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Static and Dynamic Magnetic Properties of
Amorphous Fe-B Soft Magnetic Particles
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This paper describes a study on the static and dynamic magnetic properties of submicron-size amorphous Fe-B
particles synthesized by using a liquid-phase reduction method. These particles possess superior soft magnetic
properties without a deterioration in saturation magnetization compared with Fe base alloys. As for the dynamic
magnetic properties of these particles, their peak originating from ferromagnetic resonance can be observed in the
GHz range, and their half-widths broaden between 3-6 GHz. These results suggest that these particles are candidates

for next-generation noise suppression sheets using magnetic loss for 5G applications.

Key words: magnetic particles, amorphous, complex permeability, noise suppression, microwave absorber

1. #&E

TR, 5G OHERIC & b 720y, 3~6 GHz OJE T
FIH SN D EERSRT A ZAOBRBEND —i&E 7= L -
TWD. ZNODT AL AT 2 EEE B L0 &
W GHz #5~B479 5 Z L2 X - T, T3 ANEECOER
Nz (Electromagnetic Compatibility: EMC) & &Rk
% (Electromagnetic Interference: EMI) 7234 72l &
RoTND U ZORMBEE RS 57012, RUERE
T % wEeE36nE  (Ferromagnetic Resonance : FMR) 3l
GEFIH L TY 2 — VBN U TR D BEMEM BN S
72 DR A XHER  (Noise Suppression Sheet : NSS)
DWFFEBAFE D FEATICHE D HAL TN D

NSS Z A& DR B & U CER S 402 B UReIE
X, Rt (Ms) , m0aEREGE (W, &V FMR
JEWER (frmr) , S HIZ frmg E— 27 O 71— K32 Rk
Thd. ZHIETIT, Fe ZMEHL, @ Ms, 1RWMREE)
(Ho), EnWF =) —iiE s W) BN EEEEHT 5
TENESNTERL DY N TY, 7274 NI, u
D <AREKMZR Fe RIKBEMEMELE LTHOA TS (D
D, Ms PMENE WD REDFERH I TW5D. —F5 T, Fe
e Ee#EB, C, N, Si, PEalAadbeEiz "Rt
LT =ZmRABEOHAITIE, 774 MIBWCHE s
IND MsDIRFEMMZ O OEEEATTH u BEnén
STFRBERNPE LN TE 9.0 | 2o OMEIROR
PEMEFCIE, BAEROBETOIERDHEWMED LD
DITIE, % ORI T- O BCRES 2 ARI S 72 03 b AR FE FeE
Bh LAIWHIENEELLD. £, BEEEK FAE<

RHICONTMERIR (ocfn, n<2) BERKTHZ LD
MEE 725> TS . pm A—F —D B LR =)V Fe #31% GHz
HWICB W CmERBAPBE T2 72 L@ EiTn
5.

INLOMEENET D HFEO1S2LELT, AEDTE
LT 7 AMERBHITF NG, TEALT 7 AEEMENT, &4
WY, FFESIOHRIEN 2 <, KPR OBIE =0
I X DR HE Y AN Vo Tl E A L
TWA. IS OMIE, @\ ER g T o E R
O D2 N D720 T, iR E b ETXx 5 9.
9, TE/NT 7 ALBEMEHT 1980 RS EiC e — L AR
BIZE W ERL ST, WO SRR & L CIRL
FIHESNTETZ, LOLERG, INLOBLUHIE, TR
ORMED BRI b v A LR E~Om I RE S
T&7=. 20, RERIEEORRERSHLND
MR OMELE I BT D AFJEB S 3 B AN T T &
7-.

MEREROT N7 7 ABEMEIOGRICIE, —i%IC,
KT b~ A RERS, HAT h~A XL, sz E03FIE
ENTWD. LLARRS, Zhb0HETIETENARIL
FAERENL DD, GECTE D/ OFERIAN pm A —
B—To0, RESANILLS, THHITMA TREDN K E
IRDIZONTHEMHDIBIENR A LN DR E, N DD
MEZmZTWD. —J7, AHFETH AV S D KRR
TERRIEIL, KB D AJEA A v BB LT
B T2 AT A HFETHS. BHELIX, ZoFEE
T 300 nm ORifRAZ AT 2 Fe-B-P BN T- % &

Transaction of the Magnetics Society of Japan (Special Issues) Vol.5, No.1, 2021 1

INDEX



L, EOBRIELN 0.1~10 GHz &AW R ST L
EWELTND 10, BHEKLOWEL, ZoFEEZHWT
BT I v ORREEAL, mERIREA DD R JE R R <URE
PeEHT 57T N7 7 AWBEERRL T 2 B CE U, &
W7 o T —RIRICB W T H KR OKE S GHz #To
ETRIR R OME 2 R -5 2 LN RECh D Z L &
RIBL TS, L LR s, gl L7z KSR T RTE
Wb A R IC B UG, EITAl O T e /KA
DY A IS 5 70 &G iR iF % 28 b & W 7R BB TRk
AEREITV, D OBEEUEFE ORI BRI L D2
(IO W TIEEEM 22 R 23 T AL TV, RERSCTIE,
BV M EET 5 Feh il L7 ENLT 7 A Fe-BIZHKH
L, & ORI % KIEBGETTROMEIC I W A LTZ. 55
VTR -1 DR E DRI I K B 2 iz >V T
Lz

2. EBRFHIE

Fe-B MR 1- DA R, IEICHINE T & HiIE & 5 ik vei
HEANOWIRHEA T2 L 91, BHKOIZEL D KERSE
TEROGE 0% — M B L= FIETH 5. ki Ak E o
HESIX % Fig. 11287 Bohi A I W 72T Fe %
FOGSHE & B RIEITCHIIN S 72 51 T Td 5. Fe RS,
Bk (M) LAFY (FeSO4 + TH20, #iE 98.0 %LL L),
b7 > E=7 4 (NH4CL, #E 98.5%) LU = ik
=F MU T ATIKFIY (CeHsNasOr - 2H20, £ 99.0 %
PLE) 2RI S, KEg{kF ~ Y A (NaOH,
MR 97.0 %Lk B) /K¥EHk (pH F8%EA)) 12X 0 pH=9 I3
BLI2bDOTHD. B REBELAEIKIIAKBLA TR Y
v 4 (NaBHa, #iEE 92.0 % LA b) & RERUKICVEfE S & 72 0
Thd. KRFT Fe RS ZEERIREIF L O L
3G, B SRIEICAIIR AT 95 2 & THTH L7242
i ) —LB LORRK TG L Fe-B fhi 12 1537=.
BB LR T Oa S L LRI THT 2 —7 0
B & BE WM OMIEE 050 COMPETEIL, &
JEAIOTE T 2B L OISR OBIRZ G Uiz, SJOSKOE
iz —iE & L TOEITAIONN T &4 2 S TE M L 72 fokz
F% Sample-A, FEILAIOMH FEE2—E L L THINERDOER
AL S TAR L2k % Sample-B &3 5. 72235,
MR- A RRIEOFEMIT Ref. 11, 12 ICREATH 5.

