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The tireless pursuit of casting innovations
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Heat-Resistant Austenitic Ductile Iron—Microstructure and Shrinkage Properties

NN &%
Masahide Kawabata

=B OB —
Seiichi Endo

F—ZXT7F 41 b Fth#k FCDA-NiSiCr35 5 2 I BEIEDHIR REBBRDOMEMFIE L TESERLTE
PRAFHhTWS, ULAL, XMBEHIESSEMEVWDLhTEY, IS, REMICKETLEEEZRIFT
TEERERSTHIEBES T >TWEY, 22T, XHAFRTIE FCDA-NISICr35 5 2 DEEf
BMICRIFT C, Ni, SIOFEZHREL, SlIMIRIBIFELIHEMERTCEEL» 43 EL2H
LWCEMBRXZEH LA, 3561, I7O0MBHLUTITHICRIETESREBRBOZEIZOVTD
B®RETL 7=

Austenitic ductile iron, FCDA-NiSiCr35-5-2 (D5S), is a heat-resistant material that is
used in automobile exhaust parts, and demand for it in the market is expected to increase.
When it comes to producing the material, however, knowledge of solidification morphology
and shrinkage properties is limited and not well defined. This study discusses the effect of
C, Si and Ni on the D58 solidification curve and a new carbon equivalent (CE) formula to
predict the eutectic point. A more production-friendly formula, which achieved a CE value
of 4.3 at the eutectic point, was introduced. The effects of stream inoculants on

microstructure and shrinkage characteristics were also evaluated.

@ Key Word : Mi#hesex, 510714

@ R&D Stage : Mass production

1. #

WERBRBE RO O & DT 5 WAL FEOHIEZ FH Y
572012, HEIEORRELIIEEZ2E T, SN
MBI TVE, ZO0EDIBRBREERL-SY
A R A AN RE N YT = A &
PRI TIBEX ¢ 5 2 L TIRE 2 ET 5785, ko
VYUV EWRTHH A ARMEIIE 2> TE TS, 20O
720, PR =HR—IV FRy—E Ny Vv 7k EOHR
FEMICIE, N FE TSR S T & i Ak &
D BN EGRE 2 RO AL E ShTETw
o LALADS, BT X MEEHFEL 2D, it
BRS04 2 b 00, iEEEkoh TIdER
B2 Fio 4 — 2 7 F 4 MRIEGES: (LLF, +—
ATFA My LBET) 1L, GBI -EOTREVHL LH
ZAbN b, y REEHKICIZJISHKE D JIS G 5510 25 1,
y R #GHEEE E L TI1d FCDA-NiICr20 2 (BUF, D2 &%)
& FCDA-NISiCr355 2 (LLF, D5S &W&d) 25 1, Fi
D5S M SN TWwW5B, R 112 ER 2 208K @ JIS D1k
WG ERT . INHORME LT, — MWLk E
FNBVNIECrOHEABETFONL, NI IZEREILT
18% (LLF mass% Traed ) UL bz FHAAMRICHE7E S5

& Ty Mowefb LB tom ez X Tnwb, Cr
WL HRRR I A X85 2 & TE Lo B2 X5 Tw
bo —RRIZ y RIS OBEFERE 5643 25 T KD 5
A (LR, 510 E$) X, Ni, Cr O&EHFDDE
WEEbLRTWAS, LA L, D5SSOFNFHEICHRS S, »
SRERIRBESRSFERICE T A EHIE A <, Tl mE s
FrEER WYY,

ZZT, AWFETIE, y RiFEEESR D D5S & N — R 12
FUFHEIC AT T8 L OB 0B 2 BEOTLED
WIEH ANTHSNIZT B LT, y RilTEEEH: ML
DHNF RIGDFEERS I3 K DIRET 2 B 5 22T b0

F1 JSG5510 L8354 —XTFH1 bRMEGHESHDILZRS
Table 1 Chemical composition range of heat-resistant austenitic
ductile iron in JIS G 5510

(mass%)
FCDA-NiCr20-2 C Si Mn
(b2) -3.0 1.5-3.0 0.5-1.5
Ni Cr
18.0-22.0 1.0-3.5
FCDA-NiSiCr35-5-2 C Si Mn
(05S) -2.0 4.0-6.0 0.5-1.5
Ni Cr
34.0-36.0 1.5-2.5

% Hiz @@k et milbfnifin y > s=— *
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REBFIIEFEEELT T EORAETH 5 2 &5 5 BT
FEREL 2 h o720

2.2 I/OMEBHE

TSRS X 5 3 7 oRBIZE I, AR Y
77— (=bta7x/—N:4g HCl:5x 10° mm®,
IZF VT I— 100 x 10° mm®) % f 72, FE-SEM
(Field Emission Scanning Electron Microscope : & 54
BIEAEAE TS 12X 5 3 7 o HRREIZICIE (B A
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Xy EEBOBEICOWTHEE RS TTRE L7,
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fRIZHA > TI 7 oMl Z B L7z, 22T, QWHATO
ATy MFEAMH & EMESEAELTB Y, @S2 5
S ENI I 7 MR, MR S 2T H B 720,
REEDEIZ K ) A & O X %2 4T - 720

2.4 REHR

2 1B R I ARER U AL L 7250 o b S s o dE B &
TN o PR EE R IR DS EN R E W EEZ HNLB C,
Si, NilZ DWW THEL7ze EHEIE AR 20T, Nilk
D5S X— Z @ 345mass% & D2 X — A ® 185mass% ® 2
KEDZKLI0MEL, H#NimTC & Si 22, %
B AL R BN T EONISSABEO Y = vh v 70
CO#y FIFEHBLT, MNLA, 22T, Yoy T

DA Ty MRGOFFITEE 40 mm, HE 55 mm & L
720 L 2—4%—I12i1Z KEYENCE #5— % 1 % — (NR1000)
Wz, BEEMHARO P2 B 212" F . BEMEEFR L D
WIih B X OF I 2 e L 72,

(@ B N te " et [
” # e "B " L] Nickel silicide.
[l .‘ - = ¢ . 4 - A/
| B a =-® r - - - ™
@ m L T I
» et T e I.'
[] '- " o - [ ;1 FGra h|te * —
rats = 25 um ® P 100 um

1 D5S M v OfE#O—fl (a) 10015 (o) 400 5
Fig. 1 Example of D5S microstructure (a) x100 (b) x400

F2 BERIRERBUCM U B OEFER S OEEE
Table 2 Chemical composition of samples for solidification curve

(mass%)
Examined element Other element
C 1.1-3.0 Mn 0.45-0.55
Si 2859 S 0.006-0.018
Ni 18.9-36.0 Cr 1.45-1.75

The number of samples: 20

1,400

Primary crystal
1.300
Eutectic crystal with graphite
1,200

Temperature (C)

1,100

1,000

0 60 120 180 240 300 360 420 480

Time (sec)

2 EE#ERD—PF
Fig.2 Example of solidification curve

2.5 5T HEEH

K IIHNTMEZ BT 2 20124 L 22 3R o b2k o)
DOHEPAZE RS o BTV RITTALFR T DOEEIRE VW E
ZZ2HN5 C SOV THGEN L7z, AR AET 8T,
Ni & D5S N— 2 ® 345mass% & L, C, Si #Z b &¥72,
FUFEEHMIE R 3 WA 351 iEBR A 2 F v 7ze BITiAER
FETVAY 7/ — VR CHL X 7R CER L,
2.1 Fii VAL L 2200 2 S RCTES L 72o I RBRF 13K
iR, O, LS CER S, AR LRI A E
X MCHEE L, Tl RoERRE (DT, 51 HE & gk
)G EELTERBIL L, 22T, XEREESIE
194 kV T34, X# 7 4 )V 413 #80 FUJIFILM IX
INDUSTRIAL, X #IREHIIIARE S e Lz G
Boydhwizl, G LBGOTI MR RIFTHDZ L

BHRLTWwb,

HiI£BEH R Vol. 32 (2016) 9



£ 3 5IFEDFHEICH U A OEF 2 DO EE
Table 3 Chemical composition range of samples for shrinkage
properties test

(mass%)
Examined element Other element
C 1.1-34 Mn 0.45-0.55
Si 4.0-6.0 S 0.006-0.018
Cr 1.45-1.75
Ni 34.8-36.0
The number of samples: 8
75
150 40 \ 208
o /ARy &
© N
il [Riser]
$70
2!
*20, |
RDAABE
o
e}
o0
Cope] o SHING pr =
l_ﬁ/‘ b N
R — 75t o1z
Drag @

(Unit: mm)

3 BlEEBRR ORIR
Fig.3 Test piece shape and dimension for evaluation of shrinkage
properties

3. ERBERHLIVER

3.1 D5S MOkEERRE

F1IRTEHIZ, D5S D C®IE 2mass®% L F T, —
e 22 858 o JISDO SCH D CED 0.1 ~ 04mass% X 1
VA, ¥ 77 A4 VD C R D 35 ~ 38mass% & I
L CTKRIRICIRS, CRIISHME 57 & A VEEEkD H R
BECThb, —H, SHMOBBIZREIXSHII A 5 NI 5
B2SEATSTHAF VEREITH LD LT, ¥7 514V
BB E R I SRS FIICER T 5~y ¥ 1 BETH
bo [y va & E] BWIR] ZEWRL, BERE &P OIRE
A & AR ) o REZIEL TWwb, D5SSD
SEEBEHERT 5720, LREEEhr68m L2372
TR E B L 72, R4 ICEREE T2 5 8% Lo
I 70l EIRT . ROV ERE y, Bl B,
IR DI TH o 722 L 2§, K& 0 g5HIREE 2
A5 FHEW IS b 7z o THEME SO BIZIZIZRETH
LT DB, WEDZ M5, DS OREIEEIX Y
75 A NVEESKERRICY v 1 BFITTH B Z L BREEL
726
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24
(a) &8 (2518 (b) $HEUREFE (100 15) (o) HFIAER (100 £3)
Fig.4 Microstructure of sample quenching from semi-solidification
(a) entire sample (x25) (b) near the mold (x100) (c) inside the
sample (x100)

3.2 KEMIRICES CEERDORTE
D5S OEEFILREIE 5 7 ¥ 4 VEssk L AR~ v ¥ 1 &
B ThbEDMTMD, DSSIZOWTH ¥ ¥ ¥ 4 IVEkk
OFNFHEICKTE2EZ 2R TE5, TNEFTOHLE
BOMBANSF 7 5 4 VST, B OmRBIMERCT [,
7 FARSR O A IR OB X D, I BV Th]
AR D RIFCTH D2 EWghoTnd, 22T,
AW D720 CE (kFLE) OB %2175 72,
BT A B 53R D BEE IR TR S 15 #)i0 2h fh e %
J, Fe-C2 I0RINEK O SO C 2% 4.3mass% TH
52 L5, CEMA43 ThiE 2% CEMAL LT)
KXZEHR L, SIS LT, #8550 D5S @ CE i
ReLT@QADPDH2 Y,
#r CE = C+Si/4+Ni/31 (1)
#E3k CE = C+Si/3+0.047Ni-0.0055Si x Ni (2)
CIT, AWgECEM LA (1) KXo CE il & 9 5iE B
X OVEL g I SR @ 345mass%Ni TO MR E R 5 2,
185mass%Ni TOBRER 6 1273 A LT, (2)
KXo CE & AEE B X ORI SE @ 34.5mass%Ni
TOEFKRZRI 712, 185mass%Ni TORRZE 8 12K,
5o CE il y W hiRE & iiREO R M E Lz, &
Z°C, & CEMEMTlx, SliREOREE R BT
5728, MK E 25 CE N0 INCIE y oM &3t
M & DR E H 7z, AR CEM L7 (1) XTiE,
510 Si&ED 46 ~ 48mass%, 55~ 6.0mass% D3
NZBWTH CEfE43 2%l & 2 ), B5LR6 &
) Ni 2% 345mass%, 185mass% DWW FNIZBWTH
CE i 43 A3 iflf & e o TV B, THICK LT, 1k
@ (2) X TlE, Ni3d5mass% Ti, B7 X0 Si#D746 ~
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48mass%, 55~ 6.0mass% DWW FNIZBWTH CE il 4.2
ALK & 2 > TV b, —TJ5, Nil855mass% TIZX 8
LD CEMHAY45 ~ 46 THEMKE 2D 43 2503t
T D, DLEOKRN S, ARBFZETEM L72#r CE sk
()X CEM 43 23z RdE LT, QXKL
LTV 5 LT & 2. 5%, 111 OFFMIZo> VT, (1)
KO CE N TEIRT 5,

1,400
4.7 mass% Si 5.7 mass% Si

o "0 o ® Primary crystal temp.
S5 1.300 A A Eutectic temp.
2 P
g &§§§§§F\
[0}
£

1,200 A A
° A A L\

1,150

1,100

32 34 36 38 40 42 44 46 48 50
New formula: CE=C + Si/ 4 + Ni / 31

5 34.5mass%Ni TO#H CEEENREES LUHKREE
Fig.5 Relationship between new CE and primary crystal and eutectic
temperature at 34.5 mass% Ni

1,400
4.7 mass% Si

__ 13501 O Primary crystal temp.
o Eutectic temp.
= ya00|L2 tio temp
5 O
© 1,250
[0
g
’q_) 1,200 A

1,150

1,100

32 34 36 38 40 42 44 46 48 50
New formula: CE=C + Si/ 4 + Ni / 31

6 18.5mass%Ni TO#i CEELMIRBE S S UH£RRE
Fig.6 Relationship between new CE and primary crystal and eutectic
temperature at 18.5 mass% Ni

1,400 O——
4.7 mass% Si 5.7 mass% Si
1,350 )
%) O ® Primary crystal temp.
";; 1,300 A A Eutectic temp.
2
© 1,250
[0}
g
5 1,200
'_
1,150
1,100

32 34 36 38 40 42 44 46 48 50
Conventional formula: CE = C + Si / 3 + 0.047 Ni - 0.0055 Ni X Si

7 34.5mass%Ni TOREXR CEEEMRBES S UHERE
Fig. 7 Relationship between conventional CE and primary crystal and
eutectic temperature at 34.5 mass% Ni

140011 4 7 mass% Si
1.350 O Primary crystal temp.
o A\ Eutectic temp.
~ 1.300
(0]
5 O
o 1,250
Q
o
5 1,200 A
'_
1,150
1,100

32 34 36 38 40 42 44 46 48 50
Conventional formula: CE = C + Si / 3 + 0.047 Ni - 0.0055 Ni X Si

8 18.5mass%Ni TOHEK CEEERBES LUHEERE
Fig.8 Relationship between conventional CE and primary crystal and
eutectic temperature at 18.5 mass% Ni

3.3 FlIIMHICRIFY CEEOHE

D5S DA BT, CEMEFITREBAIITAL
72N MIEOMRE K9 D@ T/RY ., CEfED AT
FUFHRIZBA LB Y, 51 E%E L Tw b,

ZZTC, ZHCEMTOI 7 ufifizBligd L%, CE
il 435 L ETHITRER T o0 BRI 12 3 F B L IEIZ R B
KIGAFRD 5N Do HENITES & R L THEMRV29
BeEET 5, CEfi% LA SEALZ LT, M3 2280
AWML, Sl SE SN, T MmN AT 5.
CEMH43%#zx A LMtk E 2, B5BLUE6
WREND X 92 CEMEAY 4.6 ~ 4.8 TH &AL 5 5 1 il
XD HEWIRETHNE LTEMAT S, IUABEHETT

