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Development of Hydrogen-Free ta-C Coatings for Precision Forming Tools

TTAT7A)*% H—L*
Saleh Abusuilik
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Kenichi Inoue

FELBICEREN S DLC BRIE, HICKFET7Y—ta-C RIRICEEZEEMETREICREYG H Y,
HELEOMAMS SUFGELIKOSNTVE, KB TRASOFEEEZHRETSHI 2B
EL, T-FADEKEBZAWVWT, ArARI Vv F L IHRICKZHRAZRMTBELEDIC, REEMDR
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HER, KA T4 208, A7 7y FRHREV S LBREFMEAECLIBEFREHS HIC
Lo ZEMBIVFREOE ta-C REEGFHMARELRICHERA SO, BVLERENEE R
B3 TRERBEOFGUEICHRIITH 5,

Hydrogen-free ta-C coatings have been applied for precision forming tools. However,
improvement of the surface smoothness and adhesion of the hydrogen-free ta-C coatings is
required for better performance of coated forming tools. This paper aims to present
technical solutions to improve the surface smoothness and adhesion of ta-C coatings using
a T-type filtered arc deposition system (T-FAD). Specifically, the smoothness of the ta-C
coatings was improved using a plasma filtration system to prevent droplet formation during
coating using the T-FAD. Likewise, to improve the adhesion of ta-C coatings, Ar-H; gas
etching and underlayers formation were investigated. Adhesion of the ta-C coatings was
examined using HRC indentation tests, ball-on-disk tests, and scratch tests. The
experimental results of this study showed that application of T-FAD prevents formation of
droplets on the ta-C coatings. Moreover, the Ar-Hs gas etching and underlayers formation
by addition of nitrogen and acetylene gases at the coating-substrate interface improved the
adhesion properties of the coatings. The ta-C coatings are recommended for nonferrous
precision forming tools due to the improved surface smoothness and adhesion.
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Fig.1 Image views of DLC molecular structures
(a) Graphite, (b) Diamond, (c) DLC (a-C), (d) DLC (a-C:H), (e)
DLC (ta-C), and (f) DLC (ta-C:H)
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Fig.2 Observation results of conventional ta-C coatings
(a) surface of a ta-C coating, (b) a ta-C coating with 100% Ar
etching
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1 150C T60 min, YAZ v F Y7 Ar T A F721%
Ar-H, 7 A% 90 min, JEBEFRERIIZ DWW TIEH 60 min, B
N4 7 ZAEEF-150 V & Lize 2B, BER LD
72O ERE I %2 130 min B L 7160 min & L7-FE
PEETIT o720 86, Ar AT F Y THOKEN A
DHMBEIZ L BHEZRRDL 720, Ar AT OKER
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Fig.3 Schematic illustration of a T-FAD system (top view)

®1 ta-C REOHEEREDEEREMF
Table. 1 Experimental conditions used for underlayers formation
formation of ta-C Coatings

underlayers addition
B1 Nitrogen Ar-5% H, gas 20 60
B2 Nitrogen Ar-5% H, gas 45 130
B3 | Acetylene/Nitrogen | Ar-5% H, gas 20 60
B4 | Acetylene/Nitrogen | Ar-5% H, gas 20 60
B5 | Acetylene/Nitrogen | Ar-5% H, gas 20 60
B6 No gas addition 100% Ar gas 20 60
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055968 (EELS : Electron Energy Loss Spectroscopy)
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fMREZRT, B5 (@), (b), (©IRTIHITAr FAH
DIRFET APEED AT ALy F 7 FIF % L7212
DWTIE, FEEOLHIh 7o THEHEESITE A EHER S
Ny, BNEEEEZRTHEIICH 72, EROBEEED
G FE AT » 7B OB AR R 2R 5 (d), (e),
() \RT o BRIEE % ta-C R IEA A OWIPEEIC 551
BRECTETICRE RS AE L2, K21, Ar T A
Iy F BB RO T L0 ERT, F2 AI-A3 13,

/"\
Partial delamination .
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Fig.4 Observation results of ta-C coatings deposited under various Ar
gas etching conditions (a) Ar-5% H. gas, (b) Ar-10% H. gas, (c)
Ar-20% H: gas, (d) Ar gas, (e) Ar gas/CrN underlayer, and (f) Ar
gas/Ti ion bombardment
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Iy F v T efio R, AN WREER T E A
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002 umPTTHBrIENL, BN FETEEZRTIE
EHERR L 720

Ar TRy F v ZI3EY 5 S CREFT A ZHTML 72

L Coating delamination |
. - P e

5 Lol 4 oA 2
5 AHAIyFLIEEHTHRIELL ta-C BIED HRC ERABRER
Fig.5 Results of HRC indentation tests of ta-C coatings deposited
under various Ar gas etching conditions (a) Ar-5% H. gas, (b)
Ar-10% H, gas, (c) Ar-20% H. gas, (d) Ar gas, (e) Ar gas/CrN

underlayer, and (f) Ar gas/Ti ion bombardment

K2 taCHEOA LRIy F L IDREHREROE LD

CLICKSTHAL Yy F ¥ VIR Ei L7272, MR
OB A 7 — W H 5012 B 2 S ta-C B2l & 34t
OEAHENPEE Y, ERIE % ta-C BRI O M
W MCBERE L, HRC IR GUBRIC 3T & K 70 5 ) e
FHEAETIC, BELEAEER L7,

4.2 ta-C REICH T 2HEBOKREHER

ta-C DAL L7280, MIBENIC Ar-Hy, AT
F U T EATo 1. 72, ta-CEEOEE N LB X%
EVER Fo7z8, 5L Fb ORI BE I E R AT A
BLXUOT7TEF LA AZRMLIZ.R6 1%, Ar-H, AT v
F TG B X ORI TOH AGTME TR L 72 ta-C
B OFRMIREDOBIEFE R TH S, BETABLVOT £F

(a) (b)

6 BEAZXBSLUVTEFLUOHRICLZFEED LIS
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Fig.6 Observation results of ta-C coatings deposited on nitrogen-

and acetylene-doped underlayers (a) (b) N-doped underlayers (c)

(d) (e) N- and C,H>-doped underlayers, and (f) no underlayer

Table. 2 Summary results of ta-C coatings deposited under various Ar gas etching conditions:

(A1) Ar-5% H. gas, (A2) Ar-10% H» gas, (A3) Ar-20% H: gas, (A4) Ar gas, (A5) Ar gas/CrN underlayer, and (A6) Ar gas/Ti ion bombardment

Before deposition Evaluation results of ta-C coatings
No. Rotjlglr:g;ass Rotllglhnr:;ass H?(r;d;;ss Delamination adﬂzs(i:on Critic(?\: )Ioad
A1 Ra0.01 Ra0.01 67 Excellent Excellent 52
A2 Ra0.01 Ra0.02 7 Excellent Excellent 48
A3 Ra0.01 Ra0.01 80 Excellent Excellent 52
A4 Ra0.01 Ra0.01 73 Bad Bad 44
A5 Ra0.01 Ra0.01 65 Good Good 28
AB Ra0.01 Ra0.02 60 Bad Bad 43

Adhesion evaluation standard

Less than 50 um delamination: Excellent
50~100 um delamination: Good

larger than 100 um delamination: Bad
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L U ARMEAT - 72 B o R HBE Bl s
T, BmAEEICEREmNER L (K6 (a)-(e)). R
D 100% Ar ALy F ¥ 7 OH ZAGME L TR L 723
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O HRC JERAEBRBEO KPR EETH b, HRABMEN
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Fig.7 Results of HRC indentation tests of ta-C coatings deposited on

nitrogen- and acetylene-doped underlayers (a) (b) N-doped

underlayers, (c) (d) (e) N- and C,H.-doped underlayers, and (f)

no underlayer
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D, PFEICERTYSE I ERERLT.
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FHERICB VT, BB XTIV I = A OfRE E R
L7z (B9 (f)o

RHFFETHE D N7 ta-C B2 I o B WF i RLAR % B 10 127R
Fo ta-C L EMORTICBNTEREIABIUOT &
F LU HARMZAT - T HBEOBELES X ORI
EDMENC & RN L 720

ERDA & AES #ii k2R 4 1R T ta-C BZIEORAS
BFE AT 1E, 28 K TF-% ~ 36 T % DEHENEH
NTW3 L a2l L7z, REMOEFEEA = IIHHBRSR
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Fig.8 Measurement results of nanoindentation hardness of ta-C
coatings

K3 BRAXBIUVT7EFLOHRICEZFEBDLKIEL /- ta-C HIEOREHEROF D - ZD 1
Table. 3 Summary results of ta-C coatings deposited on nitrogen- and acetylene-doped underlayers-part 1 (B1) (B2) N-doped underlayers, (B3)

(B4) (B5) N- and C.H,-doped underlayers, (B6) no underlayer

Before deposition Evaluation results of ta-C coatings
No. ROL(JLgII’:]r:)eSS ROtJﬁf:g)eSS H?(r;dg:)ss Delamination adﬂzsci"on Critic(;,e\all) load
B1 Ra0.01 Ra0.01 75 Excellent Excellent 61
B2 Ra0.01 Ra0.01 81 Excellent Excellent 70
B3 Ra0.01 Ra0.01 77 Excellent Excellent 67
B4 Ra0.01 Ra0.03 92 Excellent Excellent 65
B5 Ra0.01 Ra0.01 71 Excellent Excellent 58
B6 Ra0.01 Ra0.01 75 Bad Bad 43
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BRBEIWL L TWASZ EDRER SN, FHEkZ, ta-C
B BB & b oKk FEE % ERDA 7504 %217 -
TR RE, Ar AAL Y F U 7 BLXOTEF LA
AT & O B AKRFEE 10 H T %~ 78 i 1% & A7