ARk U720k 7 O Tt 36 & ONES S R M L 1 E A R
FFE% %% (Scanning Electron Microscopy: SEM) 1 L ON%
it4 A FE 1 H #% 8% (Transmission Electron Microscopy:
TEM) %, BEPETIREIEEE 7151 (Vibrating Sample
Magnetometer: VSM) %, S /37 X —ZL|\C X 58K B
FRENCIERZ M x>y hU—27 T F 7 A W (Vector
Network Analyzer: VNA) & VTRl L7z, 7238, BEX4s
PEFFA CRWZREHIM R & AEEIE A IRA L T v Ry
v MFE L, AU I FEKR BICEE 50 pm f2E CH 12
MLIZbDTHD.

3. MRLBE

Fig. 2%, AR L7z Fe-Bfhi 7 SEM & Thd.
THNDOAMGEMEIZBNTHERM LT Fe-B flthi -0 RIE
KETHY, BBl AA b0, b/ SEM
BLVRESHIB I OAT 0 7 (Dso) ZFHlI L7z,
Sample-A (Fig. 2(a)) TiX, KESAAITETHIHE FED
BN & b7k 7r o7z, Dsoldd L2 FROBMIC
L 720y 490 nm 25 300 nm ~EJAD L. —A,
Sample-B (Fig. 2(b)) TIX, KJESAMAIXIBIERD LFICL
HIRWAL o7z, Dso 3RO ERIZ & b X2 250
nm 75 330 nm ~EHIN L7, 2D ORERIE, AR%k
PEFFETHZ LT, Y7370 S TOFTLED Dso %
£9 % Fe-B EKIEMKLF OGN FRETH D Z L &ERLT
W5, F£7, Fig. 31%, &k L7 Fe-Bfhi -0 & 1Rl
BThd. FEmEEICHRT DR RETTY 7 LI
BT ARy MIBHIS T, ~m—"F = DOLBIHI S
2. ZORRENSEGR L FeB ki offi& i 7€ 7
7 ARREL 2o TNB Z E BTz,

Stirrer
1 Permanent
Reactant fragnet
solution Peristaltic /

1 pump /
Rinsing with
ethanol and

: '1 . distilled water
S‘ — Solution

onic wave containing

Heating

reducing agent

Fig. 1 Schematic diagram illustrating the liquid-phase
reduction method used for the synthesis of Fe-B
particles.

Fig. 2 (2),(b) SEM images of Fe-B particles with
median diameters (Ds0) of (a) 300 nm and (b) 490 nm.
Scale bar: 1 pm
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Fig. 3 TEM image of Fe-B particles with a median
diameter (Ds0) of 490 nm. Inset : Halo ring pattern of
Fe-B particles.

Fig. 41%, A L7 FeB#hirobt 27 U v AdhfEo
1 BITHD. DsolZBRAR<, WIS I8 INTRER TR
TR CIIBMEANZIEE 212 <, IMBBEBREE DN & &
BITHEALDSERIEANCEIN L, 4 kOe LA_b 0> &1 iR 1% 5 i e £
W EA R Lz, £, WTho DlcBnThe
2TV VARITE THRLS, B AT U R BRMEN D
ERIBEND. AR LTz Fe-B ki ORI 515
T B (o )R 71(H o & Dso DRAfR % Fig. 5 B8 LW
Fig. 6 12777, Fig. I RT X IIC, osld Do lZBRZ
IFEEFE—EE72-o7T=. T HOfEIX 131.9~150.5 emu/g T
HY, KiFEH OB DR BRI T D425
BT 5 e, ARSI o TR —ETHD
borEZLND. o, TNLOMIE, BHEK 0534
LTV D KRG T MOGTEIC & D Fe-B-P ki1 (o
=138.4~149.7 emu/g) S IZIFFE CMETH Y, HIEK D50
WE LTV D NeRIEY B —F1281) 5 Fe-B ki1 (o5
=155.5 emu/g) L V> UIRWMEE 72 572, Z DKL, Fe-B
FHER OB LD b0 EEZBNS. Fig. 6 1R T X912
Dso DI E H7a0 HAIB L% 42 Oe 705 12 Oe ~ &
WA & 7e 572 ZOZ@ENE, D1 OEEIRER &,
Blteia D1 OB > TWie,  ZHUFAR L7
Fe-B #hi1- 0 Dso fHIR S ZREIXFEIKICH D 19, Dso 28 L <
AELON TN E2ERL TV,

—
o
S
I
|

N
o
=)

Magnetization, o (emu/g)
o

-16

with Dso of 490 nm.

-8 0 8
Magnetic field, H (kOe)
Fig. 4 Hysteresis loop of amorphous Fe-B particles
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Fig. 6 Size dependence of coercivity (H.) for amorphous
Fe-B particles.

WIZARL L7= Fe-B ki1 0 i Jal e e s e & B9~ 5
oI, HFEREHE (0 ZiEL7z. 20 EH% Fig
TITRT.DTID Dso lZBW TS, HEBRROIL (17 )
B L% 0.5 GHz fHEO AR IR E TIE—ET, 05
GHz U oAk cidadiicimd Lz, & (@)
W @3B LD 5 0.5 GHz T O JB R Ens HHEA L, 1~3
GHz O EEHHEHR T o — Ry —7 Ligolz, 2o —
ZAIINERER AN & & A m e kic B E# 5 2 &
76 FMR ICHKT 2 2 E BRI N, ZOEBD AL
S ALEIET D120, WRLIZI8IT D3RO K
FRPEICBI L C, iR L ORI A & B 58 L CHmat A

EFTol. WA S E LEREOR 15719 (3,
4R B 2(kRcoskR — sinkR)
(Bop i f) = R FRooskR — ICR7smkR

(1)
k=1 —ij{%ﬁ 2)

L7325, Dso=490 nm O Fe-B ki D86, RLEE /AT
TR O I=5hi 12 (R), Bruggeman ¢ Effective Medium
Theory |Z X V8 H LU 7= fhi AR OERES (1i=17.63) B
FOESIETR (p=12pQ - m) % (1), (2) RAL
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THRROBHEREZRD, Zh o ORfE: SRE (BXE
240 fi4y) THl> THEBEOVEYEA R L. Fig. 8 ®
TN SO0 D K91, $% GHz £ TILESS 2 oilmERIC
LXoEmMA R LN o7=. —FT, D=1 um (R =500
nm) @ a—Fe ki D84 (1i=100, p =0.1 pQ -+ m),
R CRT & 91C, % MHz 25T 127 OIRERIC & 5
MR ROz, ZOfREND, Tr— R —7 3imE
MOEBIZL D LOTIERANWEEZBND. F£-, ik
KT MR OML 7 /e ORI, B, RIEEITER
T D AN 72 BT ERE S e E IR T X g, AR
D672 DRI 381 D RERIEEE I (Frvr) 13,

feur = = (Naer Ms + Hy) @
E7p% 20, Z 2T, Naer (TARIESURE, Ha (350510
WHRTHD. LGB IR DML TIE, ISZHKLF D
WS DRI T CA L 2 M B ER 251w N
deft DME 2 OFRRL 712 K> TENPAE T D701, frvr D35
THbDOEZEALND., ZbDILMb, 20 FMR IZ
HokT 57 1 — Rig B — 7 [380khi+ [ C 4 U 2 i e
HAEH EABROZBZL2bDLEZOND.