1,250
P ! Occurrences of
& [ carbon flotation
E 1,000 g |
= Lwith N
% 750 inoculation { = ®
[ ] 1
% /@ | 53
£ 500 P AR ° Py )
= AN I °
280 Without ' °
inoculation l
0 1

39 40 441 42 43 44 45 46 47 48
New formula: CE=C + Si/ 4 + Ni / 31

9 D5S TO# CE & &5 iTEEDREMRF
Fig.9 Relationship between D5S shrinkage area and new CE

10 CE4.5 ’(“J:ﬂﬁt:?%i L 732 L2 8hxBE (100 f5)
Fig. 10 Graphite flotation defect at CE = 4.5 on surface of the cope
(x100)
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FhL, B10IRT ) I ERTHOR LESKIEE %25,
L7235 C, GIFHSGEED 729012 CE DMV % 3 fhfH ik
D43t L, TOERZ 4B EFTHIENET L,

3.4 I/VOMBHLUBITHICRIEFT
ABZMIEEDRE

D5S DA 5T CE43, HEHMEME R Lo I 7 uil
% ® 1112, FE-SEM B X U'EDX Tt % 3 7 ufif
ML7RRERAIR T, B IR L2EGRERHD D
TOI 7 oMk E LT, EHRERES L iR
e S MR ALY DSZED BN D o ALY O EDX 54T Dk
B, CrzZl&ALTWDLZ L5 RAMIZ CriCs D&
WAL L% 2 5N b, FHRERET I 7 vilikositie s
AHZANFWSPIZT L0, FHHREEH ) R LT
CE43 TOHEE A2 R L - R 2R 12 18T, EH
MEMEH Y E R L TOdBEERZZAZN1190T,
1.080CTH 5. &EFEMADENEZELET 5728, Thrmo-
Calc Software AB D # )75 7 b Thermo-Calc
(ver.S) ZHWT, y EBHB LUy & CriCs DAl T
OIFEEE OBRIRRE 2 515 L2458, 2121 1240C
E1130CE otz 22T, e ML FAIRE T oK
RTERVOT, B MR L GRS E T ok IR DM
HIZBEMEE 2 L, HEMARTIE, »y LB LD
byt CrC D2 10 CHRVIRETHINT 5, &
M, BEMARICB T 2GR EES ) R Lo 2008k
MEOmME A 110C & —% 3 4, L722%-> T, 1,190C
TOIFEFEIL y & B 1,080TC o3t FERE X y & CriCs
Thb, INOLOMRENPS, BEOERBIIUTEEZEZ LN
b0 WD ) T, HEHERRICEY p LB
BEEA L1I0CT 25 L, Z0F FHEEDHEL L2 L,
TR LTI 1,190C Ty & Béroo 3k 5 3B 4G
L COEMEN 20, BEo s Hakod, LR
SOWMEIZETL, 1L080CEFTEKTLAZEZATYy &
Cr:Cs O BB E 2B T 50 2 2°C, FHHEERLT
& Cr 255 At & LTt %720, Cr O IEHHRE~ D [
BRMET T % BB O FERETH 5L
PO T ZERT 5, D20, KMEIZBW RS
I TH %o

ARMEIC B CTEGRHERITUHTH 5705, BF F TIS,
MR Z G L 2 h o A 05 I HIconT Lt
L7z ZOMEEROIIATIRT . {EWHTTHME it L
e ERGE SN, FITHFEIHRA LTV, 20
AR T O X 9ICEZ 5N b, Eab L7z & 9 ICiES R
fid ) OWpd, BeEL y & ERIRBES oL T, 22T,
HENIBEBIES 5720 y OBBRIEZ M) L TE S
DT, BEHOBMRTIOEEEET LN DH L. Ll
A, BREOHEIIEA4IRTIIICT Y ¥ 1 BFET,
B @ ORI E A AR L Y Ao 72 IRED 729,
BRI E . EARERAYE < 7 B R Y AR I GR E T L
EHICHEL 25, HEITEOK T IZIHE 2 5 OB HHIREED
KT, SHIRBNTEOEAEZBL, TNITKHLT, FiE
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AR 2 LCId, BEEOINE y & RSO EER,  BER O
I LLRRE CriCs &y D IREhEER & 70 B o BRI IES
WD ) Oty LW U7225, Sl i LLRE (380 o0 i
D720, T OB & FARIC A F VBl & b AF
¥ BN A & AT BE L 7o TR O BEE D720, FRIEHR
SHIREEICENR T WD, L72hso T, BNl
AR % 3l L T H3 e S b 7o i fifane i <
FIF PRI Rve D5S TId, HEEH L 0 b i 2
X BB RE ) L O TT A5 [ SR IR R o 72 8 E
VALY (W38

(a) P ‘ '" (b) | Without stream inoculation
j @Clarbide
o MGy
v S :
S, N T
; | A 1.(Em m‘@Graphite ﬂmm
11 EELELOI 708B0—F (a) 10015 (b) 400 fZ

Fig. 11 Example of microstructure without stream inoculation
(a) x100 (b) x400

x4 RO EDX AFIER
Table 4 Result of energy dispersive X-ray analysis on carbide
(mass%)

Fe Cr Mn

82.2 16.6 1.2

With inoculation
- - - - Without inoculation

Eutectic temp.

1,400

1,300

1,200

Temperature (C)

1,100

1,000

0 60 120 180 240 300 360 420 480

Time (sec)

12 CE4.3 TS iEiEs & T DS E /iR
Fig. 12 Solidification curve with inoculation and without inoculation at
CE=43
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4. #&

y R EGESE D5S I2BWT, BT RIETAL% 50
HRIC CEEDRE L I 7 vk RIS A o 2
IR E TR O TG L2/ E, T osimz 7.
(1) D5S O #EREITEREI, — By 7 BRIRB S §5 8k & MRk IC

<RV YVABETH b,

(2) LS HLE T, CEMA 43 &£ %5 CEMIZLLFTH

ENhd,

CE = C + Si/4 + Ni/31
(3) CEfliASK & WIF &I I3 SN b 75, CE A

435 7Bz 5L, WL DF ERERENFEET

b
4) FHmEBEEE2FEBL 2 wE, y & CrCs O A%

WL, MEMEOEERETH 2 ERILEELT 5,

ZD70, KBTI, EGRERIIVLETDH S,

51 A3k

1) American Foundrymen's Society: Ductile Iron
Handbook, (1993), p.52.

2) S.IKarsey: Ductile Iron production practices, American
Foundrymen's Society, (1994), p.98.

3) S.I.Karsey: AFS Trans 69, (1961), p.725.
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Using Polymeric Materials for Rolling Stock High-Voltage Cable Termination

B &—*

Koichi Tsukamoto

HE =R/

Yukinori Aishima

HE B

Wataru Murata

SEERASIEES — IV ORIBIERSE CTH 2 75— TIbAy NiE, BiEREE, TRXDRgHE,
JLZAPLRA—CEBEEDEHOFRTER SN THUESWVEEEIROSNh B P, EL, ZOX
EEDSEMANDEBEPER#ETH S, T C, /M- BE(ZBHEL, RUY—MHHOFEAZ%R
Fl7. RUT—#EHCI V-0 0zA, #EEHLAILTOY VEBELTSHZETIEC
(International Electrotechnical Commission) ##&ICEEHLL, EXMEE, HBMEEICEVTH TS

ICKRAMEICET 2MEEEHF L TVWB I LML 1

High-voltage cable terminations for rolling stock require high reliability. They are
composed of multiple components—such as a porcelain bushing, epoxy insulator and stress
relief cone—and their size and weight makes it difficult to insert them in tight spaces.

This study discusses the use of polymeric materials for terminators as a way to make the
terminations smaller and lighter. A verification test based on International
Electrotechnical Commission (IEC) standard has confirmed that polymeric insulated
terminations incorporating silicone rubber have the electrical and mechanical properties

feasible for field application.

@ Key Word : g8, 7—TIAv K, KUv—

@ R&D Stage : Development

1. #

E A S TFE T H B PEEIE, REOFME MR EEH
M U Cmsit & SR o Bk % X o T & 72 s E
21, HMoOBRRE(LIZEE 2T —<TH ), HEHEARS
% <, EHlERT 2 BRI b BRIk 5N Y
72, HMOMEN X THEE 22005, HEWH» S
BT HBEETH L, TOOEDTHLHEMBR 5%
A B BRSO L, RS L OWIER D ED 5 Tw
%7,

PREHM X, o) —HrSHEmER oYy 5T
WX ZELEBDRIENEEr — 70V (LUF, fF&E7—
TNEWET) Z N L TR TOEESRNEET 5 ¥—7 )
Ay R, ZoEr—7VvofimEREile LTS h
L TH B (B1)o 100 ZHEMIIBVTUE, FFEr—
TN EHEMCTHERT 5720127 —7VvAy FRRIR I
EEACHE LTV, LAL, TRIZEDr—T Ay F
MER oYL ) JABETHE 2o TnizZ Enb,

Hy &3 r —7 v~y FERRIC LS S E 7280 %
B%E L, 300 RLAREDFifIc iRt LT & 720 R —
TNy FOWEZR 2 1217,

Termination

Pantograph Trolley wire

[ TN [ /T 1T T T [ [/ T [ |

E:H o e Y s e s
[e)

\

Main transformer

©)

High-voltage cable Termination

1 SREEmOERIEE T — 7 IVER
Fig.1 Wiring of high-voltage cable for rolling stock

% Hi @@k et By > os=— *
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Copper alloy case

Porcelain bushing

High-voltage cable

Stress relief cone

Epoxy insulator

M2 {ERES—TIAy FOEE
Fig.2 Construction of "slant-type" termination for high-voltage cable

=7, RN TH2LHE, K% & Do g i
T, GHEWTEE,  WBTER SR R0 2 OB R R 2R N AR
WEICHEINDLZENS, F—7 Ay FIZEREOR
BN/ AR—AZHEBINLIE LD, T2, HARE
IBIZHE L7 THLI EDROLNDD, R2ITRL
RBATOr =T Ay FTIRZCHIETE RV, kD
REAH S, WAVESCE L2/ BERr—7 Ay K
DORFEE B, R < —MEOBHIZOWTHE L7z,

2. KUw——7ivAy FDOE&S

2.1 BE4H

KUY = =70~y FOHEAKEZR1IIRT, &
wIZNUSIEOEERE A EE L, FTORLETDPTES X
I, BT r—70~y FH585% D 15 kg & L7z
SR, BEWEERAHICLDBTHO40%MEHL L,
Wik, BUATRO50% A BEEE L7z, BAAFMES &
OBEWAFE IS O W TIZBUTO r — 7 vy F LSRR
PHTAHIEEHEEE L

®1 RUv—4F—7JI~Ay FOBZELHE
Table 1 Target specifications of polymeric insulated termination

ltem Existing termination Development target
Mass 100 kg 15kg
Length 1,160 mm 700 mm
Number of parts Approx. 70 pcs 35 pcs

Electrical Withstand AC 70 kV, 1 min. Same as at left
properties Impulse test: =175 kV, 3 times
. Withstand shock and
Mechan_lcal vibration based on Same as at left
properties

IEC61373

2.2 EigiEE

K2 1IRTEBYBATOr — TNy FidyLbmE W
R, EHRGRRRISE A O @aRE, ORI MRk, o
LA NV RAT—= TN EZEE % RO BB O TR S
NTWb, BIST A7 —7 0~y Fik, Ihbiigikikz
R)—METHETLTHREBLzTL 70y 7124
FL, AR gREA WaBoilMENSLZ L L,

L2aL, TAMBCTHRET 256, MESHERTET,
=T Ny RREHV.TE RV, £2°TC, MEELT, I
A7y 2 NFICEBBONRL TBIVT7 5 v Ve biA
A, TATOy 7RIS, BT AHE S L.
RNV = =T~y FOMEZE3IIRT . dhamiid
Gt 28 M, BEm 12 kg L HEMEZ B 2 i%aT & L7z,

Terminal

Metallic support pipe

Rubber block

HV cable

700 mm

Flange

Aluminum alloy case

M3 FRUT—r—TINy FDIEE
Fig.3 Construction of polymeric insulated termination for high-
voltage cable

2.3 fEigAE

W& MG L7 T o R oMt e g2 108y Y —
e RN AR O T A RH R MR 2 o L
v7uv¥lLryIh, TFENVTLA, YYA—YTABHNS
MDA, FREHMN ISR T 2 BB mOA M IOV T
i, HRETHLEIEDLETHL, TNHLOHIL YY)
O — ¥ T AT 2 AR H R AER A L T B

X5, BRTAIRYS—Fr—7T Ay FiE, BINCE
B SN DHNBHARIBIC D TAMEZ R T 2720, §iHGH
PERE, THREMECEN MRS RO 5B,

Hi£E+H% Vol. 32 (2016) 15



F2 dLOMFEEME

Table 2 Properties of rubber material

- Ethylene-
Silicone Butyl
Iltem propylene
rubber rubber rubber
Breakdown
voltage 20-30 30-45 20-30
(kV/mm)
Electrical rg/sci)lsLtlwi?y 1x10" 1%10' 1%10'
i 13
properties (Q - m) -1X10
Dielectric
tangent 2-4 1-2 1-3
(%)
Flame Oxygen
retardant index 25.5-27 20.5-23 21.5
properties (%)

W TIEARRIEE, HIRREPENR TV 2 e D
A=Y TRENIHER L2 ) 3=l rH S
NTWbH, V) a—r T LAOHREEICHES T KR,
KINAFAE L72K2Ds, ANz K &2 TS 2 RETH %,
MR DR PEAMCIRIE TR 22 ST SN B & KRS
WENT, WIERAHAL, HFEIIAME TS5, —h
BEARMED S W E AL R KT OIRREIC 2 D, AAERHIOTRNL
BRECZEPMONATVWSE Y, T/, YYa—rTL
IR ORI T LTS, BRI A
SIS TREWEERMIC LA L TL 5720, HAMEAN
B A, THNHHEANE BAREDORIEE Vo 728> S ¥
) a— 2 I AEMEEEICER TV 5,

UEDENSRY) =4 —T Ny FOMGEE NI
g, HERYE, THEIRMEICENR D ) a— Y TAERH L2,

2.4 HiERiEiE

BACHEHT 56, B WHICIoTr—70Ay F
K OMBREE Z IR b W22, RO & KWk
O, RHORTHEMEZ R T LEND L, TOZOBITO
=7 NNy FORZEE OB 1,040 mm 2L EEF
52 e x AEEICEET 21T, R —F—7 Ay F
DO 138, IBHEEEX 1,090 mm & L7z,

2.5 HWHRE

=7y RIZHE RS & L CHMET TR OHRS)
Wi 2 B DD B 720, IRETNGERE S A58y —7
VN FONTIBHIZOWTHEN 247> 72 (R14). fRHT
ERI4 (@) (RTHY r—T A~y FEKFEISHRE LS
PCTIT o720 IWWHIITICE DRV —=r—T Ay FOO
FTAGAER 4 (b) 12, ISHFITICEBR) = —T N
Ny FONGEE L IR OBRER 5 ISR T 77—\
FIZHEEASD 5 &, PO EIREL A TS A
#rh g %75, TEC61373 FREh I X OV B 3B (shock and
vibration tests) DS THRAT ZIBIHL, ¥
) I — 2 T A OB T Yz H S L AL
726
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Fixed position

Strain (m/m)

0 002 004 006 0.08 0.10

4 KYZ—r—TI~y SONEBISHEEN (a) i (b) 07
kil

Fig.4 Stress analysis of polymeric insulated terminator (a) analysis
condition (b) strain distribution

Tensile strength of silicone rubber

Stress (MPa)
()

Measured data

Shock test

Vibration test

0 10 20 30 40 50 60

Acceleration (m/s?)

