SWCC
2025 VOL.71 sei REVIEW

SWCC GROUP TECHNICAL REVIEW




SWCC LE 21—

B R

(BEE)

A SHEADB O IEHITE  -ooeeerremrmerereeei e SWCC )

(FF3ZEm 3D

SRS SIEM DI « BIFRIER]  vreeerreererresreennieennnns BiRkZ

&R0

EEESHIE S SIEM DBIFE oo SWCC %)
BIRKZ

KOTHEBY LBHEMBORBENE SWCO B

ERFNEEREDS SUCABERET IV A

FEITRIEEMBTRTER v VR e SWCC )

BRIGH 2N S 32 T A Y OREEEESFREMIRE] coevevrmeereeees HiEAY
{# TOTOKU

BRI %2 BE U B4 £ROMKEEMFMEREORER - REX?

%) TOTOKU
(EBERD)
BRI OCANDA 2T+ 7T 17 ZABEAREE -oooeeeeeeeees SWCC #)
REBCO BB EFERERIFME  ---vvvovrrrrrrrerrrreee SWCC %)

HIBIE A ICE T 72 (Y,Gd)BazCug0, + BaZrOg 3 DEAZE - SWCC )

BEITEXF

ERER AR

RALKE
154KV T TSR FEDTERLE  --ovvrrrrrrrrrrerrreeiees SWCC %)

AT #—

a e |

EAEX
EBMHX .

flEE -
hEHEME -

SR
H o
|1 & E

&1

b H
AR
[l w8

& 3
3t

S

=
2

[
b It 2

NUHEEE -
BE -
FEA#®A -

FEERE

R — -
+E®E - %

NS
&
I S

g Au|

o 2 08
B>

B71E
2026 =

(GE% 127 5)

- KE B
cRf
- TE B

R —

. 18

R B B

FFAREKER

. 23

St o {f BA

. 26

. 31

- 36

. 42

. 47

. 53



(HTREIBY)

Cat.6A ISR LAN /Sy F O — K [SHIM-PAtch®BA] «+--rvrerrerrrrsrermemiiiniiiiii i 56
BHIEEERE LAN 47— 7JU [HFS-TPCC 6A°(S) PATCH-FA| :+eerrreeerreesrmeniienniiiiiiniiiniiie 57
(THEBN)

HWEEBH/INT — Ty FEE T HHEERRIREIIIIE - oooovreeeerrrrreeemmrre ettt 58
(FEY 7 R)

¥t TOTOKU DI « FFZCRIFEI) THEIY  covrrrerrmeerreeermmmmmmee st eet ittt e ettt e et e e 59
Cat.6A X155 LAN 4 — 7 JU JECTEC MEESFHSRBRIE D --ooeeerrrrrrrrrrreeermmmiiiii i 60
FLANTEC® 75§ #B#lZE %M LAN 7 — JJU CC-Link IE TSN / IE Field #REIFHAHITHBERE - 61
j{l}& . Bgﬁj;‘f@ (:8” 5%1—}4:5&3%;%%55&«0)%@ ..................................................................... 62
BHT ALY N [DEL x BT TA S AN DU BAEREE] coeereerrereseesene st 63

L L P 64



SWCC GROUP TECHNICAL REVIEW

2026 Vol. 71
CONTENTS
< New Frontiers for Copper and Copper ALLOys > ++++++tsssesssteststtmittiiitiititititt e 5
< Special Papers >
Case Studies Of High_Strength Conductive Copper All()y Wires ................................................ 6
Development of High-Hardness Copper-Silver ALLoy WAre «::--++--stsrsssereesiseniiiiniiiniiiniiiene, 13
Flow Stress, Continuous Dynamic Recrystallization Behavior,
and Internal State Variable Model of Severely Deformed Drawn Pure Copper ::-:ceceocereerereeeececeees 18
Rectangular Litz Wire for Dynamic Wireless Power 'I}-ansfer ...................................................... 23
Development of Structural Design Method for Twisted Wires Suspensiomn -« cocceeeeeeceeecececicciecens 26

Proposal of Evaluating Method for Shape Fixability of Ultrafine Copper Alloy
WireS for 'IWiSted Wire Processing .......................................................................................... 31

< Regular Papers >

A Study on the Application of Informatics to Development Processes «co:coeecerrcereceecciecceciiceiecens 36
Overcurrent Conduction Characteristics of REBCO Coated Conductors :::ccoeceeereeereeeceseccneeccceee 42

Development of TFA-MOD BaZrO3 nanoparticle doped (Y,Gd)BazCu3O, coated conductors for
magnetic ﬁeld applications ................................................................................................... 47

Commercialization of T-Type Termination for 154KV XLPE cable - cccceceereerercerceecercacciciiciiciciee. 53

< New Products >
Ultra-small diameter LAN patchcode compliant with Cat.6A standard "slim-patch®6A"----------------- 56

Ultra-small diameter industrial LAN cable "HFS-TPCC 6A°(S) PATCH-FA" «----cceeeeeseeereeaeneien. 57

< Construction >

Replace equipment of Underground power cable for TEPCO Power Grid, Incorporated -«-«-::--:-+- 58
< Topics >

Introduction tO TOTOKU'S Technologies and R&D .................................................................. 59

Cat.6A LAN cable conforms to JECTEC performance evaluation test «--::--ceoweeosressrseeeneeneeeeenee. 60

Ultra-small diameter industrial LAN cable

CC-Link IE TSN/IE Field recommended wiring component, certified by performance test «----+:--- 61

Participation in Osaka Kansai Expo test of Dynamic Wireless Power Transfer «.:occooccoecceceeceeecee. 62

Shibaura Institute of Technology Event: “Experience Innovation Through DEI x Technology” -+ 63
< List Of Technologies Published Since 2025 > ........................................................................... 64

Publishedby ~SWCC Corporation

JMF-Bldg.Kawasaki 01, 1-14, Nisshin cho, Kawasaki-Ku,
Kawasaki City, KANAGAWA
URL www.swcc.co.jp



E 5

9 - FEE DB S 13T

SWCCHHSH MTIRE HilihE - tsks - FEEsEs

FE B

g; 3
NI ZZ4

W RUHEEF, AEIYDTELLEBEWVD
NTWVWET, R0 - FiGERICIBEY, ME
PHBECEBNIRM E UTHDERZENTER
Ufco SERKICAD &, fIFEVWEEEACEMZES
RICBNVPEEAVISOE®RERY, EEMEQLD
iz > TEX Ulc, EFETIF, XEV (BENEDFETN)
PF-IEVI—ICHENT, N BELIT TR
HEICHRIBRUMEIE LT, KEDIMHTHLSN
TVWET, IBKUHERE, WEDOEFEPAVT
SICRARBRMELT, SBBLIEODNRITST
U&3So