Coating delamination
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Fig.9 Ball-on-disk results of ta-C coatings deposited on nitrogen-
and acetylene-doped underlayers (a) (b) N-doped underlayers,
(c) (d) (e) N- and C.H,-doped underlayers, and (f) no underlayer

| Substrate
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Fig. 10 Observation results of fracture cross-sections of ta-C
coatings deposited on nitrogen- and acetylene-doped underlayers
(a) N-doped underlayer and (b) N-and C.H.-doped underlayer
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UEn X912, ArH, ATy F ¥ 7B X OFIEATIC
BOWTOBRENAELETEF LY T ARMELTH 2 &
T, BAEMEOE ta-C % WIS 2 2 LA HETH Y,
T-FAD %% W CHEEDO BV A D B ta-C K%
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WIZ, EELS AT OfERD S, REBRTH SN Arb%
Hy ALy F ¥ 7B LSBT A Z RN L 72 ta-C B2
DFAXYEY FIRGOE G %FKT SPEAOHEE I,
83% TH V), ENTALFRENEHT LI LWnhro72(R
5), SP A DEIEDHMT % 2 & T ta-C KO
BT s EpmsnTwnS Y, X512, ta-C O D-G
NV REREEL (In/16) % 9~ ¥ 43 6 CTHERE L 725 513,
ERT AR L O ta-C BB & R TRSFREE O %2 7R
L7z7:9, ta-CH R & FEMAICER AT ABIML T D
ta-C FEO KT D SPP RS RITTERBIIITLEAL
TWweEZbhb, T/, R1LFXIDBIBLUBO®
RERHIZDWT, ta-C Kl & b o 5 2 TEM #HT % 47
W, Ar-Hy AT v F ¥ 7 %47 - 7R MO BIgE k& %

®5 T-FADEBTHREL - ta-C KED SPP I, S3>DD-G/N>
RE&fELE, REDWEEREOFHA

Table. 5 Detailed results of T-FAD deposited ta-C coatings including
SP® ratio, Raman D-G intensity ratio, thickness of the modified
layer at the coating interface

EELS
: |D band/ . Modified layer
analysis
No. y3 %1 band I/l -(rh'g; thickness at the
SP (cm™) u interface (nm)
ratio
(Table 4-B1)
Ar-5% H, gas etching 1374/
Nitrogen gas addition 083 1569 0.88) 040 5
at the interface
(Table 4-B6)
100% Ar gas etching .
No nitrogen gas 087 | 1128 10.90| 0.43 | Nomodified
addition at the 4
interface

R4 BRAZABSIVTEFLOARCEZHEEDO LICKIEL 72 ta-C KEDOKREHERDE LD - 2D 2
Table. 4 Summary results of ta-C coatings deposited on nitrogen- and acetylene-doped underlayers-part2 (B1) (B2) N-doped underlayers, (B3)

(B4) (B5) N- and C>H.-doped underlayers, (B6) no underlayer

ERDA analysis AES analysis
hydrogen (at%) Nitrogen (at%) Thick
No. (um) Observation after ball-on-disk test
Near the Near the Near the Near the H
interface surface interface surface
B1 1.0 <0.2 3.5 <1 0.40 No delamination nor metal buildup
B2 1.0 <0.2 3.5 <1 0.78 No delamination nor metal buildup
B3 4.7 <0.2 3.6 <1 0.45 No delamination nor metal buildup
B4 7.8 <0.2 3.4 <1 1.23 No delamination nor metal buildup
B5 4.4 <0.2 2.8 <1 0.50 No delamination nor metal buildup
B6 <0.2 <0.2 <1 <1 0.43 Delamination and metal buildup are observed
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Fig. 11 TEM observation results of T-FAD deposited ta-C coatings for
(a) Ar-5% H. gas etching and N-doped underlayer and (b) Ar gas
etching and no underlayer
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Fig. 13 Observation results of ball-on-disk tests of ta-C coatings and non-coated WC-Co substrates
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Fig. 12 Friction curves obtained by ball-on-disk tests (ball materials:
Al, Cu, Ni, P-Cu, SUS304, Ti) (a) ta-C coated WC-Co substrates
and (b) non-coated WC-Co substrates

(c) P-Cu/WC-Co

(cc) P-Cu/ta-C coating

(f) Ti/WC-Co

(ff) Ti/ta-C coating
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Fig. 14 Observation results of balls surfaces after the ball-on-disk tests
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(ee) Ni/ta-C coating

(ff) Ti/ta-C coating
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Development of High Bs Nanocrystalline Alloy Cores and Their Medium-Frequency Applications

=B} /ERAEEITORMR EHARKGH

AH THE*

Motoki Ohta

*%ﬁf‘i, Fepa.CuiMog2SisB14 F/EREEYR EBAVERM 7 (HBN core) &1k L, B i
U7 BRI 7 DRAFMBEERZE B 1£1.75 T T, HEKEHE (0.1 ~ 20 kHz) CTHIAEED T/ #
SR FINEMET® ICIES 2 K#KEFBO N2 EPEES N, 50, ERMNEED
HEEEZ 600 MU EELAEVRCEZRAWTTOYy VA7 5ERTEET, SxS%FLa7YH
A X TES AT TCHRIFEBRBESISFEIr IO N3 P9 > 7. HBN core ld Fe E7EIL
T77AEG2 VAR CHHZRMKOPRABCAHICEL AHEIT7ELTEVWRT >V v ILEET 5,

Magnetic cores assembled using Fey,.Cu;Mog2SisBis nanocrystalline alloy ribbons (HBN
core) and their soft magnetic properties were investigated. A closed magnetic circuit core
exhibits a saturation magnetic flux density of 1.75 T with low core loss similar to that of the
FINEMET" alloy core at medium frequencies (0.1-20 kHz). Moreover, high soft magnetic
performance can be obtained from a block core assembled using a ribbon with a radius of
curvature of greater than 600 mm after annealing. The block core concept will make it
possible to support various core sizes. This block core has strong potential to become a post

Fe-based amorphous alloy ribbon core for use in medium-frequency applications.

@ Key Word : 7/ fERE4€, SHMERZE, FRAESE
@ Production Code :

@ R&D Stage : R&D

1. #

EV (Electric Vehicle : A HBIE) IZK0$ 2 &£ 25T
SO EDE LT, BEEHRT L7 —a v
IN—FRBITFOEND, NT—T =¥ |ZIFKERB L
EDITROENIZAR—AITHERTH A Z EARD LN
5728, BT —BESKDSNE VY 8T —a v 8—
YDAA v F v 7 EERE SRR LT A LK), mos
T —BEALDSRE L R ), TN ZO/NEEASTTREIC e B
BE, £ b TR AEEAE, A4 v F U IRZTO
fiif B O B E R PR & FEE R S 01 ~ 20 kHz O T
b, 10 kHz L F O BAHLTH 5. 5, SiCR
GaN % EOWRMACEARDBIGIC LY, A4 v F ¥ ZR%
B JE W O B A B X O R R oK b b
10~ 100 kHz ¥ 7 b5 2 P ERE Y Y,

L2 L, BeOMBHIB 23806 (8kIH) 13, #E 54 s
ThH0, AA v FrZEEBOBEIMI LY, BOilLb
FEEMDEE 72 Do E D72 O ENZ IR IRAR D &
Nb, 72, V77 MR EER EE IS THY M
T, M 2WINEE27-0IC KEREZMT I & NERS
N, OISO RELBHEEZRT I EDTXLEEINRD S

Nb., TDD, MEEZEELZWEEIZRHfEE K& <
THIETHINT 2LENRDY, DO KELIZOLH S
7, BRI EE BB 29 2 LA T E N,
EREH DN AR T2 B o

L7225 C, W 8T —a v oN— 7 oL, K8k
HEEBAEHWRITTHZ.ENTWLZEDRETN S,
BUE, ZORGUHME OB E 72 ) B 5FFHE, IR
LT65% (LLF, mass¥% &7n9) O Si % &t 4 HHHK,
Fe#£F /M AEE) Ry, FeE£ETELT 7 AGE) KV
HmETHbo 65 massh 7 A FiiMix, 1.8 TLU Lo B &
PUBEE V)R EAT 5. F7I2, REEOMEHIZI
RS & BIRIREAL, T b bIiREII DR, BEA
MEE 5 HEECH LM THL, LI Led2s, fi
Z4E, 10 kHz O THEMA L7258 65 mass% 7 4
FHROIEL, Fe k7 ENL T 7 254D 3EELH Y,
X505 EHETOMAIILEEL RS> Y'Y, —)
Fe #F / #&i&4) K (FINEMET" &£4) b T uE
THY, PIIEFe7ELV T 7 24548 Ko 1/10 #2
BE &M TIRWAS, By b 1.3 TRET, HERESDHTH
WA, REGHMAEEZLEE T5, Fe7E
VT 7 AEE) RV IIWEN30 X 10°BEEREVLD

* Hr&@tkalasth Fiskiin v ov=— *

18 HiI£E#HR Vol. 34 (2018)

Specialty Steel Company, Hitachi Metals, Ltd.



