
Measurement of the Magnetostriction Characteristics of
Grain-oriented Electrical Steel Strip and Sheet by Means of a
Single Sheet Tester and an Optical Sensor,” IEC 60404-17
(2021).
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Development of Measurement Technique for Magnetostriction of Magnetics Alloy Ribbons

Osamu Mori, Shigeyuki Sato, Ryoiti Utsumi, Yasushi Endo' (Toei Co.,Ltd, 'Tohoku University)

1. [FC®HIC

WA, NU—Z L7 b= AGHIZE N T, ZxAX
—HEOHKR L BROT A L OEENERH SN TV D,
ZOREMEE LD FEICEME T A X, T ADZ X
NE—OERICERE L, EESHOBANOEETH
Do LOLARNDL, EROBKOTAHAEE DTk, BifE
JEE B TR O A A EEEET 2 20 REETH D |
TR LR & o B & JE R TR T & o T,
ZOBBICH LT, HaA DI A—T T, BEES AT
BIpDIE NG L, TOLEDAL 2 H T H 2 ADHERRE
SR (BHRKOEL) ZaA Vi vty sZ i
X o THIH DMK O T A2 3 T & 2MEBEEMEL,
TE O B HT OREMEA SET DMK 0T IOV THE L
TE72 D, RPETIE, BMEASHERICRIT 2R 0T A
%, WEE R A AL S TR LR R i oW TS
D

2. EBRAE

B 1 I LR O T AEEOMIEK CHh D, Z o
ARWEETIE, EFTMEVIIR OB S O sl %
Bt = AV NERICHR A U A O Wb 2 Te B CREE L7k
RCEMADX ¥ v 7EICHRET 5, WRIZ, EEL7#H
WSED 9 BHO—WHI 7 A —AF =T EHO 1T, HHFDO
EFHMWC—EDIST (on) Zf5T2, ZokE<T, #
HoE 7 SR &2 VO C 0—300 mT DOERER (Ha) %
FmL. i aA voA 27 2 A% LCR A—HIZLD
WEST D, Bl D ol L TRIL X D2 v #7720 AN
EEITO, BFBoNiaA v F 7 2 A0 (1/(L—Lo) (L :
M2 ANDA L E TR A Ly B NDA L E T
HUR) & Hee EOBMRZE, FonillkLTEEDD, 20D
& & U(L—Lo) TEEEEL T, Hie D ol X 5215 (AHqe
= Hiol—Ha2) ZEH L., AHa EBEROT & (As) DBEEHRIC
TdH D AHae =3 As(on1—ou2) / M (M : T OREL) 126 Tix
HTHERO L ZEET 5,

Ala] As B AW 7230BHT Fe 7 ®/L 7 7 A A4 MEy
2605SA1 (ZuT V7)) ThD, 2, AHEKICED
WERMEE LT, i Av CEE40300) OFINEE%
0.1V, WEFEHEHE 5 B, RBIEE % 0.5 kHz—1 MHz
L7z,

3. ERiER

B 2 1% Fe X7 ENT7 7 AEEHHICBIT 5 A OHERE
BEHICLDENTH D, MWITEREZICLSTIRE—E
Lol F, M EE. WTNOREREKIZEWNTY
BLZ 28 ppm THY | AFMED 27.0 ppm L IEIEFREOME
BFBNT=, ZORERIE. RREEICE VT 1 MHz £TO
T E F P T AR D A & EREICHIBCX . kD
MEELITRRDFFREZALTNDLZ 2R LTS,
BHIX, ZORRITINA T, Co T ENLT 7 AGEH
BT RO 20 B BUREES | MHz BLE o0 J8 i 5t
P CTOAEEMEICE T DBROT HOBERE ROV TH
T D,

LCR meter

=T

force gauge

fixture
Magnetics Alloy Ribbens

electromagnet

1 REMEE A R O I E 1 OB X

Fig.1. Schematic diagram of measurement method for magnetostriction
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Fig.2. Frequency dependence of magnetostriction for Fe system
amorphous alloys
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Inductance Measurement of Magnetic Material for High Frequency Applications

under DC-biased Triangular Current Excitation

Hinano Ushiba*, Masataka Minami (Kindai University)

1. IFC®IC

NRY—TVL 7 ba=Z 23BNV T, VA4 FAVFR
X vy THERT AL ZDOERIEY, R4 v F VI
BB OBRBALIEATVWS O, ZHUT KD, BRSO
FrEOFEM BB Z D, PER DM /7 IR I X E LI i 03 3
ThHh, EMHRAZGETFIZRRS @,

AT, EEHASZGZEEL, SRAREMAT#EMRN
BERMEE =ARER T LB 24 v F > 7RI
WNT B4R 2 ZAOENEAEL, EHEHFETTD

Fig.1 Buck Converter Circuit

Rk T oo,
2. HROITHEMERM Tl ohEa,

a7 MciE, SEEBISOEED RTRET, 2SR ggﬁ o).‘.:l;‘.‘
B D FIRICHE LB TH 3 80 Mo ha g Xray g7 0TA Cees e,
(Fair-Rite ¥, 5980001801) #4RMF 3. % 2 K3 1A 5 200 "
FRETHNT 3551011 R—> v F3, 22T, F—X& 100
Y= MCHEDSCEGEHMERA AL pH TH 2, A ¥ X7 2IZH "0 02 o4 06 os 10 12 14 16

B 2 FHERERZ 0.2, 0.5, 0.7TArL, A>uRa—
7 OBFRIEIE TR U2 WHEIFH 26 R e § 5,

Fig. 1 12773 Buck Converter [Ff& % F\WT, 1 ¥ &2
X % EiEE = AIKER IS 5. AHIEE Via, Vou
FY — X —& (HEEBEKASIE, PW3337), 1 X7~
KB iy, 13ER 7 7 — 7 (Tektronix, TCP312A) &AW
THIES %, SW125ON KD A ¥ X7 X & iy, R,
EIIEIET 20N (1) ZHWTA VX222 L 25
T 5,

Vin — Vout
AL (1)

HIEEFNI R A v F > ZREED 0.1 MHz~1.5 MHz &
LT, 7a—74—t% 0532,

3. AIERR

Fig.2 124 Y X7 ZICEBE L TV 2 FYERERZ & D
24 v F ¥ TR 24 VX7 X ADEETRT,
3OO HERBRDOLEM FT, WINRDERED LFET
BIZONTA Y E IRV AMPMETT AN A SN, 1
RIKEIR 2 I LRSS RIS R 21200 T, a 703
WEMERT 2 Z e PHISNTED, EREGRICD A
OHEAITH 2 Z e hbhr b, £z, KEKHEBIZENT,
EHYEFRETA 0.7 A DRFIZ 0.5A R 0.2 A DR & LI L

L= At

2026/3/12~14 &

-102-

Frequency [MHz]
Fig.2 Frequency Characteristics

TAVRI RV ZAPMER LTV, 80 MDTF—&>— 1+ &
D, FERERLH 0.5 A LLED & BRERIMET Lind
5 ZEHRENTED, AHEDKIRITHIET %,

4. EHDOIC

AT, FEEASME2REE L CE R R
O 80 M ELFER S = I B CIE L 7= Bc & IESLIRi
YRR, BB LR T 31200 TA V&7 XV AHK
Ty 3EAPRONTz, SHRIF AT A—ZEHPLT, &
DEMCHET 2 L L i, otk Ol ZTR ST
ETH 5,

&

AWFED —HRIE R IRMEIEN K FHE BEZEBIL 2025
B A ORI E D R ENbDTH Y, T ISP EH
AL ET2,

X &

(1) Y. Zhong, et al., “A review on the GaN-on-Si power electronic
devices,” Fundamental Research 2.3, pp. 462-475 (2022).
(2) H. Matsumori, et al., “Core loss calculation for power elec-

tronics converter excitation from a sinusoidal excited core
loss data,” AIP Advances, Vol.10, No.4 (2020).

©2026 IEE Japan



2-089

AR s = A L 2 W T IR [ENES (C KX D
e JEC LR SR AR Y DR A

HEOKRET, R B, ik

PR, EHEOEL L BER UMK

Highly Sensitive Magnetic Field Detection Using Resonant Circuit with High-Temperature Superconducting Coil

Taiyo Yoshihara, Masaaki Matsuo, Hiromasa Sasa, Takashi Yoshida, Teruyoshi Sasayama (Kyushu University)

1. [EFL&HIC

WRRLTA A— 227 (MPD) 1%, XA OFIF Rz
TR E LTRERFERZEDTNDHD, —F, MPI
THWW DT R0 B FRAT DG Z 13K 1pT & ik
HTHIITH Y RHEE O LN EERETH 5, S8R
ROV 2 A LTk, # OSSR T 5 24
HEG DR R O BIA & 720> Tz, AR TlE. miRBEEE

(HTS) =A V& a T o TR 5 LIRR K 2R % 4y
T 2 HFEOTREBEEZR Y  HHEREESE LS E
DREEDEALZ DWW TR LR Z#HET 5,

2. A&

Bk 2 A L OBEEER % 7/ 3 B = A VORI,
EIRARE T — 7B (SCS2050-AP-1) 2 L=, =5
YHICIE U R R R OBEE T Iy s Fy S ar T o
AL REERICL 2 REAHIFCHFERROGFHN 1
uF 7203 10 uF & 725 X 912 L CUSIILR R & 4k L 7=,
F i, BB 2 &R 5720, R4 LB LUk E=a
T Y OEMITITT X CTHTS M &2 H Lz, 7ok, 2
T UV NERGICETTE S LS, HTS B[R -L OB & T
WZERBWT, PEHEAOMRDVIZ, HTS M ORIz Yy
D RIOA A TRV MG THEAT 5 T EE Wz,

B 2 (ZHREEOR PR E SRR 2 7T 2 5 AT 2%
T, Tyl varPaRrb—2EAWCEIREaA LIS
WELT1pT BREOMERESET, TORITHRIH=aA
JZAELZEEEZFAIL T, QEEFH L,

3. R

30 QDR AT, 1uF Da T o e LT
BA, REEGEITR 3.9kHz, O EITHIRIREE (300K) 12
BWT 7.7, KIRIREE (77 K) 128\ T 1000 ThoTz, &
7o 10 pF O = 07 oY E B Ui R 1.3
kHz, QI 300 K {ZHBWT 1.4, 77 KIZHB\W\T 1400 TH
ofz, BEFEICLY, FEEREHICEOTEY O ER
B/oh, FHIEE O K22 EORRRMEAR XNz,
BT

ARFZE1T ISPS BHFE: JP24K21611 B8 LY (/) ATH%:
IR - BHEMM O Z2Z T2t DTh 2.
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Fig. 1. Schematic diagram of the detection coil

HTS detection coil

FG E ZZZ :’\/T/T, T LIA
Shunt
resistor . %
t Magnetic field
. (~1pT)
Excitation
coil

2 FHElZ R T Ao
Fig. 2. Overview of the measurement system
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(1) B. Gleich, J. Weizenecker: Nature, 435. 1214-1217 (2005)
(2) EFURKS - ARRBBOR « 35 BA - MR ILBEE - 2025 FFEEX -
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Evaluation of the therapeutic efficacy of magnetic hyperthermia for lymph nodes using finite element method analysis
Yudai Fukuoka!, Yuya Kamizima?, Akihiro Kuwahata?3, Shin Yabukami??
("School of Engineering, Tohoku University, 2Graduate School of Engineering, Tohoku University, *Graduate School of Biomedical

Engineering, Tohoku University)

1 3BT \CRRE S FUN L, IR 24572, INEABHAA D D #&
WERIRBEIEOIE, 23 AR T 7 BLF (MNP: magnetic TETOY P/ EHNOWRESA 2> TR AT 518
nanoparticles) 45 L C, iM% MNP (ZFHIAIL TN BANRAERGEEL T <
B, BDAZERSEDIREAGETHD. MNP ZIn#E L
TED L IEFMICHEE 520, BB+ 735613
B AASDIRIARD 3B HNRNO. 2D, A }*‘\b
[=1 [mm]

EXr=atod HEEF S BT

S, EFMEA~OBREEZ R/ NRICIZ 572912,

MBI DR IE A3 2 TR F 2 ED D D . £ 2 TARIZET — o -

[T MNP O A HIRE A2 2 X 2 L—3 3 & L TIRME

R ORGEE LTz, Fig. 1. Schematic diagram of the coil and lymph node in simulation.

2 vial—va vk
FIREHES T 2 L—3 3 > (COMSOL) % VTR (a) Max Temperature: 42.25 °C 23:00
A & MIBRIE AT 4 A L 72, Fig 133A bk ) v - I ®

HOBURCd %, AL 150 mmo 5 2 LT 23g
EFE LT, U o SHE BRI b = 139.508
5.0 mm, FHEERE b=c=25mm% boREEEHEMNEKE L 37.75%‘J
TET/MELTZ. MNP O5AiIEEBED V o/ EiN ORENE 7 _ 36.00"
F RO % T T AL B 7230 I SMAI DI NP =40 Fircad =
%43 A 7. A VT Imax X sin (2nf,t) DEF AT = (h) Max Temperature: 42.00 °C o
L CREMES R RES R FIINY 5. 2 Z Clmaxid 415 A, - I 0
fold 270 kKHz Tl %. RMET /KL T OMENE MNP (255 > 4125y
DRp = H-dB/dt #1555 = L TEBEO ML T L 139.503
B, -

g
3 vial—vaviER -15 -10 30.00

X (mm)

Fig.2 1ZR5 2L T2 5 600 B0 U v R EHiNOR
i TdH 5. Fig 2LV v EiE T VO E NS Imm
DIEIIZ, Fig. 2(b)it 2mm DEHIZ MNP % 4304 S H7-. nanoparticles. (b) widely distributed magnetic nanoparticles.
MNP OFEEILE D 5 %5 L. Figs. 2(a)(b) Tk A L)

HOEHENBENDIZE, IBEIXMK T L. LavL, Fig 2(a)

Fig. 2. Temperature distribution at 600 s (a)localized magnetic

I T Fig. 2(b)D 5 A8 LR EE S Ao 7=, Figs. 2(a)(b) Xk
A OEHENR T T b AR O TR T R (1) A. Rajan + N. K. Sahu : J. Controlled Release, 349 (2022).

75 D5 HSPIRI K 0 IRLEE 23 ME RN o 7.
FATHTOIMAI D ER 53 AP K 0 IREE DS MBI B o 7 (2) G. C. van Rhoon |E7 : European Radiology, 23 (2013).

(3) X. Liu %2> : Theranostics, 10 (2020).