Fig. 9, Fig. 10 ¥, =R Yy MHICBT 2 BEERD
D frmr 35 L OWRIE (Afrvr) O Dso \Z L5 ELTH S,
FrvrIE Dso DEEINZ & b2 X% 2.49 GHz 75 1.66
GHz ~ & BRLjEd LTz, (3) kBT, 2R
Ty MOFERITIBLZ 50vol.%THY, TENLT 7 A
THDHw, aVRYy MEERD NabB I H 0%k
ITIFEAERN. ZO—FC, frMr D DsolZ L DE{kICE
WC M &R DM ZR L, Frvrid D048 ZEFI LT,
Z OZ @)X Exchange resonance mode?V(Z &% nm ¥4 X
DRI T DH G (Frur < D2) EHERoTHDHHOD, 14
B 7-[EAD frur DA — 4% —HIKIE Exchange resonance
mode 12X 5 frur ERICERE LR o7, ZDOZ D,
Exchange resonance mode |Z X 22N 55< 72> T\ 5
ZricksrboltBzonsd. £z, Afmmrid 5G EEIC
FIH SN2 EEHEFITH D 3~6 GHz 20l& LTz, &
DOFERIL, KIFEETCEE AW TAK LT FerB #ifhi 123
5G BT /A AU NSS O EHETh 5 2 & &R
LTWD. 61T, KIFRETERLIZTENLT 7 A Fe-B
TR MEOR - DRSS BT, oD 7 2 7 v Uil
MEERTEMRL T~ (Fe-B-P1O33 LU Ni-Fe??) ORfERFHE & b
95 &, TORMBALMLORR IR TR S L<
IEm <, £ FMR JE#E s ORI tho Rk 712 b
RCFmEm Tu—Reioi-. £z, Fe-B ki Tl
GHz # COMEMRMBAKZ Hoiciflesn Tns 2 & b
WTHDH., LEDOZ Ent, RIFFETHRLIETENLT 7
A Fe-B #RBEVEMRLT-1%, 1#EROY T I 7 m ki 712k
R5 L, BRI ThO OB E R R R A L
TWDLZ Enbrot.
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Dso of (a) 238 nm and (b) 490 nm.
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4. FL

KIFIRBITCIEE W= T B 7 7 2 Fe-B ki 1-% &%
LT, ZDOiERs L OBREHEDFELRIRIC L 52 k2o
WTHRFETBS KO8R E1T o 7.

AR L7 FerB #8Ri 1347 2 7 a UfEk ORI 2 H L
TEY, ZNHOBRITERE ThHo7-. MmEET7T €/
77 ARETH 7.

F, BEREFFEICBE L CIE, o:ld Dol E 0 IRFET
131.9~150.5 emu/g L 72 o7, Hc 3B L% 12~42 Oe TH
0, Dso DI & bW EBR R L. £, BF
BB p 1L, B 03 1-3 GHz IZB W T FMRIZE b 72
Y7 a— R —2r %R, AfmriE 0.5—10 GHz F2J£C
ol

PLEX Y, 7ENLT 7 A Fe-B BB 11X 5G @157
INA ZNTBT DRMA NSS ~O i 28 /T RE 22 ki - T
HTLERLTVD.

BWEE AWFZEO &R, JSPS BHFE JP19K21952 DAL
&, HAERFA Y b o= RS A v X —
(CSRN), HAL R A ey hu =27 Z5ehist v % —
(CSIS), WAL RFEBEERM=L 7 hr=s AfFHE ¥ —
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External Magnetic Field Dependence of Spin-wave Propagation
in Ferromagnetic Thin Films with Multi-domain State
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“Faculty of Engineering, Yokohama National Univ., 79-5 Tokiwadai, Hodogayaku, Yokohama, Kanagawa 240-8501, Japan

The spin-wave propagation characteristics in ferromagnetic thin films with a multi-domain state were investigated by micromag-

netic simulations and electrical measurements. The simulations showed that the spin waves propagated along the domain wall when

excited at low frequencies. The resonance frequency shifted to a higher frequency when an external magnetic field was applied normal

to the waveguide. By using a vector network analyzer, spin-wave propagation at the predicted resonance frequency was detected. The

external magnetic field dependence of the resonance frequency agreed with the simulation result.

Key words: magnonics, spin wave, ferromagnetic thin film, Néel wall
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Fig. 1 (a) Three-dimensional view of thin-film strip with dimen-
sions of 1 pm X 20 pm X 10 nm. (b) Top view of sample indi-
cated by yellow dotted line in (a). White arrow indicates direc-
tion of magnetization. Magnetization configuration is enlarged in
green frame.
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Fig. 2 Simulation results when spin wave was excited by con-
tinuous magnetic field at point on domain wall indicated by ar-
row. (a) Snapshots of out-of-plane component of magnetization
m; when f = 0.60 GHz. (b) Dispersion relation of spin waves
propagating through domain wall. (c) Spin-wave distributions
detected at stripe 2 um away from excitation point, as shown in
inset. Full-width at half-maximum (FWHM) was 42 nm.
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Fig. 3  Simulation results when external magnetic field was
applied in x-axis direction. (a) Spin-wave distribution across
waveguide. Spin waves were excited from antenna by pulsed
magnetic field and detected at antenna 2 um away, as shown in
inset. (b) Frequency spectrum of spin-wave propagating through
domain wall. Inset shows f-H relation for analyzed peaks. Fre-

quency exhibits linear dependence (gray dotted line).
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Fig. 4 Schematic illustration of measurement setup and optical

microscope image of sample. Antenna widths of excitation (up-
per) and detection (bottom) antennas and propagation distance d

of spin wave were all designed to be 2 um.
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Fig. 5 (a) Transmission spectra (LogM AS5;) in multi-domain
state Py with 180° Néel wall. (b) f-H relation for observed peaks.
Frequency exhibited linear dependence (gray dotted line).
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Evaluation of Environmental Magnetic Noise Generated by Automobiles
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In recent years, magnetic measurement technology has been widely used. However, in magnetic
measurement, there is a possibility that the magnetic noise generated by vehicular transportation in an environment
will greatly influence the measurement. In this study, to evaluate the characteristics of magnetic noise caused by
automobiles, the magnetic field generated by a moving automobile was measured. It was found that the automobile
itself was magnetized and constantly generated a magnetic field. It was also found that the frequency characteristics
of the magnetic noise generated by a moving automobile changed depending on the moving speed of the automobile. It
was confirmed by fast Fourier transform (FFT) analysis that the frequency components of the measured magnetic
noise were approximately 3 Hz or less in the range of 5 km/h to 40 km/h. From the results of magnetic noise for various
types of vehicles on actual roads, it was found that the characteristics of magnetic noise also differ depending on the
type of vehicle. Therefore, the effect of magnetic noise from automobiles should be taken into consideration depending
on the application of magnetic measurement.