=B, 7/ fE@mEE I 7 DFE & REKICH

D, Bs2S16 THED D, HRMKEIATH 2720, B
HTHD GBI 225 5,

2005 4E12, TOFe&T7TENT 7 ZAE4) K Ot
EHIZ AL A4 L LT Fe-Cu-B, Fe-CuSi-B &4 R~
BEFENET, ZhO50EEIE, TELVT 7 2548 K
g 3 ﬂ%ém&f7%w77x GELTHEINS
A, TENVT 7 AT MY 2 A2 1000 M6 / 4 m® RO
B T8 nm R EE O I s AT I L 724k & L <9
557, TOE4% 400 ~ 500C THALE T 5 L PIgHs
SRLAEAT 20 nm FEEED bee Fe (-Si) /7 #HHAE S
%o 50% DL E OB A TREBAHDHTIH L TV B 720, B
W Felk7ENVT7 7 AEE)V R I B EL, 175~185
TThsr", £7-, WEHEOHEZ, FHIatksr 4 ZHHKO
KPR RETH 2 Vo 7277 LG, VERURAE TR
WRERZAHLTWAEZET, VRYDPFLL TS0
BEWYFEONY V) v 7IREND L. FT2, AW
ua@#&iﬁﬁ“& DIEPEHBEOL T, RELELT 5

mEEIICE LT 3L R AU ENLETH - 72,

% 2T, VEEUIRIETIEImO & 2 ATIN T, AU
FE OIS S ASHT 3 2 MR D FIFE 21T o 720 Z DFE R,
Fe-Cu-Si-B @ Cu Z JE R E 3T 1% L TIT L, 2
HTREIZBWTI0OC /s Lo #ARziidI LIk
0, VESLRRECTEIMSEDDH S ) R VT, BARBIC, /%
M E R BEE) Ry RBELEY, CoF #mRes)
Rrd, 175~180 TO B, &AL, KEHEOHIHIZ i
P 4 BIWD 1/3 ThH 72 L Lidis, Ny FH
DOZHAMTAETIE, FRICEAMLITE %) K> ORIEIK
B0 MEETHY, IhEhZvE, FlziE, todg
FNaATFERBMIL LS ET5E, fHMLREL T Tl
AT L, & SR RABIRE A TSRS it
DOFHICL Y, —FUCATRBEINEL, F—N—T =—
WVIRRBIZ 2 5382 L Tz,

2T, AITIE, EEAMHEEEHEL, SR
BULEL % Jiti L 7272120 R ¥ % B\ T Fepy, CuiMog2SisBy 3
7 (High B, Nanocrystalline Ring core : HBN V) » 72 7)
AR, WSS REHG L2, 2515, NY YUY
DEBERTA AN =T a VIZHIB LTIy 7
27 (High Bs Nanocrystalline Block core : HBN 71 » 7
a7) ORFEbITo 720

2. RBRAE

& 254 mm JE & 23 ~ 25 um @ FepyCuiMog2SuBu 7 €
VT 7 AGE) RV BRI L > TIER L7, L
MO R WEELPH 2 )L 5 72012, RO Mo 28 Fe & it X
NTwbd, ZOEEDREMLRE Ty & Fe-BILEW AT
W LD B Txe 132 NEN480T B L U530C TH -
7oo BHLY =V EBILD ) — VORI 2 7l 72
AT AMLASEE T, 500C TR 15 s OB Z i L 720 2
DO FHEEE 1L 100C /s L ETHo7ze L—AMT v
7 IROPHREE 2 71213, BIEHR O EAR DR & FHERA

FiE 595 HRT 22 kA/m O T 430C -54 ks
DOBMILZHEL 720 70 v 7 2713 2 OHBHALE 2]
Wr- gL, ERIELRT, LR 7ay 734 X2y
WL, wmdzyFr I L THER L 42D 70y 7%
MAE DY, BB E Lz £33 721 R2WEBHRENL,
BT - R EARE 2 e Lz R Eo ik E HiY
KD Fe 227 EL 7 7 2548 K2 HwTa7 (M
T.Fe:7ENT7 7 ZAHE) Ko7 L) 28 L 72,

3. A7 &L TOEKIERE

60 mm DOEREEB & 30 mm O MELFI SO R 5
L—A I v 754 7OMEERKI7OBHMMEER1IC
AT COIATOBHMMBMETY ¥ ¥4 T LT,
KR D SIS B E VR Z A LT b, LB
I REBER Eh AR & LR B D, 203 T Tk
BB TH L 2 LAVRIE SN, D Y&
W OREHIE L TV 5,

F2i12izzoa7o 04 kHz,
kHz (23813 % SRAB o 52 0% B (

1 kHz, 5 kHz BX 10
WHAUEE O & iE) B

20

15 (7

B (T)
1)
o

i

20
-400 -200 0 200 400
H (A/m)

1 HBN U770 B-H HHig
Fig.1 B-H loop for HBNR core

1000

100 10 kHz 5 kHz
)
= 10
= ‘/’/\1 kHz
Q.
1
!0.4 kHz
0.1
0.01 0.1 1 10
B, (T)

2 FBRIEREKEEICH T B8KIB P OBERREE B, K77
Fig.2 Operating magnetic flux density B, dependence of iron loss P
for each frequency
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WRELERT, 72, ¥1I2E, L—Xb+FvraTrh
X OB U C IS5 % FIIN L C 2 REVILEE % Jiti L
7zhuA a7 (0D, ID, t) = (74,70, 254 mm) @ [ B,/
&, 15 T - 005 kHz O$IE[Pissl, 1.0 T - 04 kHz Ok
¥ Prouwl, 1.0 T -1 kHz O#AE[Proul. 02 T - 10 kHz
DA Poio) B L ORIABEE 1) Z2RT. 51T, K
D 7282 H 3L 48 © Metglas“2605HBIM Fe % 7 € v
T r AGEV Ry AT, Hitkr 4 8K, 65 mass%
r 4 FHIH Y, FINEMET"FT3 Fe 35 / fifma4y) Ko
A7 DET—F L L 72,

£1Xh, L=+ Iy 27a7ix, 04 kHz~1kHz®
HPAICTFe k7 BN T 7 ABE) Ry a7 LARENEZ
AL, 10 kHz TEELTWD, F72, 2 RIMLPEZE 5L
24 a7 cidl0 kHz I2B VT, kb ENEHR
¥ % 7”9 FINEMET® FT3 Fe #£F 7 #&h& 4 2 Vics
LB SN 5,

il L7z & 912 kHz 4 — % — DL LTI EARIC X 5 5858k,
T, FHTEL B, Wil EZ T2 L)% 5, L7zho
T, AMHE X HPIEDME FINEMET® FT3 Fe 34/
M EaEa T, RSP - BN T 2 ARSI IERIE
L, COHBTRAMEZ&OMOME OB % 7S 2w
HIETH Do 72751, bTV RITIE 1R - 2 BBV
THY, Tz, BHixAEE %D EV TIIBIREGSEMOE
MERETLLENRD L. Lo THIFOEN 2 TR L 2w
WaiZid, P AR EVIIEREBIIZAVIZ C vFEoN A
AL FZD, —7, MEEHFEEZFHLTCHLET ST
7 EVIE, LT, AN, AL v FREREREL LT
VUTNEEMTHR SN, AL v F Y IEBRIZE YIS
EHIN, EVIZLERINRTOWTNAL ZATH D, AH
BHE, 65 mass% 74 FEHICVCE$ % B2 F L, #kiH
DFek7TENT 7 AMPUT LR D720, VT 27 MO
DMEE LTHROTHETH 5,

FEEITREEELT, AMFHZA 215 x10°HY, K
ERN eI 5L, RBETIFEIEL kb, ZD720,
AR OMELET L a7 2R T BT, 2 REVLH % i

T EIZEY, W), KRN ERRSELLEDVDHY,
BTN T BE 7% O TR REIRERE S N B F72, #
PRC&k 2 &R21T) &, BIROIGHR ) R > & OBIGRAE
KXo TUBHDBRET LI ENEZONL, FEAMLT ST
BIZIROHIFI RN B ¥ 7 OBEE FkT 5 LD D %o

4. EAM70OyY 7 A7 DR%E

BEZ2HEELL-7ay 7371280 ThH, FREDIEH
PRSI ND LI, FBMBBRIBEONL ) R Al
AT D TIN5 & ) I m B LI )7 ik 2 ot L
YARVIZAS Y % lE3EPEH 600 mm e s L9
WZHIE L 720 SN2 R 2 EibRicwr L, fiEL7:
DHLIZIRF T ROMKTERL, BE7ay 7 2/EHL
720 MEERYMIICI D L8 x W19 X T35 mm D7 T v
J2AREL3X WIOX T35 mmdD7Tay 7 2K% %4
DHL, WHENE 2y F v F Lz, Thb4An 70y
7 HWT, BR3»LH 7% L121 x W63 x T35 mm & 7%
rundikorsuy a7 (HBN 7avy 7 a7) 2B L
72

E 423 HBN 7ay 7 a7o BHMMERT. b
T, MDD Fe i 7ENV 7 7 AGE) KUV MK T
(AMCC:L82 x W4l x T30 mm) D7 —% bitd. 7z,

83 19

. /
/ 63

35

Unit: mm

3 HBN 70y 727Dk
Fig.3 Dimensions of HBN block core

T SEEMAE D7 ORBESAFEO LS (Bs | B3MBEREE Pisso: 1.5 T, 50 Hz, Piouoo:1.0T, 400 Hz, Piow:1.0T, 1kHz, Pzio:0.2

T, 10 kHz (CH 13 28538 A ¢ BaRsasIATERE ©)

Table 1 Values of B, core losses of Pisis0 at 1.5 T and at 50 Hz, Piouoo at 1.0 T and at 400 Hz, Piorc at 1.0 T and at 1 kHz and P at 0.2 T and
at 10 kHz, and the saturation magnetostriction A for the racetrack core of Fig. 5 for a variety of alloys

Bs P15/50 P1O/4OO PWO/IK P2/1Ok /‘ s
(M (W/kg) (W/ke) (W/kg) (W/kg) (10°)