4 it
I alb—a VYNTREMTF ) RIFO5H L= v 3 (4) M. Ahmed (Z7> : Nanomedicine, 12 (2016) .
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High-sensitivity Protein Sensor Using Magnetic Nanoparticles
Mitsuki Kitakaze'*, Amane Ban?, Toru Murayama?, L. TonThat?, Akihiro Kuwahata?, Hanae Aoki®, Shin Yabukami?

('Faculty of Engineering, Tohoku University, 2Graduate School of Biomedical Engineering, Tohoku University,

1. [FC®HIC

*Graduate School of Engineering, Tohoku University)

W, BPET /B OBEAEOTLOFEEAN LY R ko

AL FRERNK T B REMET R & 2 X EOHIR

TARISEERDHKIGE RS A M r I F et Lz,

2. FHAIAE

Fig. 1 1 IAMFFE CHEMA U772 B Tz -5 < Bt » b
T v 7 OBROBKKEZ R LIEZbDOTHD, ZOVAT A
IE. BRA = 2o, KABA, AL v F o
aAf), m—x— BLORBEEECHEREND, ¥
RO ENPUR TR U BT ki1 & OFURPIUR R
WS £V BT R ORSE 2 TR . B A FIAT L 7B
DEHEZTRD D72, AA v FRFUKHT DBEMES /b1
DISEVENR & 27 B OPFETHK L CHIBICEILT 5, =
AWK Z NIRRT 5, £7 . NdFeB Bf & A
TK 5 R E b Uiz, Eiiofifbis L ONERRD
. NI4T aA VTHALBEREE (Ha) Z 0mT 205 1.6
mT £ T, ETFHMIZ0.06 mT Mk TR S,
& Hae 13 30 BRIFTINE v, F R+ DEKE — A > MMEFD
INEES D T AN A 5 K 9 ITHEE LT, BUBHIRER A B —
H oA OIL ETH-L Y EEEREE, &P
PEF LT & & LRI DEEEED & ORIV DRGSR
FOREE A AR LTz,

3. EFHRIKER

Fig.2 (ZHME T/ BL 1+ OEHEROBEMSI T H & B 1Y
MMF DAL » FREFINCHT T DRENET /BT OBEERN S D
WREFEX VNNV BEREZLIORLELDTHD, Vv
NEHE DAL A= THDEYA N TF Ok
RIEEE T Ty v MREBRR)E, —KIUE G
75 AEVAE3 Hiifk (6 / 7 m—F /b~ X 1gGl))
ERNLTC, T aTA v GBS ki (FG B —X | 180
nmo) IZHEE S® 70, BEtET R L HURIZE A 2 pl/ml
IZ PBS-T THABIL, SERE L%, n—F ) —IF¥—
TEHIRT 30 MU SEREAESEZ, ZHERE 0,10
ng/ml,1000 ng/ml\Z PBS-T CENENFHEE L /oA b r T T
vEO—F ) —I %Y —T=RRT 30 SREFURPIARRG S
Bz, Fig2 IR T X ICH v R EORENEL 72 DITo

Too ZHULY L XTE A N T T U)REE OB RO
PEF RIS X X7 RS L CARIBBE DB RO S h
THABIFREENRED . BICBE LD THHEEZD
nNa, £io, FURNTEORENEL RBHIZONT, AA
v FREFUISE T DHRE TR rotz, ZAUTHA +
I F BT R T R BEE I DO TH Y | M
BHEOMRLEL KL,

Aggregated
nanoparticles

MI sensor

Drive coils

Fig.1 Schematic(bottom) and photo (top) of a laboratory-made
system for detecting protein in a liquid phase using magnetic
nanoparticles.
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Fig.2 Magnetic response under increasing magnetic field (left) and
optical micrographs of magnetic nanoparticle—cytokeratin aggregates
(right) at different cytokeratin concentrations(0,10,1000ng/ml)

B s
(1) S. Yabukami et al., AIP Advances, 14, 035102 (2024).

(2) S. Yabukami et al., IEEE Trans. Magn., 61, 5100304
(2025).
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Study on Magnetization Estimation of Slitless Fine Multi-pole Magnets with Local Laser Heating
Kazuhisa Kobayashi, Yoshifumi Okamoto (Hosei University), and Keita Nagai (Tokyo University of Science)

1. FzpE *E &4 B K AREA O~HEE 10 mm X 10 mm X 0.3 mm
T, 100X20X3 (=6,000 &) (ZhE Lz, HEEIE, =
z FINCHARE D 045 mm B L7 xy YVl b THEE
L, x JA 0.05mm, y 5\ 0.5mm & F ChlE L7 201
X21X2 (=8,842 m) DOWHREET —Z H AW, 72k,
WaEEN T, 74 =i 2580 MTX-6R 4 % f
VY, BFEIZIE AMD Ryzen 7 9700X 8-Core 64.0 GB % 4§
L7 PC ZfEM LT

W, 77 Faz—20k Y EORBR MEMS 73
A RNE, BT RT 4 7 AFWIZEBITH AT LD/
b BRI W TEERERZRZLTND. Zhb0
TN AMEREE KA T BT, BRI O HHEOE WS
W H — 2 BT HRABANRARARTHS. koL —
F—BETINEL, BTWHENC A Y » MINTA2ES 57280
BEESCERIRO BBENME. Skt LAY v L
AT, (LB OB S F — o BRI TE D72, 4. WiLHEEHRER
X MEMS F3A 2% WL > THETH D M. K2 (a) 21 () O %3, K2 (b) 12, MTX-

AHFFETIE, PM R KR 12 58I LRI & 6R THH L7 MEM B E iz ~d. 2k Y, 30 fio
12, L—Y—ERBEEE 90mm/is A5 200mm/s F THERE HMG R — AN LIk OB B S AT DR TE 5.

BN S TEM LR A2 DA &5, Wik X3 (a) IZ, SiGrad 2 OHEE SNT-Bb A RT. 72
HeE T4 SiGrad @ & FIWV CTRHME AR 2 #EE L, EAEE I B, RS2 2L T—EEIC x FHES DR 07 T
LD ERREDENEZFIMTHZ L2 AL T D. ERELTZ. 2THHOMmOEI Y o ik 30 ThY, M
2. EF& 1 (b) OFMWANZ—E—FLz. K3 (b) T, #EESH

TR AU 53 A D> B FEAREE U T WETRE BE oy A 2o 3. Z ALK 2
D72 72 RS SR K T2 o34l & 7o 7z

SiGrad O 1B [EI$% (% 4436 [0, H AR O I X
14161 T2 TH Y, [UREIE 0.0139 T2, FHEREMRRITH 10.8
R CThH o 7.

ARFZETIE, Al TIEICES < B E T SiGrad 2
BRI, £7, BEREHA k20T DR E OFHIE
Bo® &, Biot-Savart HI B2 X ZFHE B® Lo L
oMb B7o0I, FHRORE N 2HVT, BN
BAERAXD LS ITERT 5.

|B| [mT]
80 -

Nm
min. W =Y (B* - B,") (1)

k=1

3. HHLHEEETIL

HEERBTHHAY v b L ABMSHRE DT EZK 1
(@) 1ZRT. ™1 (b) 1T, KAREH ORI ER S — b
B ST L X ITE U D EMASRY — 2 BT, B

(a) 3D Area classification. (b) Measurement flux density.
Fig. 2. 3D Area classification and Measurement flux density.

HERGTE SN, 2ROBIIE 30 Ths. ®1 (© 1o Ml g | z
L EORIRIX Y 2R, LB, B oy P b wy
@ BT 90mm/s ZhAEE L, 10mm/s TOHIM S A, ol /g;u;d)g; 3@,‘* ol
fElE @ 12BVT 200mmss D K S L Y, yiyﬂ%w g v g
D26 (a) Estimated magnetization. (b) Reconstructed flux density.
g @5 ® Fig. 3. Results of magnetization estimation.
s[@[®® ik
y @ ® Keita Nagai, et al, IEEE Access. vol.11, pp.143446 - 143456, (2023).
Ar 10mm

[1]
— 1 . [2] N.Nakamura, et al, IEEE Trans. Magn. vol.58, n0.9-6000704, (2022).
(a) Photo of magnet. (b) Magnetization pattern. (¢) Area classification. [3] T.Onuki, et al., IEEE Trans. Magn. vol.31, no. 3, pp.1476-1479, (1995).
Fig. 1. Specifications of the thin permanent magnet. [4] MTX-6R : https://ims-jp.com/mtxsp/product/
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Evaluation of the Sensitivity and Spatial Resolution of a Diamond Quantum Sensor Array Using a Fiber Array

Kota Shiraishi'

, Masanari Inoue?, Yuna Arakawa!, Akihiro Kuwahata®3, Shin Yabukami®?

(*School of Engineering, Tohoku University, > Graduate School of Engineering, Tohoku University, 3 Graduate School of Biomedical

Engineering, Tohoku University)

1. [EFCHIC
XA ¥ K NV(Nitrogen-Vacancy) & > & (%, B 15t & L
THEMET /R DR e EAERER S BIEH S TWD
amxﬁnfi A HERRIN DREME T/ KL D 53 ﬁ%%%
T Db 77 AT LA BN E A FES PNV
t/&TVK%%%L TG R & 22 oy fifee 2 R AL L 7=,

2. EBRAE

HAXELYR NV B2 EFT D554 YEY FERKQ
mmX2 mmX1 mm)iZ 25ch DY 7 7 A T LA 85T D
& T NV B ENDDOE#RE 25 51T 5, Wiz A
$19°% ch ZBIRT 25 Z & TNV B Z~DIEIED ch #%
FHIECX S, R 1IZF A YEY RER EOFL0 chl3
MOFIEYEE 1| AAIL, 58V D 24ch(chl-12, 14-25)7 H R {4
B AEN Lo, FEBR 2 Tl e yes 2 RAN D701
m7&mw#%@@%%khfﬁo@nm%%wfﬁﬁb
72o E72. 4 DD NV O RNV F—HEIRE ML T2
NV & ZICTF DA T A B Fikis % T 1=, 225 %%
F ORI 2 3 - T 2 7212, ~IVARAY 2 A V%
W, —HRGEAHM UGG L. Ty T~ IL AR 3
AN ERNTHESGARZEM LT, £/, 74 v T 47
BEQ)E T, FB 1, FEBR 2 O MR E R LT,

3. EEFER

Fig. 1 (F. Y 1 RCEEBR DOBA @) & 2 R(ER )05
B O) DA EESTRE DA &~ T, B E 2 KA,
% ch T 2~8 (5 DR ICTRE NG B A7z, Fig.2 Tl
o1 RER HE 2 KER )OFKHBT LD chld @
ODMR((Optically-Detected-Magnetic-Resonance) 2 X7 | /L %
R, MR/ MRS R 2 RAND Z L T ch T
S L, chl4 THY 6 fisfe o L7,

4. FEDH

JRhIER G A AL 2 AR A WG 2 & T ch DRI EOEIRE
O b5 & MR M DB 2 ERE LTz, S4BT S BT
EXEZAND ch 2Ty M7 v T a2AER L, 225 iR

RED EFHRE BRI LRI MO TETH D,

5x5 ODMR baseline fluorescence map

(a)

Red fluorescence intensity[mV]

Fig.1 Color contour maps of red fluorescence from each channel

of a diamond NV array under (a) single-beam and (b) dual-beam

excitation.

(a) ODMR
Bl
G 1000 ety [ eaye |
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@ 0.994 1 ~>
4 /
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E 0000, — CH143 Frequency (GHz
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(b) Frequency [GHz]
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3 1.000
= [
2 0.998 N\ /2
@ /
2 \ ]
3 \ |
209961 % /
Y \ i
£ 0.9941 P \/i |
g /
8 J/
Lo0902; — cH1a1 \ J

- A
2 CH14 2 | ¥
- 2755 2760
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-4
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Fig.2 CHI4 1

corresponds to zero external magnetic field, CH14 2 to a

ODMR spectra under different conditions.

uniform magnetic field, and CH14 3 to a magnetic field

gradient: (a) single-beam excitation and (b) dual-beam excitation.

BN

(1) Mayeul Chipaux et al., The European Physical Journal D 69,
166(2015)

(2) Akihiro Kuwahata et al., Scientific Reports 10, 2483(2020)
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Development of Real-Time Magnetic Field Visualization System Using VR
Tomoki Harada and Yoshifumi Okamoto (Hosei University)

1. FANE SEVTNEA LATHE-AIFULT 20 THD. v I 2L

Virtual Reality (VR) f#ffflxm > % —F 1 v 22 NOHE
DB TLER LTS, BER T4 B~ S 4 &
LT, EBERAR O FIR LI EE B ~oiH o
TITRFDRED BN TWD. L L b, EEOERS
R EF~OIE RIS 23 EF BT 7 <, VRIGHOTERE A
b5,

Z 2 TARTIE, VR ZIEH LI R ARG~ D AL
L LT, VR ZEINICERE L7=ARE Y LV /A Kagic
Ko TELDMANAZ, VT A L CTHREBEKICER
TE LA AT L&A LTz, AT AT L TIL, Biot-
Savart OIERNZEES B 2 MBLHBEIZ L 0, a1 L
DRHEROBERNE 2 U T LH A LI ERINT FTHRAGT
5. ZhICk Y, RAHETH DRRAR O EIRA 7R B %

R CE, BRMEERH~OFEROEHEMNY L5, 2B,

FERBNCARBAN DR A BET L T\ D 72, —HO%
MRAEEIZ L.

2. HEFEBLUVIRATLIRE

(2-1) WERFHEE

VR ZER] THERL L 7= A VT & - TA U D BESIE, Biot-
Savart |32 S, LT (1) K& AWCEHEZTTS.

dB = u_oldl Xr
4 |r3 )]

(1) RiZBNWT, dB IIUNMERBEE, po 1TEREE, 1 1T
L, dl 1IWUNRERS BV, r T aA L EOBUINRSE D
SBUNSE TOMBNY M A2ET. BRFEORBE 4L
lidT25729, AREY LV /A4 FaAf ropLih ks s
Wt OB 2 Vv 5.

(2:2) VRIREDEFE

KL AT BOWEIIT T — LT Py Unity 2 A L,
VR 7 /34 A £ LT Meta Quest 251% =, F72, AR
T LEEESE A EMEREE L LC, Intel Core i7-9700K 7
m¥ ¥ (3.60 GHz), AMD Radeon RX 550, 64 GB ™ RAM
EEHEH LT A by 7 PCEERA L.