HPHSEOMARAETIE, ARICIHUTEERY
BRNEEZRELT 2BV EFDIEHFERSNTL
FI. WRDFATIF, FTHEHRZERRSAEME
MR ZDOREEGOEHERZED TEX U, IRETIZ,
TR OERFHE P IBETHE DSBS KUFHERZD
FEICKY, HMlEEsZORIEGEDEBINRSE -
TWET, &UDIF, ERIITIPRNECH S BBE
EDERIEET, BEBULFBEDO NV —RTT
ZRVBADBEBO>TVET, Ffe, T—IEHEE
EilTOERICKY, OB IFHEOERET
WICEDILKYZab—Y a VR BEEY 1 7L ZE|
MICHEBLDODOH ) F T, MIFMGH, SHEBELZT
AL, BT - BBt EEENICFHET 2T IS ILY
A1V1F, A% - RERBOREBREZEX A DHIFE
BT,

ISAETE, ¥ BEIO-JTEVDKSIC, #I\E
HTEEEN - SMAMN RO SNZREN, HEE
B ENZHITEE LB O>TVET, BUIRLE
fRICH T2 ERME LM TE SR EDHERETIC
(&, &FH NI0EX, FHEHEDHERICEHMA

ARG NETY, CNSDREBEDHRETBEIFE
Kt SWE T 2MEERET] THY, MRHS5 O
L RICEZIEBNLGERICESVLTHEN NEDSNT
VWEd,

HEEDOESES, MEDCHRIIZZHDIHDNTY
ADERTHHWFT, IhcBlF, ZDFEK=EMEFE
2, SHEIZE, ®iEHil, HRMioEETHEL,
BHROaEEDEBICHINZ DL, MAMARZEDT
WET, BEICIRIL, T—9THREL, RIHTEL
—CD=—1EKDEZDH E, SWCCTIL—TFF L
F, dreoLWlleEz, LWOD, HREWVFZICKEDZ
ENo] DIN—NRICEDE, HEESEMICKZHE
RFEEYI VIV TVEE T,

ASDIFETIE, ABLVCHESSICHADHE - B
FEOWWEID—inZE BTV LET, TEEDS
A, TIEE-THEEDEFE, DEUBBEVELEITFET,



6 SWCCLEax-—

Vol. 71 (2026)

=R E e SR OMRE - BRES

Case Studies of High-Strength Conductive Copper Alloy Wires
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B

Satoshi SEMBOSHI
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Cu-Ti & G O MR TS X 2 MHARZAL & Rk BB S 2 FE 0 2 M3 50 1 Tl i
L 258t #2E TIRBEFRIH O & 2B BIRILEIEIC X D, TORM 2883 25N T Y A2 FB L 72,

This study presents two approaches for achieving a balance between high strength and high electrical conductivity in

copper-based wires: (1) grain refinement strengthening in low stacking fault energy (SFE) copper alloys, and (2) fiber-

strengthening in over-aged Cu-Ti alloys. In the former, severe wire drawing induces deformation twins and grain

refinement, leading to superior strength-conductivity performance. In the latter, lamellar structures in over-aged alloys are

transformed into fibrous morphologies, resulting in enhanced properties surpassing those of conventional conductive

copper alloys.
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THbo 10 nm, £EZ1 u m P LEOREERAY B -CuyTi,
B Cu RIS HIR T %0 £ o T, MR B -CugTi 1S #E
MTATE > TT 7 A N=RRICBREALT L LD b,
BB T T A&, 77 45— B -CugTi iTHELL,
IR RAA LT (.

8 Cu-3.6 Ti A&:@EFXIAT ORI T I S HMEOEBZEL
(EEBEFIEMBER . BSB : B -CuyTio

9 Cu-3.6 Ti 82BN —HEMIH (¢ =4.6 (¢ 0.30 mm))
OMFEESENE FEMSE R, FHAME (B8 DB -CuyTi
(BEER) 7 74 N—RICHHET B,

3.2 fREMILICE S L SMELEEROE(

10 12 ¥ — 7 B X OV e b S T AR A L 72
Cu36 TiAEZ MM L L7z EDOMLEICEDRHIE Y
H—AME B L OEEROLERT . ¥ — 27 KRk 2
MLz &, TN RS IZBF 2 R 525 £
DHBOWALIZFER»IC% D, ¢ = 39 (¢ 040 mm) LLKE
TS HV 325 TlEIZT—E & &b —J5, MEFRIF TId,
PRI CRTEAE 2 1% Hy 160 & ¥ — 7 R X 0 b v,
TN TIZE — 7 BERh b & AR S 3 BERE 2 B L 72
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%, & =39 (¢ 040 mm) F TIIAE S ILILEIAER 512
% hs, F LT OMBIN LTI S OB 1R
L, & =68 (¢ 010 mm) PIFETIE— 7RI 2Bz %,

BESRICE LTI, Y— 27 KR T L < 16%
IACS TH 5 A, M TIC X - CEBRIZIHEHED L,
e =68 (¢ 010 mm) T7%IACS & %&b, —J5, HERD
IR TR T 30% IACSTH Y, ¢ =08 (¢ 20
mm) F TOMB TN X Y BB TN L 32%
IACS I %45, ZNLBEOMEINTIC X ) EERIGET
LTwLo L2 Lads, WihohLE T M o
EERIIE— 7R X0 bR,

WD - BRI (e =68 (¢ 01 mm)) DRI
B, BIEMREI1EZh 2N 1155 MPa, 1640 MPa T 1), ¥
— 7 WERIM & D b, BRI 20 WIACS TH Y ¥—2
B D 3RV E 72 B0 DX DT, EERR) - SR
I CIEBREE & EEEOM S & b ¥ — 7 Regh - i
TIHEVENTEMPHEOND T EDNFEIEEI N, O
PTG v 23S THRE L VO Cu-Be A &84 12 DLk
T 5

Diameter, d /mm

3.0 2.0 128 0.83 0.58 0.40 0.30 0.23 0.18 0.14 0.10
A RIS B R0 B G| R RS A EARTAE.