Nanocrystalline alloy 175 0.28 15 5 8 15

racetrack core
Toroidal core with . _

secondary annealing 1.75 06 2 15

Metglas® 2605HGB1M 1.64 0.16 1.3 4.4 12 27
Grain-oriented

Si-steel 2.03 0.59 7.8 271 — 7

6.5 mass%Si-steel 1.80 — 57 18.7 30 0

FINEMET" (FT3) alloy 1.23 — — — <2 0
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212122000 A/m 2BV BEEHEBEFE Bogo, FREEHE
BEB,, RN H., BXU02 T, 10 kHz 2B 5848
Poor & 0.1 T, 20 kHz {2 BT %848 P #7793 o HBN
70y 2 37 OBy ld 173 T (=1,730 mT) Td Y
AMCC 13150 T (1,500 mT) THo7zo 45 HBN 7
Oy 7 a7 IEREERFEICBWT AMCCIZR LT, #
WMTHDHIENTRIND, FEFTREHLLT, K648
DR HTEFE Boooo 1 FFEM D BAAZH LTI 99% TH 5 DI
LT AMCC TR EIE2596% R & 2> TWAH I LS
BIFoNb, T By DaE L, LSO E I
BEHLTWEEEZ LN, BT HHEDRENIZL DA
SO T 2 EZEDECHRKELRENTH L LE 2
5Nb, HBN 70 v 27 27 O#48 Poge 1285 W/kg TH
D, AMCC ® 127 W/kg ® 2/3 FREDHTH b, —fkIZ
PAHIZ, e A7) v AHRE, WEOMEREL (LT, [
RS ) EIPRR) B X R RERELOMTE S
n, AWM EUToMEEET2 Y Y,

P=af+ bf "+ ¢f? 1)
ZZT, a bBIWcEENEFN, AT AL,

HEWERERB L O IHERBRORKTH 5. F 72,
b=0 & LT, ®WiMERELEZMHELT, X7 YA

2000

HBN block core

1500

1000

500

0

B (mT)

-500

-1000

-1500

-2000
-2000 -1000 0 1000 2000
H (A/m)

4 HBN 7Oy 73738 LUAMCC O B-H BhifR
Fig.4 B-H loops for HBN block core and AMCC

#2 HBN 7Oy 737 (EBsFH/#EEREEVACEAVETOY
37 :HBN 7Oy 737) £ AMCC (FeE7ENT 7 XE&
)R RO T) DERBERAFED LEER

Table 2 Magnetic flux density at 2000 A/m, Bz, residual magnetic
flux density, B, coercivity, H,, and core loss at 0.2 T at 10 kHz,
Pa1ox, and at 0.1 T at 20 kHz, P;z0« of block core assembled using
HBN block core and AMCC

HBN block core AMCC
Baooo (T) 1.73 1.50
B, (T) 0.10 0.09
Hs (A/m) 14.2 10.6
Pa10x (W/kg) 8.5 12.7
P20 (W/kg) 5.4 7.7

& HGREIRK 2 0 HES 572012, W% f TR A
TEPHLNTEY, LTok) ~Téfﬂéo

P/f=a+cf (2)

ZORICKSE, ES5ICP/fDIMKENEZRT, (1)
WZBWTC, BENERELOHE2 IR TESL 251X, K5
D7y MIPIBREZRTIZTZD, 20 X9 2RI
Bonewv, —J, RI6DP/fvs. £ D70y MIRE
nN5E912, Zo7ay bTIE, WIhod $®7n/b
LIWHIERERT. T4bb, Eql D cdMiofaiic
T, W<, WERARIEC ®H&ﬁﬁﬁfiﬁﬁ
TEBIEFENSIWZE A TLFTHERERE RS, EFTRERL
TR I RERERL B LA L,

h=28 (G (w) Sho/pe> 05 , Bm1.5 (3)

DEHIcFEshE Y0, TGV IREBMFNET T,
G™ =01356 23 HI V> & L, S IE WP RS, ho (38 T BR 2 X
D 5.2 5 2 AU IR, p. ZBERETETH L 7,
Ke»roRkOOENALHBN 72y 727D b ik AMCC D

0.002
N
T
2 o.001
=
N HBN block core
Q

0.000

10000 20000 30000
f (Hz)

5 HBN 7Oy 737& LU AMCC @ P/fvs. f 78w b
Fig.5 P/f vs. f plot of block core comprising HBN block core and
AMCC

0.002
N
S
2 0.001
=
S~
~
a
HBN block core
0.000
0 50 100 150 200
f0,5 (HZD.S)

®6 HBN 7OvZ7a7s LU AMCC O P/fvs. f%° 7Oy b
Fig.6 P/fvs. f°° plot of block core comprising HBN block core and
AMCC
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FIF53TdH 5o FepaCuiMoo2SiuBiy F / &4 D pe 13 0.8
uQmTFe7ENT 7 AH4ED 13 uQmd 60% 128
DEE Do ZOREENS AMCC D hyld HBN 710 v »
a7 O 65 LRI SN S, BEIMEREI SRR )
R L T WD, [EEED BB IR RHENE T R L ¥ — 2R
CBART %o AR R IIWAARMEOHEH L TH %
720, WEMREIEIRKEV, Thbb Al AREVIETLE,
WAE— XY M, EHMIZH > 2 HMICESE E, h
HHIML, WEBEOBEHZITLXIChb, KEED A,
X115 X 10°TH Y, Felk7ENLT 7 A54 D 27 x 10°
ORI TH D, 31210 kHz BX 20 kHz TERZE
NoOa7OPHHED12 W/kg &7%5 By 2R3, Z2T12
W/kg 2N SDEERTIEB X2 100 kW/m® I[ZH4 L,
Bt Lo LRE I NTWE, ZOERDEBH HBN 7
Ty 7 2713 AMCC & 9 15% ~ 25% K & 7 B, & £
B, MUY A ZA0a7hold, ZO57EFRKRER/INT =N
Y Wb, EHICHER LI L 912 Boggo DED KT S
& AMCC X9 3 30% ~ 40% K& %37 —% HBN 71 v
7aA7RLRY ML RTINS,

3 HBN 7Oy 737 & AMCC ICHWTEIBY 12 W/keg (F9
100 kW/m®) &% 3 By, DS
Table 3 B, for each frequency when the core loss reaches 12 W/kg

HBN block core AMCC

B,, (mT) B,, (mT)
10 kHz 233 200
20 kHz 150 120

Ak L7278 Fepa CuiMogsSiBu F 7 fidh A &1L IE O EE
AT 5720, IS AT 5 L BANERITEIME T %,
7 IIZ IR 300 mm & 600 mm O BB O
FepaCuiMog2SisBiy 7/ #& 5 & & O HBMGEE D 0 ~ 80 A/m
(RS 2 R S R BR OB 2R T, KD 255 % HAR
AEER BRI Z5REI L TRETW A 20, Iz
0, BZE I, BFHIISH LT, EMA ORI
boTwb, W7 @IRT LI, LYV KRELKD ZHE
IELTHRETW 2 Il EEE2300 mm Ok Tk, EF
FENSHR LTk & OREX 2SFEL, 80 A/m TR
FHZ RV —F, B7 ) \RT X918, HEPEENN
600 mm DV KR T, WXIZETFHIMIZH-> TEIMLT
W23 LO0, HinE OBXITELEET, 80 A/m TIIIFH
CES, 72, IROHORY EORLR S K2 SRR
Liz7uvyrzarl) Lelkidse, ihzE4% 600 mm
DIVRYERVI T ORPREMBERBEOBRED 2
20% FREEM N L D RER SN2 TOMEREE 2, ik
BAIZE D AB D =2 EFE 600 mm L EE &S
FIHWHiT I LT, 2IRBANHEPEAKTED LIk b,
BIRTWE, 7avyzarid, rafsyrvarizeknd,
SRARAIIN T 2 WIS H 525, SR EEDD L TR
D% IS S, Fedk7ENVT 7 A&5&E0 502
7a A (EEE 20 kHz DL L) 20 X9,

TayzarTid, rafyrariny, 4L XA0H
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«Color chart of magnetization directions

7 Fepa CuiM0o2SisBis A& R > ORISICHF S X DZEAL (a) 1
R DORY P 300 mm DFE, (b) 600 mm DFE

Fig.7 Magnetic field dependence of magnetic domain structure of
Feba.CuiMo0,2SisB14 alloy ribbon with a radius of curvature of
(a) 300 mm and (b) 600 mm

HEATE <, BEH OB Z 2T WA v M 3D 5,
BURTIE, BB OB ZE2» L& 5123, Pk
BARDOBIFED T TIE WA, Sk, SICR GaN 2 &
ORI EEARPARHLTL B L, L) EmOEERTHE
M A BRE X ¢ 2 REANE Y7 P LTV S ERTFHEER
5o ZOB, +T v AHOMEE LTIE, FINEMET" %
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Influence of Misorientation Angle between Adjacent Grains on Magnetization Reversal in Nd-Fe-B Sintered Magnet
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REHOEREKEFGEAEKEFEVHDOEVEZHASHICT I LZENEL, ERNENDELD
Nd-Fe-B REEREHADIERFT L9 & mBLRIERZ LB L 7-#&R, Nd-Fe-B REHEHADEKEHEEIC
LBREDDEMIIREH DA EEKFHEDOSH TRHEATET, ERERTICK > THERE I IEH
ShTVAFEEMERL oo BRATMUHEN CRATREEREZFA—HEFTIToLER, BENTRH
HUEPKREVEEBEREDIEFE ZHADEEGHIRE L->THY, EMERTICKZHEBLE
OMHFICBEHEN FRAMNEIFELTVB I EPTRE M

To clarify the difference in orientation dependence and angular dependence of coercivity,
the crystal orientation distribution and demagnetization curves of Nd-Fe-B based sintered
magnets with different degrees of orientation were compared. Our results suggest that the
increase in coercivity due to the low degree of orientation of the Nd-Fe-B sintered magnet
cannot be explained solely by the angular dependence of coercivity, and the domain wall
movement is suppressed by the decrease in the degree of orientation. Based on the results
of the crystal orientation analysis and the in-situ observation of the magnetic domain in the
same position, the larger the misorientation angle between adjacent grains is, the larger
the ratio of grain boundaries which magnetization reversal stops. It is suggested that the
misorientation angle between the adjacent grains contribute to the suppression of domain

wall movement due to the decrease in the degree of orientation.