3. WIENY MLVAIHRIE S R T LOHEE

AR AT A, VR ZEMANICEREBESINZAREY L /A K
AN K> THE U DB A%, Biot-Savart DIEHINT

—va VKRB ETLHHEMREY LV /A ROIRILET V% VR
ZEINICELE L, 3RE L7IZPTE DSEENIZ I T 5 2 81H1LS
W2kt L TR OFHEZITH . TORRIL 3 kot RAl~—%
—LLTCEREIND. Ev—D—lIWAoOmE 2RI L L
BT, TOMEITRERAE L AFHOEICL W EHEIND.
TS KD, 2—PIIZER AR OIRDS Y s %
FINZHMERAECH S, K112, BRELZAREY L /AR
A NV OEGE A ORISR O AR EAE R 2T

Fig. 1. Visualization examples on the proposed VR system.

4. DRTLDREER

KLY AT LOWRFE O GELZRFET 5729, 10 FIE
EaAfNVOFMEREEDY I 2 b—Ta s, MEx
ANVOEREDOEIZEE U ERFH A E O 21T 7.
HHER AR 1 IRT. fRE LT, WE OMARREIT
1.04%TH Y, T3/ EEEZF L TND I LB ERTE .

TABLE I  VERIFICATION OF CALCULATION ACCURACY OF MAGNETIC

FLUX DENSITY IN VR ENVIRONMENT
Theoretical Value [uT]
124.9

Simulation Values [uT]
123.6

3wk

[1] B. Nuernberger et al., "Visualizing Spacecraft Magnetic Fields on the
Web and in VR", Proc. ACM Symp. on User Interface Sofiware and
Technology (UIST '23 Adjunct), pp. 1-3 San Francisco, USA, (2023-
10)

[2] S. Nakatani, T. Shimobaba, T. Ito, and A. Shiraki, "Development of
Virtual-Reality-Based Electromagnetism-Teaching Materials
Incorporating Gamification", Proc. Int. Display Workshops (IDW),
Vol. 30, pp. 1347-1350, (2023-12)

[3] /N 7] TEABER A —E DG L35
JeHiR (2012-3)

[4] Unity Technologies, "Unity," ver. 6000.0.47f1, 2025.

[5] Meta Platforms, Inc., " Meta Quest 2,".
https://www.meta.com/jp/quest/products/quest-2/ (2026-1-5)

CRr4ERi) 1, 7%
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Detection of Hole Like Defects by Remote Field Eddy Current Testing for Flat Plates

Noriyasu Kobayashi, Kanta Takahashi,

Yuki Takakusagi, Atsushi Mori,

Setsu Yamamoto

(Toshiba Energy Systems & Solutions Corporation)

1. [FLC&HIC

PeRR A (R R 2B 0 &2 9 2 FLIR K BRI R B R 51 %
WHT B &, KRMEESEZ D MEREENH O L I
BBAEANAR S 72 D S 3RS, BT AN KM ORI & AL S
Wiz, REGERES OFHEAEE LV, 2 2T, Bl A un
FAET DEERSIC L0 HE SNBSS IR AE
L, KMEEHE CRET HMBEMEZFA L, FENICHE
BEERERAFE LRV ERCTOREN TR TH DV E—
b7 4= RilER RS E (RFECT; Remote Field Eddy

Current Testing) {235 H L7z, —f%MIZ, RFECT I3 DR

(RS20, SPROFHE KR ~OBEAFID L H 5,

LA, VI a2 b—3 g VEERRERICRE LR
RFECT 7' v —7 % M\, FLIRKBEEE SR OB TORH
PERE A RBRIZ LV HER LT,

2. MREESHITERER
Jilish =2 A 7L % BER e 0D SUS316 B ARGABR A I % E

JA % 10kHz Tk L 7= 554 (3R BR RIS %E#éwﬁ
BEASTOFERREEZX 1 1ORYT, RKTE, REmRE3
ARERARFRE N OIESE Tmm TRAEL, A A58
mmn%Mt@ﬁfﬁ%¢§ﬁﬁ%’ﬁébfwé’&%
R CT&E 5, ZOEBICHRIE A LEFREL, KMEIZ

%%@%ﬁﬁ@%khtl#é@m:4wﬁ%@m%ﬁﬁ
BALZBET D Z & TRIAMH O ke

i mE gl
é{' 50mm
J‘”EF T EHER
S A
NN = #97mm @m0 u)
,;\S T 10

h__j /oty 102

. 10°

10+

n""tﬁ; ﬁﬂbﬁ RSIERS qgiz

1 RO A R R R

Fig.1. Calculated magnetic flux density distribution

PED D 2 LR L 72,

3. RERBRAERULER

bR - B = A VT BEEEA Somm & L, A% 10, 25,
50kHz D Zfth: ThH = A /L3 FLIR KB (B2 3mm TR E 1,
2, 3, 4mm OFEN) EHEEZERT D & OICAEE L THEE
RERZAT o7z, RS Imm OFENICLHEELTEREL L
EIERNRE E R 2 A VTR & O B3R O BERRS R
X 2 1T, EERIRSI DRSS b LA v )1E
JEIRME S I 2 2 e h, ERIGES ik &
DL EMEGR LT, £io, REDRICLAMIGORBHES
DRMEE R HSEEHITE, FERIES OBFEVICKT DK
aA VHDBERBOENKE 720, @EEESEELY
EIRAXOWES @ LA b Z 2R LT,

8
@ 7 F | ®10kHz L
I;I; 6 L W 25kHz [ )
E o | | AsokHz i "
! . "
o4 i A
=5k e
a5,
= 2
5
Hq 1 r
Lol ]
-1 1 1 1 1
0 1 2 3 4 5
EETUES (mm)

2 CHESERE LR T A VBRI & OBk ORI R
Fig.2. Measured relationship between depths of flat bottom holes and

amplitudes of detector coil output voltages

4. BbHYIc
SERANT RFECT (2T, [EAE 3mm FLIRKIBOES (1~
4mm) % ZE[E 5 fEHE Imm CTEHMERIETH D Z & 2R LT,

ik

(1) T. R. Schmidt: Materials Evaluation, 42(2), 225-230 (1984)

(2) Y. S. Sun et al.: Materials Evaluation, 54(4), 510-512 (1996)
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Proposed Quantitative Evaluation Method for Crack Shape in Magnetic Particle Testing Independent of

Magnetization Direction

Katsuhiro Fukuoka (Osaka Sangyo University)

1. [XC®IC

W IRIERBR O BRERER TH D S HAE L B isk
no, TRBIRE EENTMT 5 2 LIETRTREE & T
B, FEMERAIZBWV Y, R Sh 224N BIEICE 2
LEBOBRELHET D20, BERKRICESNTEER
2 BRI E RIFHIT 2 H O ML, B0 —
Do TN D, ABFFETIE, R EBULOTHOENIC
X2 & RA~DOEMMEEZITMEL, BboFmcEEsn
R & R OHEE T FIEOMENL A B & Lz,

2. HREEER

AWFFE TR, K1 0XZUfE Lizmom W, K2 o
fEBHOBS H BLOX 3 OMEBHONE L &S 0F
G (TAXY F) WH BBREGHERET —2X—RA & LT,
SRR A HEERM T 5, HEEFIEL, K1 M2 kv
RS EZNETNHEL, Thoo@EERAZ kDD, o
DT ENTEFNREE EXK3IDOT ALY "Nt WHEFAWT
TEMEEHEET D, LITHFZETIE, EHEBLOFMNE
RYHEMELEME (2 ZTEBMEH 0° &FESR) CTHRES
NREIE L e & 2 VT, R UL 0° DBE
FERT — 2 _R—=A b ERIBREHEEFG L C X720, K 1
~3 1%, BLFm 0° IR HEABRIEEDO—BITH D,
T IT, BEHGEOBRGICRWTIIE XA NRE BEERT S
LB CE RV, BREMARIIBAL TR 0° T
LNbOEIFRL R, 2 TARMETIE, BRIt
HORERERT —Z X— R (BefiE, #mms, 7 A
7 b)) BROWCEHEEWEL, EBOGHETEO L
ERRET LT, HEERGE 2L LC, & 70um, & : 100pm
DEHREREL, ZOSHEHALTIN 5° THRET D L,
WERMEAS 98.8pm, MM S43 10.8pm DOEEERE R G L
2o TNEVT AT N WH X915 EROBND,
DRERERN S, AEO R DR OBRERRT — 4
R=2Z AT ERPROWEZITo IR ER 1 ITTRT,
T, WbkHm 00 OF = _R—REHNWTEEREED
HEEIT - 1258, MR DT — X% _N— 215 1% 74.5num~
112.0um, BEMI@ SO T —F X— AN 5L 53.3um ~

74.0um OXZHEI LHEE SN, LvL, T OHEER
RoOLBHIIESNRND, HETT—LRDE, ZO
ZEDD, HETT LR BT = N—R L HEERE RN
ENDT—FRXR—=ADEROT —H X—AN, EffFT—X
NR—=RA LB B (ZZ Tl M 5° ) , o
WETT—%2HMAT D2 LT, EBICEE SN BT
DORFENARETH D Z L BPHER I, moxtHE AL X
OBRERAL T DWW T, RO 23 bz,
ARFIEO—ER1%, B (28K03874) DRFILBIAL % 521
EiiL=-bDTHD,

_110 _ 13
E f / £
% 105.f T2
jopm— s
Z [1008] N
.‘::,I(X)fj ——————— ra g
§- C £ 11.9 /
£ 054 £ 1.5
=/ =/
60 100 120 65 /60 65 70 75 aoi 85
Crackdepth [nm] [ 80.8

80
78.5 | Crack depth [um]
1 BRI
Fig.1. Particle width.

2 By S
Fig.2. Particle height.

10
‘ Crack width 100)
9 [\
) e
2 8033 p fLCreck Vi 80 1 953 puim
EE s iy
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Fig.3. Aspect ratio.
1 WAL 57 & RIGIROHEER R
Table 1. Estimation of crack dimensions from result at magnetization
direction of 5°

Data Base |Estimation Crack {Relative Error [Estimation Crack : Relative Error
° Depth (um) of Depth (%) Width (gem) of Width (%)
0 Error  ~ Error{Error ~ Error |Error ~ ErroriError ~  Error
5 7712 ~ 7541102 ~ 77(971 ~ 983{ 1.7 ~ 05
10 80.0 ~ 83.1:142 ~ 18.7(947 ~ 968 41 ~ 2.0
15 833 ~ 89.8119.0 ~ 282|909 ~ 947: 79 ~ 41
30 882 ~ 120.0{26.0 ~ 71.4[680 ~ 81.2i31.1 ~ 178
45 1180 ~ 146.3;68.5 ~ 109.0) 639 ~ 709;353 ~ 282

3HR

(1) K.Fukuoka and S.Horiike, Int. J. of Appl Electromagn.
Mech., Vol.52, No.3-4, pp.1545-1551 (2016-12)
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Estimation Method for the Optimal Number of Turns to Maximize the Impedance

of a Toroidal Coil Considering Magnetic Saturation

Hironobu Konishi®* Keita Takahashi (Mitsubishi Electric Corporation)

1. FANE

BRSO/ E BT ET, A X7 2=
EUE—RKFa—7aAf (CMC) OEFEHIESFTRELE 72
%, CMC OFF T, MRfMmEEE L1256, BEHc
B L CEREN ML, SEESMETTHZ L TA
—H U ZAMETT 5, EEIEIBKAMAEELRNL ISR
WEFRT CEEHEHRT 20, NULOT=DITIE, 204K
WER/NRIZT 5 2 & THMEER a7 OREE f/IMET 2 24
WRH B,

AT TIL, A VX7 B AR, L E—F v ZADFHE
W, BRI R BB LT E T VB RES T
WBHDO, KERTILCMC DT/ 7 ) AZNaT it
W2, [N ET V& AWV TSR EZZE L, CMC ©
A V= U R R KT DB A G T 5 Rk B L,
FDFYM A FRRGEE LT R AR ET 5,

2. RETIHEZHOHETEFZE

Xy v FORWhaAf X Laf DA LT T B R
L[H] X, BXEN, HEOBREE uy [H/m], BMEEKRO S
e . [aw], EWiEHE S [m?], EIEKE [ (mET5
LA TEREND,

NZuop,S
= )

F 7o, WBIMEROBH R OfFnE 2 BB ET 5
7=ol, WRIRTIEBREE S IREESh TN D @,
— @
1+(§)

IIZT, Ep, q riZT7 4T AT NTA—H H
LB BEE[A/M] TH D, (1) (2) 225, dL/AN =0 £V,
A BY S ALDBE & 72 2B E I Nope 5T 2,

L

u=1+

Nopt = LI_Q(X)% 3)

_(2+p—pz—r)—\/(2+p—%)2—4(1+p) @
2

X =

22T, X @) EHETE > 2 DEMFITBNT 200
RNIFIET DN, A F 7 XA L OBZIEITHT D MIE
I, B SN O Rl 2 #7121, ffnls L 0 BwhesR
PETLUTIRMEZED LB X 5ND, ZOR0H, ARG T
IRKRED S SN DER NS WEEZERA LT,

EHI, BT IRBERLY, AV X7 X ANKEKE
RBMRBREOMEMAGFMICHF LT —HT DR L0, BRER
R (R R EMES A D DO TRV E B X,
X 3) 4) OEHIBEENS, A F I X ANRRERD
EESORMEE L TRADEHESNS,

d(Ing,)

d(nH) ®)
3. BREFEDREL
Q- DREAKICLIPEZTHOEE

AHEETIEOZE A RIET 2720, HilRO ha A F L
ANV EMBRICEM B ESHREFR L, K 1133 )
DIRT A —Z BB E R E RN OBREEOF IR O
BEZRT, 270 1 FEIBRITIEA o ©—F 2 ZFHHA
DXy hU—2T7F 7 4% (Agilent (3:Keysight) tH8d,
E5061B) 723k 41, 2 YOBEMRICIXE i EE B 2 HIN
T A OOEFER (KIKUSUI #:8,, PAN16-10A) & Ei
EIRDA = AR EMHT DD DZEERY 77 b
Jv ImH BEFNEFE SN D, BiRESERMEIEA 7 A a—
7 (Tektronix 18, MDO4104B-6), FEifi 7 @ —=7 (Tektronix
8 TCP0030A) THHAIL 7=,
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Network
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B 1 B ER G SR AR A ME O FHHIR
Fig.1. Measurement system for magnetic permeability

dependence on magnetic field
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AFEIZBNCTF /7 U AF a7 KEMET o
CMC (SCF39XV-420-2R4B004JH) ZfEH L7z, 227 O~Hk
%, a7 OBEr — A% B0IAEE I Z v JEOZENS
r—AEHE Imm EAE L CHEE Lz, £OMER, &1k
IS 18 mm, WL 22 mm, AME 41mm, ERWrmAIx
120 mm? , FEEKEIZ97 mmEFHEIND,

| WEBMOBEH ny, 2 WEROEBZE n, #1215
EL, HiEEEEZ 4A $TO2A OB TELEE, A
ERBE f & 100 kHz IZRRELA Y E—X R Z &I
E LT, FEEIK Z Sk CoMERBEBIE Y, 2258
77 "AOEREE IMHz ORBERT D X HORE LR,