Key words: Automobile, Magnetic Noise, Magnetic measurement, Magnetic sensor, Three-dimension measurement

1. BRER

BIE, BERGHAEAR TR VB CIER STl ), ks - I
B SBEBAN AL ST B, FIZIE, FEERAERTHIES,
Mdlarn EICBIT DFEONERE, HEZHLE > T2 HIEE D7
EERHT 572 85 BRIV E U CRERGHIEANTANEH & A4
N VD, Fi, BEREERE O C OSB3 H &
NCND. ZO—2DOFKL, MK~——%ERIEE LT, &
HANZERE LTzt e L D aeid 2 & C, BloiiE s
119 WO ERSH S Y. ABEICERET APt LT, o
2R T H WO FERERA T TN D 0. X5
\Z, FEEHRA YR\ C b EERG I IS A S Tl b,
FHY, MKV EEH LA v 7 TSSO SRR
B LT AT 72 79,

TER SO 2 ERE R ORI 2/ sh D 72001
RPN DT HBRSE 3T DB/ A ADSAEIZH- 2.5
WL ERTHVENG D, BlZI1E, I B EE DML T,
TTERSEEDHIPR SN A Bi5E & U COMIEER OB T BT
20, Fe, WHIZH DGO E AT D L D 7RV AT LTI
KB B DA GHOMENIEFN NS WEEDR S D 2, IVl
A ADENC S RIS 8% RIFT R N E B2 bID.
I, WEREFIN Uiz B shE s i cld g ciim e o &m0 ()
T 572, HEIEIC LD 5IEE I SRR A DR
WCHEFFHNESNCLE S fREMS B 2 Db, S bIcHEEmoOIE
TR CIIRAV Ot A FMT 2 Z &M<, KRx 78NERESS
(SR BHENESEND. DX ) 7RBREEE ) A AD 1 DI,
ASEHEEAC L 0 B SNDRER ) A ANE 2 DI, BT
{67 % AN WG RN R B A RAF T REME D . IR
BORMBETHLMEA V7 TG IEL AT 228 b
10

%<, BIE L QWD ABIES L, EE A B 795 HahH c &
DBIERZ SNARR S A AN, HAERAEOREEHIRE R
Bz 5l L bE&ENS. BICEKABHFICIVIEEIE
TDERDINEA~DIEL BB 20507 £ bIThiLr TN 5 9.
ZD XD IMER ) A RDFEEAARS D70y, WK/ A X
DRFEEFI LT 9 2 TR AR U 20BN D 5. FATHIFE Tl
AT 5 AWEOHGEEAET 5 2 & C, BEES5 S
TRERZEEN R U CORBIIZEA T C0D 10, HEfEZ X0
MR BEIE L -2 DB T DWW TN 729121, B L
BREFE A T975 BB | &l 24 RSB A IS B B B
5. & ZCARE T, SRS BA AT 5 BB A Ak,
QL LT, HETC LY SR SNDHR/ A ADBERGHINC
B2 DEBCOWTIANT, - BN K DR A ADJEH
ORI - TR AAIE L, SRERTREA ST DIESRIEL OV VTR
L7

2. IRVARTL

AFECHEH L7E S AT 2% Fig 1 IRT. @ik,
ERA NNy T ) —THR B TR S, oW LT
f55% AD 2 "= —TF V¥ VAL, Zivk PC TIEEL
iRt LTz, BEe ot & U TR IRRE 4 X 103 uT, XA )3
7 L P-200 ~ 200 uT @ AMR (Anisotropic Magneto
Resistance) W% V2, 2 2 CHBELORER ) A ADZERIY)
JEASY B D TR SO 3 SR TE DRk
L LTHCM2003 (Honeywell #H5) A My =, (FHIEED
BT TR 4096 Hz & L7z, EBRCi&z o X
HORDFMPFIAAERS KTy ML, BroEs
DHIEZNHF) 1 m &725 KOl UCRRAI L7z, 729803, e

Transaction of the Magnetics Society of Japan (Special Issues) Vol.5, No.1, 2021

INDEX



Mobile
Battery

(a) Overview

AMR AD
Sensor Converter
Mobile
Battery PC

(b) Configuration of measurement system.

R ARRXRN

.
.
)0
.
.
»
.
3
9

(o
RO

(¢) AMR sensor

Fig. 1 Measurement system.

Magnetic flux density [uT]
=

Times [s]

Fig. 2 Magnetic noise of 5 standard-size cars.

X T 2 BB ELIS DR R AR E L 72\ BT CHENE L7z,

728, AlRIE L /=4 COEBRORNERER)ND, 285 ORESDH
ERRA S LTS, 2952 LT, RS ZRREL-A
U L DAL OISy DI TR L TN D,

3. EEREEER
31 BETETT2EBHEOES/ (X

HEIEIZ LD 5| & ShDHER /A ATHOWTIHARL T2,

e FAEFT L Q0D HENEORR /A XEBH LTz, A, HIEE
JFE 40 kmvh OFEREC, OB L F TOREES 1.5 m FLEE
L2 X NTRET AT st Ul SEERICBER L 7= fk 5% Fig.
2\, s E N 5 A2 CRIH LR Ch Y, B X
Y, ZI13Fig 10 (TRLIZE Y0 X Y, ZESis L5, Fig,
2 £V, ZNTHORETNC 5 SORSKIE FOEEAE LT TS
FRFOMERTE, 5 BOTHMABEE XIS LTS Z L2305,

ENENOFITHT HIUUERT S &, WEAHBIRT &R
o TND Z D, HEIELZL Y SIEXEZ SNDEA A AD
B SR DS D Z EVEZ BID. £ 2 CRETTIE, HEhH iz X
VEIEH - SNAMIAZ SNV TGEL SR D720, 2k LI HE)
BN ORKIE FF RN AN TR,

3.2 HBEICKVSIEFE-INIHR/ 1 XEZDRER

AIETCIL, e DBEBEIC LY, 22N | SR A
ROFHENIT R D FTREME DN TE 2 T2, ENAPRDT2DIIK
& SRS 4 FREHO HEE. O &, B hT v, 2
=y, il 22 ) D)) ORESaRIE L TR A ZORE%

T FNFNORE S L LT, I 413 4.8X1.8X 1.4 [m],

BT v 71334X15X1.8 [m], I =/30134.6X1.7X1.8 [ml,
R 5T 44X 1LTX L5 [m] THS. Fig. 318, WECKITS
BEJE L BV ORlEZ R T TelARlide o Z i L
TUVRL,

KPE RIS HRERER AR Y ML TR LUIZHO% Fig.
41”7, Fig 4 XY, BEEIZLY 51X SN ARG
PT~A uT OFPHCTHD Z E03mhnd. £z, <7 MUKLD,
WA A BN IR SAE N HERSY & BEIE DX H S Dy
DMAET DR 2R C& 5. Fig. 4 OFE FX 0 Large-size sedan
TIIEBEHEOLES) SARBMImA, Fig 4 o4 o Light
truck TIIAEEm) S AAAmIZ AN, Fig. 4 077 FX|0> Minivan
T BETFICENY, Fig. 4 o4 FK 0O Medium-size
sedan “CIIAMIED S A B> TODEE T AR T 5.
ZORERL Y, BEEORYLOSEEE TN D LV,
FAHNG [ E L TRERBEEOKRE SHEx 0B L 0 R
720, HROKE S L LMEFRTHD 2 LDl A
DB & SNDWR A ADRAIFR E LT, AfhER R
JHEND AR & D HRER DTN L D b DBEZ BND.
L72>L Fig. 4 ORI~ O HEIFIC L0 BEERRE cE < B
o TWOHETIHER TX -, ZORSRLY, HEIHIC L v g X
ZENDER S A AL, HEIEBEO BREAUIZ L5 HDOTH S

Transaction of the Magnetics Society of Japan (Special Issues) Vol.5, No.1, 2021 11

INDEX



2.0m

2.0m

—

0.5m

0.5m

0.5m
0.5m
ensor
Y 0.5m
X 0.5m

i ~ “
® Position of sensor 2.0m

Fig. 3 Magnetic noise measurement around 4

2.0m

automobiles.

