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Increase in Graphite Nodule Count and Refinement of Austenite Dendrites in Spheroidal Graphite Cast Iron with Addition of Zr Containing Inoculant

ARETIIRRBIRFKICRET N AZY LREEROREEZRHE L 2. DI LRERE
RZRS ZETRIANHMDOIEMARD Shiz, ZORMBIKOEIMEEDEZRAD /= (CFEEH
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AR ™

Hideya Yamane

NIXE #5355

Masahide Kawabata

RiT Hige
Hideo Nakae

The effect of a zirconium inoculant on the microstructure of spheroidal graphite cast iron

was investigated. It was found that the addition of the zirconium inoculant generated a high

graphite nodule density and refined the austenite dendritic structure. Electron backscatter

diffraction was used to determine the mechanism of nodule formation in water-quenched

¢ ATeEHtai samples. It was determined that the high nodule count was not due to nucleation of graphite

SEMBERARE

Advanced Metals Division,
Hitachi Metals, L.td.

but to refinement of the austenite dendritic structure. Direct and precise measurement of the
austenite grain size was only possible when a quenching temperature of 1,150°C or higher
was used. This is because the solubility of carbon in austenite increases with quenching

*x RFREAAZ
Waseda University temperature, bringing the martensite formation point below room temperature.
@® Key words : spheroidal graphite cast iron, Zr type inoculants, austenite (y ) dendrite
@ Production Code : HNM™ @ R&D Stage : Research
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Fig.1 Temperature measurement results for shell cup and sampling time
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EOMLIZEZ A, Zr B GAH LTS EEN 1 HO AR

(MgCa)s
4

ZrK 200.0nm — i uii

Fe K 200.0nm —

3 TEMIZ & 3 EDX AifitR
Fig.3 TEM image and EDX analysis result
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Dot TZOREBEAR2IZAT, TORFIZONT
TEM 2k 3854 L7, ® 32 TEM OB G kO
EDX fiick b5~y V7 EREART, 2OBOEEKD,

(a)

(b) 070

C EDX spectum of * point

counts

0.00 0.80 160 240 320 400 480 560

2 ZrEEHTBEHO (@) TEMHEY Y H LES LU (b) EDX
PFER

Fig.2 (a) TEM image, (b) EDX results for Zr-containing graphite at
sample position indicated by asterisk

Ca K 200.0nm — TiK 200.0nm — .

Ce L 200.0nm — SiK 200.0nm —
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HBEOMPBICIEEEOa Y VI 2 VARG B T E
o, H—TRELBEAELEWETH S, ZOHRE»S
HERO MO HRILIZIE MgO BAFHEL, ZDJEIIE Mg,
Ca ROBLIIZ L D EDLhEE L > TS, 2Ol
VoS EIZIE Mg, Al, Si DY MgP X Sb, As ®
il e & 412, Zr, Ti OREMMOI T Zr BAFIEL
TWb, ZOMEEEARI 4 17T, 2hETOMREY T
BOIR SRR E D — 1Y 2 RER O HIE% 13 MgS X CaS @
WtIcd 0, ZOHAOESL MgO 7% E DL TH
52 LhbhroTnd, SRS EEom%e

ZOERELTENTSH 5, 5 X 10 mm O THETO ST
BNIZ Zr DIEEST 2 BB 1 OATH L Z L L, Z
DHEFRIC BT Y, BiomitiothoTida<, il
BN AT L2 IRETH B 2 &6, Zr MPERIREEH
OHEGIO LA E B2 BRA TR EVWEE L 5N,

25 mmY 70 v 7k & W LRIRIZE TS Zr O
FeF PGB AR AR 5 1SR d . 72, HEFEO Zr
DI HWERBEAER AR 6 123, 52 6 #MfEkho
ZrilOWTHBISR L 2R, MRS Zr O EmX
ZrN & D HEHIZHDAZ N TH D, ZOREIZITEH
DEITRED S, E6 25 ZrN BREEOMHIE L
UTHERR & 72 B8R0 6 hd, B Behc
DA EFNTOBIRENER S N7z, RO R T
ZrN BEHDAENTNWB Z R 6, ZrNIZEFFO M &
DHICEGHICEI L TWaEE L6015,

SR LMk e 25 mmY 70 v 7 Onghic
BTy, ZrldBHomtikic s> Tk 57, Zr&H
FEREANC & 2 R OIINE, B0 s OB A
L30T EWEELIENS,

100 nm

4 EROSHEBOEREX
Fig.4 Diagram of graphite core

¥ &\}a, Zt
rTl)CN?
: ": J‘.Ms

Ferrite ’ - 3
; A
Graph’ i“““iﬁ -
‘ o ¥ 5um
L1.8 o

K5 wIRRICHTD Zr OXFEMBHREER
Fig.5 Optical micrograph of Zr at cell grain boundaries