@ Key Word : Nd-Fe-B, #FH, ECEE
@ Production Code : Nd-Fe-B magnet

@ R&D Stage : Research
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Fig.1 Schematic illustrations of the misorientation angle 6 between
the easy axis of magnetization of each grain and the applied
magnetic field H, and the angle ¢ between the easy axis of
magnetization of each grain and adjacent grains
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(a) Orientation direction (b)
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Fig.2 Inverse pole figure maps of the Nd.Fe1,B phases of (a) highly aligned (HA) magnet and (b) moderately aligned (MA) magnet
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Fig.3 (a) - (d) Distributions of 8 and ¢ for HA magnet and MA magnet and (e) distribution for 8' of MA magnet calculated along a direction tilted

23° with respect to the orientation direction
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Fig.4 Demagnetization curves measured with the HA magnet, MA
magnet, and HA magnet titled at 23° and 48° with respect to the
magnetic field direction (spherical sample, demagnetizing factor
N=0.33)
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Fig.5 (a) Recoil curves of MA magnet and HA magnet measured along a direction titled 23° with respect to the magnetic field direction, (b) comparison

of two recoil curves returning to near the origin
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Fig.8 (a) Model of Nd-Fe-B sintered magnet for calculation using a three-dimensional finite element method and (b) distribution of permeance

coefficient P; when Byx and 6y are varied from 0 to 45°
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Fig.9 Average permeance coefficient on the surface of a 1x1x1 mm
particle when 6vx and 6y are varied from 0 to 45°
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Fig. 10 Reversed region for each value of the effective magnetic field
H.is extracted from the Kerr microscope image in the
demagnetization process of the Dy undoped (x=0) magnet
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Fig. 11 Reversed region in each effective magnetic field Hes extracted
from the Kerr microscope image in the demagnetization process
of the Dy doped (x=5.0) magnet
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Fig. 13 Ratio of GB. and GB, with respect to the misorientation angle of adjacent grains ¢ in (a) the Dy undoped magnet (x=0) and (b) the Dy

doped magnet (x=5.0)
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Ceramic Adsorption Filter for Pretreatment of SWRO (Sea Water Reverse Osmosis) Desalination System
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hEH BT
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Kenichiro Sekiguchi
f&fa &8l

Tomonori Saeki

BRKRKEDERE L >TVBTERBREAVBKAKILET T2 MG, TREROBHEZY
EWSHEEPHD, CORBICHL, TREEZBRFZVIELIYEE, BREICK > TEROICE
EITB3EIIVIARBET 1 IVEDRREICRUBATVNDS, MHIC, RBKOSMIEITY, TRE
BROBREXYETIVYEEREL 2. RIS, ETIVHEOREMEFMEZITY, RENOSVERE
MERELF, 5610, REVEBREMEZI—T 1> T LEEIIVvIARET 1V 2L, HED
BB ATV AUTOVELZRELTVSHE2HEREL, RECAMNEI/OREEEEL 1.

Seawater desalination plants that utilize reverse osmosis membranes are prone to
membrane fouling. To solve this problem, the authors have been developing a ceramics
filter that selectively removes fouling matter (foulants). First, the authors selected a model
foulant material based on analysis of the seawater. Then, the adsorption performance of the
model foulant on various ceramic surfaces was evaluated to determine the adsorbent
material. In addition, the authors confirmed that the ceramics adsorption filter coated with
the determined adsorbent removed molecules smaller than the size of physically passing

through. The effective microstructure for adsorption was also discussed.

@ Key Word : #BKi%KIE, &E, €5IvIRT11%
@ Production Code : & L

@ R&D Stage : Development

1. #

2012 SEDEIBR 3 Y 4 +20 Tl RELRKEIKICT 7+
ATERVADPI0OBAFAET 5] EWMESNTNDE L)
2, WRUFIRA AR ROIREICH 5o HrEEICBIT DA
IR T3EALIC & - THHE D GRA S 2B KRARICE,
EIR KGR T 5K 2 AL L TR % 2 & 05H%)
BITFKDO—DLEZ LN TWb,

WK ZRAKALST B 75 > M2 & TR 23
%o FISEBXHARE ML CTELLEAERINT L2 LT
RAKEHDHETH Y, BELHRE Reverse Osmosis:
DN TIR[ROJ L %) BEZ X U iR DK I+ D A
REBSEDLIETHRKRERLFTETH S, BEIET AL
F—EPE 20, 2015 FBAE. Frak Sz igRikK
L7592 bD60%LL ETHRShTwa Y,

202 & % #EK KA (SeaWater Reverse Osmosis: BL
TTIX[SWROJ & FLib§ %) @i —FZ R 1 1R 7,

Pretreatment Desalination
UF Permeate

Tank Coaglation ‘ Fresh

water
ro— X
Pump [UF: Ultra filtration
RO: Reverse osmosis membrane

Seawater

Concentrate

1 SWRO %fis D —1l
Fig.1 Example of SWRO desalination system

SWRO #%fiiix, R TREL X OBIETE»S % %,
9, ATLETRICEWT, WRPICE TNV IEE
Y%, # % i# (Sand Filtration: LA T CIZ[SF] & itk § %),
WESHM, HDHVIEEY A8 (Ultra Filtration : L F Tl
[UF] &tk 32%) % ECTYWHMICABET 52, bkithT
EEEL 2 ETHHET 5, 72, ABIEE PRI 2 M A
GhEHLHETHEDL D 5,

DX IIBEY & L 22K T BRALERK ] &SR,
INERETIRICBWT4~6 MPa TIIEL 255 RO

* Haragbkal et #tr v v=— %
* % PRt HZBET WFRERTE Vv — T * %
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Wiz i S5 &, BRERL AR O 995%2krE S h,
AR THERICHEL72KTH S [ E#KRI2EON S,

SWRO &2 BT, ROKEDHFET D IIAW O E
THb. ROBEOHEEE D IZ X o THAIPLAHIMNT 5 &,
Ry TOENELEINT 5, Tz, #HAKIEPLAHML 72
RO X, B, 7AYo THRET 258, PiFh
FEKEIT) S EDTERVD, 79 hOKEHED K
T2, 2617, FEMPEGFOHED K LIZE - TRO BELHE
B 2R)T I Nt dse, BERMUTT 57
® RO DL F 5,

ROBEDOHEEZ Y KW (7 77 F ~ b (foulant) & I
N T ) I3#E (1) RO ORI RILO NI T T
LAY, (2) RO BKEOEREIIH L L -BFEDO R — v
D2MWHTH D720, TOIENF )+ —5—D UFET
LY AL W 2 D) B EEINTH 5 EHD I,
RO BEICH 5§ 5 L HMETOPREDH L V72D, mis
THETORENERETH 25, ARRALIIIHE Y. ST
W\, CTOHERWICE S ROBEOHGEE Y 23 511
WM AFBT 5 LiL, WKEKILT T ¥ Foika A b
IO A3, W LRAKARDOFHEICHIRTE % L%
A5

HYSBIEZ D L) B> 5, WRICEEIN 6D
B2 O MG 2479 T, SEEBRILY % - 7L 2
WAL 2AERMREEZoTRELZRLL, Ihta—
T4 YT LTIy AWE 7 4 V% (Ceramics
Adsorption Filter: L FTIEZ[CAF] &5k $2%) 2% L
TWwb, B2 ICHAFEOKAME KL/, CAFIZX5H
WE D WEAH OMER % RT,

(a)

Foulant: @
Non-reactor: @

Filtration RO membrane

A
YR g—i ®e : Permeate

O QO oo : g_! o o o °)
e -® {® Concentrate ‘e

(b) ;
g g :: |:> O()o o ,:> . Permeate

Adsorption

2 FREOBER (a) MEFENEKRABEDHE (b) CAF &fE - /-
RO ERIAEDIHE

Fig.2 Concept of the pretreatment using CAF for RO membranes for
the (a) exsistence (UF) and (b) developing (CAF) stages

2 (a) \ZEEAfFo UF R &, BTomANAHIZ L 5
HEARL72HDOTHY, HRKICEENLIWEHD I B,
—EH A AL EOWEERETE L0, KOFLELTOW
BiZM#ELTLE Y. —F (b) & CAF 12 X 2 BijALPE % /R
L7250 THy, HEFVEEE ZS2WHEIZE®T S
boOo, ROBEOHGEE YR & 7 2 - % SR 205
T 5, COMSIZEDNTIERBENEEZIT- 724 H, CAF
EHOWRELEZ M L, BEEBE (2017 4F 8 H) 13 FERER
BROBIRCH o DT, FEIEaRBRICE 2 LB TH O
7ok L, FAEABROIRI E 5T 5.