5 ICHERICEZRY =7 =TIy ROIRE &6 DORER
Fig.5 Relationship between acceleration and stress observed during
stress analysis testing
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3. ER - BWEHEREISER A

FREE) = r =7~y FOBR, WML
AT o Tz MBRICHWAEE 7 — 7 ViE, SEFMmICH W
LNTWAIF Ly 77Ul yIafiEor—717c, W
MEERE, MRk, SEEEERE o 3 & FR RS
IVRELZEDTHD, TOMUERERIITRT,

T/, W OSKERMTHEHT 2 L2 EML, MEER
E%ix IEC (International Electrotechnical Commission)
FEAZHEHL L 720

R3 ERBEST — T IO
Table 3 Specification of high-voltage cable for rolling stock

No. Part Remarks

1 Conductor Flexible stranded tin-plated copper wire

Semiconducting tape and

2 Semiconductive layer . .
semiconductive compound

3 Insulation Ethylene propylene rubber (EPR)

4 Semiconductive layer | Semiconductive compound

5 Shield layer Spiral of tin-plated copper wire

6 Sheath Red polyolefin elastomer

— | Diameter 43 mm for 120 mm?

3.1 XAMBEERRSLVCEA /NI XHBR

HMAFMERE O MAEE HY & L 7228 it i 3 3Bk (AC
voltage withstand test) B X OVE A ¥ 7V A it R Er
(Impulse voltage withstand test) (& IEC60502.4 |ZHEHL L
RERZ AT o 720 I ELERERE 104 kKV/15 min, HA ~
2V ATt BB T 200 kV/10 times O RERSM:TIT -
7oo BRIRM AR 6 1R T

M6 BERHBROIKR
Fig.6 Electrical test setup

3.2 BKEFHAR

RV —=Fr =70~y FREWER TSI L
#HUE L, MR O BGERER & L T IEC60502.4 12 H#EdiL
L 7235 K 75 50 (Salt fog test) 475 720 2HUIRY < —
=70y KEEEE 1,600 + 200 mS/m DK% W%
L72FHRPICRE L, —20oB/E>ERHENL, %1t
DEMEEMERT L HETH S,

3.3 iRENH KUEERHER

B2 5 OPREy, IS S HMEEE LT, IEC61373
IRENB X OB R (Shock and vibration test) 1232w
TRERZAT o 720 IREY I X OB AER O S BREE E O RE R %
7, WESEMB L OHESEGER4ITRT,

=70 E R L 72N ACEIREB IR & SR L,
EF, M, o= HmzhznicxtL, Frgoike), g
MR 72,

KUY =7 =T~y FORY AT HANEHRIZ X > T
B, BEF MAHRICOWTHETE W LS, H
Ji1A) (Transvers) OMEREESAEIL, A O EE Z1F12

Pickup Vibrometer Data station
Test sample
Vibration
controller
I
|
Vibration generator Power amplifier
Vertical
‘L—'Longitudinal
Transverse
direction

7 RES L UEEHARORBRRBEIER

Fig.7 Configuration of shock and vibration tests

=4 IRES S UEEAERSEM (IEC61373 Category 1 Class A)
Table 4 Test conditions during shock and vibration tests, IEC61373
Category 1 Class A

Iltem Condition

+ Frequency range: 5 to 150 Hz

+ Acceleration
Vertical: 4.25 m/s?
Transverse: 2.83 m/s?
Longitudinal: 2.83 m/s?

+ Time: 5 hours

Vibration test

+ Pulse shape: Single half-sine pulse
+ Acceleration

Vertical: 30 m/s?

Transverse: 50 m/s?

Longitudinal: 50 m/s?
+ Number of shocks: 18 times*

Shock test

* Three shocks each in positive and negative directions for each of three
orthogonal axes

HiI£BE#H% Vol. 32 (2016) 17



Ak L\ ST 5 KF A (Longitudinal) O E S
e L7ze BRI AR 8IZ/RT, T/, REB X O
BIZX 2R 2OH M E MRS 5 HIYTHRE) B X OV
RS EARBRE AT - 720

8 IRENS & UEERERDIKM
Fig.8 Shock and vibration test setup

x5 REARER

Table 5 Verification test results

4. BR - BIEHEREISUBRIE R

R —=Fr =TI~y FOBR, MW ERGE R R
#ER5IIRT,

R EILRE, A 7OV AREERBR T, FrEo
T EARICTT 2, B 2R 21570, £ 72, il (AC
breakdown test), & 4 ¥ 7%V A B 3 3 B (Impulse
breakdown test) & 12, #HPI#% (Flash over) 3% & @
D, =7 NNy FREOMRIEIEIZIEE > Th v, 1
K FZEAERTIE, AC325 kV/1,000 REiICi 2., K& %%
ALIFHERR S 3 BRI A R &2 1572,

IREY B L OHEERER T, KREEEAEET, REbs L
IR A OSSR R BRI D 2, RIS R % 157,

fi, A4 7 VERER, AR, BAKRBICBWTLR
USRS S S A

Item Standard Conditions Results
AC voltage withstand test IEC60502.4 | 104 kV, 15 min. Withstood at 104 kV for 15 min.
AC breakdown test - Stepped up by 10 kV/10 min. Flashover
Impulse voltage withstand test | IEC60502.4 | +200 kV, 10 times Withstood at 200 kV for 10 times
Impulse breakdown test - Stepped up by 10 kV, 3 times Flashover
Partial discharge test IEC60502.4 > 45 kV Not occurred at AC 45 kV
AC 65kV for 60 cycles
Electrical (1) Conductor temperature: 95-100°C, 2 hours
properties Thermal cycling test IEC60502.4 | (2) Conductor temperature: Down to No defects
ambient temperature
Repeat (1) and (2) 60 times

Thermal short-circuit test

reu! IEC60502.4 | Current 5 kA/1 sec. No defects

(Screen)

Thermal short-circuit test

reu! IEC60502.4 | Current 21 kA/1 sec. No defects

(Conductor)
Salt fog test IEC60502.4 | 32.5kV, 1,000 h Withstood at 32.5 kV for 1,000 h
No defects and withstood at
. Shock and vibration test IEC61373 Category 1, Class A AC104 kV/15 min after shock
Mechanical . K
) and vibration test
properties
Water immersion test - Immersed in water for 24 hours No defects

18 Hi£RBHIR Vol. 32 (2016)
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5. %4

ANRL B L E B & U Sl s A e — 7
Ny FORY) v —MEOWGE 217, DT o#@m% 57,
(1) HhEbAf, Wi, BEREMOEEEZEH LY

Va—ryITrMoaaray rEFFL, EBNEEH

WL, BATIMICHANERE 88% KD 12 kg, &EZ 40%

WD 700 mm, FRmEE 60% D 28 il & L72AR1) = —

r—7l A~y &L,

(2) 2SI FEE 104 kV/15 min, &4 > 7V 2l EE =200
KV ICHF A2, BATS & A% Eoiattis G L Tw5
ZEERMERL

(3) KM FZRE AC325 kV/1,000 h IZTif 2, BRIt TO
RIS TE 2R A L TWD 2 L 2R L.

(4) TEC61373 1 HEHL L 7= 3R B b5 & OVl B8 3kl C U K g,
BREALIZRED SN, EAMLICIEHEZ W & 25
L7,

R —MEICE B TAaTOy 7 KEEEICE Y, BEAL,
NEE, RS BIIRIC O WCRIBS H S A2 W T 5 2 L AT T
&, BARMERE, BEWIERE L D ICHUATAN & FMSELL EoMERE
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WCARBBOFEMOSHRFTE %,
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Downsizing of 100 Gbit/s Long-Reach Transport Line Card for Media Converter

K B
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@B #&-

Osamu Tsuchida

B BRe:

Yasuyuki Saotome

fE2 K fat-

Junya Sasaki

PRk E At

Tatsuya Kato

B FE

Yosuke Ishimatsu

HIiSBREAR AT ¢+ 7O /N— 42— [XGMC"-2016] IC#E#, 9 % 100 Gbit/s RIEET%EH —
K [CGML"-2001VLT-P] #B3%L /=, KIEBEH L U%EREBE 5> 2 —/Y—IC CFP2-ACO, CFP4
ZERAUTIEMEL, §&2U DO XGMC-2016 ¥ v — 2 ICERK 4 BUREFIEEE L 1=, BEIR&AIE, T
JAalake—L > MEEARICK Y DELTF 2,000 ps/nm, 5FEE% 30 dB %R, &BKD 4 —
DT F7AN—ICHBEATBENTZS, CFP2-ACO DEERT7FAJEBSGENEHICT UL b
ERET7HEEOREEZITV, 14 GHz ICHWVWTIEXEEXR 3 dBUTE#EHL /.

The authors listed above have developed the CGML-2001VLT-P, a 100 Gbit/s transport
line card designed to be mounted on the XGMC®-2016, Hitachi Metals’ media converter
platform. Incorporating the CFP2-ACO (C form-factor pluggable 2; analog coherent optics)
and CFP4 as long-haul and user-side transceivers, respectively, as a downsizing measure,
the XGMC"®-2016’s 2U-high chassis holds a maximum of four cards. Chromatic dispersion
tolerance rated at 2,000 ps/nm and a loss budget of 30 dB are achieved through digital
coherent transmission technology, enabling the CGML-2001VLT-P to be used even with dark
fibers that have high transmission loss. Optimizing vias on the printed circuit board for the
CFP2-ACO’s high-speed analog signal transmission limits loss to 3 dB or less at 14 GHz.

@ Key Word : 100 Gbit/s, digital coherent, media converter
@ Production Code : CGML-2001VLT-P

@ R&D Stage : Development

1. #

A =74 RF 7Ly b PC O & & g B 7
ED) vy FarF Y OMAERIZEDSL Y F =%y F b
T4y 7 3ENO—&ETHSD, RFEHEHIIBNTLZ I
7 R —UEART =77 —DIEHPEML, Fifse
TRA=N—a o=y 0FfLE, SERPKFIIBV
THHEEFEOE®E - KERDHNTWV D, ZNE0EFEI
&, BRFEERHRSEOMEAS TS —F Ry N (A4 =
v ME, BhY¥oy s A0 BEEE) b Tw b,
IEEE (Institute of Electrical and Electronics Engineers)
T, 100 Gbit/s T TOBMEALAZE T LTS Y

WERPKETHEDLNEAL —F 2y MEROAL V& —
7 x— A%, A Z VAR EEEREOG T 7 A N —1TR
IBL724 7 —7 2= A% TW5%, HMEFHEETIE
IVREVWHEZEETL2LENDY, MEHA 5 —
7z — A0 REBHRBETEER A v ¥ — 7 2 — AT
HRAFL T AUN—F =PI B,

Hy4Eid, B1IORTEEFEFNTEGR AT 4

73y N—%— [XGMC*-2016) % # L L Tw 57,
XGMC-2016 X, EIA (Electronic Industries Alliance) 19
AVFF9 7 A A0EHE2U (Unit, 1 U =171 vF
= 4445 mm) ¥4 RIZWF A/ v — 102, K16 K
DIAVH—=FE, Hh—FEEHRNHT2E8I—F,
RIS NZERLI= Y bEfiz Twb, KA V5 —
7 = AW L7 RBEHMARE 7 — P2, 22— —ml#
& RIFEHERIBROBEEL) ) 53T 21790 BE 2 mEEM - €=
y— e iz, MEHFLEOSFTSFLIRIGZTY
o FREI2 UMY v — VRS, A boty b
T =7 R7 7 ARRO/NBREICHE L TWb,

—J5, A Y MU= 22BN 2 8 H B
2B 1EEH720 100 Gbit/s ® WDM (Wavelength
Division Multiplex) {£3% Y A F AT TIZEA IR TV S
P, 1 ROKRBEBENL L, 77 AR ET
13/ 100 Gbit/s fatEERE TN T3, 50, B
Z D/ XGMC-2016 3 v — Y ICIEWRET, fER D%
71— F L 5O RTE IARRE 2 i 2 72/ 100 Gbit/s &
HidE % A — F 2 Bf[CGML"-2001VLT-P (J&7 v 7

% Hi @@k et By > os=— *
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A7 ¢ 722 N—%—F 100 Gbit/s RIEE#HzX D — FO/NEYE

#) ] [CGML"-2001VLT (J&7 > 7R | 2 Bi%e L 72,
AR TR T » 7H#ENR 100 Gbit/s & Mz %
N — RO E, BLUO/NUEO-DIZERH, BI% L7280
IZOWTiER5,

(@) 10G card (1)X4  Filter card (4)X 1 I
1G card (1)x4

Amplifier card (4) X 1

2U

Management card (): Slot size

®) 100G card [CGML-2001VLT-P] (4)x2
100G card [CGML-2001VLT] (4)x2

100 mm

1 XGMC®-2016 DAl (a) 1G, 10G 71— KO WDM #8A4E&h £
(b) 100G 51— K 4 ##&RK

Fig.1 Configuration example of XGMC®-2016 (a) 1G, 10G and WDM
(wavelength division multiplex) combination (b) 100G card x 4

2. 100 Gbit/s REEREIRE D — FRAE EDRE

2.1 fERH— K EDHEIREE

R1IZHZE L 72100 Gbit/s 4 —H% % v b KHEE 2%
71— F(LLF 100G 7 — F) &, fEk® 10 Gbit/s £ —H% % v
b RHHEE%E A — F (LT 10G 77— F), 1 Gbit/s £ —%
Ay MREBHRRE A — F (BUF 1G 71— F) oAz R,

100 Gbit/s DEFEGE T 7 4 N —REMR%ET 2 &
EOFEIZ, 1 Gbit/s X 10 Gbit/s & [d] UAz%EHA TG
T 7 AN—DOBREGROFEL ) B km LAMEETE 2

F1 XGMC"-2016 AREEE S 1> H— Rt

WZ ETHD, 10 Ghit/s x 10 R TEETLIHANLH S
B, A, GARDRAY) y MWD, TYY VI —
L~ I DP-QPSK (Dual-Polarization Quadrature Phase
Shift Keying, W% & 4 EAAHZH) (22 X2 WAL
729, ok, BREEREEFALVEST, %R
I¥ DP-QPSK TZEEH# L, =fEldae—-—1v oy Ly —
N — & T U ¥ VG 5 AL B A % (DSP: Digital Signal
Processor) THMZ{TH. I —L v MEKICBIT 20—
H VG EAT BN IR IR B 7 & DR 2t
WP AE T T NVE TR TH ) 2 & THKILL,
DP-QPSK i Z FZH L TWb, 5TV 7 VAL,
W7 7 A IN—ARER ORI ER I T — R 7 &
—HHICHIETEL 2 v b H Do