Large-size sedan

EEL

Pia

P

s >y
H” ol
Lol -

A

Mini-van

L e

l"
. —y
Light truck

V=
NN
S ;}\

Medium-size sedan

1t

SuT
—

Magnetic vector

Fig. 4 Magnetic field vector around 4 automobiles.

north

west east

south ..

Clockwise

Fig. 5 Magnetic noise measurement of automobile

driving around sensor.

Counterclockwise

-4 4 4 2uT

Magnetic vector
T
PSS\ PSN\TPS
Z & X

Magnetic flux density [uT]
(=]

2 4
4 4
0 10 20 30 40
Times [s]
(a) clockwise
=
4 | Y 2 uT
= }—“*\ Magnetic vector
>
[}
/
o K 4
= t// ?l S~
Q 2 \ |
B 4 ¥ X
5,
p=
0 10 20 30 40
Times [s]

(b) counterclockwise

Fig. 6 Vector of magnetic noise from automobile

driven around sensor.

ATREMENYE 2 HiLS.

HENHN D X 9IRS A RA&B | E 2T OnE a7
W, Fig. 5 1R LTtV OENE BEFE TETSETC, B
PR BB M L2 2 b SWI35E ORI A X5 H
ol Bt BEIEORENIF 2.0 m (ZfRD, KEHED &
FIREHEL) OFNZINT, BEEE 2 FETS . ekt ot
O Z SIER LT, 7282 2O Uiz AB B ORI T
SUV T, KEE47X18XLT7 [mlDobdZfEH Lz

MR ALY ML TR LUZLO% Fig 6 (R #illi)s
Xy, BEhAS Yiksy L2 R L Q4. Fig 6 (@) O 713,
Fig. 5 (@) O XS ICABEAMREHE Y [ZHF S/ &D7F 7T
HY, X7 MV B L QWD Z VD, 17, Fig.
6 (b) 77 71X Fig. 5 b) DL HICAEEZIREHAY [F S
VoL EDTTT7THY, THLITY MV KEEHAY (Al
LTW5. HEIHEOMBIGEN L THESY MLEEL TS
Z b, HEEIC L 5 IER - SRR A A1, HEEA R
DEFAICE DD EEZ BN, HEHMEIOMBEERC X5
HE DB TIIIRNZ E DV gh o T,

12 Transaction of the Magnetics Society of Japan (Special Issues) Vol.5, No.1, 2021



INDEX

Speed: 5, 10, 20, 30, 40 km/h

WZE —azl

S

speed: 40 km/h speed: 5 kmvh

Distance: 1.0,1.5,2.0 m

R S T
—

Magnetic flux density [pT]

Frequency [Hz]

z . . .
T Y Fig. 9 Frequency spectrum of magnetic noise.
X

3.3 HEEOERESLUBHBEL U HTHEEIS/ 1 X2k
FTEE
WIHEITT 2 BEIEDRAET DR A A a7t LSRR D 720,
FENE ORI [ B & & o & O 2 S BTB A ORER
J A RO ZAOWCGEL LS = EEZ Fig. 7T \OR7.
HEE T 5, 10,20,30,40km/h & L, H#f11.0,1.5,20m
speed: 20 km/h s o ; . .
distance: 2 m & LTS A R LT, 2 b 0lEk % Fig. 8 IR
30 Fig. 8 (@), )P/ 77 Cl, BEfH L4 & OEHE 3R
20 ¢ ST FTHD. ZNHET S L, I ARZ O Fig. 8() @
10 r Z £< 72 70J)573 Fig. 8 (b) LV bEHIEEIV NS 72T .
0 —ﬂE§Q%( F72Fig.80), (© D77 TlE, AEEL &4 L OFEEHIFE
-0 ¢ Y UC, HEEOHENERS. b AHT 5 L, T2
-20 ‘ ‘ ‘ FEIFFECH 7Y, Fig. 8 (0 1T~ TFig. 8 (b) /77T
I HERTICEBEVE LD Z L5, SBIC, HENHDEE
23 40km/h OEE, #HE 20kmh DAL IR T, S HICAlE
(a) 20 km/h and 2.0 m (I L QOB TSR T T2, ZORERA, FBIEOHERC
speed: 20 km/h Jix U CHER A ADFHESEED A5 2 ENBEZ HID.
% distance: 1 m FERHEE R L < DTl HBIEOMIE % SR Rk
EHETH 5 40 kivh 12 LT L BAGEE CH 5 5 km/h 2L
I=3E0FNENUCHONT, FFT (Fast Fourier Transform) %3
FAL7RR% Fig 9 (O, Fig. 9 OERIZASEELOMEN 40
km/h OBET, JEREAY MVDZEKE 3 Hz FUE £ TORGY
ZE NG, UK L, Fig. 9 OFRIEAEEEOMEE)S 5km/h
DBET, FEAY MUI2HZ FUEE TL > TS, 20D
Time [s] ERLY, BEED DR ONDE ) A RO EE)
(b) 20 km/h and 1.0 m HEEOBEENCTEEL, BEIFEEOBHEEL 705 & &L
speed: 5 km/h 0 EERNA~EE TS Z Lol

distance: 1 m

Fig. 7 Measurement of correlation between
magnetic noise and speed of automobile, distance

between automobile and sensor.

Magnetic flux density [puT]

Time [s]

Magnetic flux density [uT]

30

3.4 FTESHTEBEOMSK/ 1 X

FEROE R CHEATT DRk A RO B EORK ) A X
ZIE U7, EBR 1 & RBES, BRI 40kmm OBEIST,
KUV LEROEN 1.5 m FRELRD LI ICHES AT
LERRE LT
20 | ‘ X ‘ FERIBN L72BER ) A AD Y 57 % Fig. 10 TR T
Time [s] Fig. 10 @IFSADR ) A A CThD. 77 7% A5 L(E
BOE—7 N2 OIS TND Z ERSH 5. Fig. 10 (a)
PIAMZ N DO 2 ZRE U TR SR C b [RER O BT A 8L
WS TEY, ZEAAFEOBRGE THLEEZBND.
MR A XD —7 BWEEEN SN LK & LT, MED
FAEPNERAFET DAREENEZ BN D, NALEE D

Magnetic flux density [uT]

(¢) 5km/h and 1.0 m
Fig. 8 Correlation between magnetic noise and

automobile speed, and distance from sensor.

Transaction of the Magnetics Society of Japan (Special Issues) Vol.5, No.1, 2021 13



0 W

-5 T y

—\W\

-5 T .

Magnetic flux density [puT]
=

) 4
Times [s]
(a) One bus

Track A
Standard-size car A rac

Magnetic flux density [puT]

e
A

Times [s]

(b) One standard-size car and one truck

Hil & bl U CHERBE L, bS53k S D alhE
HENREZBND. ZIUT L ORI ER DT L
72912, Fig. 10 @O L7 77”6 EZBN
5.

Fig. 10 XS @HBEE L FA N T » 7 OK /) A X T
b5, HHABEICHAST T v 7 OMK A ARIEFIC
RENZERGD L. ZRLUSMNCL RN T v 7 28I L
7oA H3 Fig. 10 (0 TH 52, Fig. 10(b) R LT T v
7 DWER ) A R LW EHB DR /A X OREHEE DR
EFXCHEVEONRD. ZOXEIITETDONT v 7 TH
KA RBIEFTR S BR S N=bi TR, WELE K
Sy I ORER ) A XDNL DN TIEFITRE R REE %
FiolR ) A AN ENTZ. b T v OBA, BAaNE
FBATWLEHAELH D, TONEEL LT L TV D HEE
HHBEZOND.