2. RB&HE

2.1 #EM
2.1.1 BEMEXZDT 1 VABE

CAF 3ZILEDOEMICWAEMEZI—T 1 v 7 L7=2bD
THb.TA—EYVHEADLILEI—T 4 74 b (55i0,-
2A1,05 - 2MgO: LFTIZ[MAS] L itih§ %) #o=7 4
7405 (R3 HYEE®REIT Xy v N740%) %
CAF [ L7z, B3 OREEMIEKC/RT L H I, n=
HETANTIZIHT A% ENIRG o AT E WO En e
NEWEWOXLVERTENE 74 NV IBELR-TH
D, SIS ILVE OB A @MY 5. S FRkE
WCWEMZa—F 4 7 $52 LT, MBTILIKIZETH
% HEEE D WRII 3 2 WAEHERE %2 11 55 5

Cordierite
substrate

M3 £5%+vy K718 &z DiEEHEN
Fig.3 Photograph of CERACAT filter and schematic illustration of its
structure

ZZTIET 4 — IO MAS 3k &, CAF 23
ELZ2T VI FREMO 2FHEONZ LT A VI T
(¢ 25 mm x L35 mm, BEZ#H3mm) 2L 7%,

2.1.2 EH
KOO ) B, ZHFA RO BEHFET ) OFH
WTH2EDHNRERY VKOS, SHEE2HFELL
B3 B Wb 2 MG U7z WoE Sk o S0 %2 Wk
HERLEAN G T 2R 4 THWT 5,
EIRBRALY O KW I3 KB (OH) 2° % BAFET %o

Foulant \®

Metal oxides
(IEP>8.3)

in seawater

4 WEOEKRICETH
Fig.4 Schematic of adsorption mechanism of foulants on oxides
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1L %76 1 (IsoElectric Point : LAF T [IEP] & &k
%) KD pH L b KREVEA, BRI OKEE
WA OKFEA F >~ (H+) GG L, BRI 7
5 AR T b BRENRTH LWL LA F AT
BLTWDSHDDL V2D, BALWEREN T I ATHEL
TWwaEWEINL,

— e 2 HEKIE pH79 ~ 83 FIETH A Z & h 5, IEP
W83 LD REVEALW AP TT I AW EL, ~ 1
FADBEMEFFOLPHSEEWAET L LW Eh D,

MROAFE, EM~Oa—F 1 v 7 EREEEEELT,
IEPA5E 1290 EY o 7V 3 F (ALO;) & WAL i g5
(ZnO) ZWAEM OB E Lize WEMOa—F 1 » 713,
TryTad—ME(ATY) —IZRE-T & RFRINEL
TA T =P —BEK) TIT- 720

2.1.3 I/ OBEDRTESE

T ANV EMB X UTEMIEEM Za—T 1 v 7 L
TNDI 7 akEkg, HAWRAELEB X OKGUE AL TER
AL L7z0 i L7238 1d Micromeritics & TriStarIl (4
AW, AL AutoPore IV 9500 (AKERE A#E) TH 5o

2.2 WMEMBEDRERSE
2.2.1 BEZUETIVYEDETE

AR i 2 720D RO EHEET ) EF VY %
BET B 72002, KPR TERIL 72k O 5T %247 -
720 1WA Za< 7574 —THMH LzHEEOM
|
F1 BKBOEEOMEK

Table 1 Monosaccharides, extracted from seawater *

Monosaccharide Concentration (ug/L)
Mannose 722
Xylose 304
Glucose 203
Galactose 41.6
Fucose 22
Ramnose 15
Ribose n.d.
Glucuronic acid n.d.
Galacturonic acid n.d.
Glucosamine 11.4
Galactosamine 6.35
Sum 1,325

* Pacific coast of Japan

K110, HHEORBUAEYY /) —R, Fu—2R, 7
VWA—ZADIHEHTH LI Ehbh b, TNS5DOHEMIA
WHEZ R T A CTH D, WK OBEBICHK L T
BLEEZOLNL ZOGMKRIY, BHEDODLZ NI Y ) —
AFEHL, ¥/ —ATHE SN ZHEO~ Y %
ETFVPE E L GERINL 72,

2.2.2 WAEMHEERT

TANFTHF TN v F v CEESTE# 50 x 10°)
6 mg/L&7%5 XMLz ANTiEKE@EKL, Z0
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B ORI AEY Y TIVERMEL, FREhDO< »
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3. I/MREEER
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Fig.5 Comparison of adsorption performance

K6z, 7vIitEka—F4 7 LIZCAFIZDWT,
FHGFRORLDETVIETHL, v F v, T
FUBRF LUV LORERE, UFBREEHLEL TRT,
UF D55 TR EO T VEVERF ) 7 ADKREE
& CAF 28 UF 124 % 2%, srlisfa U To~ ) v T,
CAF 23 UF X ) bENBREREZR LI,

UF o 535314 300 x 10° 1%, # 10 nm ORI
WMUT 5, ZO10 nm L TFOY Y F VIZoWTENRER
EHREZRLIZCAF L, M EORLLF)AFL VO
E— A &5 L72KRE BB S E0RERERT7IC



BAKRKALRTIIEBRA €SI v JRWET 1)L E2
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Molecular weight cut-off of UF (300 x10°)
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Fig.6 Removal rates of polysaccharides in various molecular weight
(polysaccharides: mannan, sodium alginate)
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Fig.7 Removal rates of polystyrene particles through the CAF
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TNV FEWAEME L7z CAF oW AR EE HY
2, WAEMRICRIETRFEER LI, I3—T4 755
TIVIFTHEOBEEZLT LZHR A, B 7VBLID
FEM2 MASHOTNVIFIZEBE LY Y IV e EnLENR
MAEL 7z F& 2 1CHILS A & BET (Brunauer, Emmett,
Teller D G) AL MR OWER R Z RS,

HERATYTIVE, V) VFVEREL TRILEKEF
WHRIALES K E K, HEmMEIZ/NS v, WRBIEAY Y

£2 CAFV>TILOI7OEE
Table 2 Micro structure of CAF samples

Al,0; coated Al,O4
Original | Modified A | Modified B |substrate
Porosity % 34 54 41 36
Median pore diameter | um 7.6 23.5 2.8 3.3
Total pore area m?/g| 2.7 1.9 50.5 0.4
BET surface area m?/g| 66.5 2.7 50.3 0.5

FVE D SFEHMALESNES 2D, KRGYEATLETHE S
MRS KE Vo KEDEATE 55RO
16 nm THAHDIZK L, HAWFEETIZH 2 nm OFL
FCHMETE LD, RV Y IVBIZIETNVIFa—
T4 TIZEoT6 nm L EOHMILAEZ SR SIS NTW
bho i, TVIFEMEITVIFREI—F VT LT
P TN LD HIEREIVN SV,

WIS, ZHrThvo~<rF rEERELE Lz, R8I
% v UBRFEER L RN E OBREIRT,
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8 v FrWREELE (a) BET lkFREE, (b) MFLLERETE
Fig. 8 Removal rate of mannan vs. (a) BET surface area and (b) total
pore area
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IDAERTH B FEMEATE V.
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Fig.9 Comparison of pore area distribution
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Innovated Technology and Solution of Wiring Harness on Rolling Stock with 3D-CAD and loT Technology
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Since rolling stock vehicles tend to have advanced functions such as improved safety and
convenience, the amount of electrical wiring used and the density of wiring has increased.
Therefore, it is becoming increasingly difficult to design wiring, manufacture harnesses,
and install them in the vehicles.

In order to increase added value by providing harness products and services/solutions in
package as well as selling electric wires products so far, the authors have developed a
wiring design using 3D-CAD, a digitalized harness board featuring IoT technology, and an
installation tool using a tablet PC. The authors provided these to customers, who were able
to shorten the time of wiring design, harness production, and installation on the vehicles.

@ Key Word : 8, /\—=xX, 3D-CAD
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(@) SLD-i” (b) {£3£$A SKD11

[specimen size: 20~30 T (mm) ]

1 KRNI 70K [FMTE:20~30T (mm)]

Fig. 1 Microstructure of (a) SLD-i® and (b) SKD11
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Changes in length and width (%)

SLD-(*

2 SLD-i" &7k SKD11, 8%Cr tHDEAMIBLE TR Ak
Fig.2 Dimensional changes after heat treatment of SLD-i®, SKD11,

and 8% Cr Steel

S

W,
Material /
vy 4
Center
width Exterior width
(W/2) (W/8)

KD11 8%Cr Steel

<Conditions> <Results> <Conditions> <Results>
Item Condition 2 Poor Item Condition 25 Good
0,
Test = 8% Cr Steel Length of stroke 60 mm
. Hardness| 60 HRC Z N - /\
piece N\ 10 Pressing velocity 60 spm —. 20
Die || Aumina | & Lricant [Tgttrererianat] 2
Surface pressure | 7.8 MPa = s Tork 580 MPa HSS ;’
Friction speed |0.42 m/sec| © SKD11 - rmtozoag| S 15
Friction length 377 m ; 6 Work thickness ‘CTengilagcgszaJ/gg a
- [
- 2 o 2 10
ASIIMIG93.05 £ SLD-{® Initiation point and | 0
5 L A - =
3 4 direction of galling =
> S 5
o] T
g 2 V] N4
Good 0
e = = 60 o os Work HESS SKD11 |8% Cr Steel
. . 60 HRC 62 HRC
Test piece Disc Hardness (HRC) Schematic diagram of test condition ( ) ( )

3 SLD-" &7k SKD11, 8%Cr DM 7 L v > TR
Fig.3 Wear resistance of SLD-i®, SKD11, and 8% Cr steel

4 SLD-i® &%E%ksA SKD11, 8%Cr sAND M EEEFE
Fig.4 Galling resistance of SLD-i®, SKD11, and 8% Cr steel
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Ni-Zn Ferrite with High Robustness for Antenna

ND57S
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1.¥ K
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%7 x5 4 b (ND50S) &b, DL
ToOREEHT %,
(1) 100 kHz ~ 1 MHz T, [A%:LL
Fo QAT % (R2),
(2) BHIgE— N FEEDA 57 5
ABALE AL/L (20T 2kHE) %,