F727 7 AMBICHCONDE AT 4 T AV N=F—T
IE, REGHAFHRIIFIET L2 LHETHL, 771
AMBIZHCOENE T =27 7 7 4 N— kB LDTK & <
RALGERHY, XD 1G #— FX 10G #— FiZx 30 dB
D Lo KFEREZHRL Tz, 100G 7 — FTIE,
10G % — K & ikt FEC (Forward Error Correction,
B ETIE) 28 2L 12, TV 7 TE2NE
THRRE Lz SHUCEY, BHADIGBLO10G 7 —
FOZEEEZZOFE FENLTI0G~NDT v 77 L—F
MU EEIC R Bo kit b 1G, 10G #— KER L L, 100
km @ SMF (Single Mode Fiber) (236 C& % 2,000 ps/
nm & L7z, i iconwCid, DSPOREZZE 252
& T 20,000 ps/nm Lh D5 b IR HETH 5 23,
1G, 10G # — FREMLREROEEM% % 2 2000 ps/nm
Wz TWw5,

ANEABIZR LT, B /NG h 5 0 Y =N —%
BHL, WELA 7Y tOREILEIT 5 72 R I RIEREAR —
M, OBEEFE G DA %E €Y 2 — )b L7z CFP2-ACO (C
Form-factor Pluggable - Analog Coherent Optics) & 2
t—L Y DSP & L7 ERHT 22 LT, KiF
/N R B L 72,

NS OEM AR LT L7 100G 7 — FiZ, 10G,
1IGH—FOBEZT Y b1 slot I3 LT, (mEHED 10

Table 1 Specification comparison of transport line cards for XGMC®-2016

Category 100 Gbit/s transport line card | 10 Gbit/s transport line card 1 Gbit/s transport line card
(Part number) (CGML-2001VLT-P) (XGML-2001VLT) (X2L-2001)
XGMC"-2016 number of slots 4 1 1
Size: WX H 96.2X82.4 mm 23.3X82.4 mm 23.3X82.4 mm
Long-haul port transceiver CFP2-ACO Original SFP (small form-factor pluggable)
Wavelength Tunable Tunable Fixed
Bit rate 111.8 Gbit/s 11.1 Gbit/s 1.25 Gbit/s
Modulation format Dlgtl)tgl-gggeéent (opticaIOclI?J(E)S binary) (intensity Ir’::lodulation)
Forward error correction Supported Supported Not supported
Optical amplifier Included Not included Not included
Maximum optical loss budget 30 dB 31 dB 30 dB
Dispersion tolerance 2,000 ps/nm 2,400 ps/nm 2,400 ps/nm
User-side port transceiver CFP4 SFP+ SFP
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5, 100 f5I2H b 59 4 slot O A XITHR 720 &
2L, XGMC-2016 ¥ ¥ — 12 100G #— N, K4
MIFEETE, B3 2 UOERTEHRKL00 Gbit/s DIakdt
THEIC 2 Do DERD 10G 7 — K x16 TR L 7236121t
NTEREAEREE 25 BB T LN TE 5,

2.2 REREXINZD—N—

# 212 OIF (Optical Internetworking Forum) CHEiE
LAED & TV % 100 Gbit/s BHBEERITE N 5 >
V=N OB EERT YT BAETEE SO
CFP2-ACO (2015 4 9 ABIAE, HEHALfESET) $ /L
AR, CFP2-ACO X DSP % b T ¥ == I T
ZET, HA X, HEEIEBITE RO MSA (Mult
Source Agreement) fLERICIERT, # 1/7 O KIE /N
b, BN BEBEILEERL TW5E, Z® CFP2-ACO %
352 LI2ED 4slotlGDT A 5 — FO/NRALH ] FE
Y 7% o720 CEFP2-ACO 1371 ¥ k83 b 25 12k
TR 7T W TNREE D728, TTA—DOMER b 125
WCTELA )y Vb HbB, 7272L, DSPEZKRA MKR—=F
MY EEL 722212k, HRA Yy —7 -3 28
Ghit/s DE#ET T /G52 W) LEXSHY, 7)) Vb
HEMRPERIA T ¥ &, ARERBEORFPHRETH S,
C DEHIENHENC OV T 4 B THEL LR 5,

CFP2-ACO L #lAEHES DSP X, HATOHE 1T
FHBENIKE L 4 slot 77— FOMRBEDINE S50
728, WO T v A TEIEL 7245 2 18 DSP %R
952 ETHEBZIRML 72,

x2 RIEBEA 100 Gbit/s K hF > —N——F

2.3 JEEEBEENTS T —N—

% 3|2 CFP-MSA THH#E L S T 2 F R EE L) 100
Gbit/s b7 ¥ ¥ —N—Df—E%RT 7Y, R
A— MZIMH L7z CFP2-ACO 13, Z % 2 4% CFP2 ®
WAL Z R L T 2%, BERA v §—T 2 — A&7 T
O 7G55 &) 7Bk E 2> Tn b,

SUHEEIT N T v Y == 5 3 CFP4 & TR
L2352 T L, CFPAIZCFP L k35 &, 414 AWK
1/9, HBEEIIDH 1/5 1M - IKHEBEIILS N TW 5,
BEA V=7 =z2—AH 10 Ghit/sx 10 L—rh 5 25
Gbit/s X 4 L=V ICEMBE WO T &Taxrr s ¥y
AR LML ZEH L TWwb, LaL, BRA V5 —
7 = — AN 25 Gbit/s ICHE#EL L 722 & TREROL N7 >~
¥ =N — LA D B R AR DS LEE T H B o

CFP4 1%, CFP2-ACO k7 I # 7 Wik D720, b
VY= N—RERF LTI, Yy —T =X
B TE %, CFP413 100G £ —% % v h® SR4, LR4,
ERA DB E T R— P TE, T —F—BEIMERD
CFPR CFP2¥ I vy —N—%ffHLTWVWTH, FL
B CTHIUSHEERTEETDH 5,

3. CGML-2001VLT-P ®OMAEBHEEK

2 2B%E L 72 100G 77 — F[CGML-2001VLT-P]® 7
Ty 7R EIRT . B3 ICHNEETEEZIRT .

BH%E L7 100G 1 — Fid, 4 slot lRO/NYERZE HR)IC
EHT 5720, 2—¥F =3 e REEEIENR, 67 >~ 73K
D 3IBIEHCTHIL L 720 &FREIE, 702 boipoviZi

Table 2 Specification comparison of 100 Gbit/s long-haul optical transceivers

Form factor MSA-100GLH (Gen. 1)

MSA-100GLH (Gen. 2) CFP2-ACO (Gen. 3)

Size: LXWXH (*1) 177.8X127X17 mm

127X101.6X15 mm 107.5X41.5X12.4 mm

(volume ratio) (1) (1/2) (1/7)
Maximum power dissipation 80 W 45 W 12 W (*2)
Coherent DSP Included Included External unit needed
High-speed electrical interface 1 8 'f': %IG 1 OD 'f': %IG Z\Qzlgg
Power supply 12V 12V 33V
Electrical connector 168 pin 168 pin 104 pin
Pluggable Not supported Not supported Supported

*1  Without heart sink

*2 CFP2 power class 4

#3 EHEEHEEA 100 Gbit/s kT > P —N——F

Table 3 Specification comparison of 100 Gbit/s optical transceivers for short and medium reach

Form factor CFP (Gen. 1) CFP2 (Gen. 2) CFP4 (Gen. 3)
Size: LXWXH 145X 82X 13.6 mm 107.5%X41.5X12.4 mm 92X21.5X9.5 mm
(volume ratio) (1) (1/3) (1/9)
Maximum power dissipation (*3) 32 W 12 W 6 W
Supported optical interface 100GBASE- 100GBASE- 100GBASE-
SR10 / LR4 / ER4 SR4 / SR10 / LR4 / ER4 SR4 / LR4 / ER4

High-speed electrical interface 10X 10G 4x25G or 10X 10G 4%x25G
Electrical connector 148 pin 104 pin 56 pin

*3  Power class 4
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Digital signal
25 Gbit/s x4

Analog signal
28 Gbit/sx4

10 Gbit/sx10

[V ] DSP LSI
CFP4 . 100tgbit/s OTN framer A/D, D/A CFP2-ACO
ether w/FEC DSP
- monitor

Hot-swap DC/DC
controller converter

PCB: Printed circuit board
A/D: Analog-to-digital converter
D/A: Digital-to-analog converter

2 100G #— KD 7Oy 74k
Fig.2 Block diagram of 100G transport line card

3 100G 71— FOAER#EE (L&A /N 51 L)
Fig. 3 Interior structure of 100G transport line card without top cover

BTN T v y—n—t, ZTORBEIZRESITS & LSI
DOREMER, T—— W & R B SEAR I & Hede 3 5 =i
MK, BIOMIMEEZZE L TREL L7z RICET
Ty 7 OEREICDO VTR 5,

Z—H—FK— | CFP4 OREIZIE, 25 Gbit/s x 4 L —
COELAETE 10 Ghit/s x 10 L — Y IZERTLHFT
Ry 7 ZALSI % #&IFTW5b, DSPOATIA V¥ —T = —
ANZEbELEEBIZ, T4V — % 25 Gbit/s 2*5 10
Ghit/s 12k 352 LT, BRBMENPEL S —V -3
We RIEHERMOETI 4 >, BERI A7 ¥ TORE
GHALEEAML T b,

DSP X, DP-QPSK ZfHiRax{rH) 7Y ¥ var—L b
WP Z T, 100G 4 —4 % v F MAC (Media Access
Control) 7 » % &, OTN (Optical Transport Network)

oners e
converter

amplifier

FREEL LR EIRE 7 7 A N—DIER TN EL o 22BN
N — %7 7 TR L 72 o v OSNR (Optical
Signal to Noise Ratio) T3, €D I—i[IEHREICEI Y R
ey b —L— &R TE %,

DSP OBIZE#E L 72 FPGA (Field Programmable Gate
Array) 1Z, OTN +—/ 8=~ F® Add/Drop %417\,
RIFHEROMERMEOES, WM v h—Fenf v
Ny FHlfEZAT-oTWD,

CPU (Central Processing Unit) i&, %% F 5 ¥ ¥ —/3—
RELSIOHM%E4TH) L L b, 2—F—F5mE &
FEEE S B e EERBRAIICER L TWh, &7 514 Ak
B HEBERFEZ AL, K RIIRED & IR E % B
L, A XY F25AE LA Eois dmetfrou s
Ty THREER A TV 5,

4. BEBRRE

CFP2-ACO & CFPA DR TR L % 57225 G~ 28
Ghit/s BB LI DO REHIOWTHIT 2, K417
¥ MBI X 2 RS T 7 4~ OBRCHMEE Z RS,

CFP2, CFP4 Y6 b5 ¥ ¥y —n—1g, "R A2 ¥ EPH
12 EMI (Electromagnetic interference) Xf5®D 2427 ¥ 7
W=D FIFSENTnED, ar7 7205 & LA
551, €7 (Via) LIFESM/NE@R ORI X D FEde
LNE~BIEHL, WEEA Ny 7T 4 VTR L%,
DSP it CHOE 7 2o TFKE D DSP-BGA (Ball Grid
Array) 73 7 — VI AR T A LEND b

CFP2 cover
T L= —RREFNE SN T W5, DSP BGA CFP2 connector
MAC A Y ¥ %1%, 2—H—7L—20@FLT %%
Pbize b, 2 ERORFME B LTV 20 res v - .
ia Strip line Via

OTN 7 L —~<—13, 100G 1 —H 4 v 57 (103.125
Gbit/s) # OTN 7L —2alZ~v vy ¥ 7L, FEC ZfHL
TYvy bL— % 11181 Gbit/s IZZH#d4 5, FECIE, K

4 28 Gbit/s miR T 1 > DiEiE
Fig.4 Structure of 28 Gbit/s high-speed transmission line
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AN T4V BEROLTR 7T v FRETHA,
J& B OB BARIE RS 5 iR 2 & % YN EEENT 5 2 & TR
ELTHREA Y =7 v A S i, R EARR 2 fn%
B TEX B, 72721 25 Gbit/s BOEMEHE TIE, &
BB OFFBEIRC X 2 SRR HSHEE 2 5, 40N,
WM EAREICRD EILA T P L722S, RmERST
60 mm & %720, FEERLFBEIEHED/NS 755 BRI
ORI B2 BT 5 2 & THRAIEE DR Z X - 720

—HETESE, A M)y T T4 DL REBNRE
PR IE I S WD Y E—F YV ARKEIZE B
Wi LoMEPRI DRIV, R4 0EETIE, 2008
THCTEEIGFDIHRE 5 2 EDEH IR TE S, SR
JH L7z CFP2-ACO 1% 28 Ghit/s 7+ u 755 %) 729,
ERIEETETEEMINT % &, DSPIC X 2 bfak
OWHEOETE2IXRILTLE), £2T, 4l 3RT
BER Y I 2L =Y a rEHWTE 7HEEOR#ELEAT
v, CFP2-ACO L#lAGHLETH RIFREESEOND
HWEFT 2 7072 RISICYIalb—YavIitHwE
TOET VG ZRT . ZBRRICEASTAESET O
W7o v FET &i%F7 GSSG BREEDAFY T TH 5o

YIal—3¥aryTid, BGAKXR—IVE¥YF, a4 %
DEYEy FLOEGEXD, FEEkREE 2 b v —#k
e BESAFOHPH T TR/ ST X — & R b L7z

“A5H, Y9 FoeTEyF

- E7 5 IR

-HEZS Y ROT v FI8y R

- fEE5IH LR

AR A 7

X 61, fERMEE e REfb L2712 28 Ghit/s 5%
EELEZEOR A v = v 2Dy I 2L — g ViER
*RT e BERETY) VM EKROE T EEIL, 28 Gbit/s D
BRI RTHEHTELVWRESICAR L7720, MLk
LTWHRWRERDODETHETIX, £ Y E=F 2V AH60 Q
FELFTIF LT W20 [ Y E—F U ADEBICR D LD
B8 T XA—FHBEL-E T, 100 = 3 Q0 BIFREA
moni,

7 3EBRICHIELT) Y M ERDOF AN =R
HCTHE L7 s Cdh 50 %EM 50 mm &%
fZH 32 mm » 2 HEO 7+ 12 28 Gbit/s 74 ~ & B
LTWwWh, MJ 4 &b 30 GHz T TITITEAM 255
T, AT 4 v 7IEBIIS Y, 28 Gbit/s ®IE#E L %

Signal via

Ground via
Inner layer strip line

Ground anti-pad

B5 ViadhryIalb—>a2ETNL
Fig.5 Via simulation model
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Fig.6 Simulation results of via electrical characteristics

0

5 Receiver (32 mm)

Transmitter (50 mm)

Insertion loss, SDD21 (dB)
(o)}

0 5 10 15 20 25 30
Frequency (GHz)

7 #1E28 Gbit/s mE T 1 > DEAEBK
Fig.7 Insertion loss of 28 Gbit/s transmission line

% 14 GHz Tix, ZEMIEH 3 dB, ZEMIEZF 2 dB o/h
SWVERBBREICHIZ SN TWT, B m#ERiik ez %
HWTx7,

5. RIEEFHE

X 8 (2% L 7z @ n k2 & CFP2-ACO ZAlA G
72 111.81 Gbit/s DP-QPSK 2> 2% L —3 3 ¥ &75)
Fo XMWY WP & b KA A S BE 5 A7z BAF 7
QPSK B 5 03B CT & %,