A E—H A Z OFHWFER» B (6) LV HFEEME
DIEES w' %, X (7) KV HERE Y, ZEE L,

, _ Im[Z]l
" 2nfn2s (6)
e
e = (7)
T2, WHEEH [A/m]iF 8) THE L,
H=" (8)

L
B 2 \TIXEER U 72 e B R O R R fE P 2 R T, X
Q) LD T7 4y T 4TI H=0ICB D HEBREDOE
HHMENSRED p=17762 ZHIWIEHELE LT, ¢ BV r
WR L Thoh R IEE A,
=721, WEREOFERFERHX (5) THEEESNAA
VHIEARRRERDEIERIE, H=16~18[A/m]T
HDHZENES NI, ERREMESIE TORPRE
DA ETBHED, EFEDO S ROT—25%ANCTT7 v T 4
VI EERTHIET, ¢g=12.88, r=3.16 Z{LE LI,

* 103
20 PFI=17763 (H=0)
- 18 4 +  Measured result
E 16 Calculated value
= 14 Fitting Data (N = 5)
T12 [-opos d(in(u,))/d(In(H) = 2
B0 g PTILI0N ST
208
5
E 6
= 4 q=12.88
~ 5 (Fitted) \
0 ¢ *
0 10 20 30 40

Magnetic field intensity A [A/m]

B 2 Heig R OB R R

Fig.2. Dependence of relative permeability on magnetic field

12, X Q) ckviEohrkski2 BT 5, &
TEDBEINZEE, BRSNS 5%, Z R EKE 5%
SEMNEL L TWDZ ERND, K (8) LY BIREED
PHME AR TS L, 153 A/m LAY, HHLUZEEARE
ERTHD 16 ~18A/m LITLWETHD Z & 2R L,

# 1 BEREICIIT 5% S ROHEEM

Table 1. Estimated number of turns at each current value

B T[A] | BEH Nype
0.2 7.4
0.4 3.7
0.6 2.5

<3+ 2>FEBRIC K HIREE

B3I, BEHEA v E—F U AOBFRER LT, K1
WORTRICBWT, | KEROEE i n, KOEKRESE
W I B E LT, gl CHEINDEIRE 2 WOEHR (ny=
D ICELESAO 100 kHz (2815 A v E—F v A%
FEI L7z, 7ok, 4 E—F U AR RETHBIEL T
Do BEBOHEM Nope LA E—F U ADRKEELL
T 5E, 04A,0.6ADFEGETE, THIMND 1EBUAD
FECTHRRERDEZHPHETE TNDL I LR DID,
Nope =74 IZONTIE, 14BREDENDH DN, 1 E—
Z o AMEROERESEROLENICL S HONFK EE
ZTW5, bRy, BEFLOFMMEL MR LT,

1.2

- T S
Nopt =235 U Nope = 3.7

—

o
)

IS
IS
i
'{
'
»

@ 0.2[A]
- -k - 04[A]
——0.6[A]

o
[

Normalized impedance [a.u.]
o
N

=)

4 6 8 10
Number of turns

(4 3 Hcii 778 & H oD RMME & HEE B oD b

Fig.3. Comparison of measured and estimated values for the

S
[

optimal number of turns

4. FEHESHER

AT, BMREAMEZELHEICB 51—
B AERRICT DBEREWET D FEEMm LIz, A
VH Y B ADBE R ARISETIIIE TR SIS B EERE DT
PXZHEA L, BRERT L2 LT, BEEERNMET D
DOFKEH N Lz, 61, RO F /7 7V A& a7 %
KBIEZHOHETEZITV, R LERRERIEEHKE
BT DHZET, A E—F U ARRKCT 25 S5 a
ETEDZ L EHERR LT,

ASBIIAHETFEEEH Lz, BMER a7 oREO K/
{biCi ) 7= b Pk Z Rt 2 TECTH 5,

X Hk

(1) A. Ojeda-Rodriguez:EMC Europe,. 1-6, (2023)

(2) J. Allmeling:IEEE 13th Workshop on Control and Modeling for Power
Electronics (COMPEL),. 1-6, (2012)

(3) J. Imaoka:IEEE Transactions on Power Electronics,. vol. 34, no. 9,
9033-9051, (2019)
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EA FRT, EIRE

Ak, Y

AR (RINRF)

Study on Current in Conductor Line after Semiconductor Device Turn—-Off

Gakuto Takaramoto,

1. [FC®HIC

%< OBEREEITIE, HOAAL v F U TERERMIFA SN
TWb, A v F U ITRITThHDPLERBZTOX— A
S AR, ARELOEROTN S 72 E1XE ML
TEY, M- EROFESN L E I HZ L RZEDY) F
775 E OB SIS FHaa - RS CL B0,

— 5T, A 7 HONEER T L OERIZB TS
B DN TEH E D iEam S TRy, FlZiE, K11z
MEERL DC-DC = > /8 — % ORI 22 [A] 16 & 79773, FRAS R
WOBIZ G EEA L X IZANGDTED N T DAL
(Tr) OF—FT7EFZIZBNTHHY — T 7HIOERE
MEo LT 5, BEICHES ST, Tr DF— 0 7 HEEITERG
PIZIREIE D & 95 ICEVEWIZIRIL D Bt 2 EBRAICH S
ML TNDHO,

ARETIX, AA v F 7 BRICEBT 28 EFE O —
VATt AR LT R R BT LT, BT Y 7 R
U= 7 &AW CEROW R & GRS BT A
LT LT,

2. R4 Y F U EBROEERERICE T HEHAEN

2 - ISR AA v Fr S BRI ECRERET
@&~yﬁ7%@@%%ﬁ%¢ét@ X 2 (R TETRIR
EAL v T, HETTHAR SN D EMERET L E AV,
X 2 DOEBIZERINT Y 7 b7 = 7 (JSOL; IMAG-Studio)
AW THT L=, AfaCiE, ERoOMmHEIRE EHE
(g - mS w=h=3[mm], Brigff4 =9 [mm?]) BLUE
Ji (0l w=9[mm], & & h=1[mm], KFAEfEA=9 [mm?])
D 2 FEEHDFMTHERIC DN TR~ D,

B LI0ID 9 ARFTNTWEZbDE L, t=0[s]2 ¥ —
CF T ORRMIEE L, SEFYRRIL 10ns ICRE LT, #—
VAT LTHE 5<1<45 [us]DHFFHT 5 ps = & ICE A
B D B B 53 AT 36 KOV AR AR DRGSR A AT L 7=,

_—_C Load

X 1 EEF”H/J&[&FFF” DC-DC = v /"—% DRl
Fig.1. Typical buck converter circuit diagram

Makoto Sonehara, Takumi Umebori (Shinshu University)

Turn-off
atr=0
f Conductor line
(4 =9 [mm?], /=20 [mm])
Cross-sectional shape:
(a) Square (w = h =3 [mm])
9A (b) Rectangle (w =9 [mm], 4 =1 [mm])

2 FENT T BERE T O F — 4 7 % % g L - [
Fig.2. Equivalent circuit after semiconductor device turn-off used in
electromagnetic field analysis

1 e =08
,_" 875000405

l 2 50008+04

. =1.8250e+06
¥ +06

=3 5500006
=3 8750e+068
-4.20008+08
-4 5250008

e -

(a) Square

' -1 4750008

LhbAbbAliliddls
i
EEERERRERRRRRRERS

R iE

|| mm— | l z
(b) Rectangle
B3 ¢=5 [um]IZ 36T D - EHR 0D BEHLAE BE A3 AT D fRHT s 5
Fig.3. Analysis results of current density J distribution for two types of
conductor lines at =5 [um]

abd

L2 2>EMTRER KBICRFELLTH—r A7 LTS5ps
K& L7236 (1= 5 [us]) OFERRO BT BE /340 O fENTHE
BaaRT, X3 L0, A oBR S ERSRCITRR T
M EOEW (J>0), BRI CIIMERME U<0) OF
A, ERANELWVEWVCHENDEBRAELSZ N
HoMNote, £, BRBEELZESTLEER, 772
DPHLEERELTIL0 A ThDH, HFEY BIXEHRIMU O
ARG EIZONTHRRDTETH D,

BEE AWFZEO NI, JSPS BHEHFSE R B A (AR
B ; 25K01240) OB AZF7- 6 DT, I ZITEHT 5,

3wk

. ﬂ:'/—‘»—l»/\J\jc o

(1) ZEHIEX - FIH=E " : BERFESH D, 137, 2 168-174 (2017)
(2) PHARM - AR AR - VeREECR - 2T R - AR - AR
% : RT BXFSARE KRS, 2%um2)
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EVALUR—=FFry—Vv—H
AR Y — = b T A DI
BRE SR, EBF S, MRUR Ak ({RMORSE, Epulse, ‘eDEN)

Fundamental Study on High-Efficiency Leakage Transformer for EV Onboard Chargers
Kento lida', Atsuya Ueno*®, Makoto Sonehara’® (!Shinshu University, ’Epulse, °eDEN)

1. [FL&HIZ

BiRFALCH =R = a— b T VAT 2B A & L
T, TEEU T A OSHIZBWOIEXBHE (EV) BEN
ATRHICER Lo>oH D, EREIENICBW T EV
R EOBEE A RERFOIFHERE LTHHAT S V2L
(Vehicle to Load) #7233k 50TV T, 2024 45 1 A ORER
PEHEOMHKHTIERA IO, V2L i &3z
BRIF 2  R— 2 7 E TR SN DA R — RF vy —
¥ —BYBERARTHY, TOBHERGEEEGDDH T &
NAFEIZR>TWD, £7-, EVICHEHE SN D 7=/ - fi%
FIZLRITIUTZR B0,

BEfF DA v AR — R F v — U ¥ —28BIT A HafEHIR 5 W =
V=120, CLLC #EMH DC-DC =2 > —& A< £ H
ENTWVBHD, CLLC £ DC-DC =2 v —& D3R~
7T, B @IRTEIITHEEREOEW R TR E 2
DOHIEA T B AT OB TERTH D, Lol
TRIND, MKELE 3 SEHAT D720, ar =2/l .
BRE(LOREEL 7o > TR, BABBMEROK T OHERIC
Hg o TN B,

FTITEELIL, FTURAORNEREZHZTEL L,
NIV AE 20D E T B E—IKMELIEK 1 (b)IRT
==V T UREBRL, MF L, ABRTIE, BIE
Lic) ==Y ho 0 Re, BFEORIEZY 7RI R
BIOS &2 (DI, HRIEX 7 BRI & FEFR)
EENEFN L AR—2 2R, BAEBNROIZAMED
S LI RIC O VW TR B,

2. )=H—DFFURIZTDNT

X2 B L7ZY —7— b T v ADHEERT, b
IZIZ CIP =2 >R Y b (Micrometals § ; T130-2) % v 7=
faA a7 2RA L, BHFRICIEH0.55 mm DT AL
B(FA F—rn R 10155286) % AV, — A 29 turn,
TWANZ 29 turn & U7e, BEFfFOILIES > 7 ARG IZ I
AT, R 59%E L, BEEITK 62% Lz,

3. CLLC #%iRZ%! DC-DC a > /\—2 DEHE

X 312X 11233 < CLLC #£:RE DC-DC =2 > /N— X D
NEBNROWPERERZ /T, MEOHES b, BH=R%
HIE LB o HIEREORMIZEZT 5, Ny T UV —KE
FFENZBNT, AJTEE VL 230~315 [V]OFPHE L, H

JIEFE VolT 310V & L7z, 15T Po 13 100~900 [W]D i
FTRRBLZ 100 W A2 5 X 9 ICAMEELSET-,
F BB fow 1%, 250 kHz, 300 kHz, 350 kHz, 400 kHz
DAGME LT,

X3 Xy, V=rr—Y 72/ CLLC HiER
DC-DC 22 /"= Z DN HHRZ 7 FRERER S & T [F]
A N=F L) EEINEBNERETOFRETELS 2D T
EBRHAL NI, TRV — =Y TR ELTH
W4 v 7 AR ZE — R b L7z 2 &I L B |2k
PLRRSY DIEISe, K687 CIP = VRV y baTIic L 58k
BORBNEEZLZ2ER EZSZ OND, BELHIE, V-7
—V R U ADERGBEORERIZOVWT LIRS TETH
Lo AL, SDICENEBNENRELS RDLLICY —7
— T b T U ADERLOMERCTE, BROL T K MR
T2 TETH D,

BRE O AWFZEO—EBIX, JSPS BIEEAFsCE B (g
B ; 25K01240) DBk AEZ =6 DT, Z ZICHEHT 5,

2.1 uH

100 nF /\ 100 nF 100 nF

h :];:/ZQ”“] 100 nF

e | [

(a) Conventional type (resonance tank)
1 CLLC &4 = o " — & D[Rl FEIX
Fig.1. Circuit diagrams of CLLC resonance converter

(b) Leakage transformer

Output current /, [A]

100? ; ; 3
] e 00 z
- et .\ A4
= 90+ : A - J
: = H Ak 4 4
Outer diameter: 34 mm = A
pso- © 3 4 ,
=
8 A Leakage Conv. fiw
2l 4 gl
Inner (@O 1300
Height: diameter ® A 350
33 mm 60 4 ® A 00| |
== A ‘
0 500 1000

Output power P, [W]

e =9 4
X2 fEflsniY) —r—v X3 CLLC $ERA = > R—%

N ISR D U TEAE A
Fig.2. Fabricated leakage  Fig.3. Measurement results of power conv-
Transformer version efficiency in CLLC resonance converter

3wk

(1) #RIFFEZEAE HP: https://www.meti.go.jp/policy/mono_info_service/
mono/automobile/cev/cev-utilize.html (accessed 2025-12-26)

(2) Wolfspeed HP: https:/www.wolfspeed.com/knowledge-center/ article/designing-
with-silicon-carbide-in-bidirectional-on-board-chargers/ (accessed 2025-12-26)
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Investigation of adsorption force by pulse driving of permanent electromagnet

Yoshimi Kikuchi, Shuri Nakashima, Hiroyuki Wakiwaka (Shinshu University)

1. FALE " N z Coil
AFILTIL, KERA (EPM: Electro-Permanent Magnet) k\
DAA F o T F VAN LY Ei L, WaENITRIE Magnetic core
R BV R E & SV AT OV TR LT,
W 771% Maxwell JE7112 XY B2S/(2uo) & L CTHEFE S N,

NdFeB(N35) L
V7T 4 v 7 Wik IR ST S, NdFeB & AINICo AlGCE
DFLERIT LY, SMBE R IR R L, &l

7V AIZ LY ON/OFF EhfEA 1T 9 EPM M3FEIL 4, = D% Adsorption Core
FHRER & W AE N BRE S s, EPM IR HAFSERRE & L
T, EERBREERE S MR e Uk ZET B,

BEEA Bl ¥ v 78 L OB O MBS EHT X 2 FritEdk
ERRLONTWD, LML, 2V RABREIRFZRIT 5 B
T B & SV AW E T RAF T I OWT, HEE &
HERIEZ 2 WE LI 20 (1)(2). AWFETIX, AR

X 1 EPM O
Fig.1 Structure of electro-permanent magnet

# 1EPM DT
Table 1 Specification of electro-permanent magnet

Core Crosssection S 10 10mm?