(a)

—e— Peakaged
—@— Over-aged isothermally
weemee Over-aged by multi-step

Vickers hardness

-,

Electrical conductivity,
4 (% IACS)

i Ligabbpababaabkaliaal gdia Hipda g it ]
0 1 2 3 4 s 6 7

True strain by drawing, &

10 Cu-3.6 Ti A&€DHEMIICEES (a) EvH—XEE, &
O (b) EEBROZTIL, MEMIFTOTHIE, E— 7B (@),
450 CTOEREMRIH (@), 600 °CH S 450°CE TDHER
E@eEFstr (O),

3.3 EAMICMTEEA (ZEREEEMOER)

T A 7 RAEEE b O MR 2 mAIn L35 2 L T,
WEOY — 7 WRh - N TH O E - EEBHF NS VA%
B L7 Cu-Ti MM A»MERTE 7, LarL, 450 CTT
DERIFNC L 5 TING A SHBEEELDIZIZ 480 h @
Wi 2 2297 2 DX FEERMWICHETH %,

EOUREE - BB Cu-Ti A &M 2 E RS 2 720 0 JeH
ELTIE, (A) BMEILEERT 72O E R TR OM



SREHGEBRM O - BREE 11

KB -CuyTizALTWAEZE, (B) BEEBRLHET S
72D ORFEE Ti B4R ENTWEZ LD 2
ONHKE R BN E E 2 50 BRIZERTITZIE 7 VT 2
TRk E Lo B EH TH LA AY, Cu-TiRIRGE
[ 12 5 5 AL, B TORMIE A b o @ Ti =
OWMEFL £oT, FHETImZETEE5720121F
IR T LIF 2 L ENH S, £2°T, Cu-TiA&EICB
A SERAMARE (TTT) MY 2RI LT600 T —
550 T — 500 T — 450 C D% BeBsissh 2 k720

X 10 ICZBERERERNICE & 72 9 Cu-36 Ti AE&DEEHD
ZALE R o IR OEEHIL 4.8% TACS TH - 7278
600 CTHZhY % & 3 h THEEHIL 12% IACS F THNL
BT 5o ZHUE, 600 CHERYTON M ERASHRE L
Cu PO Ti m AV E TR L2 L 2 RIBT 4,
ZD#HD 550 TTIE3h, 500 CTIE3h, 450 CTid12h
BIEERIIMA L, HARMIZ 450 C T 480 h ZEEER) L
SRERE W U (B0%IACS) &7 %, B 12124 BERhH
DB F %R 450 CEMmmFERhA (B 8) & FHARICT
A T BB 2R T A L Twb,

X 10 1213 % BRI & AP L L 720 ¥ v A — Al
K, BEEOZZ Ty bT b, ©vh— A0SRk
EEROMIT E D 450 CEEBERD — M TH & 13I1FH U
ol TOXIIT, HAKMAZ 480 h A5 21 h $TK
MBS L -2 BeRERish © b EiE (A), (B) o220
BB 272 LCuiud, &R - s EY Cu-Ti 44
MM AR RETH D 2 & MR L 72

—rrrT T
- t 1500.°C
RSl o ! frc -
600°C §50°C: /i 450°C 1
52 B — o — ]
wn L | 1 |
O 30 -
= [
—
°\° 3 | H K. g
~ ixsf | $ .
-~ L | S | 4
E) L 1 Py 4
Z WF | & -
- - PO S g
> { A
=
- [ H { ' ]
g 5} S ]
< - i o 1
L Foscadui i i
=2 - e : H i 4
= 10F ¢ : N -
- 3 - H H H E
5] . { LI
=
B 5 b (esquenched) f P ]
oL PP PP | P A T )
0.1 1 10

Aging time, t/h

11 Cu-3.6 at.% Ti §£&B8#{L#t% 600 °C, 550 C, 500 C,
450 CTHERBERML - E T DEEEROEL

Lo b, FEHIIIHE S LT %D Cu-3.6 Ti
AT MM T L, SOREE - SRR OB % K
IIZE T A, BEERRHLEEIC X ) BUK B -CuyTi & PHTIRRE
T CHEVA Ti B2 IR S 872 Cu B2 Ok Eh s 5 25

ML 2 AT 2 S8 S 2RI T ¢ = 6.8 DLE o mifiil
MLZRS 2 & T, =7 KR — M TH & ) iR s
HEEOWM ) BYE SN EEHM 2 ERT 52 LD TE
%0

AR, MM It zHEssZEiliy, X
131TRF X912, 1RO Cu-Ti &M 5B — EE M
NG Y A% R L, Cu-Be G&Mib & RS EOMEREZ R
FTIERMEAL TS, SHICRETROREL, a2z
Mb, HZERFEDPEDIE, Cu-Be GO L LTHEH
LSBT RetEA s E IR %0

12 Cu-3.6 at.% Ti &A% 600 °C, 550 °C, 500 C,
450°C THERRERERI U /- & X OENEEER ETF MG,

1800 T T T T T T T T T
o W Cu43at%Ti
160 \ 0O Cud2a%Ti
\ & Cu-36at%Ti
1400 \CR Tl Cu3.$atsTi
N O Cu29at%Ti
1200 L W W Cu-2.7at%Ti

"&E"—‘ lch:::hﬁf[rnp!h wpe)

Cu-Ti

teompentionsl) Cu-Be (high-conductne type)
Cu-Ni-Si
Cu-Sn-P

I N S I B S P B e |

Ultimate tensile strength /MPa
g

L BE B S BE BE B i B RS S B R A e B B )

600
400 Cu-Zn \
(brass) Cu-Sn T
(bronze) cwon C
200
0 L L 1 Il 1 Il L 1 1
0 20 40 60 80 100

Electrical conductivity /%IACS

13 Cu- (2.7 ~4.3) at.% Ti E&EEN—HEMIME LUERE
$HALD5REE & EEMORME.

4. £ & &

ARG TIE, HIREEEMM O - FFEHEF L LT, K
R KA AV — a8 X7 7 4 N — 5L iy
Cu-Ti Mt o 2 o007 7Fu—F %Ziffis L7z, 1k SFE
FETIE, MBI X o TERNSABEASH, S5
MLz D B Z & TR D REARFRANELLL, B
F AR L ASET S B0 2 OREERLAIMEIC X 5
bz, FEEsibRisfimftz %83 5% 5 27R- L, Cubln
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SETEERE L SEENOW VAEB SN2, EELM
DRFEIIBNWT, SFEFBEELNNT A=Y —D—DTh5
CEAEERR SN —F, Cu-TifEicBwTix, ek
o S TV 2B 2 FERIISEH L, 7 2 7HMik%E
7 7 AN—RICER S0 2PN LT 52 8T, #
KA (¥— 27 BERM) X0 b BB D D i 2 b %
BAHIEERL, AaM S TEZ R#ELTuL,
GO TH REIEDREE L~V % FF oMb o 8k s
FEHEIND,