X913, SMF 0 km & 100 km {£3%#%® FEC 5T1ERT O
BER (Bit Error Rate) #7773, #MH L7z FEC 1, # 3E-3
DOBER % IE-12 L FICETIETE A 2 L 2MERLTHY,
XTIV T T ENELZI ET-32 dBm DR WZE 8

(a) (b)
[T T Ty | JEAENpeTe———— |

8 111.81 Gbit/s DP-QPSK 3> X &L —2 3>
(a) X{miK (B) Y1RiK

Fig.8 111.81 Gbit/s DP-QPSK constellation
(a) X polarization (b) Y polarization
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1.E-02

1.E-03 FEC limit
1.E-04 4

1.E-05
100 km

Bit error rate

1.E-06

1.E-07 O km r

1.E-08
-34 -32 -30 -28 -26 -24
Preamp input power (dBm)

K9 EvbhbIZ—L— MEFEHE
Fig.9 Measurement results of bit error rate
7 —T% FEC &T1E# 1E-15 LU @ B#f 72 BER #5344
LiM7ze 100 km ZRIZHBIT BEEXRF VT4 51 dBK
WiTdHH, DSPIZ Lo THEYNIZHHME TS TEHI L
DHERTE %o 100G A —H % v b 7L —AEHEIZBWT
b —7)—FMELTWT, B%E L7 100G /N
R — FIERERD Y =7 7 7 A N—% /27 7 &
APt EATE %o

6. #&

Hy 4@ B8-S X 7 4 7 3 23— & — XGMC-2016 |2
B3 5 100G EFE#EE% A — FICGML-2001VLT-P] %
BFE L7z BIZEMORIIUTOLEBY TH 5,

(1) EBEEER— M2/ CFP2-ACO & {7 J) DSP % #
ALbELEFYyLae—1L vk DP-QPSK H %%
A L7 77 & AWMU HLE 25580 77 2,000 ps/nm
MRS AL ELIRTY 7 7 ENE L THFAHESE
30 dB &L 720

(2) 2—HF—FK— T+ H/PNUCFPA NI F ¥ ¥ —N— %
HALTH—FO/RBERDY, 2 Ut A XD XGMC-
2016 1Zf Kk 4 BUNETE, Wk 400 Gbit/s D KB &AL
EDTRETH b0

(3) CFP2-ACO #JH T & 72 5 72 28 Gbit/s x 4 7 F
O e fnkid, 7Y v MO E TGO REA LT
17\, 14 GHz IS BT 21553858 3 dB &Kl O 5 #An %
M EFFEL 72,

(4) BIFE L7z Edm s A E CFP2-ACO % #AAE 724
BB DPQPSKary2¥ L —Ya ryafish
SMF 100 km f£2%12 35T 100 Ghit/s f —H 4% v b D
LT —7Y) — (k&R L7
Bi%s L 72 100 Gbit/s K h — Fi&, 4%7 7 v Al

MOBHLIZH G325 2 EFTE 5,

5| ATk

1) IEEE Std 802.3ba Media Access Control Parameters,
Physical Layers, and Management Parameters for 40
Gb/s and 100 Gb/s Operation, (2010).

2) MRFUE— A TAHANIIGE R H LM, No.32 (2013), p.57.

3) BARRAK, i B HGEE RS Vol.95, No.12 (2012),

4)

5)

7)
8)

9)

p.1100.

OIF-MSA-100GLH-EM-01.1 Implementation Agreement
For 100G Long-Haul DWDM Transmission Module-
Electromechanical (MSA-100GLH) (2011).
OIF-MSA-100GLH-EM-02.1 Implementation Agreement
For Generation 2.1 100G Long-Haul DWDM
Transmission Module-Electromechanical (Gen2.MSA-
100GLH) (2015).

OIF-CFP2-ACO-01.0 Implementation Agreement for
CFP2-Analogue Coherent Optics Module (2015).

CFP MSA Hardware Specification Revision 1.4 (2010).
CFP MSA CFP2 Hardware Specification Revision 1.0
(2013).

CFP MSA CFP4 Hardware Specification Revision 1.0
(2014).

/iR B
Noribumi Kobayashi
H 7 4 bk st
AR V= —
Th#Hs A7 S HEAEHS

TH #

Osamu Tsuchida
H 7 4 bkt
WHBPR A ¥ 73
T A 7 2GR

R Bz

Yasuyuki Saotome
Haz g lm vk st
WA 782 —
[I5: SAPN i

Dk Et

Tatsuya Kato

H 37 4 s bk et
RS 8= —
(15 S AN i

A =t

Takuya Nomura
Haz g m kst
WHITFA 2 /5=
T A7 A MG

4 fath

Junya Sasaki

Haz g lm kA st
WA R > /5= —
Ty A7 A MG

PP AR
Yosuke Ishimatsu
H 37 E bRt
WA > 8= —
PRI SET

Hi£E+H%# Vol. 32 (2016) 25



718 S E DBAIL IR (C K 5 & B 45l 1

Control of Alloy 718's Metallographic Structures through Solution Heat Treatment

B H: LB k#- KE LE:
Chuya Aoki Tomonori Ueno Takehiro Ohno

718 82D I 7 O E MBEIHEICRIET, BHALEROSHNREEOZEICOVWTREL
AETIE, BMEMTU -4#% 982°C T 1 BFRRIF T 2B HLREZ 1TV, 600°CE TORHAE
EH1~199C/min DEHERE KB LD ICHIENSHNEIT o718, 2BREIEERBL £, BRENYT A
RIIBFENBEOSHEEICBEDST, 13~16 um OHEATHL—EEM#IFL TV, SHD
EEERG, SHEED 5C/min LT THECHEMU 2, BELLEBEZEOSARES NEVEE, &
BRIEE 649 CTDERABRICHE VT 0.2% MAIKKETL 7z, HEBRIERE 621°C, HERILH 724 MPa
TOY7 ) —7EHIE, SHEEHHS50C/ min TRRXEL >,

This study investigated how cooling rates influence the microstructures and mechanical
properties of alloy 718 after a solution heat treatment. Hot-worked materials were solution
heat-treated at 982°C for one hour, followed by controlled cooling to 600°C —with the
cooling rates ranging between 1 and 199 °C/min—and double aging treatments after that.
Grain size ranged between 13 and 16 pm, and remained virtually constant regardless of
the cooling rates. The 6-phase area ratio increased significantly at a cooling rate of 5°C/min
or less. When the cooling rate is low, 0.2 percent proof stress in a tensile test at 649°C is
reduced. Creep resistance under the conditions of 621°C and 724 MPa peaked when the
cooling rate was about 50 ‘C/min.

@ Key Word : Solution heat treatment, Cooling rate, Microstructure

@ Production Code : HS718

@ R&D Stage : Research
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JEHmA S, HE 14 mm, £X 150 mm OMELE L,
982°C T 1 KEIPRFF DB ARAL LB % Jiti L 72 7%, Fifi &4 OEH)
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TR AR L 7.

x1 7TIBEEDNEERS
Table 1 Typical chemical composition of alloy 718

(mass%)
C Ni Cr Mo Co
0.022 54.07 18.09 2.97 0.27
Al Ti Nb Fe B
0.52 0.99 5.4 Bal. 0.004

Ring-rolled materials

Triple melt (VIM + ESR + VAR)

—Billet manufacture
—Upset forging

—Ring rolling ;

1

< !

1

:

1

G 1

1

1

| Solution heat treatmentl

Hole (¢4 mm X 50 mmL)

I¢14mm

Thermocouple IEY il

Sample for temperature measurement
in solution heat treatment

982°C X 1 h, controlled cooling
Cooling rates: 1, 5.4, 14, 51, 117, 127, 199°C/min

ﬂ Aging treatment

Grain size 718°C X 8h — 621°C X 8 h, air cooling
(measured by
EBSD) iy
Area ratio of & phase || Observation of y" and y'
(Image analysis) (FE-TEM)
Hardness Tensile test Creep test
at 649°C at 621°C, 724 MPa

1 ERIJO-Fv— b
Fig.1 Experiment flow chart
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2 1317M EMIEM@ EBSD haahﬁﬁ%
BB HROSHEE (@) 1°C/min (b) 199°C/min

Fig.2 Electron backscatter diffraction (EBSD) images (grain
boundary of materials after undergoing solution heat treatment)
(a) cooling rate at 1°C/min and (b) 199°C/min

20

il

Solution heat treatment 982°C

Grain size (um)

0 1 10 100 1,000

Cooling rate from solution heat treatment (‘C/min)

3 BAMLALEROSAEEICHT E&RY 1 X
Fig.3 Variations in grain size as an outcome of cooling rates after
solution heat treatment
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4 BERHIEMORSEFE
B ERIER DS EEE (a) 1°C/min

(b) 199°C/min

Fig.4 Backscattered images of materials after undergoing aging
treatment (a) cooling rate after solution heat treatment at 1°C/
min and (b) 199°C/min
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_g 3 Solution heat treatment 982°C
& 2 + Aging 718°C/621°C

1

0

0 1 10 100 1,000

Cooling rate after solution heat treatment (‘C/min)

5 BHLAEROAEREICKH T B o HOEER
Fig.5 ©6-phase area ratio as an outcome of cooling rates after
solution heat treatment
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6 BFXANIEAM D FE-TEM BEfREHE
BHLALIEROAENERE (a) 1°C/min

Fig.6 Field-emission transmission-electron microscopy (FE-TEM)
dark field images of materials after undergoing aging treatment
(a) cooling rate after solution heat treatment at 1°C/min and (b)
199°C/min

(b) 199°C/min
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by Solution heat treatment 982°C
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Cooling rate after solution heat treatment (°C/min)
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Fig.7 Hardness at room temperature as an outcome of cooling rates
after solution heat treatment
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1,000
980 | 649°C tensile test

0 &°
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940 O

920
900
880
860

840

820 Solution heat treatment 982°C
+ Aging 718°C/621°C

0 1 10 100 1,000

0.2% proof stress (MPa)

800

Cooling rate after solution heat treatment (‘C/min)

8 BB ROAIREICH T B 5IRFE
Fig.8 Tensile property as an outcome of cooling rates after solution
heat treatment

600 Msolution heat treatment 982°C
+ Aging 718°C/621°C
— 500
<
£
S 400 ¢
[72]
(o}
Q
0 300
o
® CI) Cb
a
& 200
ie]
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Cooling rate from solution heat treatment (°C/min)

9 BHMMLALBERDAIREICKHT BT — THE
Fig.9 Creep resistance as an outcome of cooling rates after solution
heat treatment
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Fig. 10 CCT diagram of alloy 718 as calculated by JMatPro
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and Various Derivatives, (1994), p.659.
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Using Computer-Aided Engineering (CAE) to Examine Thermal Stress Cracks on Die-Casting Die Surfaces

VKR B
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Yoshihiro Nakamichi

A4 HAMRBODKEL, BEERSIUNS A 7IMEPESH, ERICIENSFERFO LI
BADERIRES BBMERICH D, £ZT, dMHAMERBHEICRETLEOEAZGLS LV
LEMBOFEZHEICT S0, FADAMNI YV ERAVLEERBFEICL5EBOBREHELZE
EL, 2RFERAXGESBEBEOHEBMIC OV THREZIT 7, 5L, ERERBEREDEDHE
AAEITHIZEICKY, CAEICKL2BREOFMZzHHLT,

Thermal and mechanical loads on die material are increasing as die-casting products are
growing in size, becoming more complicated in design, and as a result of high-cycle
production. In this study, a die-casting machine was used to observe the damage profile of
the actual die and clarify the influence of the die material and operating conditions. We
examined the relationship between the conditions of use and die damage. Furthermore, CAE
was applied to the test results to examine cracks on die surfaces.

@ Key Word : CAE, E—FFz v ¥
@ Production Code : DAC-MAGIC®

@ R&D Stage : Development
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(a) i@ (b) BAE

Fig.1 Example of heat check
(a) surface view (b) cross-sectional view
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Fig.2 Experimental die (cavity model) for temperature measurement
(a) structure (b) plane figure
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S Movable core TC setting position
v - from cavity surface: L
Casting
ML . Fixed core | | No.1 1.6 mm
Y No.2 2.6 mm
-------- . No. 3 4.6 mm
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¢1 mmTC diameter ~ Ole
¢3 mm TC (@ ) TC: Thermocouple
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Fig.3 Layout of the thermocouples (a) plane figure (b) cross-section
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Fig.4 Experimental die for heat check
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Table 1 Casting conditions for die temperature measurement
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Cooling water flow rate £ /min 5 ‘ 3 ‘ 0
Lubricant spray time S 1 ‘ 5
Cooling channel distance - Near‘ Far ‘ -
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Influence of Intergranular Grain Boundary Phases on Coercivity in Nd-Fe-B-based Magnets
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Dy & EDEFHLTHICKEL £\ Nd-Fe-B RERHEADSREALICE T, ZHFHFEHSRE
HEREFTHEICOVWTENL o AECRBEEEFEME (RE> SEM) BIEDHERSS, —
fiZRY % Nd-Fe-B REEREHA D M FHFB I BEM TRIEDKZZH 04 TEETHEI_EPFD
Pole IAVAXTXT 4 v 7 AEEDRERD S, BALREGEDGBICHEE RIFT NdFe,B i
SHNEOBIESE, ZHFRNFREOES EBEORNFICEIEKETSI L, 5V, HFHED
BALPEL k2 ERBAPET T EFREN T,

To determine how to increase the coercivity of Nd-Fe-B-based sintered magnets without
the use of heavy rare earths such as Dy, the influence of intergranular grain boundary
(GB) phases on coercivity was studied. Spin-polarized scanning electron microscopy (spin
SEM) revealed that GB phases in conventional Nd-Fe-B-based sintered magnets are
ferromagnetic, and their magnetization is around 0.4 T. Micromagnetics simulations
showed that magnetic interaction between adjacent Nd.Fe;4B grains, which affects the
propagation of magnetization reversal, strongly depends on both the thickness and
magnetization of GB phases, and that coercivity decreases if the magnetization of GB

phases increases.