PR & FERRERIZIES &, AINICo D BRSO BRI = Adsorptioncore 30X 10X 10mm?
B &L 2B DV TR L 72, Magnet  AINiCo @ 3,5mm X 10mm B, 1.25T
N . NdFeB ¢ 3.5mm X 10mm B,:1.21T

2. kL ERAE . — e

. . -l VI 3 O ER A B HERE Coil Wire @ 0.31mm x 440turn ~~ 3.0A

! LQTT;—J: D1c, EPM OffiE - Gap Teflonsheet T 0.1~ 1.0mm
o, OEEH%2HT% NdreB L {E4-FH /10 AINiCo,
QWi EHRT DAL, OB Z T 2 BEMEM BT 12 p—
bDH, X¥x v L, WK =7 (SS400) & WAE T & ORI o le (_. ce 00000
0.1mm Z§&F 72, EPM OFEFHITLE K LITRT, A /LE Z
HitiE AINiCo DEREF /LA EIZAH Y -2 Max3.0A (124kA/m) E 5 08 o\e © o oo o

w

THIT L, I@AERIE 2 A L ORFESZ B LT 40ms & L g o  \l4sa \ L5
- < 06 1.32a\ 12

’ ] g R EE XK
3. $ERLmE S04

= N il
<3 ISV RERICE2WAT WIS, eAT U <02 | 1:1204
AREED AT A 2 v — N —TICRET D2, 7L R
0.0

S _ . . L
" it-2. 16 A(-89KA/mM) Z FIF] L, NdFeB & AINiCo DRt F 01 23 456 758 9 1011

MZBAVICHEMERE Lz, KIZ, 7ULRERE 0.22~ Number of pluses, N

216A ZFEIRI L, WA N &RIE LT, £ ORER, REETHHY

200kA/m 123 L 7= 135 AINICo DRl 471 43 K L, 2 7SV AR & B WA

NdFeB Ll HHI L 782 = & MR X7~ ZHUCEED, T Figure 2. Adsorption force as number of pulse magnetization
AENNFBWRITHINL, FAFMEIC/R D Z &Ry T, ‘

<3 2> ERIFHIC £ B 210, SARTA o

RTG A= L U AR 55 T E2 R, & (1) F.Ochoa, T.J.Dodd, USES Conf. Proc., 02 (2015)

RERIKL N=4 DL E TR Ty faf L, S HIS/ 9 AT 1.48A (2) 451 : %5 34 1] MAGDA > 7 7 L 2, 0S-8-4(2025)

PUETIERENNEE—FE L RDZENmD T,
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Study on degradation factors of Sm2Fe17N3 magnet properties in the sintering process

Atsuhide Nishiyama®, Yuta lida, Teruta Inoue (NiterraCo., Ltd.),

Ryosuke Oshiro, Masaaki Takezawa (Kyushu Institute of Technology), Akihide Hosokawa, Yusuke Hirayama (AIST)

1. #E
SmaFe1Ns (i W EafnRi ks L OV G RS2 L, MitEL
PRI D T DK ABAMELE L CEWRT vy Ve H
LTWdE SN T, BUERBEEERES D BRITHARRE
ORMNEZETEETLE ) Z EAMEE SN TWVD,
Soda S ITMRIERN LEERE F TO—#HO T 0¥ R & ({fEHE
FHKIET D Z LI & o T, BERERHCOREE ) D33 2 8L
L KIBIZIHITE 5 2 L WA LT D031), 82
1k LBl 728 S cn e, B ELISClri—agiic
SR T ORIRE LT, RO KAERIR R LY
KL DA « KIBDOAFIE, WINTEHE DR L3 b T
WD), (KEEFRIRPHS CHERS S472 SmaFerrNs DK TR
KIEEA & 2072 > T ey, Kerr ZREEMSE % FV 7= 14L
IRRZEEHBLES A Sl L 7oAk L. ARt O TR BRI L IREE D &
ZREXAL A L Z AR R S UK 1), T ERRET S
Z LAY SmoFerrNs BEREREA ORI RIS/ 2D LB %
7oo FIZTAREL, ZOBIBIFE R L TRk % 2 RBIER T
EEMEAEDYE, RENR T2 &EZTEREZFE L2
DT, ZNERET D,

10pm
D ———

1 szFeuNgEZ'ZlZEE%—‘?%%
Fig.1. Magnetic domain observation of SmyFe;7N;

2. EBAZE

Jua—T7Ry 7 AT CTERE L SmaFerrNs F50) R & B Ik
BREDFTA P —ICTHEBESED Z LICk > TRE R 24
b, ZOMKE IR 2 A AFIZFTIE L, 2 T O
GHRTHEST 22 LIC k- THBEZED , ZhEaEZER
ST CEEOIENRESRMGEO b L @EMTEREEEZ1T S
LCRERSIR & Lz, Z O—E 0 TRINE & Ml L 7= 52
FHRHAXTEBINTVD, BONREERKEICS LT,
WA % PPMS-VSM (2 & » T, REXBIZR % Kerr Zh5L0H
WEEIZ Lo T, MRREBIZL A2 FE-SEM, EBSD, EPMA (2 L - T
A 4T > 72,

3. #R
<3 - I>fEARRIRR D A
Kerr 2h SIS CHCRL T OBA LR N3 2 & A3
WENTz, SEMBIZEDOFER NS, BRI IRINFE > T
W2 Z LR S T, — T BERERRISRE AR RL O RAE
I E TV e,

<3« 2>hI RO

SEM-EDX <> EPMA OFEHMN 6, b =8 S0 ki 744
[HIIZ Fe <2 Sm ORANIFET D Z LR ENT-, Thb
& [Fl—HB OB 528 A2 Kerr 2D RBEMEE CRIZR T2 &,
6 OB ORAL KRS8 M O & el U CRERD
AR ATRTZ LT o1,

<3+ 3>KINDED B

EBSD DfER B K1 OfEsa M X 585 4 Hl L7,
o LR R ORI S % Kerr 20 RS CBlEE
T DL, TND OO ERZEE A Mt DR & bl L
TRHBRNREEZRTZ S ehoT,

<3« 4> KN DR O B8

SEM-EDX <° EPMA DR 5, —H#D Sm-Fe-N #&fbhi
D HIZ Fe =0 Sm DIEED SR MEAET 5 Z & D3R
N=(X2), i b & [Fl— ¥ O bR =S 2 Kerr 2h 581
MEECTBIZRT D &, BB NE < B O EERAL
REETERIRAL A Z LTRY . KNRHTIC & B 1R8~
DFNEENH D Z EDRHER I N, YHORBEKRTIEIN
B OFEMIRT — Z I OWNTHIET 5,

' 4

Fe-segregation

2 {wHT % FF-> Sm-Fe-N BIE34E (4 Kerr B #E, £7:SEM)
Fig.2. Observation of Sm-Fe-N with segregation
(L:Kerr-Microscope, R:SEM )

3k

(1) R. Soda, et al., AIP Advances, 6, 115108 (2016).

@FENNRN, KARA — R LS - (2007).

-116-

2026/3/12~14 &

©2026 IEE Japan



2-102

ﬁ£@§§%§§EE§i7FVE§gL/fiEthenNg§§
JE A 1 AT DG X B 5%

Ry sudr™, 1

B3 (JUNTZERT), Wil
FEZEER) , MBS, L&y

B, i SR, b OBOR (H AR 2R

((FEISE) PE R BANFS B AR FERT)

Magnetic domain observation of SmoFe;;Ns—based sintered magnets fabricated in a low—oxygen atmosphere

Ryosuke Oshiro, Masaaki Takezawa (Kyushu Institute of Technology),
Atsuhide Nishiyama, Yuta Iida, Teruta Inoue(NiterraCo., Ltd.),, Akihide Hosokawa, Yusuke Hirayama (AIST)

1. [FC®HIC

SmoFe17Ns R BEMG A 1L, Nd2Fe1sB SREERE B 2 BT 55
PRER T E LT, &7 BEBNREE & R om
EREENTVWBEOLO, Z 2 TAMFETIE, SmFerNs RLE
AT IRBNT, fERERRLFUTARAT L 72 Fe 238310 O ks O
SEEEIC S 2 DB EH LT D201, T L7z Fe @
JEO TR R IZ B 1T DK HEE A L AR, E DRI
DNTHEELT.

2. EBAE

B UI=REL O RE % Table 1 (2 d. 3BS85 m A
BE LT-th, BER Kerr ZhRBEMST 2 A\ CRlBL R m OB
FABIER LT, ASHTERE L7 O THBRIRRE 2 D X B2
TR, FDH%+50 kOe DIV ZAERA L2, —1 kOe @
W L N U 7= O R B REALAIRTE D RE X M % B L 7.
& BT SR 2 —7kOe F T 1kOe T2 &, Fefhiz—50
kOe D7)V ZARER 2 FIM L C, XA IE D2 LA B2 Lz,
WA B ab [ CIXHE Kerr 2V CHNML D %, ¢ @ T
VMR Kerr 2058 CRAL OB /> 2 BlE2 LT,

3. ERHERLEER

Fig.1 %, ab HEIZHW TREEERIFUTIRIT L7z Fe 2501
B L& ERWEEF, Fig2 13 ¢ T Fe [RT 2 & el & &
FRWVEBF X LR THD. HFTHEYVOSLE
FATASRLRUCRAT L= Fe TH Y, TDOMOATEY D51
7o R IR ARE R BE CRE AR IE b (BiE) D3RR S iz
fEdRICd 5. Figl £V, Fe @D & 518 & 72 EEF T,
PO X - R DBIBICERNH o T2 b DD, Bfbs
LT OV T 5 Wl AR DRI, Fe RATIZE D
REBREEIR OGN o7z, Thbb, K TO Fe fRbr
DS P ORER RO RBEN KT S5 HBIREN TH 5
EEZOND. Fiz, WO X DRI OB OZERIZS
W, BIEHEFICLAIEO2x2EET DL, Fe fitric
X ENDH S T- LITWETE 22\, Fig2 [ZRT ¢ O
ZIZBWTH, Fe @rod 2818 & 7o WHEF T, JBilsGRE
BT DREEREEZ IR ERITBE SN R0 o T2,
PLEORER LY, FERRIFUTHRAT L 7= Fe |38 BH RS fbks

# 1 BB ORME
Table 1. Characteristics of Observation Samples.
Powder .
Sample |particle size | Hy (kOe) | B, (kG) | B, (kG) Obselgvnag“’“
(um) P
A 322 5.31 12.57 | 10.96 ab-plane
B 322 523 12.72 | 11.04 c-plane

Slagrenziien
i Eﬂ 110 jam

[ 1 ab 04X B 225 5

Fig.1. Magnetic domain observation results on the ab-plane.

Magratomice

2 ¢ i OREXELES R

Fig.2. Magnetic domain observation results on the c-plane.

ORI R E BT EZ TV EEZLBND.

4. £&6H

SmoFe7Ns REEFEREAIZIVNT, KR TD Fe fRbTid)E B
DFE SRR ORIE TR E B 5.2 TN &30
STz A, ARV IR T & T D SR
PREEDIRTOREZFH L T Z En#iffEsns.

U N

(1) @AM, FR 2 SCRE A SLRER B m P EE, 145,
188-193 (2025).

(2) Y. Hirayama, Z. Liu, W. Yamaguchi, K. Takagi, and K. Ozaki,
IEEE Trans. Magn., 59, 1-4 (2023).
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Changes in the Magnetic Domain Structure of Nd-Fe-B Sintered Magnets Due to Heating in a Demagnetizing Field

Yota Hironaka*, Yuji Morimoto, Masaaki Takezawa (Kyushu Institute of Technology)

Norihisa Matsumoto (Mitsubishi Electric Corporation)

1. [XIL®HIC

BRABEC A7) v FABHEOE LI, BRET
— X A OKABEAIIE S B 72 RN EARD ST
%, E—Z WEOBEAEHIIND 5 BSREMEIS I L DR
AR A T B -0 DR EEHT A0, ZhET
ICEE DL, BAE IS TIOBAEATRTIC X % Nd-Fe-B RBER 1
A OREEAFEEA PN TE N0, £ — X ERRHIER
T ABWREINZ SN TIEFFICZE SN T W e h o Tz, A
Fo TR, BN RS 2 FUIN U 72 4R B8 TSI J 4+
BE2TH 2 L CEMBHALEZHR L ZBOBREEZEL
EBELC, TOEREHONITLZEZANE LT,
2. EBRAE

BEREHCIX, #0014 T OFRBREE £ 1 MA/m O
171 % H 3 % Nd-Fe-B SR BEfE A % F T, B8 Kerr 2
SRS 2 T, RS 2 N L 72 VR EE & HIIN L 7230k
BT OB L AR MEZE L2 BlIEE LT,

BRI, BB A 48~50°CICINENY % Z & TIT o 72, &
WE7 10 & 130T & D—2.7 kOe DR DA M L 5 BEIXAE
EDOEA & e LT, BEIIX 1 IR FIETHEm L., [F
—fRE (8 f¥) ZxIgE LTRHMm L7,

3. ERERLER

8 FEF TR 800 fE DS AR ORLX A G ZBIZE L=, X 2
W2, BRER OGS LB DGE T BR%, Rt B
FOERICKE LT BROBKBIZEOR R A R, 2 OfEdANhL
T, BMHECHLEZMRBETH Y | BBAORNGEAE T
WXL Lo TSRS . SR 0 & 554 CldZ Ok
W47 100 DREAC R 23 % A 2 B O RE X AR O HE N A3 B 2%
ENte., £io. BEROAEC & - TRRAEE O IsE
WS SN, 202 S, BRI AR E O EKIC
WL RIELTNADZ EEZREL TIN5,
4. F£&&H