D EOBRE, (EROMERE O E B 28727 7
U—FThY, 5HOSEEEERM OMBIIB W TERE
RSt D, SR, X5 AEERFIoREL, T
T ZDOFEEMISMA, EAMLICHETZIA B XUR
BRI COMEIRO 5N b,

2 E XM
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Development of High-Hardness Copper-Silver Alloy Wire

O BE — KE @@ BmRx—=E

Ryuichi ARAI Go ODACHI Kazue NISHIMOTO

MR EH E- TE B-*
Tsutomu KOIZUMI Satoshi HIROI Satoshi SEMBOSHI

WA ETINLRLVLFA N (WLT) Har sz s 7a— 7ol T 5720, @SilEEHsA /o b
S EM L7z MU T & B 70 b 2 e KA S O H FMBEIN T2 X 0 8 TS o2z B o L e,
R CHESZ i & TSI EST 22 &2 R L7z, MEROFMEERIIE Yy 7 —AFE 290 HV TH o
ZeolzxtL, WLTHa Y% 27 b 7a—71@AWMEER Y v #— A X 350 HV 2B 2 288G &M %2155 =
ERTE, Stk MR LOADZZLZHHL, S5 7% 5000 2 BT,

High-hardness copper—silver alloy wires were developed for application in contact probes used in wafer level test

(WLT) of semiconductor devices. Process optimization of wire drawing and heat treatment, combined with low

temperature post-annealing of ultrafine wires subjected to extensive cold working, led to a significant improvement in

hardness. The developed alloy wire achieved a Vickers hardness exceeding 350 HV, compared with approximately 290 HV
for conventional copper—silver alloy wire, satisfying the mechanical requirements for WLT contact probes. Further
investigation will focus on clarifying the mechanism of hardness enhancement and pursuing additional improvements in

material properties.

1. & C & (<

WAE, BT O/NEALR PR TN A 2 DAL 25
B HHT, MRS FRERE D /N LR ST
bo FIUTHEVESEIZH W S LA ER L MLk 5 h
5035, MIEEALERICB VT O IER & [FAk 7 0 BE R B E T it %
MEET 22 L2 RDLNTWS, — /IS, B sheE
LEEROMIZIE ML= FF 7O-BREH Y, HEELS
BMEEZFEKRICEINTLZ IO THREZEETDH 5,
ZO XD H, Cu-Ag BEMIE, BENITIRERE & EEME
EHETOMBTHLIEPMOENT WD, REEF, R
MLEBIP MY RTZETCul Agz ENEFNEAM
P OHTI S &0, W HIIILEE QBN RS SR 2
%7 7 A N—IRAREICHENM & & 5 2 & T Hall-Petch HIIZHE
S THIRBED T L, FRICECEERIHERFTE S 2
EHE SR TwD Y,

KEEOBHBE LT, YINLAXLVF R (WLT)
IOy sy 7 vy Tu—=ThEbb, AVF 7 N Tu—Tik
Y I OB L Bl S TR OO E 3 572

7 VNS

DOWMTHAH7-0, FIRME XD S ASEE LML
hh, B1IZavy s bTu—TIMH SN ELMEO
ik~ v 72IR9, Cu-Ag Ga3piRimEE & EEREZ HW
LAVCHAL LM B CH 505, ok & lbiks 2 &

ERMBOBES vs EETYYD

100 & s (h41)
N

80 | TN
@ B L
g 60 I
g ( L
g RS- 1
<) . c:\ \\\ //’
B¢ 40 NN T

20

W
o B G S

«
100 200 300 400 500 600 1000

Eyh—REEHV
1 F7A-JEYICHERAShZ MO~y 7
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SRENERICH B, FO0, a¥y s b TFu—7I6
MBI S %0 X2 0EN D o720 R1IHERM
DFeVE L BB EZ R T, ARZEIE, Yo h— AW E 350
HV DL FEZBHEEE LT, Cu-Ag 4ol 2h 45
72007t AR WE L7,

®1 RERMORHE BRI

Vol. 71 (2026)

=AM ZMIELIENTE 2, LeLeds, H
FRETAHE Y A— ARSI FES S, ML, BJLEL L
FEOFRTIIHEREZMETE 2V EE R, RO
HEMTT Ot ZOGRPANOTEEWE§THZ L L L7,

x2 HAFRGBLIUHMEER

BEsess F
AL (wt%) Cu-10Ag -
#E (mm) 0.05 0.05
By i—AlE (HV) 280~290 =350
AR (%IACS) 68 =50
2. ERFGE

W OVERIE Cu B X Y Ag & AP PHAC T I TR
BOITNTHEML, KFERsFEREEIC L) Ty FIRGE
ZAEBLL 72, 20, BALEE X ORI T & i L
T E DRI L 720

b ORE S IIRM R T IO IZN LT~ A4 7 E
v A — ARE S GREREE I & 0 Rl L 720 RA 0SB EE I ER
MU (L = 500 mm) (2 X BB ELSRKD2 &
JEMFREEET & LC Ag#UE (1 = 005609 nm) % 7258
WRIECE X MRS X 0 SR ORI T & Az, E
TR T-SAMEE (TEM) 2 H W TG DBl 2 950 L 72,
TEM BIZHBEHE, MM ETFH OB LTA + >~
IV UTERTIZEICEDER L7,

3. KRR

3.1 MI7O+tXH%KE

WA TIIBIREEZ 0 L S8 5720 0% % Ui X b %
ML TW5 %, 4, #WEREBOSGMEZIEC AgiE, 2
PUPRREE, MR (K1) % F0% L7 50BN THE & BRIl
L7z FHillid 5848122005 mm & L7z,

BITEE () =Ln (Ag/A) -
Ag LR ORHAWIERE  A: I A o % I i fl

R2ITHMESEM2 S ITHEEEZRT. & A @ Cull
Wt%Ag DL TIZY v H— AT X 13H A 308 HV &%= D),
PERM D HRE LBz oD HEE® 350 HV 1213 G4
¥, 5B OBILEBOIMTE % X 5 128m S 872388 T
By =AM SIEEM A LFHETHY, EERIMEL A
BRERTH o720 MILELRBMEE L7213 THR L, BLR
WX 3 EEMBOTENLETH S0 BRI 1T BRI
AR TS X 2 HERRR L S TR L3 5 72D O
BT H O & Al S ZHF 59 B T O R AR O B4 H
HELEZOND, & C TIEMEZE Cu-l0 wt%Ag 705
Cu-24 wt%Ag LML ETHENER L 5
DIC TG EMTEZ SHICHETL LT, Ey