@ Key Word : Nd-Fe-B Rk, AECRBEEBFEME, v /7OYIRT 1 v I XEFHE

@ Production Code : Nd-Fe-B magnet NEOMAX"

@ R&D Stage : Research
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Fig.4 (a) Assumed sample condition during the ion milling process:
(® Just after the magnet fractures (the grain boundary phase is
thicker than the spin SEM probing depth, @ in the course of the
ion milling proceeding (the grain boundary phase is thinner than
or equal to the spin SEM probing depth), and ® ion milling
proceeding for long enough to eliminate the grain boundary
phase completely. (b) The expected data (correlation diagram) of
the obtained spin polarization and length of milling time is as in
(). However, if the initial grain boundary phase at the fractured
surface is not thick enough, the condition described in (D is not
assumed, and the data obtained should be as in (1) ?.
[Reproduced with permission from ref.2. Copyright 2014, AIP
Publishing LLC.]
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Fig.5 Spin SEM images of the fractured surface of an Nd-Fe-B-
based sintered magnet (a) just after fractured (b) after ion milling
of the fractured surface®
[Reproduced with permission from ref.2. Copyright 2014, AIP
Publishing LLC.]
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Fig.6 Spin SEM images of the fractured surface of an Nd-Fe-B-
based sintered magnet (a) topography image and (b-g) after

21 min 37 min

13 min

argon ion milling of the fractured surface at different times®

[Reproduced with permission from ref.2. Copyright 2014, AIP
Publishing LLC.]
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Fig.7 Relationship between total milling time and detected spin
polarizations in the areas marked A and B in the images in Fig.62>
[Reproduced with permission from ref.2 . Copyright 2014, AIP
Publishing LLC.]
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Cast-Iron Structural Parts for Rolling Stock
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Table 1 Mechanical properties of HNM®380H
0.2% offset yield strength (MPa) Min. 230
Tensile strength (MPa) Min. 380
Elongation (%) Min. 20
Hardness (HB) Max. 159
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Touch Sensor for Use in Power Slide Doors and Power Back Door

Twin spiral (TS) sensor
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Fig.3 Appearance of TS sensor

1 $RAIAHBFIERARRE >t — OERERR O]
Fig.1 Application of the touch sensor

ouch sensor

[ TS sensor ]

4 TSt H—&BS Y —DEELE
Fig.4 Comparison of TS sensor cable and BS sensor cable

2 BRAAHBHIERARE ¥ — DEE
Fig.2 How the touch sensor works

[ BS sensor ]
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HEV R XEH/N— % R

Power Harness for Hybrid Electric Vehicles

HEV (Hybrid Electric Vehicle,
DUF, HEV & R&RL) H KB/ —
P ARNA T v FHBH (HEV)
DOEREE—F —, 4 VN —%,
TYIV—=%E, NJ—T L fu=/s
Aa =y MEHOERICHER S S,
N—FRAE, 2=y FOFBHELAT
7 AR E o 7ok, BRRETZER & FIR
LCRRENDZ D72, B ANR—
AL L HAT OBERBEDTR S
bo ZOREIIKIET H7:0, 2D
o — 7 VOB E 4 v ox— 5l
DRMABFTERAEZ T L 72— %
A% L7z,

BERAH DN — 2 Z AP > — v
FENr—T Nz IARMHL T

AR

o, ARBEMEIADr—7T V%
—HELCTY = K L7247 — 7 Vi
EHRHALAZ(E1), ZNi2&oT
PR R 10 %KL, 7 — T
OB % 10 L &7z BSES & B
kol aR 1 ITIRT,

A U=y HOFERIIE, RO
A VIO X RIS, N A
Brmou 2R L34 7 ¥ Hikt
(AT LR A TRICB T 54
fFthzm b sz, ZoNREE
DYl FAAZ 2 HEH DM & H v 72
FaTIVAY VTR L7z U
TAK (R 2 (@) [IFEEAE 90 %
IACS (International Annealed
Copper Standard) UL Eodi&4%

HAWT, KRERICE 2B EIZ,
NAE (B2 (b)) I ) #E 4
PEDOBWAF Y L AM 2L,
85C DB T TH L L7z HflE
T &P L 720

oMz, AR IR A R
(B 2(c)), EAE L (R 2(d)),
r—7VEE (K2 (e)) D%
B AN, IREYRE DR e Tk %
L7 (B3, ZOHE®IZH A
BB O D OT, HREITE O EERAL
Bezilizzd 2 b2, MATITES
MombEzFEHE L7z,

(BRI A >~ = —)

®1 FARGEERMOLLE

1 HEVBXER/N—*% 2 (a) %S
Fig.1 Power harness for hybrid electric vehicles (a) new product (b) conventional
product

(b) B £ Bk

(a) Terminal body
(b) Spring

Dual metal terminal

(c) Guide to prevent
the terminal body
from rolling

(d) Bend forming of
conductor

Table 1 Comparison of new and conventional products

New product

Conventional product

Connection to inverter

Secured by 3 bolts

Secured by 6 bolts

Outer diameter of outer cover (mm)

27

¢ 30

Min. bend radius of outer cover (mm)

100 150

Internal structural diagram

cover Ny

Outer
cover N\

Contact resistance (mV/A)

Shield Shield

(e) Cable clamp

2 ArN=2flax 7 2OKEEK
Fig.2 Cross-section of connector on inverter side

0.10

0.05

0.00

3 IRENHBR DR AN AL

Fig.3 Contact resistance during vibration test

20 mm

0 20 40 60

Time (hours)
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HIFC* & 28 L -1 EllsRA:ERE s — 7 )V

Micro-Miniature-Coaxial Cable with HiFC® Conductor for High-Frequency

UL11130SW (RF) 1X38AWG D=0.48

TVR% 7Ly MK, A~v—Fh
74 ¥ EOEFEEE, LR
DEEALICE Y, AMEE WA D 5
WIEZET v T LR OFE 5=
PE BE SR 2 5 o

ZD—)T, BFEHROERL -
AL D201, MFED» DR
BEASKIIS L 724 — 7V B 235k
EhTws (R1),

BT B OAE 5508 F N B BCHRAS
ELT—HMICIZ 05 mm ¥ v FE
WY RE 72 38AWG (American
Wire Gauge) Micro-coaxial cable
PHWHNE, LA L, HLERIC
ST T76% MR O G &M AMED
NTWw5b7-, 1 GHz L EOERE¥

W IR SRR & <L
TLEHe ZNEFRT D12
LR DY 4 X % 38AWG (TA
/0.04 mm) B L, #1213 36AWG (7
A /005 mm) (2K < § 5 & T
r—7IVONED 05 mm #B 2T

LEv, 05 mmY¥ v FRHENTE
Rl b,

INLOREL T 5729,
HiFC" 384k % LB R I L 7z
[ 0 = B 9 [ i o — 77 v | % B 3g
L7z (R 2),

Ko — 7 VI H AR O BISEH B
T 5 ke HIFC # w5
LT, EEFI102% % FEH L,
BBAWG YA X &AMEFEL7-F T &4

W TOREFRESEE %2 KRIFICH S
272 (E3, F£1)o

T, EHEEGME: £3 um)
Mgk B BT 12 & o T, [ il
r—=TIWVORMA V=5 AR
50 2 QAR L, EEMEIET
bRELLETEEFMETE 2,
[FHh o — 70V OIERZEDEE L
048 mm IR BT EATE, 05 mm
Yy FRGRE R L L7z,

Lth, N - R THERE 21X L
»E$2%, 1GHz Y EEENGIRT
ek TR s N5 R - e
BB & L CORMB BT
%o

(RS = —)

M2 FREs-—7TILoEE
Fig.2 Structure of developed cable

Inner conductor
* 38AWG (seven/0.04 mm) HiIFC®

Insulation
Outer conductor

Jacket

X3 A4
Fig.3 Attenuation

cable Dt

Table 1 Specification of developed and current 38AWG micro-

coaxial cables

0

= 3 ]
£ S
o 3 ™~
k=)
c 4 O\
g 3 N
g I SN
§ 9 ||— Developed cable HiFC® A

}(1) || --- Current cable

12 Il L LT TTTIT Il LT T TTTIT

10 100 1,000 10,000

=1 BEEIT—- TNV ERITHS — 7L 38AWG Micro-coaxial

Frequency (MHz)

1 BilEsEEEE T — 7L OREA Item Developed cable | Current cable
(@ TV, /—=htPC, #7L vy bmpERRA BRI/ N—F X Inner Conductivity 102% 76%
(b) 2T Ly MR, AX— T4 >BEIRET > TFREEH Conductor Resistance | 1.8+0.1 Q/m | 2.5+0.1 Q/m
N—%ZX Characteristic impedance 50+2 Q 50+3Q
Fig.1 Application examples of ultra-fine high-frequency coaxial (at time-domain reflectometry)
cables Attenuation 1 GHz 3.35 dB/m 5.60 dB/m
(a) micro-coaxial harness (for TV, notebook PC, tablet PC) 3 GHz 5.80 dB/m 9.55 dB/m
(b) wireless LAN harness (for tablet PC, smart phone) 6 GHz 8.60 dB/m 14.20 dB/m
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X 2Jv LAN rlf{t&RE

Visual Connection Identifier (VCI) for UTP Cables

VCI-C5E-6J4

F=F k=R EIcBWTHEH
AR DOMAMEZ R, [REFEEOT
BFICEL, BRmRICHVSr—7
WERAREREE D DB T L LEDND
bo TNHDT —T VIR HE T
Ao HLNTE Y BRIKE & 215k
IO K> TWB A, R
WA OMEFRE AR D N B2 I AH
LY EVRHD, £2TC, =7
WV EOTEHRIEEA W2 wHLd % 2
% )V LAN (Local Area Network)
LR E L7z (B1),

BZEMIE6 R— b2 AT L4200
WHALE Y 2= (24 E— 1) 25,
194 ¥ F 78 R VAP S L7z i o
THH (B1), —BoOHHE AV
& BRI R A28 [ % Hehi 3 % 15
F—7NVodfkE Lt LTHH SR
bo HHALEY 2 — VITHET S

Z & T LAN HoRER 2 #1E 7 —
7 )V T & % UTP (Unshielded
Twisted Pear) FIZTERIZEDDH 5
BAEE, BOLAIRERRT
bo BWHLEY 2 —VIFE—% 7
WXy F1) —TOMBENTRTH
D, FHEREIAETH S,

5 BHNE LAN 7 — 7V EoiE
BB L 2 WiRRERES 2]
DL, WETAZ LI,
51, BIEOMREIC X 5B %
B9 % 7@ 2 [k o H C 2 Wrikse
#HT A, $72, LANS %
WCIEEHREB IO 70 R F =72
(GRM) OfiER KLz TB Y
R=bDarr 72X bEFHLE
5 %,

B 5 ol O B AU O — B & 3R 1
R AU K EE AR

¥ (ANSI/TIA 568C. 2/Catbe) |2
WLTHBDY, PWH SRV L FFEDRE
WEAET 5, B2 IFESEEMED K
HH%: (Return loss) & ¥t 7 1 A

b —2 (NEXT: Near end crosstalk)
D—BITH Y, FREL (SPEC) 12
L, EBERoOFHIMEZZNE RS
RO R R L Tw b,

kB, ABFEMEENIMIBWT
i, ERINEE, YATAICELT
FERrEPCH %,

ST XD Bl Rk &
9% Cat6 (Category6 : K EHHAL
WMHMOODEDTEF Ay b —
d v M CTOMHZEE) SIS E O
BB I UEMEEFEL TV 5,

(B A v = —)

Pane! with VI F1 OIRIEEBOERFED—FI
anel wi . .
(19 inch, 24 ports) Table 1 VCI electrical performance characteristics
VCI module (6 ports/module) Performance at 100 MHz
DC resistance <02 Q
Panel Insulation resistance > 500 MQ (DC 100 V)
Frequency 100 MHz
Portable batter Return loss >28.0 dB
ontaelbglie y : Insertion loss <0.2dB
- L Blue: Detecting signal L NEXT (near-end crosstalk) > 46.6 dB
VCI module Red: No signal Transmission -5 o e T (power sum NEXT) > 427 dB
- performance P .
S i FEXT (far-end crosstalk) >37.7 dB
PSFEXT (power sum FEXT) > 32.1 dB
1 24 K— /Xy FINZIVEITEIRILEEE DO 4VER Propagation delay <09ns
Fig.1 Structure of 24-port panel with four VCI modules Propagation delay skew <022ns
60 m 60
(@ —— Measured (b) = —— Measured
— 50 - - - Specification (1) % 50 - — - Specification (1)
3 2
9 o
2 40 S 40
c 2
5
= 30 T 30
2 g
20 £ 20
0.0E + 00 5.0E + 07 10E+08 % 00E+00 5.0E + 07 1.0E + 08
Frequency [Hz] Frequency [Hz] T: ANSI/TIA568C.2
Connecting hardware: Cat5e
2 EE$EEO—f (a) RE&HEX (D) EHI/OX b=
Fig.2 Examples of transmission performance (a) return loss (b) NEXT (near-end crosstalk)
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Ethernet Switch for Direct Connection to Media Converters

Apresial12000-48GX-PSR

H 374 )@ 1% 2015 45 4 I lfE
EHTA —F Ay N 24 v F
(SW) [Apresial2000 >V — X D
Frigme LT, A —H%%v MR
EREE (AT T7IVN=F =
MC) % IR L Com b 2 5 B
MRS E S AT X 2Pk %
BN L 72 T48GX-PSR] # B3 L 72
(B1),

WREFEHIIBWVWTIE %
VPN (Virtual Private Network) %
LTE (Long Term Evolution) #84L
KIZHE D MEARIEH R B DGR A 5 3%
e /@ a3 A MR O 72912,
SW &N MC % BT 2 W
MW o TV D, BIEMIZSW
EEHNMC 2 EHEERT 5 2 LA
T&, MC DRy (BEA O5%
EEHR T 7 — A7 = 7 OEHFE)
AT MR O, ZHICED, B

aMC ZHIR L, BN MCEH O

FEME 2 L s (R2), 72,

SW/MC [Blofg 7 a b 3 vz FE
RIS IS S5 2 22X Dl

#:MC OFHE D WHETH %0

1.4% R

(1) FfMC ofExHaTs2 L
W&, BAR—2ML, kG
A A MEIRE R - 72,

(2) P MC # % 12 MC 15 3t %
HEICHS S22 812k, B
DIy N7 — 7 WK% FERETR
WHEE L7z

(3) N MC & 03813 B bR % 92
M HE L L7z,

(4) BEDOEN MC OREEZ G T
M RE L L, 28 OPRST % filjig
L7,

(5) BN MC % = hs < H B 7% 2 vl g
LB LTk, BEOBENE

R AL L 72,

(6) g CHEBERZELTICT 7 —
A THEHREE L7z,

(7) MC 1% #t o B A% <2l 15 BH 28 7
B, e o R ER G X E

HEHIEHEHL TEEE802.3ah (7 7 —

A NT A V) IZHERLL 72,

7, HEOHBKRERS T 7 —

VA

V27 OEHNE, BRI AL

ITU-T G986 (KA > b - »—-

AT 7R IZHERL 72,
2. %

o
7N

Apresial2000 ¥V — X DK%
R1IRT BFEMIEZ, MC BEHIX

BHRRE o THD,
)y b ERBEICREL TV,

o B QN

% 1 Ethernet, /1 =% 4 v MIEL¥E Y 7 A

AR OB R TS,

(EMME A 8= —)

1 Apresial2000-48GX-PSR 4+&7
Fig.1 Apresial2000-48GX-PSR

%1 ApresiaftiE—%

100 mm

./,.. _____________
1 Ap.esia1200(ﬂ <

MC information acquisition,
traffic test, fault detection,
remote setting (auto), firmware update |

" Indoor MC a:

| Multivendor connection | i

<

<

Management

Indoor MC i
MC information acquisition, traffic test, \| (Other company) L
fault detection |

station : ; International standard |
“ \ Integration (IEEE802.3ah, ITU-T G.986) Y,
NE Ll eee———————m e ——— . -

Cost reduction

|-

Backbone
network

Switch Relay station
MC

Proprietary
) | method |

(=¥ l—a
Fault detection, | Indoor MC

remote setting

Relay station MC
\_ (Other company)/

N
L D i— a
= .~ | Indoor MC
Fault detection (Other company)

2 REEREM

Fig.2 Equipment connection example
Table 1 Apresia12000-48GX-PSR specification comparison

!
J

MC: Media converter

Function

Apresia 12000-48GX-PSR

New product (competitor)

Conventional product

MC direct connection Possible

Possible

Possible in some cases

MC information acquisition

Company, serial number,
model number, version

Company, serial number, model
number, version

Model number, version

Traffic test Possible

Possible

Impossible

Fault detection

Possible (international standard)