Nd-Fe-B SREEARERA TN T, BREAOA T X - THE
FAEEZ LN B DS N BB SNz, A%, IS EN
IR DHREEE LB BIET D TETH D,

2Ed

48~50°C
48~50°C+
2 7k0e

175C| DEE ]
H8 ozr TEEL AR SE O0® TEEL B

il e

]
nEERENEE =

X 1 ISR OB TR

Fig.1. Observation Procedure for Heating Experiment

LR ¥
OBR OBR
I
g
+
RS

e | [t ]
X 2 FRith, MEA, ZIRRE L OBEORXE

Fig.2. Magnetic domain images after magnetization, during heating, and

return to room temperature

Xk

(1) TTEEE S - BASHER - ARAHATR - RAAHL -

XT A v 7 AL, MAG-22-080 (2022)
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Grain boundary diffusion of Nd-Fe-B sintered magnets with La and Sm additives
Akihiro Hirakawa, Akihiro Yamashita, Takeshi Yanai, Akito Iwasaki and Masaki Nakano
(Nagasaki University, Mitsubishi Electric Corporation)

1. [FC&HIC

Bk, KAAE—X & L TR fibhTnd
Nd-Fe-B R, PEER (HfAHRLY) , E®
W7 Efka I SN TWDR, F2U—
IREEN—#RA0IH 310 ‘C L 1K<, 100 CULEDE
BT TR OB EL D, 22T,
xEV Z T 150~200 ‘CO iR T T4 5B
1%, Th(F /L 7 L)% o i 7y 08 o0 38 2R R

L, =R TO Nd-Fe-B &l ORI % 18 E &

SR T COFERAEERAL TS, LarL, EAML
ForFEE, (1EEEND 72 &k, (2)FEH
BWICHE S TWA ), G 27 22 5%
DWEENRH Y, ZOMEHEZR S T A4 72
INT&T, Z2OPT, HEHIE, Nd-FeB %bE
FEBAICH L La(Z v 2 B L0 Sm(~ U 7 L)
ERERNT 5 2 LT, ORI ORERE DR
R°@La, Sm 2SRRI T 5 2 & AWt
LTunai,

AR T, Tb & OEA LIETHEORIRIERIZ R
5 La+ Sm MO F P—RE2HRF LIZOT
WET D,

2. EBRAE

BIRYER 233k E LT, JES 1 mm O
Wt 7@ (La- Sm W& : %) &4
7@ (La-Sm HIE: V) ZHfF L, &4
» Y v 7R @I, PLD(Pulsed Laser
Deposition)#: % H T, Tb-Cu MK % MK, &
FE . 800 CCEVLEE A fii L 7=, RERUFIEIZVSM T
HIE L, S X RErcalgE L,

3. EEREFERRUEER
K1, o708 XO@ICBIT D RIFYLE
IZBI D BREBLELEE & A ORERE R LT

Wb, RiER2G, BEfTHEASZREICEE RN
Th-Cu ZHRIMAE 4BV TS, La Xk Sm D%
BRI E DT VRO REENRREIND,
BARAOIZIE, BRREBVOEERERAS 2 RERILL EIZ2e -
725, La, Sm OFMENRL WY 7 AODO R
B, BT AQOREEN LY b Rk&EL< D, Z
DOFERE LT, LaBLSm OFMENZ Y
T NLOIZBNT, FEERRLR =B A% .01 La -
Sm 2MEHT L, ZHIUTEE-> T Th e FOEA LT
RORLTB~ZhAPER - Bl S L7z rREME %
TRIZ LTV 5,

1000

e ®
S o
'MD»O‘
>
L]
L ]

{REE I HC[kA/m]
=

| A:HUTLO

200} ®:HUTILO
S e m—
£ 3 BRI RS R [h)

1 %725 La, Sm A EOY TR D
Th-Cu KL FHEH DO PRSI R IF T8
Fig.1. Effect of Th-Cu grain boundary diffusion
on the coercivity of samples with different La

and Sm contents.

SE R
[1] Bl A, o, PARE « S 3FEEXRF
SAEE RS HEEESE, No.2-84(2021).
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Experimental Analysis of the Influence of Mechanical Stress on Core Loss in Magnetic Cores

Ryoto Nakayama, Yasumichi Omoto, Koichi Shigematsu, Jun Imaoka, Masayoshi Yamamoto (Nagoya University) ,

Shusuke Furui

1. [FL&HIZ
TR, HERIER LR O —8E L THERENE AL T
FEXHBHEMEV)IZEXABHEBEV)E B2 =¥
/%ﬁb,ﬁﬁﬁ%%DODc:/A~&ii///ﬁ%u
BB SNDHEANE N, TDI2, Y VEIERICR AT
2IEEN DC-DC 2 v R—F TR S, DC-DC 222 /3 —
Z OWNEEREL, FFC b T U A e EORNE 2 TICIREINN D
B, LIENoT, 2V URBNC L 2 27 OB Zi LT 5
Z L%, DC-DC 2 "—H OFHEMMHMROBLEN D, EE

RIETH D,

COEERIRO—FIE LT, EREORLTEX1IDOLS
W E 2R E BT 7 2B E T 2 iEN A SR
Tn5,

L2 L, &2 IZhTaricmELENT% &, DC-DC
AL NR—=Z OERHEMMET T 2HEG D D, L) TiX
TS 71 28 % BRI C 1B NS5 2 & 23 —M%I2Hn
LNTWDZ EnD, HEXITRICE > TaT Tl 54k
BRI B L KT LR, BHRGROK T2
WD ATREMEDS & 5 ),

70, HHEAEA DC-DC v "—H(E, =7 arh—
TR, A —TF 4 A ELERARICER S LD, ZLb
DA T K ) THIFENMET 2 bif TiXZ2v e, DC-
DC =1 2N —Z [ IR A MR EE T OB ARV, Bt =7
DR ($RHE - #:3) 13 DC-DC = v — % O#HE R D —H
DL, BAMREICIIERICIRN D B /NS W)
SRR U, MBS SR D3 @#iﬁm Lleb, £oT

X 1 Wéi&h@%gw

Fig.1. Implementation Example of a Retaining Spring

(NIDEC MOBILITY CORPORATION)

BAROFFIEZ BT 5 2 L%, EEESM T ToRhERL
FOEHMER LICE S 2 BERRETH D,

T TARMIZETIE, 7=J4 a7 ITaExZ ML
A@ﬁ@WM’%EL a7 HERExG L LS 23
\Z K DREAVINFER 2@ U T, $RICE 2 5582 R
ICHBMNZT 2,

2. EBRIRIE
AW TIE, EBIEROT =54 =27 (DMRI6A)F
TRGFEE T T, a7 OFERMEMIEE R 1 ITRT,
HEWM@&E-%%;UwE@Eﬁﬁ%ﬁﬁfét
AHFFECIEEAREZ AV, X 2 [ZREORML %, X3
1R BN OB Z R T,

BIE OB B Z T 5720, 1R 21503 5 BASE
@Awﬂ%(Tw\MwAkvﬁz/ﬁA@é@LsmM
I% C2801P/C2680P Y (i & Hifh>&4x), SPRING_PLATE I3
SUS301-CSP-3 #l (A —RAF7FA hRAT UL R) T Th
HIEREPERCERI L=, Zhic kv, BIER R a7 HED
*h%@WM®&%ﬁ%¢é;5’bto

FAROWEICIX BH 774 CER@EME AR
SY&w)%%wto%@zﬁ 2EMAE R 2 1T, Eh
HRER L OEDMEAEL, M Lz Bl 27 OR-HEICE
SWTHMH L7z,

PHEAETRERETCER L, 2EL F—BRET
TITo T 57, MESHFORELTHOLEII/ NI N
EEZBND,

1 3T OMEBHRE

Table 1. Core material properties
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Characteristics Values Conditions
.. . =10 kHz .
Initial Permeability | 3300+25% 25C
B<0.25 mT
Saturation Magnetic
. 540 mT
Flux Density
: : 1194 A/m i
Residual Magnetic 25C
. 55 mT 50 Hz
Flux Density
Coercive Force 10 A/m
©2026 IEE Japan
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Core

. 340
™
£ 335
SPRING_ gy
T 1 ] e S it E 330
[ | | . 5 l:‘bTorx screw Tﬂ 325
R ”
= L= PN al 20
— =~ 0 100 200 300
SHIM(1Tmm,0.5mm,0.1Tmm,0.05mm) Load [N]
M2 jhE-E

B4 Bw=200 mT (Z351) % fif & & $4F 0 BIfR
Fig. 4. Relationship between Load and Iron Loss at 200mT

Fig. 2. Fixture Parts

= FRstiE, REMERFR O BHRZERTICIE < I bR TE Y, 31
- - - S )
y WWWWWW 5 TRINDHO,
| Pey = k- f Bl €)
T, PRI, AR, Byl SRR,
k, a, BIZAZA LAY I NRFIA—=FTHD,
TUAT A TIEoTEHELNIEZAZ A A Y IRT R
»_—y %T_’)EHI/\, %%k&%{ﬁ& \— Téﬁ%*EPCV?SE%*E/:E L/j:—o

M3 AHANLTHRDOIEESME

Fig. 3. Assembled Fixture Appearance 417, S IRERUERE 200 mT DA ORFE & SHA O U %
Y, K4 X0, BN 2 EOEIMIEN, AZ A Ay
> A D THERE L 72 4B Poy s 23 BN 3 2 {170 23 e

#2 BH7 74V OLRBEM
Table 2. Main Settings of BH Analyzer

I,
Items Values ZOSEEMOERE LT, WEOHIMZE D =2 7HNER
Effective Magnetic Path Length 83.80 mm TR N U, REKREYE D25 L RoRGRERS B O PR E N
Effective Cross-Sectional Area 361.60 mm? BlXEISND 2T, EXTFY L ABEFITEEREN
Primary Winding 2 turns HIN L7 ATRBPE N B 2 & Zhé

Secondary Winding 2 turns —5 T, ON 25 12N (ZhT TEIER —BRICIE T+ 5
Phase angle 80.0 degree WERENBR SN, ZOERKE LT, a7 LA 2E
(Current-Voltage Phase Lag) T OB T X A BRI 2 98 EOEINC X » CTERE
Maximum Magnetic Flux Density 60-170 mT XN, BT Xy v ITRES L EZ NS, I
Measurement Frequency 90.0 kHz I &0 B oG A B L, SRS BRI LT &

HER E A5,

aTICHIINT A EIL, =7 & BASE ORBICHi AT D 4.
o & 2k S LCEE L, R, M 5 (
SHIM O S & ZHH 5 2 & THRE LT, F7, MifitFo T =T b T MRS ) % EI L 2 OB

: % %0 X Ok .
REOSENIOED, PRI ARTORE LT EION gt e, SRE LT, AT SR ROMIH
" - WERIRABIINT B = & AR LT,

RIFAECHL, 0245 N DRIAC 12 BEOBRRERE 4 it e coria (EWT 5 B2 W B 0T 5
L/y %*{4: \—XTJ‘ LT@%T/E\{EUE %{TO 71‘;0

ETH D,

3. ER#HER

BAf RO ERMEI TR R A E BL2® BH 774 % i
P ORI CTEREMEN LA TIESL 2L 72w, Wl Lo
(RAEEERET 2 - L ITEEETH S, (1) & R, K& M, +% L, Am FE, 0 f . HBH S

N . . n AEFI, F“7‘JT T D M7 A1t ARG SR O BRAR R DA@T‘”“

% :ﬁ%ﬁmﬁ_{%&f@%{q:%ﬁ# Lf: j K"C“Hﬁ%& ¢ 67\’1:}? /ﬁ\i‘g, VO].30, N0.2 pp.196 200 2006. o
%ﬁt 5 f: &b» ﬁ'% ’;) ﬂf:%{,ﬁﬂﬂﬁ&:ﬂ LTAHZA LA v “/ji%:'; (2) Kalina Detka and Krzysztof Gorecki, “Modelling the power losses in the

. . = N S e i e . N o ferromagnetic materials”, Materials Science-Poland, Vol.35(2), pp.398—
REHNE 7 4 v T4 T RFER LTI, AZA LAYV 404, 2017,
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Magnetic Properties of Dust Cores Made from Iron Powder Fabricated by Plasma Rotating Electrode Process

Yudai Kodama, Shigeyoshi Yoshida, Saijian Ajia, Sho Muroga, Satoshi Okamoto, and Yasushi Endo (Tohoku University)

He B2
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JEBEOAME 13 mm, NEE 8 mm, & S 4-5 mm) D/ERLE
WZDWTIE, MOSCEROIZEEMAZ IR X TN A DT, Z 2Tk
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MR E L OVERL U 7= B o & BERFFEIE, SEM, VSM,
AVE—H AT F T4V EHOTHHE L7z,

3. BEBLUEBR

X 1 {2 PREP #6803 (A)E H AT h~A XD SEM # %
R, PREP SRE3A)NLT h~ A XgEy & ik LC, HEE
NEL, RENPEOLNTHD I EPHERTE S, £, PREP
E(ANZIE, TT T4 MRBTFEE Leh T,

T LIER LB BOL OB L & i R B, iR
%79, PREP 8625 72 DR TIL, MOBMEKI D 72 DR
DEWARTHEENREL 2D, SMBHEE R L OWEBRHEIC
ST HE L Ao Tz, 2, PREP 82 Mo fyoR & b
U CHARMGHBDIRNOITINZ CHBERE W=, b
PR RoTZENRWELTEEZOND, LLELDY

PREP # & [EM 5L DR E LT T2 2 & C, fafniisR
BERLOBHROM EPARETHL ZEBHLNLR>

—o

B

ARFFEDOBFITIZH T2V, PREP k) 2 24 =72 7= Bk
KA F AT I FIBF 52 & o & — (NICHe) T3 B 22 #d2
WES LR L EFET,

AKIRIED —EIL, SCHBRFEEHRH AT — L7 br=
7 AN EAREATAFSERRZE 3 JPJ009777 B L OT —Z Al
H e mARE~T7 ) 7 V%R e Vs b
JPMXP1122715503 D3RO & LiThoivE Lz, F£7z, BHf
# JP25K17634 B LI OHIL K FEBERM =L 7 br=r X
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1 ESREOICERALEESO SEM &
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Fig. 1. SEM image of the iron powders used in the dust cores.

(a) PREP powder(A), (b) gas-atomized iron powder
x| ROSHMTHREINIHIDDBELHSSF Y

Table 1. Structure and magnetic properties of the dust cores
with different iron powders.