—40TC T 80%, 100T T 40% K%
L7 (E3),
2 &

ND57S #F—L ALy by —%
AT ERY A XVELREER Y AT A
W7 v T F OIS Z 12X
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PANDFGHFETE 5,
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Fig.1 Ferrite cores for automotive antennas
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[ Microstructure |
B AW
50 |§

40 [badli
30 ~
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Quality factor Q

10

0

Wire
Ferrite core (shape: 2 mmX16 mmXx1 mm) [§
Winding spec (¢ 0.23 mm 20 turns)

ND57S
(New material)

100

2
Fig.2

Q B Bk HsFE

Frequency dependence of quality factor Q

Frequency (kHz)

6
Table 1 Typical material magnetic properties
Materials ND57S | ND50S g
—
~
Initial permeability* =
, 570 | 500 Y
ui 3 ~ 4
3 o
Relative loss factor* 9
) i’ 15 15 S
tand/ui (X107) £ 2 Resin
=
= Wire
Relative temperature factor* |-40~20°C 1 -2 gc’o
. X S -4
apir (x10°) 20~100C| -1 -2 5
* at 100 kHz -6_40 0 5

4 (Conventional material)
2 = /
‘ - - ND57S

Ferrite core (shape: 2 mmX16 mmX1 mm)
Winding spec (¢ 0.23 mm 45 turns)

ND50S

(New material)

~

N
h *
=

X3

BAEE—JL KBEED A > 47 2> MOBEEM (=100 kHz)
Fig.3 Temperature dependence of inductance after resin mold (f=100 kHz)

20 40
Temperature (C)

60 80 100
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SUS/Cu/SUS Clad for Smartphone

STCST41, STCST66

AR—=bF T+ DY v —ITiT,
FLLHE I & MEFE T A AR R &
AP (Application Processor) 75 %
B HN5EE TS & THIBIICE
il % 2 & 2 WHl§ 2 2 >0El
PROLNTWD (K1), 2T,
PekPiMi & LT, flxiX, SUSHK
WCHEBMR SR T B 7774 b
= bR A FESHVLNT
Wb,

2O LZERICIR R D 2D,
Yr—Y ML LTSUSE CuzH
HILL722 Ty FMERZIELZ. A
FZMIE, Yy — UM e LTEBYE

EHREEHEEL ML, S 5ICHA
ek (B TolEEIE 1.004),
TVAN, B RIFTH L.

F1121E, REMZ Yy — 0
DR Z RS, BfRER L SUS D
100, AlGEL) bmEL, ¥
WRIE X Al 540 2 /500 2 iR
TXTWh,

R 2 1ZEERFORRETFMT— ¥
%#7R¥o (a) SUS/Cu/SUS 7 T v
F#F, (b) SUSHARIZZ T 7 74
¥ — MK, BX O (c) SUSH
WeEMsME LT, Yy —vhko
10 mm X 10 mm DO#PAIC AP %5

BLABEIWZ7oME 272,
EDMPETA 2R L7,

75y FMOFy ARy b (F
TRIREE 1A ORI, SUS HAR
LB L THTHML 72 F 72,
SUSHMIZZ T 774 b ¥ — M &bk
FL7Z2HMEIDDEHITHRy MR
Ky FOWREMENZ DS, 75
FHE MR L7282, 7977
4 MY — MO REM A2 R LT
Whe 29 LT, s ORI
X0, ENAEGOHAL, BE
LICHHEETHZ M TE %,
(HAEHH VS| A~ T ) T V)

AP shield case

1 XY= M7+ > OREHEE
Fig.1 Smart phone internal structure

Temperature [

®1 ARNE D v— DM & ORMIFELEER

Table 1 Mechanical characteristics of chassis materials

SUSERaSUS | susaos | By
Thickness ratio (%) 25:50:25 - -
Thermal conductivity (W/m-K) 205 17 137
Tensile strength (MPa) 550 858 260
0.2% offset yield strength (MPa) 510 670 215
Elongation (%) 15 46 10

2 #MEEHRSIaL—2 38R (@) SUS/Cu/SUS 7F v K (b) SUSERICTZT 771
Fig.2 Thermal analysis simulation (a) SUS/Cu/SUS Clad (b) Graphite-attached SUS (c) SUS

D

Temperature ['C]

Approximately 65°C reduction

b — RBEfF (c) SUS EiR
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High Thermal Conductivity Silicon Nitride (Si;N.) Substrates
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T OB ERE A 132200-320 W/m -
K&sbhTBY, &br A4 FRT
WM % Eh 5 Z & TR ER )
METHZEPHMOENTVS, 2
T, TNETITH &Rt T
Iy 7 AOMEEARIZE Y, FELE

ENLEEETITOTO AR RET
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57 BBER R L RO AL
o A FIEM & RS O BRI % e
LA, mERE bE &R L7z
(F1),

BsE Lo by 4 Fmx v %
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LICEHMTE, T/, 4%, BN
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(Rt E A 78 =—)

Copper plate

Power semiconductor chip

T

Silicon nitride
substrate

1 NT—FT 1 - ILOEEDS

Fig.1 Schematic illustration of power module

Heat sink

2 SHIRE (130 W/m - K) 21b7 1 FER
Fig.2 High thermal conductivity (130 W/m * K) silicon nitride
substrates

R1 BT A REREBIET IV I ERDIFELEE

Table 1 Comparison of silicon nitride (SisN4) substrate and aluminum nitride (AIN) substrate

. SiaN, SigN,
Units newly developed conventional AIN
Thermal conductivity W/m-K 130 920 150-170
Flexural strength
(3 point bending) MPa 700 700-800 350
Fracture toughness
(IF method) MPa-v'm 65 6.5 23
Volume resistivity Q'm >10" >10" >10"
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Materials
Maglc

a7 51 MR

High-Performance Ferrite Magnets

NMF®-12J, 12K, 15G, 15J

7 x4 MEAK, AT RV
F—EIrHLEBAD /10 TH S
A5, TAMNTF =V AIEN
LFMICIERFICRE LB E A
L, BEEMMOE—Y —R A —
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FOHBTIEE SR EMER L
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OWEIE~ Yy 72, ZOKT
34 L OMEIZ EREBBAE R (B,)
R [ A PREE ST (Hy) D350 i e
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%P5 Sr-La-Co R 7 =714 M

i (NMF®9 ¥ ) — X)), 2007 412
RS % kL & 272 Ca-La-Co
F7 x4 MEEA (NMF-12 ) —
) DEERXRGL, 7274 M
ADEEREILE Y — FLT& 7
SHICZ0E HVEETIE
NMF-12 ) — X% EmY, 725
4 MEA TR L NIV ORER
B (R A V¥ —F © 446 kJ/
m?20174E NN ABAE) AT 5
NMF-15 ) — X O & ¥ % 2016 4F
HRG L7z £72, NMF-12 ¥1) —
ZUZ, BRI S AR S D
HEV (Hybrid Electric Vehicle) ®
BEBEHAMAOREELT=— X2
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PRAgE ) IR D B & 38N L 72,
T4 MEATHWZE—% —
R IR S LIRS B
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VY — R H,O W EREE
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Demagnetization resistance
at low temperature
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Fig.1 B-H., properties of NMF™ series ferrite magnets

2.5 LL
=

% by our own design Unit: mm

3 E—4%—HEtHSE (@) Nd K> FBEA  (b) NMF™-15G
Fig.3 Motor design comparison between
(a) Nd-Fe-B bonded and (b) NMF™-15G

2 7174 MERNMF® 2 U — X0 He OBERE
Fig.2 Temperature coefficient of H., of NMF™ series ferrite

magnets
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Magnet Array with Short Period for Undulator
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Fig.1 In vacuum undulators for SACLA SPring-8 (RIKEN)
(a) appearance, (b) magnet array in vacuum chamber

Dy REAIZ v b, (¢) RILE—IZ% Ik & N 7-RiiBER
Fig.3 Conventional hybrid type magnet array (a) magnet circuit,

(b) hybrid magnet module consisting of two permanent

magnets and one pole piece, (c) pole piece fixed on Cu

3 RI2BOEENT Ty FEEAT (a) BKEE, (b) 2
WDOKAER & FDEBOMABE THEKE S W ARERN NI T 4 (a) AfEL-RABEATI, (b) 205N
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Fig.2 New magnet array for short period (a) magnet circuit, (b)
new hybrid magnet module for short period consisting of one
permanent magnet and one pole piece (pole piece fixed with
Cu holder shape)
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Fig.4 (a) Short-period trial magnet-array, (b) its magnetic field
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Hot Water Storage Tank Unit for Fuel Cell
HWMU25A-WHS-60Z, -80Z, -120Z
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Table 1 Product specifications

Model number HWMU25A-WHS- [HWMU25A-WHS- | HWMU25A-WHS-
60Z 80Z 120Z
Storage tank— D External dimensions 690 X 690 X 1500|690 X 690 X 1800 | 790 X 790 X 1845
Tank volume 227 L 303 L 450 L
Maximum pressure 490 kPa
Maximum temperature 80 C
Heat exchanger
(in storage tank) Pioi Water supply 25A
PINg | Hot Water supply 25A
connection — - ——
port Circulation circuit 15A
. Drain 15A
Water |nlet\ Body exterior Painted steel plate
[ % — i
200 mm Material Tank SUS316L
Internal piping Copper alloy and stainless steel
1 B&EEv71=y hOEE Safety device Pressure relief valve

Fig.1 Structure of hot water storage tank unit

Storage tank 70
Hot water storage tank unit
Auxiliary water heater / 60
O 50 .
/i Heat exchanger ; Temperature in tank 3°C drop
g Van Fuel cell 5 40
- ) -§