Possible (international standard)

Possible (proprietary method)

Remote setting (auto)

Possible (international standard)

Impossible

Possible in some cases (proprietary method)

Firmware update

Possible (international standard)

Impossible

Possible in some cases (proprietary method)
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BHTEmTEMET T

Cellular Base Station Antenna for Overseas Markets

SPSLHET<IT>

HROENL NV F— 7 EEREIT
2019 4F 12 2014 47 T # 10 £5 12 3
ZAHRMBLTHY, 3G/4AG ¥ AT
L DBABMRIIERL2DH
Bo MWAMNZ BT B ENA VBERD
SIIIE R A0, RERBIEICHE
L7-EfE, K91 Fo—7 o
HKWR7 v rERBELE (B1),

Hy&mofekig, 77+ W
ORI FE G — 7 V&2 LT
W7z, THUTH L CRFEmTIE, 22
SAMAFHEE D A MY v T2 TR
T5ILETHBHEZMLL, NEBE
MOBEIALE K - 720 2 OKEHR
T VT FART, REREICR LT
BFE%E 1 dB L se7,

fEfkZRAIR T, HATEGEO
TR TH 5 790 ~ 960 MHz &
1,710 ~ 2,170 MHz ®Olj J5iZxbs L
T aT WY RT v T FThb,
ACFR N E — gL, @y c—im
65 ETHY, ¥—2F ) M
PIZ0O~16ETHh b, KREMDE
—H A Fa—7%, X4 ra—7Z
xtLT20 dB L EBUHE I 28 2
Tw5 (E2),

3G/4G YV AT AT, @EfgxTY
7 HOT A, HWAN—T
NS ETEETHL, HUER
1 1998 4E X 0 s 1E R T oK
FA Fa =7 AT

bo 7 L —iERGEILR T T A

KRICX ¥4 Fa—728z2, =
V7o THEZEML (E3), =
Y THDAN—T v N EHERME
RT20% DAL ENTE S,

F72, BARMIZE—24F0 A
O EEEEETH 5 AISG (Antenna
Interface Standards Group) &
IR LTHY, SRS O
Bt HETH 5o

N EFIREAN AR 4 Fa—
THAM T LRI A vy T
2D, AT BT 2 BT
R %0

(BRI A v = —)

1 EWH7>7FO5NE

(a) Antenna

Fig.1 Appearance of base station antenna

K1 FTaT7IWINL RT7 T FDOEH
Table 1 Specifications of dual-band base station antenna

Frequency band [MHZz] 790—960 1,710—2,170
Gain [dBi] 14.5 17
Horizontal half power beamwidth [deg.] 65+10 65+10
Electrical down tilt [deg.] 0—16 0—16
Upper first sidelobe suppression [dB] 20 20
Isolation between port [dB] 30 30
Dimension (H X W X D) [mm] 1,380 X 250 X 150

(@ , [dB]

M2 ZEEAERY (@) 875 MHz
Fig.2 Vertical radiation patterns (a) 875 MHz (b) 1,920 MHz

(b) Antenna

First sidelobe

Main lobe

(b) 1,920 MHz

) , [dB]

b
-

= | Beam tilt
; ¥’

Antenna

Low sidelobe ; .
\ i Sidelobe

No mterference

3 IUT7ETHOkE @ EKYS KkO—T7>77F (b) BX2BRRXRT7>TF
Fig.3 Comparison of interference areas (a) low sidelobe antenna (b) conventional antenna

Interference area
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Wear-Detection System with Optical Fiber-Equipped Trolley Wire

GT-SNNPF170

BIAETT B 200ELL, b
TP SINE T TR BT
BENTVD, FEHMTIE, m,
KHDOBRENLEETHY, N5 7
g7 bu)BEHEEL, POy
ZEBEHT 5, BEROAMGHRTH S b
O OB, BN % s
Rogiev, HV&EIZ XOERE
EenbEXEs72012, rayEo
INER IR & 3 A L CEEFE 2 Mo
THEHR PO )M AT A% 1996
IRl TWE, 2OV AT A
M BRNEBICHEA L7 X & Ui
WZHNABROFET b ) HEoOR
BEEHTLIIOTH S,

CORE, FON=VarTy TR

ELT201541H, RTHDT
(7 7 AN—RER IO YT A
TAIEFE L. b aUBAERIC
AZNVRTIEZRLE7 74 8— (K
DVEBHALEZLDTH B, 77
AN=1L, BB A NEEINLR
WV, BRI TR S VWEER 7z
B2 ET S5, SRODEEIZED
WMoY TV Y 4 LERE, K
20 km ¥ CHFEMREHOLEERED
WEEL R o/ze F72, HIFOMER
WY 5 2 & TEBRENOEEE
GRS & b,
FRHEALRR I, MUAISEE 24 1
XELTHREERT S0 (R 2),
Pl 2 O B O HET G (2B

A= NVEEDLIEDWETH DL,
5IC1E, ZERIZEICBWT, B
DONT 7 AN—HRERHT A2 L
TR LIS & ) BEREE P T 4 bRk
WL TORODNT 74
N—HHOHMEGF (B3 BLY
BRI E (B 4) 7% & o JE L5
OB L7 T2, P UMBICHN
KENTWBIT 7 4 N — DBk
AEE, WX OEYRE 5D
FEBLTBY, by EoBmE
L LCHoThrl el LT
W5,

(BB > 8= =)

Optical fiber

1 774N -—RERIOVIR

Fig.1 Trolley wire equipped with wear-detecting optical fiber

Fig. 3 Insulator with built-in optical fiber units

2 KT AN-REROVIROBEFEREE (1 LEER)
Fig.2 Optical fiber wear-detection device

4 RXT77AN-—FRHEMEE
Fig.4 Container for optical fiber storage
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Cavity Lid for Surface-Mounted Devices

Lid for ceramic packages

IR ERIREY 1, ARG, KEh 7 4
V=Rl TV NVEERIIRIE
BWIKEET N AL, FY T4
WReFETHETII VI AN =
12V v REIENEZEMZ 54,
&8, B HH R ETHIELZEMT
H%bo

HyV&®/F> /7y 7 Ti&, KT
INA ANy =V OHEIEICHW LR
L4)®Y v K% NEOMAX ¥ 7 )
7oV &AL TS, EELLTE 7
(%F1),

COE, IIvI ARy TF—
77 v MEL, Au-SnV v F%

Bmiz®#Hs s LIk, 298
O & FHIEEEom e EHRL
72 (B1 (@) (b))

K2 (@ ()i, ABELEFY
Y54y FOMAERZRT,
FHIZER (K2 (¢), MLt
ZEILALL, Ny r—Y L 0EEIC
VH%T7 7 VHOMEE TE 572
T4 PR L 720

X3 (a) {2, Au-Sn 59 M %@
ER7-F v T4 v FRZEMOR
WX ZRT AR, FYET 1) >
FAVEERIZ Au-Sn A 9 M oE v L
WOPFEL T2 (K3 (b)),

WHIc&z, TF¥YETFTL UV EF
WRIEND 5 9 M O diiviaiA (B3
(@) IZownTix, MY I ¥ rHI
WX SREIHIL 720 SR - W
DB ) M OFM Z RS 5 &
T, Ka A b EHFIEEFEOMRE
Wy L7zF vy 54y FERMEL
TWwhs

HbET, FIAHFHEZHNE L
T, ¥¥ Y54y FIZB LR
R SELHMOMELLTEBY, &
F & F BB AN O IG AU BET
H5o

(M &HH &R/ F 2 79 7)

FrEFabThrEEBIC, Ho&

nano-Au® - EHEMICLY I %

(HXE4E NEOMAX <571 7 V)

*1 BHI2EBS/TvVTHEELTVWSEEY Y R
Table 1

2 XvEF« Uy FOWER (a) FAHESE (b) BR
D7 T T8 (c) ek

Fig.2 Cross-sections of cavity lids
(a) developed product (b) flange of the developed
product (c) conventional product

Metal lids manufactured by Hitachi Metals Nanotech

Ni (plating) /Ni Au-Sn
Z-KV - ~-Au .
Structure Y —Cu I Ni (plating)
KV “Ag-Cu KV
) KV lid Ag‘-Cu lid Au-Sn lid
Device Seal Ceramic package —
architecture rng 200 um
Crystal Crystal Crystal 1 Uy KOFHK (@) BESR b) /¢y 5 — VHIESOKE
Red devi o ﬁe_d%ct;es device (c) 1tk
A - L - Reduces device eigl )
tig iz SRt height c %gx}vpgrrgﬂr;g Fig.1 Lid for ceramic packages (a) newly developed cavity
lid (b) cross-section of the newly developed product after
sealing (c) conventional product
fi \|

T Observation direction
(as shown in a, b and ¢)

3 Au-Sn@E®DY v NIER (a) RS (b) #tk& (2 5HMDEWE
n)) () ik (B 5MDTIIAH)

Fig.3 Cross-sections of cavity lids after Au-Sn brazing (a) developed product
(b) conventional product (rise of Au-Sn brazing material) (c) conventional
product (Au-Sn brazing material flowing inside the lid)
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NC (New Clad) Lid for Surface-Mounted Device

NNRSN-1

ERECTKE L -7ay 7135 %
BT HRETNA 2F, A<w—1
T eI Lo, HOWDLETHE
IZHEHINTw 5,

KA T INA A D T2 SR % X
1IRT, KMFEFIE, 737
ANy —=TJIZHE S, Y=Y
YIBLY) v FIZTREHIEE N
bomME LTHAZINSGY v NIk
t7 Iy 7R LBABIRREDEM L
Tw5 KV # (Fe-Ni-Co &4) %7
VAMILL7%, @HENio-sXL
72KV vy FRERTH S, KT
NWARADAANT T Y 25720
NEOMAX =7 7V, #Hi7zick
L7277y FMEEHL, Nidvo

XDAREZRNC Y v FOREIZK
L7 (Hy&®/T> /7y 7 Tk
T

B L7Z22 9y FMZ2Y v FICHE
MTBIZH720, KV U v K e
O Ni/KV/Ni 7 v K& L
7278, KV #iE, fEHBRRICBIT 2
M EVEDA 557 728D, 7L AR
Bl L7 o B 2 iR T & &
Motze £ T, [REHIEZOEH
HHERO 7D, KBRS 2 A
L, »oiaEicENE48% 5
T2 2 & T, Wi S M0
WL7ZRETHD i &M% Fo
NCVY v FERHZELZ (R2),

NC Vv FOREZLTFIZRT,

R

1) WEIAMDOELL 2 EHD D NI
Do EPANETHLI END,
Kigma x5 v &EH,

(2) Ni o X WLBH AP 7 A (A
JZ 005 mm BLT) 128 W0t

(3) /KD KV 1) v FERSDwEHE
SIS X B2 HIETTRET, B
PR B O KB % R (F
1),

(4) BHWFICHAET DB A (T
7 NAR) BL L, REHIE
BOKG O W BRIz
A% (R 3),

(B4 NEOMAX =5V 7 V)
(BRREHH 2| F 2 79 7)

(b)

Ceramic package
1 REREWKZT /N X (a) & (b) 4187
Fig.1 Surface-mounted crystal device (a) schematic structure and

(b) appearance

NC lid
Ni

Ni
Highly corrosion-resistant
core metal

Ni/KV/Ni clad lid
Ni
Ni
KV lid
Ni platlng

Test condition: JIS C60068-2-11
2 MHRMHR (EKEERERR) ER

After test

Lid type Before test
e

Fig.2 Results of corrosion resistance tests (salt spray test)

=1 EEEARBROSBEMEARER

Table 1 Results of hermetic sealing tests after reliability tests

NC lid KV lid
Ref: Just after hermetic sealing, | Fine leak ND ND
before reliability tests Gross leak ND ND
Pressure cooker test Fine leak ND ND
(120°C, RH 100%, 2 atm, 96 h) | Gross leak ND ND
Thermal cycle test Fine leak ND ND
(-40°C to 857C, 1,000 cycles) |Gross leak ND ND

Surface-mounted crystal device

ND: Not detected

KV lid

NC lid

] -
‘ H CO:

Hz
I H20

3 MtHA X B

Fig.3 Comparison of outgas amounts

10 15 20 25 30
Amount of outgas (ul/g)
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Heat-Resistant Wastegate Valve for Turbochargers

HRN"713C
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VO S N, ZE L8
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Tz A AN =MV TIEE2
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TETH Y, FNENOEM Ik
wmHECTEE SN S, BWHMEIZS
NE T 950 CLLTF DHER A A RFEIC
Mif 275 % 4 — AT F 4 bRl
FIEHEIN T2, LarL, &R
BERNRALITAE Y, HER AT AR I
ALTwAh72D, XLhERTh o
T BRI & RO M B A G D@ A3 R O
5N TWw5b,

SO G OERIIHL, H
VERIZ - VAL =TT TIC

ERENDHY, AT LVAFELEKL
TH o amiRftkas A3 % Ni &k
44 HRN®713C (12Cr-4Mo-Ni )
(R3) 238 LT 2016 4E A 5 #7.
SERC A OB E R & BIG T 5 o
M I 2R TR S hTw
BDUERD ¥ AR LY, FRED
OFEMICHEATEETE—LH
#(®2 (b) (c),B4) 2#HT %,
U X o T, FMEE (R HHE)
2D, S F T —BAREL
72, BEMEOE R 2 TRt
THIENTX D,

(Ewhsmh v Iv=—)

(a)

Turbine

(b) (@ |ever Washer

(©)

housing
Turbine
wheel _—Weld
Valve
(b)
Valve
Washer yrashe
W Lever Bl
astegate —
valve =k
i
Exhaust gas L l
1 2—FRFv—I v —HER K2 x4 ZXRF— NIV THER
(@ 714X M7= bINILTRAIREE (@) L ET IV () A-A KTTE
(b) 74 X My — hINILTRIIREE () BFE—LEEM BER
Fig.1 Schematic structure of turbocharger Fig.2 Schematic structure of wastegate valve
(a) Wastegate valve closed (a) assembly model (b) cross-section A-A
(b) Wastegate valve open (c) electron beam-welded zone (photo)
1,100 30 1.5 times stronger
oo HRN"713C (Ni-based alloy) than rivet (SCH22)
< 900 25
% 800 z o
= 700 < 20
£ 600 . 8
%D 500 SCH22 (heat-resistant steel) § 15
£ 400 \ 5 23.2
o 300 = 10
2 200 a
2 100 5
° 0
e e 200 9000 U300y Electron beam welding Rivet
Test temperature (C) (HRN®713C) (SCH22)
3 HRN"713C (Ni &%) MO SRIEE 4 EEBO5IREE (FE)

Fig.4 Pull-off force comparison at room temperature: HRN®713C
welded area and SHC22 riveted part

Fig.3 Tensile strength comparison: HRN®713C (Ni-based alloy)
and heat-resistant steel
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CAE Solution Service for Heat Treatment

FANANRA=H—=IZBWTIE,
NA A 7 AL & BG RO
DEHF I > TBY, &RAMEHIIE
TR & BRSO ST W5,

HWEEZHERIEL7-01213, BEA
N EIHEE 2 5D 5 LB D 5 05,
MY XD BRI RERBIG T D
22T, RERRREh O ERE
I E D, WOE 2 G 0 58 AR
Thbo

H LR GSZERr <ld, BEANR
TRATHEA OMESR L HDTE D, FH
WZEREBE DRI D b & Bk EERE AT
f#A7 > 7 b [ Thermal Prophet] (LL
N THP) # B3 L7z. THP T3,