; Saturation .
Sample Density magnetic flux Permeability
fom? =10 kH

[genr’] density [T] ¢ 2)
PREP (A) 7.33 2.03 87
PREP (B) 717 97 =
Atomize 7.25 1.97 78
Denjiro™ 7.10 1.94 70

3wk

(1)G. Chen etc al., Powder Technology, 62. 703~710 (2018)
(2)JFE Steel Technical Report, 31. 81~84 (2024)

(3)Y. Kodama etc al., IEEE Transactions on Magnetics, 61.
2000905 (2025)
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Dependence of Magnetic Properties on the Al Content for Fe-Ga-Al Films

Fumiya Momota, Saijian Ajia, Sho Muroga, Takamichi Miyazaki, Yasushi Endo (Tohoku University)
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2. EBAH e T T T
50 nm JZ D (Feo.72Gao.2s)100-Alr (Fe-Ga-ADEIE, E2%2 DC % 0.02 o 4
VT FR Ry ANy ZEEEE NN TH T AR EICERL L 2 ot LA
7=. Fe-Ga-Al D ALFARL (x) 1, 0-79 at%ThH 2. 72 E 0.01 1
¥, BALBGIE D=1, Fe-Ga-Al O if|C 10 nm [0 Si JE 2

%@H% L7z. E 00 . é . 4' . 16 . é
Fe-Ga-Al RO « MLAIZBI L CTid, XRD, EDX % W w Al content, x [at.%]

THME LA, 7, ZRHORSECE LTI, VSM, BI1 50 nm RO EeonCaonun Al RICHI 5 @) MAME (1)

BLOW®) AL 7T (aer) O Al KRR

Fig. 1. Dependence of (a) saturation magnetostriction (45) and

T TEIC R HBEEEEREENEEREB LT r—F
N REEREE AR (B-FMR)HIEE 2 TR L 72,
3. ﬁ% for 50-nm-thick (Fep72Gag2s)100--Al, films

112, 50 nm JED Fe-Ga-Al BT 3510 % fIffiE (4s) A N N N
BEOHRE Y Er 7 M () O Al SRS w ZKHF%%O))—#\\M&, ﬁitj:qf CSIS, jjﬁijtjﬁé CSRN, HibK
AL T (K1), AT % - bickoThresg  CIESBIUASRC OSUROD LATDILL.
ppm 25 80 ppm FREE THML, x=3.0-6.7 at% E TIXIX Ta_—
—E Lol ZOADEIML, R EOEIICLD B0 (1) Daniel B Gopman et al., IEEE Trans. Magn., 53, 11, 6101304

LEZOND. F£2, x=6.7at%Ll ETIE, Al 60 ppm (2 (2017)
(2) Y. Endo et al., The papers of Tech. Meeting “Magnetics”, IEEJ,

(b) effective damping constant (aes) on the Al content (x)

B L, Fe-Ga ZfEdbIEDLE LIZIFRI CME L e o7z. 2 MAG20111 (2020)
DAD Al AN KT DPE, FATHIEO® & 1T D5 R (3) S. Muramatsu et al., AIP Advances, 11, 025114 (2021)
Lot (4) R. Nishina et al., I Magn. Soc. Jpn. (Special Issues), 8 (2024)
_ L . e _ (5) S. Ajia et al., AIP Advances, 15, 3, 035116 (2025)
E2, BAONTTRT LT, aerld Al IRIMEOHIINC & (6) Jason R. Hattrick-Simpers et al., Appl. Phys. Lett., 93, 102507
HIRWEA L, x=79at% Th/IMHE 0.014 L 72572, ZODJR (2008)
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Annealing Behavior of Nanogranular High—frequency Films with Fluoride Matrix deposited by Carousel Sputtering

Masayuki Naoe, Mitsuharu Sato, Kazuyuki Suzuki (DENJIKEN), Makoto Munakata (Sojo University),
Yota Takamura, Shigeki Nakagawa (Science Tokyo), Nobukiyo Kobayashi (DENJIKEN)
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Ty MBI S5 ZInRIRER Ny Z(F T AT LD,
N —H8l 5 5D CossFegs-CaF2 )/ 7T = = T — % pl i
L7z, Ar 4 AJ£% 1.1 Pa & LC, 10 nm @ CaF, FH1E
B L7-t%, CoFe #—7%7 v b~OEANEZEE LT
CaFa #—7 v NOENEZENNESELZELTH/ /T =aF
— MBS A TR L, BRI ] A4 CIRE A %9 500 nm & L7z,
<2-2>ENIE 40 KA/m D EFIRER 2 B LA S s ELn
L7- B2 BT h{7EF), BLO 7 ) —ZAZ0) 7o
—7'11 7 7 A JL(IPC/JEDEC J-STD-020) % #5it L 7= KRJE 2
FZhTOEIRER B UL (RTA: 72 7 MER, B, 10

sec FRFF)Z, WIT I HEIEIRE % 260°C & L CRUEHIHE L 72,
B, L IRHU(E R 2R EHE), #EK(WDS),

<2-3> M
B LRFE(VSM), EE I ERERRE‘E~ A 7 a A Y
v 7T A 1K), BEOX BREIPT(6/20 15, Cu Ko) TR L 7=,

3. EER#HER

B 10, R EZEEVLEE % R - R o i R I R
AT MV THD, BN REIRRE(As-depo.) > B HLZE#
WLERH% (After ANN)~O BARFTZE L B OFFE L7z, CaF2 23 60
at. %I TIE, 260°C « 1 h fREFOEZZBULIE 488 T $ iR
PLAY 1000 pQ-cm LA EERD, CoFe 77 THDITH b
SPIRERTO w23 100 2%, 2oL ERE 1 GHz
PLETH D Z L3> T, As-depo.7 5 After ANN CELHEHT
M 2~4 HHETF L7, ZHH & TIC RTA L7z OK T
BECThH o7, 7o, SR HERENEICIL RTAIZ L Vi
sHEd XL OB OB TR AL NT=D, ErThoT,

HiEE RHFZEIY, JST A-STEP FEZEH[R JPMITR22R9, B &
N JSPS BHFE: JP25K01274, JP24H00388 D Bhk 2% 1) 7=,

3wk

(1) Naoe et al.: J. Magn. Magn. Mater., 391, 213~222 (2015).
(2) Naoe et al.: IEEE Magn. Lett., 5, #3700404 (2014).

(3) EIL fh: BRUFRFTRSEE, MAG-24-083 (2024).
4 4R fih: B A, 131, 499~504 (2011).

(5) EIL fih: #ERFEMFFEETEL MAG-25-154 (2025).

As-depo.—After ANN
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CaF; 60.0 at. %, 3.14x10°>1210 pQ-cm
A CaF, 61.3 at. %, 8.31x10°-2540 pQ-cm
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=150( (A &@% 4, .
% Q@(«@(( W ?‘-a

Q 3

£

S

[}]

o

X

K

Q

€

[e]

o

-50 Lol

0.1 1
Frequency (GHz)
1 BEF P B 2B & 72 CossFegs-CaF, 0D
R B R A~y L (e )
Fig. 1. Complex permeability spectra of CossFegs-CaF, films
annealed in vacuum under magnetic field (magnetic hard axis).
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7 E)L T 7 A Fe-B 81Kk 12
R PSP A

P SR, AR RE, CER ZE

B A,

B2
Rk

= A, =k A4S GRAERS)

Structure and Magnetic Properties of Amorphous Fe-B Particle Chains
Takeru Nishii, Kazushi Wakabayashi, Takamichi Miyazaki, Saijian Ajia, Sho Muroga, Yasushi Endo (Tohoku University)

1. [FC®HIC
A, 5G O RZIZ & b 7o\ W EHRIBE RS O = RS &

D —REhE L, BT (Electromagnetic Interference: EMI)
MESBEL L TV D, ZOMBEEZ T 5 ko 1oL

LCRERNBFIA SN DR[RBREL ) 4 X > — K
(Noise suppression sheet: NSS) Tid, ¥ 722 ik - =&k
MU RAR EIpoTND., ZNHOEREMET H720
21, NSS AW B3 T 2 HREEMERR T ORI LR
DERIEBFAIZE > TN D.

Forx DT N—TF1E, TIE TITHER P KIERGE TGS
WEOWH T It A DT ENT 7 A Fe-B b+ D84
PALZRA T, ZOEABHERDERRBB 12~ T <
RBHZEERELEOD, 20— T, $IRMRFDOTERERS
EEOFIEE TITEE-> TR LT, SIRBRT ORIk E +
FITITENP L EN TR T,

AWFFETIE, £ 0¥ —72 Fe-B 8RR F 2 BT 5729
CEMIEOWEERA, RAELICBT D L MRAE%
Bt L7z,

2. EBRAE

Fe-B SRR - DA BHEIZLL F OB Y Th 5. Fe RIS
WO ETICAABAZHEL, BAORES B RiETAH|
a—EHE T F9 252 &2k > CFe-BHRMRI 7424
L7z, 72d, BEAHVINNREZ t=0-60 min & L7z,

Ak L7z Fe-B SRIORI T DFMRIT SEM %, F£72, 2D
WEEFFEIT VSM 35 L OMEREEL MSL & VNA /A8 bd
- BB EEOZ VT L7, 70, B
AL, SRk U 7ok 7 2 B s o S &, SIS & F)
M35 Z & ok ET B RLEE Lz 2 o R Yy k
LAY

3. HRBLUER

B 1\ ZBESETINEERT £ = 20 min TA K L 72 Fe-B SR ck:
T SEM B2 "3, b - RRIZ T 7 I 7 v o XDk
R 1 DB~ B R A LIDRIETH Y, 2RSS
LHDLRIEE AT, T, BRIRIERI - D BURDIRIE S
Dipdrol. ZOZ EIX, Y72 Fe-B $URBRLT- O & Rk
B LTl ExFLTWD

X 2 1% Fe-B SRR F(r =20 min) = > 7R Y v MR

D ERBRDEPHFHETH S, Fbw, Efp & bi
BRI D BLA T AITIKAF L, %¢h®ﬁ%ﬁﬁﬁﬁ#

KV ELL o7z, THIFERIC—HBKRETEICL b DL
EZzHD. £z, REBGHOE 1” TiX1 -4 GHz IZE

WTFMR IZEHNRT 57 v— R —27 B8R ST,
WHIZ, NS ORRISNAZ T, BEOFEIZ OV T
ikamd D,
HEE
ARFGEO—BIL, JSPS BHAfFE: JP24KJ0415, JP24K21602,
ALY CSIS BLNCIES OXHED L & Tirbhiz.

1 &k L7 Fe-B $UIKHRL O SEM &
Fig. 1. SEM image of synthesized Fe-B particle chains.

5-0 T LA T LA

i
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Complex Permeabilit
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Frequency, f[GHZz]

2 Fe-BBUAMEI T3 2 KD v MHCEH T 2 MEBREED
JEIB R AR, SRR DN BUIRAORL T D R 18], RBGHR 2% A
FICHIE LI/ RTH 5.

Fig. 2. Complex permeability spectra of Fe-B particle chains
composite. Solid and dashed line represent longitudinal and
transverse directions of particle chain, respectively.
3k

(1) Y. Endo, J. Soc. Mater. Jpn., 72, 198-200 (2013).
(2) S. Takeda et al., J. Magn. Soc. Jpn., 39, 227-231 (2015).
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H7 I 7 1 Fe-Co-B #hi +IZ81T 5
e ME DB RERED FeX'/Co kT L A %8

Yol 3T, B A, iR ZFE, =E A, @k AR RAERE)

Influence of Fe?*/Co?" Ratios During Synthesis on Magnetic Properties of Submicron Fe-Co-B Particles
Kaifu Sato, Saijian Ajia, Takamichi Miyazaki, Sho Muroga, Yasushi Endo (Tohoku University)

DL EOFERIT, Mohi AR D Fe?/Co* b 2B 2 52 &
G, Fe-Co-B ki 1281} D AgFnfé b % Fe DEARIT L

IFL Iz
NU—T L7 bur=f AFFCBNT, BERSCA VX

I B ENSTEZEFRTOE LD /NUE - R LD
IR R B (EARTNREL) DR S A R BEE AT
BIOBIRNMBERT R Th D, T OEMEO—> & LT
mfafE b A H Lo biREiER DM K% GHz #7 £ TH
B4 2 2 EMNTFHEARY 7 2 7 1 RO Fe REkRME 7 L7
7 AR FNZET 5D V. 72/ ThH, Fe-Co 547 E/NLT
7 AMEL O, Fe:Co DRI X o TR b & il < &
BAREMERH D 2. LI -> T, KFFETIE, AEric
BITD Fe¥/CorthD TV T I 7 a b BOTENLT 7 A
Fe-Co-B fhr % &k L, 1 b O R L OB FFEIC D
WTHRET L 7.
FEERTE

Fe-Co-B ki T 0 & U II /KA IRGE ST UG TE & F Wz, K
JGTIRIZIE Fet & Co & B Ak %, Eﬁ@ﬁc@Nﬁm
Wik &AWz, ok &, Fe/Co Mkt ZHIHT 5729
EE%W#@RH&&#®%Em%%%&W:wMﬁmm
70:30, 80:20, 90:10 & Z8{t. S 7= (Sample A - Sample E) .

AR L TR - O REE AT - AR HTICIT XRD, SEM,
ICP %, F7-WERURFMEFEAMIZIE VSM 36 L O MSL &
VNA # A G bt - R BRHE S 4 Az .
ERBIOEL

# 1 I8 L7= Fe-Co-B #hi FDO#AL # 7”9, Fe**:Co?*
L Fe:Co DB EIKT D L, GRGMHFICK L THrH®O
Fe GHFEMES 2D Co AN o7z, ZHUE, Fe
IZHART Co OEMENMPME ELINLT W LICER
LTCW5. F7z, Fe*:Co? & Fe:Co:B DILHRAE LT 5 &,
BRREHICBIT D FEOlEOMIE b2, HFHw
BT 5 BOEHEENEMLT.

Tk L7 Fe-Co-B ki 1123317 2 it os DA
FRIEED Fe?'/Co? HAKTRE A 7R T, o (TR BFED Fe D3
OBz & B2, Fe DN 0.8 ##ix 5 &gl
L7z, osfEIZ DWW TIE Sample D @ & & 141.6 emu/g & K
T,Sample ED & & 131.7 emu/g & e/ 7oz, & 0 biT,
os DNER/INE TR o 72 D1E, Sample E 12T B DEH RO
MNAZERNZ IR ol TH D EBZDNS.

THIEHTEAZ L ERLTWAS,

Eirsa

AWFFEO—EIE, CHRPE Y —2 L7 fr=
7 2RI AR HAT S TPI009777 B LT — XAl - I5H
7 U7 AIERE 7T e Y= 2 b JPMXP1122715503 @
LTk L. £, AK#F%E1L ISPS FBF &
JP24KJ0415, JP24K21602, HILKRF: CIES I L UHALKS
CSIS DXE}DO L & Tirhhvk L.