F7-, Fig. 10 OREREFICH LT FFT 238 L TR
AT NVERASTAER, Fig. 9 & [RBCE %% 3 He 12
EEToOHREALTEY, SHz U Lo#REzALTn5
R A RHF L A EBRIS N o7z, ZIUFAEE
L 7= BB OHIFREE S 40 km/h T Fig. 9 & [FBED#HE T
HBHIENEZLND. o T, HOMEENE R OHE
TREET 2 HA1, 3Hz UL EOREEUR YN EEhD 2
Ly IS,

4 FEH
AWZETIZABH BT DN DR A AEH L, £O%
PEEAR 2 TR DI BN LTz
HEY DR DNDIER S A AL, HEEMEHAER ST
WD TR LD HIBERDEIHNC L 2 b D TIFRL, BEEA
EHETDBEIRAUC LD LD THD Z Li3yinot. £z, 151k
U7 HENHLOE Y OGS, SEROBR CEITT 2SS E

Track B EEORG 2B UIAER, #lx o BEIFC L Y BH Lo SR

Standard-size car B I LAt
i Sl D EBEORE. ) 1 X LT, 2pke LTH
0 b ﬁ\JNhL B D HE DIVDIE ) A RAOBHREREL I T~ 1T 4 —

i

[

th

-5

Magnetic flux density [UT]

Times [s]

¥

=TTz KRR & > T O BB DA — 4 —
IR0, uT A —F—LU T O a0 D EEHIZ S 13 A EhE
IOOWEER ) A RDFZER A5 T D Z L h3pinoTe
LI D ABEO DIE SNDIEE/ A AO SR KR
DWW HIRREA T, ARG I\ C EOREEEHI
B 52 DN THIREAT o7, ZORER, K/ A AD
R R, BRE 40 km/h C 3 Hz FYELLFOAAY Lk ia
BT WD T - AEEOEREDNE L 2252 L2~ T, B
RS A ROFNESEFED L0 SNBSS0 Z Lot
PLEOFER Y, ABEEIOE 795 HEIE) DRAT D
RS A ROFHEDP BN, BRI CRRI 2R
JERJEI IS UC, HENIC L AREK A ADF B EE D

INDEX

(c) One standard-size car and one truck VEERG B = L DT

Fig. 10 Magnetic noise measured on road.

Transaction of the Magnetics Society of Japan (Special Issues) Vol.5, No.1, 2021



References

1) H. Yu, Z. Qian, H. Liu, and J. Qu : “Circular Array of Magnetic
Sensors for Current Measurement: Analysis for Error Caused
by Position of Conductor,” Sensors, 18, 2, 578 (2018).

2) W. Xu, Z. Guo, Z. Liu, P. Zhang, and Y. Zhou: “Optimization of
Magnetic Anomaly Detection with Single-Axis Sensor for Pig
Locating in Low Latitude Areas,” Petroleum, 5, 4, pp. 417-423
(2019).

3) O. Thiabgoh, T. Eggers, V.O. Jimenez, S.D. Jiang, J.F. Sun,
and M.H. Phan: “Real-Time Monitoring of Position and
Motion of a Non-Stationary Object with a Highly Sensitive
Magnetic Impedance Sensor,” Journal of Science: Advanced
Materials and Devices, 3, 1, pp. 122-128 (2018).

4)Y. Byun and Y. Kim: “Heading Estimation Based on Magnetic
Markers for Intelligent Vehicles,” Journal of Dynamic
Systems Measurement and Control, 138, 7, 071009 (2016).

5) Y. Byun, R. Jeong, and S. Kang: “Vehicle Position Estimation
Based on Magnetic Markers: Enhanced Accuracy by
Compensation of Time Delays”, Sensors, 15, 11, pp. 28807-
28825 (2015).

6) X. Chen, X. Kong, M. Xu, K. Sandrasegaran and J. Zheng,
“Road Vehicle Detection and Classification Using Magnetic
Field Measurement”, JEEE Access, T, pp. 52622-52633 (2019).

7) M. Hayashi, T. Saito, Y. Nakamura, K. Sakai, T. Kiwa, L

Tanikura, and K. Tsukada: “Extraction Method of Crack
Signal for Inspection of Complicated Steel Structures Using
A Dual-Channel Magnetic Sensor,” Sensors, 19, 13, 3001
(2019).

8) K. Tsukada, Y. Haga, K. Morita, S. Nannan, K. Sakai, T. Kiwa,
and W. Cheng: “Detection of Inner Corrosion of Steel
Construction Using Magnetic Resistance Sensor and Magnetic
Spectroscopy Analysis,” IEEE Trans. Magn., 52, 7, 6201504
(2016).

9) A. Vassilev, A. Ferber, C. Wehrmann, O. Pinaud, M. Schilling
and A. R. Ruddle: “Magnetic Field Exposure Assessment in
Electric Vehicles,” IEEE Transactions on Electromagnetic
Compatibility, 57, 1, pp.35-43 (2015).

10) K. Kamata, K. Yunokuchi, K. Yamazaki, K. Kato, T. Ueda, A.
Haga: “Magnetic Field Fluctuation Due to Movement of
Automobile,” [IEEJ Transactions on Fundamentals and
Materials, 125, 2, pp. 92-98 (2005).

20204F12A25 A3, 20211 A1 HEZE, 2021437 1Bk

Transaction of the Magnetics Society of Japan (Special Issues) Vol.5, No.1, 2021 15

INDEX



T. Magn. Soc. Jpn. (Special Issues)., 5, 16-21 (2021)

<Paper>

T4V —HFHEICLDBEANEEEDIER
System for measuring magnetostriction of magnetic thin films with
Fizeau Interferometer

- EfRE - fREEEET

T RAER A AT TER), (BRI 4 T H 3-16( T992-8510)

S.Umetsu, Y.Takahashi, and N.Inaba’
Graduate School of Science and Engineering, Yamagata Univ. ,4-3 -16 Jonan, Yonezawa, Yamagata,992-8510,Japan

We developed a system for sensitively measureing the magnetostriction of magnetic thin film specimens that uses

Fizeau interference. When a magnetic field is applied parallel to the film plane of a cantilevered specimen, the magne-

tostriction of the film makes the specimen slightly bend, and the movement of the interference patterns is observed depend-

ing on the deflection d of the specimen. The variation in d can be detected with a precision of about one thousandth of the

wavelength of a laser beam. The magnetostriction constant 1,59 of Fe(001) single crystal thin film with a thickness 62 nm

deposited on GaAs(001) single crystal substrate was estimated to be (—=1.0 + 0.6) x 107> from a deflection of 1.2 + 0.6 nm.