7 h 2 30

g —B g / s
L 20

10 Ambient temperature
Water supply 0 2 4 6 8 10 12 14 16 18 20
Time (hr)
2 Ba71=y bDOYXT L 3 Fma7a1zy bORBYEE

Fig.2 Example of system layout Fig.3 Heat retention characteristics of hot water storage tank unit
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Pressure Based Mass Flow Controller (p-MFC)

PS100 Series
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THIET, B ARG HEN
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(4) EtherCAT" @3 xHit
TFasEETOL Y —T—

Z % DeviceNet™ 3 121 2 T,
1S 25T B 7 EtherCAT" 3813
1Z3s LT 5,
(5) B ERRRE A Wbk
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ER RS 5720 HOS B e 2
i L, ¥—TRE LIS %2 FEH
MHEIZ L TWwWb, 72, MFC O #)
ERFEZACEHL, 77 —2%@
AT BHEREE AL T\ b,

% EtherCAT"iZ, N4 Beckhoff Automation
GmbH D& GG T 9,

(T >3 =—)

SAM .-

PS100 Series

rsmsband S

mass flow controller (p-MFC)

=1 PS100 YU —X EA&RMLH
Basic specifications of PS100 Series

Table 1

Flow sensing

h
1Pressure sensor|
h

Full-scale range (N, gas)

0.005%107° to 5x10° m®/min (multi: O to 10)

Flow sensing

Measurement of differential pressure

Flow control range

0.5 - 100% Full-Scale

Accuracy (N, gas)

< +1% Setpoint (10-100%), < +0.1% Full-scale (0.5 - 10%)

Response time

<08s

Valve internal leak

< 0.5 % Full-scale

Operation temp.

15-50°C

Operation pressure (inlet)

230-600 kPa (abs)

Operation pressure (outlet)

Vacuum-60 kPa (abs)

Materials for gas wetted

SUS316L, PCTFE, Ni-Co alloy

20 mm Connector

0-5VDC Analog, RS-485, DeviceNet™, EtherCAT"

1 EH MFC (p-MFC) PS100 ¥ 1) — X 41#R
Fig.1 Appearance of PS100 series pressure based

Special function

Pressure insensitive function

Data logging save

microSD™ card, LCD display to monitor the various parameters

Mechanical regulator

2 PS100 VU —X WKWEMEER

Fig.2 Internal structure of PS100 series

Control valve

Laminar flow element

Minimized residual outside
gas path of control valve

120

---- Set
—— Out

Set, Out

1.5 2 25 3 35 4
Time (s)

3 AB5THVIEE
Fig.3 Step down response
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ABS Sensor Integrated Electric Parking Brake Harness
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B 1

=1
Table 1

ABS t > % ——1#3 EPB 7 — 7L D1E#E
Specifications of ABS sensor integrated EPB cable

ABS integrated
EPB cable

I

Connector for
EPB caliper

#F2 ABS t ¥ -0tk

ABS t % ——{E EPB /\— 3 X4#3E (a) ABS >t ——4& EPB /\— % XD4HLE]
Fig.1 ABS sensor integrated EPB harness (a) external appearance of ABS sensor integrated EPB (b) cable structure

Table 2 Specifications of ABS sensor

(b) Insulation for EPB

Conductor for EPB
Sheath

Sheath for ABS sensor
Conductor for ABS sensor
Insulation for ABS sensor

(b) & — T ILiEiE

Iltem For EPB For ABS . Characteristics
- > > Item Unit - Remarks
Size 2.5 mm 0.25 mm Min. | Std. | Max.
Wire diam. 0.08 mm 0.08 mm Ambient temperature deg. C| -40 RT 115
Conductor Number 476 48 Power supply voltage \Y 7.5 12 20 Load=r;ai<;i53}?nce
Material Annealed Copper
copper alloy Frequency Hz 1 — 2500
Diameter 2.3 mm 0.64 mm Hi mA | 11.2 14 16.8
- - Output current
Insulation Material Cross linked polyethylene Lo | mA 56 7 8.4
Diameter 3.0 mm 1.4 mm Duty ratio % 40 50 60
) Thermoplastic Direction| Counterclockwise
Material polyurethane of rotation us 76 90 104 R?vsrse
Sheath . rotation - - rotation
Thickness 1.0 mm sensing Clockwise rotation| us 153 | 180 | 204 | sensing type
Diameter 9.4 mm method 0 speed us | 1232 | 1440 | 1656 only
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D-Shape Touch Sensor for Power Back Door

D-Shape (DS) sensor

HENHEHEI A 74 F F7RED)
Ny 7 RIS TV S EAA
HBFIEHIEE L >~ — (B 1) i,
=P LESI NG I & THEE
FTAHr—TNVIRODY v F =T
H 5 (R2), 2017 4EBLAE, Akl
BBV TNy 7 R T HBEOIKRD
WETHY, Hu&EIK 7Y
THHEII LD, SHRMERHICES
GAPRBEATNEEE Ny 7 F
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B BB Ny 7 F7EMO[D Y
+ % — : D-Shape (DS) sensor]
ZHELZ(E3), oMY
5 k(TS ~ % — : Twin
Spiral sensor]) DOHEREEEALIE 2 HEH:
LoD, Ny 7 F7HICHEGH AR
T HEE DRI 24T o 720
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Power back door

Power slide door

Fig.1 Application of touch sensor

Lead cable

/

Sensor cable

Touch sensor

1 BRAAHBHERRE > — OFERER D5

Lead cable

Sensor cable

Bracket

Double-sided

.

tape

Molding
terminal

Arrowhead

Pressure

OFF

(a)

Double-sided

2 A HBHIERREE L > Y —OEE (a) EEX (b) KiEX
Fig.2 How touch sensor works (a) front view, (b) sectional view

(b)

Sensor cable

’@ Electrodes
ON

Protector

3 DEtEH-—DIE
Fig.3 Appearance of DS sensor

tape Bracket

4 Ll —iEERE (a) DB Y- (b) TSt -
Fig.4 Structural comparison of (a) DS sensor, (b) TS sensor
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Ultra Low Volume Expansion Brake Hose

BH-310UV
HY 4B 7 L — %k — 21 40 BT L —%k— X EBE%EL, 2017 KB 720
EL O ERS D Y, T 4 X0 RIS % BIIE L 72, F— ZDHE EORIBIZOWNT
%= — R A bETHIL LT X 17l —%k—2%, E2 i, BEfEREM A BT E B XIS,
7o 2R — AR R Y. = A DI RO Y BERNRISE 72,
TL—Fh—AFHF AR g BRI id, RbBEORIVE]L F72, HORYHA FOBIKE TH

RNY PVOB X IEbETRlliR AL O SR HFE & R R AL % 7 ik TAHIET, RiELOBEE R DM
120 AR SN D O A W& HNY, T AYEDE < 7% 2 1 HLEFOREIN 2 Bk L7z,

MrLETHY, 27V —F BHY, TAANT v TITO% R1UCCEHEZABRE, K3
T4 =) YT eRDDLHBHE A — oo £IT, K—R LHHLRME (e & DIRFE B Z IR,
I —=h 5 REBRILD = — X0 D BEEEFIZ, MATOLEEE LR FZEMIEBAEH AR TOARGE L T

%o WA AL E Y F o IE L 21T 5 WBH, TWEILKIIHET, 5%
D7, TH L7e=—RXITbR 720 F7o, AEBUCEBIRILICAAR FATHREEZ TEL TV D,

b7z, MR OB RS — 2 D WG T 2 O s EERC A % # A

£ k% 20 % K L 7B HhELI LIZLY, BEERILE (BRI ELA 8 =—)

1st braid 2nd braid

L

7
A
T4
2
2
LA
237
;14
2.

Weass.
SR

b

Inner tube Intermediate rubber Outer cover
100 mm
K1 FJL—%Kk—X K2 JL—%Kk—IXDiEE
Fig. 1 Brake hose Fig.2 Structure of brake hose

F®1 BEEEREITL—FK-IDRBRER
Table 1 Test results for ultra low volume expansion brake hose

No. Test item Test condition Test result
Development hose
6.9 MPa (length 305 mm) 69 mm®
1 | Volume expansion
10.3 MPa (length 305 mm) 107 mm?®
2 |Tensile strength Tesile speed: 25 mm/min 3,300 N SR e
3 |Burst pressure Pressure speed: 118 MPa/min | 105 MPa 0 20 40 60 80 100 120 140 160
4 | Adhesion force Tensile speed: 20 mm/min 28 N/cm Volume expansion (mm°/305 mm at 10.3 MPa)
5 Brake fluid 120CX72 h aging after No Leak
compatibility 29.4 MPax3 min 3 fEES E BRI DEIES HhE

Fig.3 Comparison of volume expansion of current and
development products
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High Frequency Coaxial Cable for Rolling Stock

CO-IREE-DSX CX50 1X2.25
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Cu/PET shield tape
Insulation

Conductor

Cu/PET tape shielded cable 33AWG
(Cu/PET tape + braid shield)

Conventional cable 32AWG
(Braid shield)

Flame retardant tape

1 RART—JIL0EE
Fig.1 Structure of developed cable
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< r
of
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7
1
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®1 BARES-TILOREM
Table 1 Characteristics of developed cable

Frequency (GHz)

2 $AEY -V R T =TI & BmRsFER £
Fig.2 Transmission characteristics improved by shield tape

Item

Requirement

Result

Characteristic impedance
(at time-domain reflectometry)

50£50

51 Q

Attenuation

1 GHz Max. 31.0 dB/100 m 17.24 dB/100 m
2.4 GHz Max. 55.0 dB/100 m 29.39 dB/100 m
6 GHz Max. 106.0 dB/100 m 52.96 dB/100 m

(EN 60332-1-2)

Flame retardant single

Unburned part > 0.05 m
Burned part = 0.54 m

Pass

Toxicity (EN 50305)

Toxicity index (ITC) < 6

Pass
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