P LK %ﬂﬂf@i&lﬁ ?.M%FEHMH LI ??J.L#L_li‘ﬂii‘ehﬂ LHE|brot—ARiE| e
(wt%) ) (n=Ln(AD/A)) | (n=Ln(AO/A)) | (HV) (%IACS)
b | Cul0Ag 370 3.3 7.2 288 69
A Cu-10Ag 370 2.4 8.1 308 64
B Cu-10Ag 370 1.4 9.0 305 61
C Cu-24Ag 370 24 8.1 327 55
D Cu-24Ag 330 2.6 8.4 343 50

3.2 EKERESE{LDER

MRS SEREA L (2 BN TR OB LT, Ao
W&o THRMIER R 25, WH OB 5 KR LR
JETH AT IR HRE AT 2 A IREE L ) HIRWRETO
PSEICBW TSP LA T2HETH S5, ROoVOHESE
THRATHEBID D 5D DD, Cu-Ag AE W L7263
ENTWRWY Fz MURBEHALD X H = AL H KD
PRIBENTWEDS, REAHREDLL WY, 40, il
M X DRI 2L 72 Cu-Ag A &MEICx L, KR
BESIAEAL %58 FH 7T /e 3P4l L 72,

9, ¢ 0.1 mm IZMHF L7z Cu-10 wt% Ag SE#I12 T,
100 ~ 450C T 1 h OSERHAKIRBES 2 17>, (RIRBESIATAL
HHBIT BIRER AR L7 B2 SRS S) ©
H =AM E DL % RT 100 ~200C TE v — A &
HPHMLTEY, MINT SN Cu-Ag &4 CIEIERES
WAL T 5 Z LW olze 250CIETIRY v /1 —
AR LA T A EMAB RSN TEY, 250T Lk TI3E
BEROBIMDPEZEIC D EHh 5, 250T BT mE -
PRI L AR ETCnWE EEZ 5N D,

400 . 100
~e— Lyl B HV
—— B 0 —
350 F Y { 80
i
oo+
= 300 | _
= {60 =
U ol
B 250 | ‘Elg
i 1=
8
2 200 }
150 } 1=
100 1 1 1 'l D
0 100 200 300 400 500

mE [C] x1h

2 Cu-10 wt%Ag fRDEEERSERER
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WA BESLIRFIE 72 & NS Ag IREDHFIEZALANG- 2 5 3
Z 3l L72o 312 Cu-3, 10, 24 wt%Ag &4 (¢ 005
mm) ® 200C OFFRMBEFIZPE ) B S L BEERDOEALE IR
Fo WTNORETH Y v H— AT S 1TBESHE 12 PE By
ML, WEEIELABICK TS 2MEMERLZ, 1 ~2
WAy A —AMMEEMOE—2Thbh, Cu3 10, 24
wt%Ag lIZ BT B IRAMMEIZZhZN 3, 25 19 AHV
Ep o, BERIZOS5 h O S TIHBM»S +2 ~
5%IACS & RE S ME L7z, X HICRGBIEHE & & b ictk4
WEBEBRIFE LT LEINTH Y, 340 h F#EHED Cu-3,
10, 24 wt%Ag 2B 2 E bR ITZEhZEN9, 12, 17 4
%IACS L2 n720 v —AMEOELL Y HEEERD
ZALITR &, AgiBEDTEWIT EEBEFROMMEIK X W,
FZBIT 2 0T AT 2 EEBEOLIIIE BIACS ##
ETH ) 7, 200C DARRBESEIC BT, T ARDOFEM DA,
ZRHPICEBE L TWD CuR Ag AW L7722 & Tl
HEHREEL TVLUREIRE I NG, ZOEBRFELREL?S
IR BESIRE L R 11 Ag IRE D BIFRIET 5 DD, Cu-10
wt%Ag UL EICB VTR ORMEIARE L IZEDLST
R EE T B %S L 72 1 U CARRBE ST 1L oD 58 F A 1T
BETH DT EHHL 720

40

®Cu-10Ag
30 Cu-24Ag
i ® Cu-3Ag
= L L@ Tre.
z 20 K . e
=10t e
< S S
iﬁ 0 &
: L
= b
P|< -10
=
5 -20 F ‘8
,30 -
R 1 10 100 1000
R (h)
20
e Cu-10Ag
Cu-24Ag
® Cu-3Ag
w5
Q
o
x [ 4
=
10 .
ﬂ /;. .
:
2 é
#
o 2
o-:gj,‘-»'
{EHRAT 1 10 100 1000

R1505R [h]
3 200°CEBESICH (T 2 HEMDRFEL

REBRIZBWTHE S N ARRBESRI LS 2R 2 1R L
ToRABHEM L7z R4 ISR O v h— RS
LHMBEBROY Y TERIRT, KEBESMLIZE D, PL—F
FTTORETHHE Y H— AW E LEERE L H WS
, Cu24 wtBAg IZBWTHELE L2 v H— ATl X 350
HV & 3% % 50%IACS P b % fili 72 5 #4238 5 72
Cu-10 wt%Ag IZDWT bkt & FFEOEEHR 2 HEFE L
DD, By h—AME% 330 HVICM EEELZ ENTE
725

90 ;
| g
80 } 3
= gy e T FAEAHEIRER
w H
] ® L 4
= *«
E 60 SRATA e
g (Cu-10Ag) !
B /,.A
£ 10 < S
o 24D
(Cu-24Ag)
a0 | '
30 : s - :
250 300 350 400