Key words: magnetic single crystal thin film, magnetostriction, Fizeau interferometer
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Table 1 Parameters of single crystal substrate GaAs,MgO and thin film Fe

Single crystal GaAs MgO Fe
Young’s module E | 83GPa” | 245GPa® | 208 GPa®
Poisson’s ratio v 0317 0.23% 0299

Thickness ¢ 0.32mm | 0.26 mm 62 nm
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Fig. 3 Applied magnetic field dependence of deflection for
Fe(001)/GaAs(001) specimen measured by magnetostric-

tion measurement system with Michaelson interference.
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Fig. 4 Applied magnetic field dependence of deflection for
Fe(001)/GaAs(001) specimen measured by magnetostric-

tion measurement system with Fizeau interference.

il &8 H U728 10 % Table 2 IS8T . WEDHEH
121 Table 1,2 D [ & d % (1) RUSRA L7z, HIEED 5
BH XN 7MEDFEEMEIE A0, = 1.8 X 107 ¥ ko 7.
COWEERDIZSOEIZ 04X 10 BETHY, bk
BOROOEXPEHLAHMECSGZ 2B ICL2HEF
BETH2 2 olllESRMIC X 2HIEREDREIR
shT, BIEOFHBEERT.

HI7E L7z GaAs BEHGAEID 2419 & A0 DEDIESD
XERER L LT 6),7) REZHOT 4190 & A1) ZHEE
T3, A0 = (17£2.1)x 10754y, = (=1.940.7) X 10~
L%, ZOfEIE Table 3 1ZRF & 512V Fe Hiffidh
DWEEL Ron—ER LT
4.2 Fe/MgO sEEDAIE

GaAs EHR LD b ¥ > 7ROKZ W MgO Efliz Huw
72 Fe/MgO iREHTDWT 7 4 V' — T I E I E % 18 %
WTREE ZHIE U 7z, FERER o Rl /7 A (Fe[110] 75
[f]) DSEIINRE SR & SEATIC 72 5 KD WCEEL, L—F =K%
SR ST E 2 5 1 = 12.5 mm DOAZEIZ ST Fe[110] /71
D7=bAE X DE 110 ZRE L 7. BB DS % Table
1 12RT. 7ebAROEN SR DR % Fig.6 1IIR
. RAALASEIRIT 2 %K |H| > 31.8 KA/m( |H| > 400 Oe)
WBF27bARIZIFEI—EMEEZRL, ZDFHEIZ
—2.5nm, F¥Eh5DIEX5-0% 13 06nm BETHH . =
-25+0.6 nm AFEsN7=. ZofiE (1) RcRALT
Fe[110] HRIDBEEEFET 2 ¥ A0 = (=1.3+£0.3)x1073
LA, ZOfEE, SR 5 I THE L TWwa Fe/MgO
MR ZA LY YR TBMEREEICK > THIEL 2
Ao = (1.4 +03)x 107 ¥ Bo—K% R L7

RN O W TR T A & AT ISR 2 EL AN L

Transaction of the Magnetics Society of Japan (Special Issues) Vol.5, No.1, 2021 19

INDEX



Table 2 Magnetostriction measurement conditions and measurement results in Fe [110] direction

Laser spot distance / [mm]

Deflection d [nm]

Magnetostriction A;¢,

73 1.6+ 0.6 (1.6 £ 0.5) x 107
8.0 2.9+0.6 (1.9 +0.4) x 107
9.5 4.1+0.6 (2.1+03)x107°

Average 41101

(1.8+£0.4)x 1073

Table 3 List of magnetostriction constants of Fe single crystal

Samples A110 AitoL A100 A1
Fe bulk single crystal -1.0x 1073 2.0%x 107 20x 107 12 -2.0x107 12
Fe(001)/GaAs(001) (-1.0£0.6)x 107 | (1.8+04)x 107 || (1.7+£2.1)x 1073 | (-1.9+£0.7) x 1073
Fe(001)/MgO(001) | (=13 +0.3)x 107 | (1.7+0.4)x 107 || (0.8 % 1.4)x 1075 | (—2.0+0.5) x 10~
5.0 4.0
n 40 F 301
- t
X 3.0 F 20, =(1.840.4)x10° 1 7 207
20k T, % _______________ % __________ = £ 10f
g " s
g 10} ? " i . £ 0.0 pyresmssssnssnanaas +— ------------------
E _? . g
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Fig. 5 Variations in deflection d for Fe(001)/GaAs(001)
specimen with external magnetic field applied perpendic-
ular to Fe[110] direction. The deflections were measured
by the Fizeau interferometric magnetostriction measure-
ment system with different laser positions, /; = 7.3 mm ,

l» = 8.0 mm, and /3 = 9.5 mm.
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Fig. 6 Variations in deflection d for Fe(001)/MgO(001)
specimen with external magnetic field applied parallel to
Fe[110] direction.
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Fig. 7 Variations in deflection d for Fe(001)/MgO(001)
specimen with external magnetic field applied perpendicu-

lar to Fe[110] direction.
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NANOMET®#EE 17 Z# M L f=5:& SR E— 4% DX #E

Prototype Evaluation of High-Speed SR Motor Made of
NANOMET® Laminated Core

KIHFEDT - ZBRFIF Y - AR = - R
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AR EER R THEE 6-6-11 (T980-8579)
DIk~ Ry N VAT 4T 2— b, flIE

HHEX T 2-1-1 (T980-0812)

A. Nagai 7, K. Mitsuya ¥, S. Hiramoto * ,and K. Nakamura
% Tohoku University, Graduate School of Engineering, 6-6-11 Aoba Aramaki Aoba-ku, Sendai, Miyvagi 980-8579, Japan
" Tohoku Magnet Institute Co., Litd., 2-1-1 Katahira, Aoba-ku, Sendai, Miyagi 980-0812, Japan

A switched reluctance (SR) motor has a simple and robust structure, is low in cost, and operates
maintenance-free. Therefore, the SR motor is expected to be used in various fields, especially for high-speed
applications. This paper focuses on a novel soft magnetic material, called NANOMET®, that contains nanocrystalline
Fe—Si—-B—P-Cu quinary alloys. It has almost the same saturation flux density as conventional non-oriented Si steel
and remarkably low core loss. In this paper, a 12/8-pole SR motor made of NANOMET® laminated core is prototyped
and compared with a conventional one made of non-oriented Si steel. As a result, the torque characteristics of both SR
motors were almost the same. It was also found that the iron loss of the SR motor made of NANOMET® was
significantly reduced, which lead to an efficiency improvement of 10% in comparison with the conventional one made

of non-oriented Si steel.

Key words: NANOMET®, Switched Reluctance (SR) Motor
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Fig.4 Specifications of 12/8-pole SR motor.
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Fig.5 Calculated torque versus speed characteristics.
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Hysteresis Analysis under DC-Bias by using Magnetic Circuit Model
Combined with Play Model

RSP HEhT, PR EAL, A T

FALKRSE AR Tt ge s, e msE

AT HE 6-6-11 (T 980-8579)

Y. Hosono, Y. Hane, K. Nakamura
Tohoku University, Graduate School of Engineering, 6-6-11 Aoba Aramaki Aoba-ku, Sendai, Miyagi 980-8579, Japan

Quantitative analysis of iron loss taking magnetic hysteresis behavior into account is essential to development of high-efficiency
electric machines. In a previous paper, a novel magnetic circuit model combined with a play model which is one of the
phenomenological models of magnetic hysteresis, was proposed. It was clear that the proposed model can calculate the hysteresis loop
of the magnetic reactor in high speed and high accuracy. However, the calculation accuracy of dc-biased magnetic reactor has not been
investigated. This paper discusses the calculation accuracy of dc-biased hysteresis loops by comparing with experimental results.