R AR EEENT 24T 2 & T,
BALIRIRE OAHZERE, ST, wHIMEE,
B ExiMis 5 ENTE S,
HM 4| T, EnEhoiz=—
ZWZHIBLT, BIECRT LD &
HWCTTHP 2§ L, By
Ja—varh—vYaeLTHRfL
Twb,

FAHANA=D =1L, &/
D EFF Al & T AL DM LA
FhTBh, ZRIHLTIE, THP
TOEIER (BEATED S, HEA
MEE & iR W R F TomHIN
P BHIER) FFRICES Yy v
VB ETHINC L > T, @IERE

HEMEBE LM S ZIREL TS
(E2),

BOLFR X — A — 2k LT, BEd)
) A7 EEFRO TR (R 3 HEh
IHEBEEINY X ) #ATH T E T,
WIE 72 5 HHEE & 2 DE N R R
FLTW5D, oM, M A—
B —TOMIEZRMLIIYF(LS)
DREIZBTHEH I TV S,

HV4&RE T, &BEO=—XZ
HRIZHIR LT eI, B
WLBREAT O 7 v — o)V RE, T H.48H
D7 =NV O5RT) 7y — v &
LCTTHP ZiFH LT,

(R#heEhs v r8=—)

Phase transformation

Temperature

Stress

Transformation plasticity

=1
Table 1

THP OEREBE®
Objectives of THP™ application

Deformation

Die supply chain| Problems/Needs Solutions provided
. Prediction of
Die caster Long c?igdl i:(zllable durability via cooling
rate analysis
Cracking risk
Prevent die evaluation that
Heat-treater cracking considers the
detailed shapes of dies
Reduce lead Optimization of
Die maker times and cutting allowances
machining costs |via deformation analysis

Transform-expansion

*Thermal Prophet (CAE heat-treatment software)

= 1

(a)

2
BIQJE:IE

(a) B RUTE O+ 5 EFE 27

EALIRRRAN(C $ 1 B E AR R
Fig.1 Mutual effects among the physical fields considered in the coupled-
field analysis of heat treatment

o

15 30 45 60
Half-temperature time (min)

Half-temperature  (p) — = 40HRC
time £ 80 - 44HRC
09 -~ 48HRC
2360 - 52HRC

i)
8 % 40 \v\.*

hate]
ge —

EE

gq

g5

O o

<

2

(b) ¥ vV E—EE{E & F50F

Fig.2 (a) Half-temperature time distribution at a central cross section of
the die and (b) its effect on Charpy impact test value

CMAP
@TM Computer aided engineering for Materials And Processes

Based on CAE, Hitachi Metals employs CMAP to estimate working lifespan
and dimensional deviations caused by heat treatment to determine the
composition of materials used for molding and forming tools.

Cracking
Risk
High

Low

3 REINY X 7EHE
Fig.3 Evaluation of cracking risk
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Nd-Fe-B Ultrahigh-Density Bonded Magnet

HIDENSE"-500, 600, 700, 1000

NEOMAX =¥ Y =71 v 7,
BIVER ¥ FEEATIZE B B A
P Br=09 T) 2F>, @EEE
DHEFERY P T N4 7 27
OHT ) —AxFEL (K1), E—
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FVEDS LB L Y, PRI ATER
VRBEAVBEHE N T2, O
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RGO TN R 720 A+ T
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NA TV AL, BB TR E
TR v Niga & Uk 7

T AT, BGER Y FEAIZES
Br (GRRABORHE) 2#53lL, BIK
R E W, MEERYE, A b
INT F+—< VAIENS,

N A F v AT E % (High
Density) 225 L7238 TH
0, —RRN MR v RO OBIE
JEJ1(05~1GPa) £V b & w2
GPall EOEN THEERET %
CLICEoT, BBAEREE 1D,
LEOTEWBr #EH L, 72
Nd BEAERA TR W R
(=50 uQ m E2HET L7720,
BEY T H 720 &/NCFE 70 i ol fis € —
y —OMBERBEZ I TE %,

WA T VAL LTHARR 4 %

WoeL<TBY, EARED (Hy) @
BpRizZoRFL LTS
(K1) N TFY RV — XD Wil
Mz R 212, 20BN Z
X 312R9,
NAFYADOERMEELT, (1)
MV - Ty TR
=5 —, 2Ny T —ER# X
B RFBRBE — ¥ —, (3) A
HoHEILERL 7O T E—% — 7
EEBELTEY, FRCEEHEIX
NEOMAX =¥ V=71 ¥ 7 DY)
b e LT, E—F—JRRT LI
T—HF—NGEEHRE L T b,

(NEOMAX Zv v =7 v Fitatt)

eoc

Qasle
)

K1 NF2ZXYS)—XDHE

Fig.1 HIDENSE® series lineup

0.7 0.8 09 1.0

10 mm

1 NFLRY DU - XOBSIEM
Table 1 HIDENSE® series magnetic properties

Remanence Coercivity Maximum energy product| Temperature coefficient

Material Br HeJ (BH) max (%/K) (293K-393K)
(mT) (kG) | (kA/m) | (kOe) |(kJ/m°) [(MGOe) a B

HIDENSE-500 | 830-900 | 8.3-9.0 | 450-550 | 5.7-6.9 |97-107 [122-135| -0.10 | -0.40

HIDENSE-600 | 790-860 | 7.9-8.6 | 550-650 | 6.9-82 |97-107 [12.2-135| -0.09 | -0.38

HIDENSE-700 | 760-830 | 7.6-8.3 | 670-770 | 8.6-9.8 |95-105(12.3-136| -0.10 | -0.35
HIDENSE-1000| 720-790 | 7.2-7.9 [950-1050|11.9-13.2| 87-97 [10.9-122| -0.11 | -0.31

Permeance coefficient (B/ u (H)
2.0\ S.Q 5.Q10.0

Temperature (C)
50 75 100 125 150

o

175 200

: HIDENSE-500
: HIDENSE-600
: HIDENSE-700
: HIDENSE-1000

H (kA/m)

M2 NTFLR® T —XOEHERR
Fig.2 HIDENSE® series demagnetization curves

0 25
HIDENSE-500 0.9 0
0.6
HIDENSE-600 08
4 5
0.5 07 9
0.4 06 £ g 10
05 = -
0.3 | aa = 2 15
o)
0.3 e
024 2 20 | [-m
0.2 ¢ —A
0.1+ g -
0.1 = 25| |-
0
100 -1000 -900 -800 -700 -600 -500 -400 -300 200 -100 O 30

Permeance coefficient = 2.0

H3 NTFrz”
Fig.3 HIDENSE® series thermal demagnetization curves

2 — X DOBGRREAFE
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High-Acceleration Moving-Magnet Linear Motor

Acc-max™

A EEREO X 912, WEIEEO R
BB ERKT B HEOHE, )=
7 E— ¥ OWE T OREALARD 5
NTw5b, WEIT-ORE{LA T REZR
a7 VAKRIE, SH7Zsm KT
MRS, —J, GERIEA SO
(&, WTERBASE C, EHEBEN I
MR o7,

COMBEIZH L, NEOMAX v
=7 Y7, P 98 m/s® (10
G) 2FETHWENAY =T E—
% [Acc-max ' V] 2B L7z (K1),
AREHFE A, B TRERR & JiA & 5

R (R FW) oA L Lk
W&y, VoTE—FOWHFEE
Z BHAER OB FL X TE I 1 )V
V=7 E—%D40% LLFICiEEL
T&7
BRMIIE, KA V5252
ANVOTRAITLY, BRELS LAY
W ] % 24 4L 58 SR T C 60 % FEA 5 5
bz, AHOLHRNERE Lo
RN ZFEH L2 ThITED,
KN EISEEDO ML -+ T %
s L7 s o) =7 E— %
L2 (R2), (F3)

B 3AemEE LR E L
To7z8, WEya 4 Ve FR—ERo
MYV =TE—% FIAN—THE
EEc&, V=7 E—=F7MOADE
X2 DTETH S, Acc-max™
DI KHEIIE 1,000 N T, /A B
O—7 8 mm A5, 90 mm Z &2
) =24t L, # K550 mm ¥ T
HIELTWS (F1). &b, WBH
WOARDOWFEDII A, HlhA T —
ELTOZEIZDIIB LTS (K
4),
(NEOMAX ¥ ¥ =7 v 7l &H)

10,000

0 5 10 15

2 B|RICEME
Fig.2 Current response characteristics

®1 EEMEHK

Table 1 Principal specifications

Time (ms)

25 30 35 40

100

3 EA#N—E—24FHENH

Fig.3 Maximum thrust and motor volume correlation

1,000
z
7]
_ — B
o 100 mm 'E
_ » _ ™ 100
1 WEEAG ) =7 F— & Acc-max'"-80 MHER
Fig.1 Structure of moving-magnet linear motor Acc-max™-80
1.2
Acc-max™-80 10
1
208 ot
506 [— == (0634
3 : ! Conventional cored moving-
0.4 | 1 coil linear motor
| 1 raph
0.2 1 i 9
| 1
0 : :

Category Unit Acc-max-80 | Acc-max-260 | Acc-max-550

Stroke mm 80 260 550

Rated thrust N 400

Maximum thrust N 1,000 100 mm
Rated current Arms 20

Maximum current Arms 50 4 HE)—_T7E—RXAT-—

Mover weight ke 1.4 Fig.4 Uniaxial linear motor stage

Mover length mm 186

Stator length mm 325 510 | 800

Section size mm 118 (W) X 53 (H)

Conventional cored moving-

coil linear motor

Acc-max"™-80

« Coreless
series A

. Coreless
series B

« Coreless
series C

. Cored
series A

« Cored
series B

. Cored
series C

Conventional coreless
moving-coil linear motor

1,000
Volume (cm®)
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Planar-Type Toner Sensor

HMD Series: HMD24
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BHLUEALL 720 2 00 a4
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7z, FHEi a4 VoORENE LT, &
ALNDA U F o7 ADPKL, E
RII A VPHEIZEELDH 72
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OIEZ RS 5 o Eo Tk
A %1% B I | =3 =
W, EEEE AT RE & 2 o 72
¥ R
(1) PERDIERDI453D 5 mm 12 #
AYLTE72DT, POFTCRE

L3, LA4T7Y NikEtoHH
FEA A L9 %o

(2) Bonsrtne % 10 5, WIJTHIE
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B L OHHESHIE R 6 LT Bk
LRI E - T d (K2
X3).
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FTCIEEEEELE»L, M-
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HMD24 (c) conventional HMS501

x®1 REGOLHENM

Fig.1 Planar-type toner sensor (a) developed HVID24-PCB (b) developed

X2

Table 1 Sample specifications of the newly developed products

(a) (b) (c) 6

= HMS501
D 4
ol
o 3
>
5 2
2 HMD24
8 1

S = 7 _ N _ o _ o 0

1 EE b J > — (a) B 5 & HMD24-PCB  (b) B 3¢ & Low < Toner concentration —» High

HMD24 (c) {3k HMS501

bF—IREARE
Fig.2 Toner concentration detection characteristics

(a)

(arb. unit)

Developer (toner and carrier)

Category HMD24-PCB HMD24
Power supply voltage 24V
Sensor output range 25V 20V
Control voltage range 25V 05V
Sensitivity 0.5 V/wt%, 1.0 V/wt% (reference values) /
Sensor
(a) (b)
.6 .5 Developer (toner and carrier)
S > (b)
> 0 > 4 Sensor head
W 4 o HMS501
= HMD24 =3
o3 o
> > 2
52 5
£ il
So So
2 22 24 26 28 3 0 2 4 6 8 10
Sensor /

Control voltage (V) Control voltage (V)

X3 HEBHIEEESE (a) HMD24  (b) fEkm
Fig.3 External control voltage characteristics
(a) HMD24 (b) conventional product

4 BT 3EXE (a) HMD24
Fig.4 Mounting schematic diagram
(a) HMD24 (b) conventional product

(b) 1€k
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Noise Suppression Core for Automotive Inverter

FINEMET® FT-3K50T VR Series
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f£FEW 7% VR 27 05 Bix R 2 12
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T4 M GEREE 1 7000 #4) & HER
L7, FT3KS0T MDA v ¥—5F
A DRI B X R &
3R T. MBIRTHRIERL 728

A, BB 5 FT-3K50T #1001
MHzT®D A4 v ¥ — % Vv 2 1%,
FT-3KM# O 2 5, Mn-Zn 7 =
FTA MORK 3D Y, A X
M E V., F22Mn-Zn 7 =54
M & IR AR D /N S W &
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EREDIIEFIFTPEWCTE T
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(F1)o
INAIN—=TEIRNZ B & 7o NI i
37 EERICHY 1T 2 ERE
7 CEAZSRIG U & A5
HZEINTE 5,
(REPEM R A 8= —)

)
Battery
charger

o : FINEMET® core

A
— e 0 Inverter H =

1 TS3T42NAT)y REDNT— ML A H
Fig.1 Power train diagram of plug-in hybrid car

Hitachi Metals, Ltd.)

3 A E—4 2 REFEBUFELE (AL LEFHE)
Fig.3 Comparison of impedance-frequency characteristics (measured by

1,000.0 10 mm
FT-3K50T R . ‘
2 T7q4 24y N FT-83K50T VR ¥ 1) — X D44E]
1000 FT-SKM Tl Fig.2 The FINEMET® FT-3K50T VR series lineup
§ ______ x1 1R EELE (AIEBELER)
8 : __.J;____--i._;-;-;: ........... Table 1 Volume and mass comparison (measured by
g 100 e e e Hitachi Metals, Ltd.)
3 F : Impedance: 55 Q (1 MHz)
£ Mn-Zn ferrite | | ...... 40°C
Material Vol X10° m? Mass (g)
10 —20C olume (<107 m)
--- 80C FINEMET” FT-3K50T| 7 027 | 51 0.37
---130C
0.1 FINEMET" FT-3KM 15 0.57 107 0.77
10 100 1,000 10,000 100,000
Frequency (kHz) Mn-Zn ferrite 26 1 (ref.) 139 | 1 (ref)
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Materials
Maglc
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LTCC Substrate for 60 GHz Wireless Communication

LSBM Series, LSCM Series
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Fig.1 Low-temperature co-fired ceramic (LTCC) substrates for 60
GHz wireless communication modules

#£1 IVURKALTCC OMHE—FE
Table 1 LTCC materials for millimeter band

ltem (unit) Er8-Material Er6-Material
(conventional) (newly developed)

Material Pb-free Pb-free
ceramics ceramics

Dielectric constant 8.1 6

Tan o (x10% 22 18

Flexural strength (MPa) 300 200

Thermal expansion

(RT-400°C) 6 6

(ppm/°C)

Inner conductor Ag Ag

Inner conductor 8 -8

resistivity (Qm) 2.1x10 2.1x10

Fig.2 60 GHz wirelsss communication module concept with
integrated antenna

0.0
-0.5
@ Er6-Material
g 10 [N
g \ i N‘ —%
= -1.5
<
-2.0 Er8-Material
2.5

60 65 70 75 80 85 90
Frequency (GHz)

3 IREEBAROLE 10mm EH V)
Fig.3 Line loss comparison (per 10 mm length)
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