Ewh—28FE [HV]
X4 REMOFME~YY T

3.3 {EKRBESER(LIC S HEEEOFTE

EORLMEN EADEREE L7720, Cu-AgaEilcs
G BARIRBESEREAL D IEBL A /1 = R 2 % IR T A S &
#1720 K612 Cu-10 wt% Ag Mt (¢ 005 mm) 75
M12200 TT2 h, 340 h THGEBESE L 72508 o X # T
INY =V RINT . Ag WERTHRAET 245 X IZEEIH
Wz DEMBEA R <, MR D S O O TE A
TE&E Do X BUTHM ET I L CIRE T mH 5 BEHL,
T2 H S 2 1S & & 5 2 & TR O I 2 15 i & B
B L7z MHEA I fec-Cu 2 H o (220) 10 O IR E DT
W LHLKE & 725 TW B, 200 C OHRBEST PV 4tk o
P78 BB IE T H % 28, BESEIER] 2 h T3 ko
5 — LI A % v, 340 h TiE Cu @ (200) Mo [EHT
T OBIMAHER T E 2o BH N7z Xy — op
® Cu DR ¥ — 27 % H\w T, modified Williamson-Hall {2 ¥
XD EW LR, MR T 16 X 10°m ™2, 200
CT2hTI11x10°m2 340 h T30 x 10°® m 2 &g
2R L7z v A —AMSHEMOE =27 TH %2 hil
BOTHEMEEIZRD LT, KBS ViRfriR
IO L TWB I EDRIBENG,

X 6 12 Cu-10 wt%Ag & &b ORI BESL R 72 D TEM
WEIZ2ETFHHOMMMMBEERELZ KT, R7IC
STEM-HAADF & EDS ~ v ¥ v 714 %/R$, it T
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——2007C340h
——200C2h
— {Rigi

20000

15000 |

10000 F

Intensity [counts]

5000

28 (Ag target) [°]

5 Ag B X BREIF/NG—>

FHEIT NI L7727 7 4 N —IRMkk & oo TV B, Tl
ELERAOE—2 275 200C x 2 h OKiRBESIA Tl 7 7
A NIRRT B Y, —3BICHUN e B (B
6 (b) KM H@IgSh7ze 340 h IKIRBESIH Tlafm/h 2z
RO, —E7 7 4 N—=IK7Z 572 Ag HABRIRAL T
LEHDEE SN (BT (D),

INHDTEHNDH 200 COMESESIIBNT, T3
e BRI S B & & TRESRBGIEASE X, Hiw
THMOEEE L HIZ Ag 7 74 N—DFERELI R 5
CEIGRERLT, MEPENT D LEELT D,

6 TEM ER{REF &
(a) f8#R+F, (b) 200° C x 2 h, (c) 200° C x 340 h
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———= 100 nm

100 nm

————— 100 nm

7 STEM-HAADF f& (EE), EDS vy E> 5% (FE)
(a) (@) fE#R41, (b) (e) 200°C x 2 h, (c) (f) 200 ° C x 340 h

4. £ & &

SRE SR 2 FEARAEN 70— 7 VI T 5 72
O, EREEESA SMOMEEE Lz, ko ro v 2
Td 5 BB AR L0 RITMZ T, ArHMmRE
DR U TIIRBESERE (L ALIE 2 A5 o 7oA 0, M
¢ 005 mm IZBWT, Cu24 wthAg TIIE v H— Aff
360 HV, EEH55% IACS & HENMTH 5 350 HV
B HEEIR SNz, BB LEMIETo -7 0
Al BHF, X LEERPILELIH~NORARMEIN
5o

Lotk WRIRBESTIEIL A H = XA ML, BlXfFHEXME
7ot 205z EDTHW L,

E i 3

TEM BB OFE 2 & N2 TEM #i%213 SWCC x H
JeRF wikae SR LA e 2@ U, AR & o k[
FENZ XD FEhE L 720

X MET DN IEE L CIE, KR P DS Bz &
DIHEEM -7 T IICRCIEHOEE LT S,

2 E XMW
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Flow Stress, Continuous Dynamic Recrystallization Behavior, and Internal State
Variable Model of Severely Deformed Drawn Pure Copper

& & B X
Ryota TAKAMURA

o E—
Ryuichi ARAI

B
Nobufumi UESHIMA

R B & -
Katsunari OIKAWA

R AN SN2 MFRULH W5 17 EOROFAMTIC L Y RE SN L7, BRRHTIIROT AHIETO
FSH O 3 7 AEERPRENS ) &2 Pl 2 E 7V HICIRE STV R, ABFETIE, ST & ) fis
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TV & L THERERZ 72l B R T 7V 2 MEE Lz SIS XD, LA T ToMM ORI T
WABEE DS b3 2 W REEA D % o

Pure copper wires used in electrical cables are manufactured through severe deformation processes such as cold
drawing. However, models that predict the microstructure and flow stress of pure copper in the severe deformation region
have not been sufficiently proposed. In this study, severe deformation was introduced into pure copper through drawing
processes, and changes in the microstructure and mechanical properties during this process were investigated.
Furthermore, an internal state variable model for continuous dynamic recrystallization during drawing of copper was

established. This model would be applied for the optimization of the production process of pure copper wires.
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Rectangular Litz wire for Dynamic Wireless Power Transfer

ol IR 75 A& ARER ol =] J¢ i e BH
Hiroshi NAKAYAMA Kentaro NOUCHI Kazumasa NAKANO Nobuaki KOCHI

SWCC ZV—THNDY v 7k ) B 2 £ L, BTG EIE L 22 A v VO 217> 72,
ZORER, B v BOWEH 4 ZLUFIS TR 28R 2155 2 L 3T & 720 SIS N7, &
W CREZDOEBNIMD VUL Y AT L TOBKIMEHEN S,

Utilizing the SWCC Group’s expertise in litz wire twisting technology, we have developed a high-frequency rectangular
litz wire suitable for Dynamic Wireless Power Transfer. As a result, we achieved a low-resistance conductor wire with a
width smaller than that of conventional round litz wires. This newly developed wire is intended for use as a conductor in
systems requiring high-frequency and high-power output.
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Development of Structural Design Method for Twisted Wires Suspension

BRIEH ZN S 5

BRAEME ® W=
Haruki KUMAMOTO Kenji SAKA
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Kazunari YOSHIDA
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Hiroaki KUBOTA

PEEWF ARy Y a v IAXIEEFARATOREE Y 77 v T7BIXOF T LHERICMHEH SN S, il
BALIZHES L v ZEBO TN L D 74 ¥ DA L2SRD 5NT WD, RIFFETIIARERDE (FEM)
fENT 2 AT D B AR Y Y g Y OISR R Z MG L, MESGEI2 B85 172 FHN 28 L7,
PEA D B E & LRIR LT, R0 SR R 2 iR L oo AR I 2 RIBICIERIRCTE 2 2 2 2R L7z, F72,
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Copper alloy suspension wires are used in optical pickups and image stabilization mechanisms of mobile cameras. The
durability of the suspension wire used in mobile cameras is greatly affected by the increase in the weight of the lens part
due to the high image quality of the camera. Therefore, there is a need to improve the durability of the wire. In this study,
the stress reduction effect of the twisted wires suspension are investigated using finite element method (FEM) analysis. In
addition, a practical equation is obtained to facilitate the structural design. From this study, and the following conclusions
were obtained. In contrast to the conventional single—wire structure, the twisted wire structure enables a significant
reduction in the stress generated while maintaining the stiffness. A simple formula that approximates the results of many
FEM analyses was proposed. This enables rapid product design.