Key words: magnetic circuit model, play model, iron loss, hysteresis loop, dc-biased reactor
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SR TY v FRLBEORREES BT 3R

Basic Study on Magnetic Flux Density Distribution
in Three-Phase Hybrid-core Structure

IRTART - ZEHE S -
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-

(BR) BHATBUERT, KRR BT RAETE T H 13 15 (T319-1292)

C. Kobayashi ', N. Kurita , M. Ogi, A. Nishimizu , and A. Yamagishi
Hitachi Ltd., 1-1, Omika-cho, 7-chome, Hitachi-shi, Ibaraki 319-1292, Japan

To provide large-capacity transformers with a lower-loss and compact core, we devised a hybrid configuration consisting

of amorphous wound- and silicon steel stacked-cores.

In this study, we manufactured a small model of three-phase five-

legged hybrid-core designed with conventional method and evaluated the distribution of magnetic flux density (B). It was
proved that the measured B-distribution could be reproduced reasonably with the calculated results using the magnetic
circuit analysis. However, the hybrid-core has a challenge for capacity enlargement due to different yoke width between
amorphous and silicon steel cores resulting in lower static stability. Hence, we proposed a shape of hybrid-core in which
the both yoke widths were aligned to half that of the main-leg part. On the basis of magnetic circuit analysis, we demon-
strated that the proposed hybrid-core enabled a 10% higher magnetic flux density than configurations with an amorphous
core only, and the increase of iron loss against a conventionally designed hybrid-core was suppressed less than 0.8%.
Key words: hybrid core, three-phase five-legged transformer, iron loss
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Fig. 3 Measured Bdistribution in the hybrid model core.
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Fig. 4 Wiring diagram(upper) and equivalent magnetic
circuit(lower) of the investigated three-phase hybrid-core.
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Table 1 Specifications of the investigated three-phase
hybrid-core.
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Development of Electromagnetic Guideway for Seamless
Ultra-thin Steel Plate
(Consideration on Effect of Vibration Suppression against Input Vibration

Disturbance by Multi Body Dynamics)
HZEEIGE © - ZREBEREEAR Y - AE Y - Y - NI @ - B IEAR Y T - DR @

IHVHERZE, MRNFSEETALAE 4-1-1 (T 259-1292)

R. Nakasuga®, Y. Narawa®, S. Ishihara”, R. Yamaguchi?, K. Ogawa®, T. Narita” ', and H. Kato®
* Tokai Univ., 4-1-1 Kitakaname, Hiratsuka-shi, Kanagawa 2569-1292, Japan

The continuous steel plate production line extends several kilometers in length, and steel plates are transported
through contact with rollers. However, after the plating process, a plate cannot be supported by rollers so as to avoid
plating failure. Therefore, we propose an electromagnetic guideway that applies magnetic levitation technology to the
steel-plate manufacturing line. In our research group, a high guidance performance could be obtained in an experiment
by installing electromagnets to the sides of steel plates on the path on which they are conveyed. However, the shape of
steels plate has not yet been obtained analytically. Therefore, we focus on multi body dynamics and study the optimum
placement position of electromagnets. In this study, the attractive force was analyzed by changing the steady-state
current applied to the electromagnets to investigate the vibration suppression performance of the electromagnets for
the electromagnetic guideway. From the analysis results, the electromagnets generated a restoring force like a spring.
Furthermore, from the results, we analyzed the response of a steel plate on the basis of multibody dynamics when a
disturbance was applied.

Keywords: steel plate, noncontact guide, vibration analysis, multi body dynamics
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Fig. 10 MBD analysis model of continuous steel plate.
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Fig. 14 Time histories of analyzed displacement zfor
?lectrf))magnet unit for electromagnetic guideway
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BEERBZFAL-ENMNETEY T OBFHE R T LOMRRE
(BHME7 IV F1IT—32 OHREICEY 5 EHMNRE)

Development of Noise Control System for Ultra-compact Mobility by Plate
Vibration
(Fundamental Consideration on Performance of Giant Magnetostrictive
Actuator)

DAEAREA © « ATt @ « BiJECETR @« Hr g, @
MEED Y - SN SR 2T - sl A Y
DHERY, HhE)IREETTILe H 4-1-1 (T 259-1292)

T. Kato , T. Kitamura ¥, F. Maehara ®, H. Nakayama *,
K. Ikeda ¥, A. Endo ®, H. Kato ? ', and T. Narita
a) Tokai Univ., 4-1-1 Kitakaname Hiratsuka-shi, Kanagawa 259-1292, Japan

One- or two- seater electric vehicles are categorized as ultra-compact mobility vehicles and, these vehicles
have advanced features such as compactness, light body, and low environmental impact. However, the noise input
into the vehicles mainly consists of road and wind noise from the tires and wind noise due to using an electric motor
as a power source instead of a gasoline engine. To solve the interior sound problem, we focused on a giant
magnetostrictive actuator (GMA) that is small and able to generate a high output, and we propose an active noise
control (ANC) system using wall vibration generated by the GMA, thereby achieving a silencing effect. The GMA has
mechanical properties such as shafts and springs. We consider these properties to affect the control of sound output
through the surface vibration of flat surface in ultra-compact mobility vehicles. Therefore, a GMA must be designed
that generate sound control by surface vibration accurately. In this paper, we created an analysis model of the GMA
and considered magnetostrictive force and the frequency characteristics of the proposed GMA by electromagnetic field
analysis.

Keywords: ultra-compact mobility, active noise control, surface vibration, generate sound control, giant
magnetostrictive actuator, electromagnetic field analysis, finite element method
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Table 1 Details of giant magnetostrictive actuator.

Components Material
Shaft 1 S45C
Giant magnetostrictive material Terfenol-D
Permanent magnet FB5B
Bobbin Plastic
Coil Cu
Shaft 2 Plastic
Spring S45C
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SEIETILERWEY) yYRICE T HBERREA D =X LDOEH
Loss Analysis Using Split Models of Litz Wire
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- KFHRED
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E. Asahina @+, Y. Ueda @, A. Nagai Pand M. Ishitobi 2
a) National Institute of Technology, Nara College, 22 Yata, Yamatokoriyama, Nara 639-1080, Japan
b) Graduate School of Engineering, Tohoku Univ., 6-6-11, Aramaki-Aoba, Aoba, Sendai, Miyagi, 9580-8579, Japan

Litz wire is used to reduce copper loss in high frequency applications. However, it has been confirmed that
the loss increases compared with a single wire unless an appropriate Litz wire is selected, and therefore Litz wire

cannot be used easily. Loss prediction is necessary to select an appropriate Litz wire, and methods have been reported
or solving the Bessel function to make mathematical predictions and methods of making a database from finite element

analysis and experiments. Both are effective methods, however complicated modeling or correct reproduction of the
usage environment are necessary, and therefore the designer is required to have experience and academic knowledge.

The purpose of this study is to enable field engineers to intuitively understand the loss generation mechanism and
then handle Litz wire. Therefore, the basic elements of Litz wire were extracted and analyzed with a greatly simplified

cylindrical coordinate model to clarify the relationship between the inductive current that causes loss and the wire

structure.

Key words: Litz wire, proximity effect, skin effect, copper loss, eddy current
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Fig.1 Analysis model of Litz wire.
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Fig.4 Analysis model of Litz wire.

Table 1 Analysis models.

Model A Model B Model C
@ direction
X
Model D Model E Model F

r direction
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Fig.10 Analysis models (Model D - F').
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Fig.13 Current density distribution on Model E.
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