#= 1 AHIED Fe*'/Co* LA FL 72 5 Fe-Co-B KL DFEAL

Table 1. Composition of Fe-Co-B particles synthesized with
different Fe?*/Co?" ratios

Solution ICP ICP
Sarmol Fe?":Co?" Fe:Co Fe:Co:B

ampie (at.%) (at.%) (at.%)
A 50.0:50.0 45.6:54.4 37.3:43.3:19.4
B 60.0:40.0 55.9:44.1 46.6:33.3:20.1
C 70.0:30.0 63.0:37.0 51.4:26.0:22.6
D 80.0:20.0 73.9:26.1 55.2:18.9:25.9
E 90.0:10.0 85.1:14.9 56.7:10.2:33.0
N 150 T T T T T T T T T T

5

= D i

N Cc ®

3 140 o

§ A B T

= ¢ o E i

5T 130+

=3

LS -

)

[

P 120

04 05 06 07 08 09 10
Fe?*/(Fe?*+Co?*) in Solution
1 ARKRED Fe*/Co* th 73 ¥ 732 % Fe-Co-B ki1 D fiafnfisi{t:

Fig.1. Saturation magnetization of Fe-Co-B particles synthesized
with different Fe**/Co?" ratios

Tk
(1) Y. Shimada et al.:J. Magn. Soc. Jpn., 33. 95~99 (2009)
(2) P. H. Dederichs et al.:J. Magn. Magn. Mater., 100. 241~260 (1991)

(3) S. Takeda and M. Naoe:J. Magn. Magn. Mater., 449. 530~537
(2018)
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T FEERREMERS ~D Cr RN X A
FEEh A XA DO SERD R

Bl R %, R AR C(AARY I 3 AL KRNI )

Effect of Cr addition on crystallite size distribution in Nanocrystal materials

Nozomu Kamiyama'!, Takashi Matsuoka', Teruo Bitoh?(Nippon Chemi—Con Corp.!, Akita Prefect. Univ.?)

1. &= K@ rE )2 kDI EZ A, Cr=0%TIZ
76.7% Td o 7=, Crisimic X v A L, Cr=4%
T 24.6% & 720 . fEid TV A X5MOYE LR
R INTc, . R IIEL Cr=0%T 222A/m
5 Cr=4%T I1.2A/m £ CE T L., f&EE X
397C 5 455C~EH LIz, 2 NDDORENDL
WEmIbIEEO FRICK > THEMEREDME & .
REBEHEEROHMRERNM ELEZZ & THREDN
WFLEZEZEXDLND Cr=3%D=27 AL=aT B
Fl# Lt A, a7 B TIHEHNAEO KT
P A AWK T 160nm BL EFE TR L., HBE
AN 21.5A/m & 2T AD 145A/m £V b E W E
R L, THIEEERHMEREOHEMIC L D 3E
BEo#EMEBAEOK TNEK EHEIND,
T, a7 BOSKBEIIMIEEE /T 47mW/ce 7 5
P& % 207mW/ce, ¥ ¥ v ST L% 251mW/ce ~
EBEBEABICKRIBICHEML, MEOEENK
W EBRTRBEINT,
2. EBRAE LLbE X, CriEmixiddkEoyEl s
Fegs xCrxBoNbsCur (x=0~4) O #l g T H & ThodbH 0D, BEALIT RSO R BV R
BFEL. Ar FHKPTHEMBLTEEEEMERL BRI E R P OREMBENLE TH D,
7ot WAERAKBIEIZLVIE Smm - IKE 10~114

BMHERIRD LN D EHEBRIEITIEL., &
BeoR % B T8 0K\ Fe-Ni &4 A hF a3 —7
AANNA T T ZAVBHOLENRSE N BKE
BRIE L TCWDEedEMENREL TE R, TFE,
W Fe REOST /VEMBEMAERIN TS,
TENTZ 7 ARMHEPICE A+ nm O &R S
L. RBAHAALERICEIY ED0 B ETERN
BT 20 RBEEREBEIND, ERDEL
fli 72 Fe T, AR AHIEIC X 2 K ERE 2 AT HE A
o, igma X hEMElTE D, 2. & Fe
T TITAE ML S A I LT LM T IR Rk
T 5, MR, EDHNBRRGTED TSI R
EFHBAEENS L., mAESE L M
5o m FelREE D F /&M o R &k & o il %
B, @M ICEEBE T 20EEOSH 5 Cr &
mL, o RICOWVWTHH LKL,

m B ELOE 10mm+* BHE 13~14pm O7 T /L7 250 100
FAGEEER/RZ, 2 EH VT, 2T A 4 225 q OB A 90
£I3XAE 12X E & Smm. £ 0.50g) L =7 B —= 200 4 80
o £ 175 eHAKRETEE 79 T

(4% 20X A& 12X & & 10mm, £ 10.0g) O b = 150 o &
RA AT EERL, EREER D TR IR E 2 125 50 b
B 40.2°C/min T 650°C £ THME L. # &b s+ élm 40 ﬁ
o, WBBERA L E—F VAT F74F, K ® P 0T
o B AL 5 ME VX I BH T 5 A T AR A L LS ;2 o 2 4
LR £ /X DTA, f5 & 1 © % A X 23 i i3 XRD Tl 0 I —) 0
E L, &b, a7 BIE7 27UV LEETER 0 1 2 3 4 5
WAL %E., Xy v T Fa— s MIT %ML, 8#E% CriEE [%]
At BH 7 7 A F TR L 7.
3. @= H1. CrtELRBASLUMARSTFRASLOBRE

. =]

lic=7 ADHEMEREY =T, BT+ Y A Figure 1. Relationship between Cr concentration,
AFHOE—27 802 EOK&STOHE G coercivity, and the proportion of coarse crystallites
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T kSR E A o Xy v ST g — 7
DAKIR KA

a2, Ml =2

(AAS I = UpkAstth)

Low-Loss Enhancement in Gapped Choke Cores Using Nano—crystalline Magnetic Foil

Takashi Matsuoka*, Nozomu Kamiyama,

1. FAMNE
BIEWZRO/INBALE B & L 722548 % 5 oo 8 A ik
FHETEIENIERIZR TS, LOLERSL, Ziuh
DOEIFEIHE SN B RERT XA AONERBIRNR R v 7 L7 b
FEHREHATNEOQ, 7E)LT 7 A48 % BVLIE T
b L TR 7 RSk & 35 2 & T, BRI & RiEI
U LT R R ERL S D X 91K/ o720, &
WEWEREZFIF LT/ A Al = A VIR ST
Do BHENNSOVEEEN D DA, BT AEE NN S W
DAEBERCH I EERATa—2
7o, Fe REZRED CRAMBREEZm T22RAHEL
BRENTVDR, #EmLREORATIRERIE LIc W &
SOWEEIC X DHMEE T O 72 ORIERFT Ol %2 H Ty,
O SFEEZ B L C, BRERICELILS FTRE
BEICEEINTWA T/ EfhtkdE (1) %LEL?L_O
No1~4 X7 7 A4 > A v MALKER, No.5~7 I Fe iR %
R TRFIEREESE ., ZRBIZONTXy v 2
T ERIELZ O ERANTZOTHET 5,

PN D DI TH 5,

(Nippon Chemi-con Corporation)

2. EBAE

Xy v I Fa—ra7olETREZX IR, B
DX v v 7k, BE U8 Licth. Baicy)
WL CRRIT T D, YIRIca T IBIREHRE T 2720, T
DRI B CHE T ARER D L3, FOHEEF O
FEIS N L0 BEREERN B Z 2, SHEOHMCERE
BREEDIK T L 50, B OUWHEIS ) 2T 5720k
TIvIMT 4 T —E B LIZBEEBIRIC OV TR LW
Nz, aTOEERMNMET LARWE O BRRREERICEES
BT 21X EW o7, BIBIFRED 1IRET 7 UV REE
ERIE (Y ENTZ 7 A I VIOD) #EALE,
ARVESAIIX 1 ISR L7z,

BIEE, S 7ICHSIZ 1R 2 RZENEN 0.5mm ¢ SR T
15 F721%20 - NT, R2OBIESREZHER LT,

3. BREER
<31>7 4 5—DEE X 2 \ZEEEBRIC B LTz
4 T — KRR ESGHROMRERT, Y77 B0¥

i FI7A4 ME®T T 0w FTIE, SEBEOHEM & IITEE N
1 &% o pa A ; - . N .
' B L TWD R, BIEROKRE N Y B TIHIEE A EREN
Table.1 Nanocrystalline magnetic materials S
Y7L | BE #1 |RMBERTE | HE #2 e SEIE a7H 4 X[mm]
No. [um] [T #2 [ppm] [mm] W R (Shiest)
1 o7 2 =0 A 0 28 8 100r15mmig 7Y LRRRK
2 122 1.2 ~0 Bit 10 28 18 l HREbiEAS
3 12.6 12 =0 cit 15 28 18 HEREE ¢ 28x18 !
4 127 125 =0 D 15 28 18 1 !
747—
5 136 14 <2 DAt 15 28 18 W EEAL) | 5400570°Cx10% Ba o |-
6 164 14 <2 DAt 15 28 18 i l
7 18.2 15 10 D 10 28 18 — I N _ -
FLERD HAH L FSEE FRER 120/m3) BES2 | #ARL0S o o | 747 - AREE
#o X —H—AR(E :
HAB(RE(LIEE) | 150°Cx3E5H
i ©53v7 D50 BERRR
74— [um] [ppm/deg.]
F2 HTEE F v v 7HER [ElFRA S 0.9 D ”
l €574y b 14 3
Table.2 Measuring instrument — m 5
wim s B-H7+ 5 1 #5Y-8218 1 ALARLFEIR VOBACSRTUEYLAZYL
H2BRIE (A= h—AE(E)
=44 BFHMEATE BH7 F 7 1 #BH-1000 T
BEHEE  |KEYSIGHT A Y E—K Y AT F 5 4 HFE4990A 1 ¥y v FfFa—ra7olsE TR
BEAESHH |NFERZEH 7O S  |LCRA— 4 —ZM23T6& EREA/ A TA1Zy b

Fig.1 Manufacturing process for gapped choke cores
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X 3%, EMELFFOT /EREMEOBIBICELS T A &
O LTSA O BIRTELR L BL RO Z L E2 R T,
EVLERRE |2 LE R TRIREEE 375 L BHIE D & DG J) T ik
BRUTE T 0 e ROTHED 5 SNRE BB E IR N 5,
T4 T ENBIVTSAE. 7 7 —EBEREN LRI D
WHE, TR N NS I RS M BT 52 &
DB S AL, IO R MR IND, 74 T—K
WREHBR T T2 <. BREBFEOKBICLIRNH
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Fig.2 Relationship between filler concentration and core loss
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Fig.3 DC magnetization characteristics of

positive-magnetostrictive nanocrystalline materials

<3 2>EELEE K4, Sy v TNMTHROSE L
BEBIEORRE RT, 7 47— & AN WBE DB THE
ELEES (V7 7FR), BENZEEe0 s/ v—F L 1E
WMEEFFOI N—TT, ZNENHNOEE d2 12 Hpld 55
Rzl b, —FH, 74 7= AVBIIECESE LIS
B, EBEEZFS/V—7OSBENER L, Y eBED
ITNn—7 LR UM IS T 2 Z ERNbnnd,

BIREEERE 201 5 SRR Clk, fRIE R L % @ o To B
EMEEZEBETH-08BERH{RL. T/ A OFETH
DIRGAEN KON DT DITHEND Z L N &) 572, TR
ERREVGHEITEL N OO, Hppm FRELLT ThHILIT
74 T TCHEEMIBOIG I EREINT A2 LT, FUEE
DY afgE T /M ICH Y T 2 SRR 2 "I Re DS
RWEEShie, ZNoME2EH L7 07— A0 Baskt
MEEFATIIE, 7=T4 MOEWEHBESRTELT 7
AFHY OEERHEN TSI D FTREMEN H D,
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¥y 7Lk
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Fig.4 Relationship between core loss and foil thickness

X ik

(1) Keisuke Fujisaki,"Bottleneck Technology Inhibiting Realization of Power
Electronics Society",Magnetics Jpn.,Vol.17,No0.3(2022)

(2) Masayuki Naoe,"Magnetic Materials for
Applications",IEEJ Transactions on Fundamentals and Materials,Vol.144
No.6,pp186-193(2024)

(3) Y. Yoshizawa, S. Oguma and K. Yamauchi, J. Appl. Phys.64, 6040 (1988).

(4) Motoki Ohta, F£TY & Materia Japan,#j 62 %459 +5-,pp578-581(2023)

(5) Ijlal Hasif, Munekatsu Shimada, Takeshi Kubota"Compression Dependence
of Magnetization Curves on Iron-Based Soft Magnetic Materials",J.Japan
Inst.Met.Mater.Vol.83,No 1(2019),pp.1-8
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Core Loss Modeling Based on Lasso Regression for Soft Magnetic Thin Ribbons

Shunsuke Matsumoto,

1. [FL®HIZ

BIE, £V 7 1 OBEESC AL F—DEINEIC
NEFEHEOFHEVIZELY, RU—x L7 fr=7 27‘/\4'1
O/NEE, ERRIEARD SN TS, BT, MEAFETIET
NA ANTORK, BREEHIERE <, mﬁ’ﬂ%ﬂﬁzﬂi%ﬁf;bvﬁﬁ
LW BN ER SN TV D, RN B
BesRFE O 1A _RITIE, Mﬂmﬁ%§L7DkX®mﬁmm
FECTHD. TDD, BEONT A —F &[RRI HREFCx
HEEMFENER S TWD. x O ZV—T7TlE, EW#
DO FHZ T T, BT L O—HTh 5 Lasso
[\l % AW CEHBOHE 1T > 720, ZORER, SHBICEE
G257 ALNEMHTE S EERLTE. LinL
D, ZOHEFIEEMEIGHES ORI R 5
TeOIIE, HEERE AR OWENEE CTH H.

ABFIE T, 8B % v 27 U VR, HElEEAR
FONERIBEIIZHEEL, &HK%E Lasso EUFIC &L o THEE
T5IETTrEALMEREBRICE 2 DOV TH
s 5.

2. BiAE

FHIECEHZ I, Si O A RE L OBVENREN R 5 15
FERE D Fe-Si HH(E S 10 yum)& AWz, BB OARP, /f %
B-H 7F 74 WICL>THIEL, Bertotti DE@% FAWT,
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Fig.1. Measured and estimated frequency characteristic of core loss
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Fig.2. Coefficient of predlctlon formula for Model 1
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