Keywords: copper alloy, suspension wire, mobile camera, finite element method, twisted wire suspension
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Table 1 Analysis condition.
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Fig. 1 Geometry of model and boundary condition.
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Table 2 Suspension shape in each pitch P.
(L=2.5 mm, d=0.02 mm, n=4)

Pitch P

1.5 1 0.5 0.25 0.125
/mm

Appearance

8 000

Clum | C=283 | C=28.3 | C=284 | C=30.2 | C=40.2

™y

End shape
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Fig. 2 Example of FEM analysis result.
(L=2.5 mm, d=0.02 mm, n=4, P=1 mm, E=115 GPa)

350

£

S 300 |

g 250 "0

£ 200

E L

o

-

|

=

H i

150 F " g~ M-~ ————==== -
100 ;//7
50
0 i
0.0 0.5 1.0 1.5
Pitch P [mm]

(a) Equivalent stress

|E -

E ----------------

A

E

L

E.

=2

2 —

-1

0.0 0.5 1.0 1.5
Pitch P [mm)]
(b) Rigidity
® d=0.02 mm m 4=0.01 mm
— = Mechanics Theory ford=0.02 -~ — Mechanics Theory for 4=0.01

——Approximation ford=002  —— Approximation for 4=0.01

Fig. 3 Effect of pitch on stress and rigidity.
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Fig. 9 Stress reduction effect of twisted wire.
(L=2.5 mm, E=115 GPa)
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Proposal of Evaluating Method for Shape Fixability of Ultrafine Copper Alloy
Wires for Twisted Wire Processing

EHLA" XERS R W=
Hiroaki KUBOTA Raimu YANO Kenji SAKA
= bk HH-—H

Takuto MIKAMI Kazunari YOSHIDA

AT, BB ORI T O TEIRE C B % B 2 720, PRI TIRICAH S5 315 O3 A & W5
DO B % AAT G- L 72 IR TINEAT f 2e 3kBR 7 1 2 BA%s L7zo MPEHCIZIEZ d = 002 mm ® Cu-Ag 54
HWO(Ag 10 EE%) 2w MEBEEZIATY Y 70Ny 2AOMEEREDICT A 720, EAEEE M ER A
B2 UFAIE Lz MMEUCIZHE 25 mm OFRS % vy, IEGEEE X 200 T, 300 T, 400 T, 500 T 4
SR E Uizo INZARERTIZAY 30 ~ 180 s OHEPH CTEAL S ¥ 720 WM/ S F &2 WA, T4 Y HEEN
THBHLREL T TELRWI LI L2, 22T, A7 Y LA Z W RRER TRy F 2%
KL, TONRYFIZEINIAXYEZREL TR CEL 2R Lz, ZRELAEAZHVTREEZ 1T - 7284
B, DToMme#sz. (1) MMIZFALZALAT VL AGEZ AV, BESERENET LI LI12XD, BRI
DR FFEZ FHIRETH 5 Z L AVR SN Tz (2) ARRBSMAIIHIMN T2 BE L T 5 7200 R ok
JIREFNGABR & PEiR U CAuRER] - ST 525, ARRBEHPHII BT T—V v« 35— F A= FHfE RO
HICEHTHE I ERWLNE R ST,

X—T—F M, FARY T 3 T4 —, BRI, TN VA AT, EXFRINMIE, Cu-Ag

Bh, ATV TNy s BREEE, -V v - 35T XA—=F  I5IREM

In this study, in order to simulate the shape fixing heat treatment after twisting of ultrafine wires, we developed a test
method that enables heat to be applied to the wire with a strain equivalent to that applied during twisting. Cu—Ag alloy
wire (Ag:10 mass%) with an diameter of d=0.02 mm was used as the material. The test jig was U—shaped, consisting of a
straight part and a curved part, to facilitate the measurement of the spring—back angle. A tube furnace with an inner
diameter of 25 mm was used for heating, and the heating temperature was set at four levels:200C, 300C, 400C and
500C. The heating time was varied from about 30 s to 180 s. When a rigid punch was used, it was found that the wire
moved in the jig and could not be held stably. Therefore, we devised a punch that can be flexibly deformed using stainless
steel foil. We found that the punch could hold the wire stably. Following conclusions were obtained as a result of tests
using the devised jig. (1) It was shown that it is possible to evaluate the shape fixability of ultrafine wires by small die and
stainless steel foil and heating the entire jig. (2) The test conditions in this study are short and high temperature compared
to the stress relaxation test of terminal materials, because the twisted wire processing is assumed. It was found that
Larson—Miller parameter was also useful to summarize the results in this test range.

Keywords: twisted wire, suspension wire, ultrafine wire, mobile camera, optical image stabilization, Cu-Ag alloy,

spring=back, shape fixability, Larson—Miller parameter, stress relaxation
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Fig. 1 Shape fixability evaluation jig for ultrafine wire (unit: mm).
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Fig. 3 Schematic illustration of formed specimen.
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A Study on the Application of Informatics to Development Processes

BwA E FTREB® o
Takumi SUZUKI Ami MORIYASU Rui KIKUCHI
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Ryota TAKAMURA Hiroki KOBAYASHI Masahiro MINOWA

Bt - MEFFE OB X 0 B EEORADPBANL L ZHEREE IR, A V743747 AHAOH
Wik L EE WML A2 L2 HIWE L7z, V7 Py =7 LT, mi-Hub & Multi Sigma Z#% L, 47
My 4 2 i, B T 202 BMEGHRE, #WRGEoME - GERTIE T VOME, For— i
£ B AR IRIEHEE 2 FhE L 7o FRHISHE, RMEZCHEIETH 5%, BEGGH 7 — 7 %, MRk

HERHDLEEZOND,

Against the backdrop of increasing complexity in manufacturing and materials development, which has highlighted the

limitations of rule-of-thumb approaches, this study aimed to clarify the effectiveness and challenges of introducing

informatics. The software mi-Hub and Multi Sigma were selected to perform the following tasks: optimizing irregularly

shaped extrusion dies, exploring multipurpose formulations for molded rubber products, constructing prediction models

for the hardness and conductivity of copper-silver alloys, and estimating flat wire coating thickness using surrogate

models. While these tools offer extremely high speed, precision, and functionality, challenges remain in variable design,

data preparation, and interpretability.
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REBCO 5+ 0B E 7 R 4F 14

Overcurrent Conduction Characteristics of REBCO Coated Conductors

mHRHEA O E & I A
Kento TAKEMURA  Tatsuhisa NAKANISHI ~ Kazuhisa ADACHI
BEER W “EEHR FEAMAIA
Kei SHIOHARA Nobuhiro MIDOU Yuji AOKI
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The integration of superconducting cables into transmission and distribution networks introduces challenges related to
short-circuit currents (overcurrents), similar to conventional power cables. Ensuring the resistance of superconducting
cables to overcurrents is critical for their reliable operation. However, the conditions under which overcurrents cause
degradation in REBCO (REBa;Cu307- 5) coated conductors used in superconducting cables remain unclear. This study
simplified short-circuit testing for long superconducting cables by immersing REBCO coated conductors in liquid
nitrogen. Subsequently, overcurrent characteristic tests were conducted under alternating current conditions. The results
confirmed that REBCO coated conductors stacked with metal foil exhibit superior resistance to overcurrent. This is
thought to occur because the presence of metal causes overcurrent to branch, suppressing heating in the superconducting
layer. This research demonstrates a contribution to enhancing the safety and reliability of superconducting cable design.
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Development of TFA-MOD BaZrO3 nanoparticle doped
(Y,Gd)BazCu30, coated conductors for magnetic field applications

NNUBHRE £ Bk E X BE =S EARX
Takuma OYAMADA Michio SATO Kei SHIOHARA Yasuo TAKAHASHI
FEA®A & LM A HEERE" hER—"
Yuji AOKI Kazuhisa ADAHI Masayoshi INOUE Kouichi NAKAOKA
SR ¥E BR + B i 7 wE g
Teruo IZUMI Yuji TSUCHIYA Satoshi AWAJI

SR % REBa,Cuz0y (RE XY, GdEOA THICHK) BEZHM ORISR 1Ix, BEEH 22
HEY AT AICHVSRBEL S — 70, BEENMEALCHEBMATIT I 4 V74 EoEkiEsmc s ~0 It
AW RTH B UttTld, BMELEROMER )L LT TFA-MOD # & UTOC-MOD # % I\ T Reel-to-Reel
KBEEHTOFEAZ LD, KR Y077Gdo23BarCuz0y + BaZrOs (BZO) M D&k z B L7z, & 512, BZO
F K F OBAULD FED—>TH A HEHUHEZ VWL 2 & T, MY y= v 7 Eom#tz™M0, midh
MAEBREE (J. (B) ZKRIBICHELSE, TKBIUP65KIZBIFAL3ITD], (Ble) EFhFh, 0.14
MA/cm?®, 0.69 MA/em® & B WHZ /R L7z MZ T, J. OBSEEVINAEARGETIE, SHNREE2RIT 2 &
WS E RS0 HIZ, 20KIZBITAH 10T D J. (Blle) 1%, 1.36 MA/cm® 7R L7z, STNLHDKRITESE, B
BEFMOIRE NG EH~OREB L, FEHALONMEICEHKT 20 THE, 5k, Ut TIEEL 2 MR -
EHLRICIANT, @Y Y= v 7ok b RRIALREELZ HD T <,

Improving the in-field performance of REBa;Cu3O, (where RE denotes rare-earth elements such as Y and Gd) coated
conductors (CCs) is critical for the practical realization of advanced magnetic field applications, including
superconducting cables, superconducting rotating machine for superconducting aircraft propulsion systems, as well as
fusion reactor coils. We have employed the TFA-MOD method and UTOC-MOD method for the fabrication of
superconducting layers and achieved stable mass production of long-length BaZrO3(BZO) doped Y.77Gd.23Ba;Cu30y
CCs by using a Reel-to-Reel type of furnace. Furthermore, by incorporating an intermediate annealing process —a
strategy for refining BZO nanoparticles—we have optimized flux pinning centers, resulting in a remarkable improvement
in the critical current density in a magnetic field (J.(B)). The J. values under a magnetic field of 3 T (Bllc) were 0.14 MA/
cm’and 0.69 MA/cm® at 77 and 65 K, respectively. Moreover, measurement of angular dependence revealed near-isotropic
J behavior. At 20 K, the /. under a 10 T field (Blic) reached 1.36 MA/cm®. These results represent significant progress
toward the broader adoption and accelerated commercialization of superconducting technologies. Moving forward, we will
further optimize flux pinning and advance CC development, including achieving longer lengths and scaling up production,
to achieve higher performance and expand the range of applications.
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Commercialization of T-Type Termination for 154 kV XLPE cable

X F wmEAXA
Kaori KOCHI Taiga FUKUHAMA

Shin IMANISHI

SHE & WmE #
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FE T 52 LT, ZEBHRNOEEGOH/ME, BLOMBKLIZHRL TWao 4, #HHEROSEELD
=AW E D, 154 kV O T Eimihiai o - FEHMLZ1T- 72

The T-type termination is a product used to connect XLPE cables to devices such as transformers. By reducing size and

weight and simplifying the connection process, it contributes to the downsizing of equipment and simplification of

construction within substations. In recent years, there has been a growing demand for higher voltage applications, leading

to the development and commercialization of a 154 kV-class T-type termination.
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Cat.6A X8 HE LAN /Yy F 33— K [slim-patch®6A]

Ultra-small diameter LAN patchcode compliant with Cat.6A standard
"'slim-patch®6A""
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BHREER LAN m— 7)1 [HFS-TPCC 6A°(S) PATCH-FA |

Ultra-small diameter industrial LAN cable
"HFS-TPCC 6A°(S) PATCH-FA"
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Replace equipment of Underground power cable
for TEPCO Power Grid, Incorporated
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Introduction to TOTOKU's Technologies and R&D
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Cat.6A X1/t LAN 4 — 7 JU JECTEC 14gesFMs{ER &

Cat.6A LAN cable conforms to JECTEC performance evaluation test
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FLANTEC® 752K BHREREEXERLANT—7)
CC-Link IE TSN/IE Field # R ECGREN MR E R EBRESIE

Ultra-small diameter industrial LAN cable CC-Link IE TSN/IE Field
recommended wiring component, certified by performance test
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