Ferrite

6 ERELICHTB Zr 0);':4%1%&&%**%
Fig.6 Optical micrograph of Zr around graphite

4. K&GELEZIIWVHYTZRW=EBSDIZ&P
YHDOTY F71 MRRER

EEEDE P I & OVEER % 20 & KE L 72 alRE 2 AE S L,
yMOT Y P74 FOEE#ESEE EBSD IZXDikA7z,
FIah 28 it UG 7218 TR L 2B 1 D RO DR
&, KREEEER S OEm kL, BT E 525
T2 BIEICII M S 57z, ABIARRITE2RI1 O
FMQ@, @YerEigEs R 712, Bk KO HE
R AERIITINT, HMEL ToRER KIZ 133 ~ 212
/mm? T, Zr GHEMEA D TOREKEIX 412 ~ 559
il /mm® TdH > 7=, ZOFRMHE@OEE T K UEAO
DEEETE T % IZAKME L 72308t EBSD (2 & % y tHO i
ML~ 7 (IPF: Inverse Pole Figure map) %% Xl 8 (2
A9 IPF 1§13 EBSD 12 & D SR O & 5 { & P
L, ZOJifie 27 VA REEE LI T =7 =V Tm
L7228 DThb, £72, FMHQODFER—HL0O EPMA IZ X
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% SiDOIEY vy B IR ER 9 ITRY, B8 D&EMF®
O EEE A S K U 72508 T, RO A 12 B AR 7
K yMHOF Y F I 4 PRI NH, FHE@DERFEE
TRICKG LB TR, y A=< Bl S hkh» -
2o QD yHOT Y F T4 bR 72 EBAIER
9D Siffe—HLTHD, ¥l LTHHLZ vyHHDT
VEIAMNTHBIEELOND, FUODETE T %I
A U7zakBHZ 5 W T EBSD Ty AR X s - 72
JRIKIZDWTiE, #bkd 5,

K 8 1273 & 912 &-@ O EEE A & A U 72k
@ EBSD @ IPF %, il L7z & 5 (IZXIh o @i 73 52
52HETAD, TNENMMTTORL > TS EAT
b5, D2FD, A CEIREIIE AR TH S Z & %2R T,
Z OFESRIR 2 X IR, B L T v M
DT v P74 bESKA 5T, K& 1,000 pm Bl ET
bB5H, EHEAD TEHRETIC yHOT Y F 74 b
KB T, K%L 500 um FEETH %5, Thesnl

x®3 RN
Table 3 Nodule count of sample
(/mm?)

with Zr inoculant

without inoculant
condition @ 212 559
condition ® 133 412

e, BEEHEEA S A L2z k A EBSD Big8§ % Z
2k, yHOFY FI4 MESEKOBSNTRE L &
%, TOFER, RFEERTHMALZ Zr GHEEMEANCZ L 5T
71‘90)7‘/ FZ 4 MRS AL S 7z, Bk L 7z &
ZZrid ZrN &5 o THASRETICE G RIS L T
W3, ZrN IZ@EGHICEH L TnWa Z e s, ZrN AR
WERAERIZE D yHOF Y F 54 bREE LTIERIL,
YyHOT YV F 74 VB ESBAINEZLTyHOT
YETA FORBEMUEMLLEE L6, &L
<&, WHEPIZ ZEIN D FHET A Z e TE Lz vy o T
YEIA NS ZeN IS L T VI RIRIC K DR EE
HHLTWdEELZONS, ZhbnThanrickd, vy
HOF Y FI4 bOWMMLAREZ THWE28DEHFLZ LI
%o
EBSD {§12 y A B & e o 5 72 @ D EEE TS T
D774+ () DIPFBERE 1012, ENZGF5H
S 2 B 11 1SR 3, B 11 O E RS2 &
KAEIZE DAL 2L Y TR T V34 P 3B
%, a MO IPFIRIZERMOERETH S L v ZIKRIZE 5
TAERmBRENE T s, KFICKDER LY VX
W7 V94 MEIEBSD TiE7 254 &L THRIX
NTWBRZENDbRD

M7 KARHOIFIEHIEER
(a) =M@ EEE L (b) RO Zr EFEEF Y (

Fig.7 Microstructure of quenched sample:

c) Q@ EAEEL (d)

EMHO Zr 2 FERER Y

(a) condition (2 without inoculant, (b) condition 2 with Zr-inoculant, (c) condition 3 without inoculant, (d) condition 3 with Zr-inoculant
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Iron-Gamma

111

001 101

8 EBSDIZ&L3 yHED IPF &
(a) &M@ ZEBEL (b) &40 zr EHEREEY) (o) £MHO BEREL (d) £40 zr &HEESRY)
Fig.8 IPFimages of y phase by EBSD:
(a) condition @ without inoculant, (b) condition @ with Zr-inoculant, (c) condition @ without inoculant, (d) condition ® with Zr-inoculant

£

Iron-Alpha
111
: s LA S i g g ; g s A 001 101
9 KHONDEPMAIZHIIBSivyEL TR 10 £®0 EBSD (&% a 18D IPF 1%
(a) EREEL (b) Zr EHEERY (a) EEEL (b) Zr EHEERY
Fig.9 Si mapping by EPMA of condition @ : Fig.10 IPF image of a phase by EBSD of condition ® :
(a) without inoculant, (b) with Zr-inoculant (a) without inoculant, (b) with Zr-inoculant
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LT V¥ A NERET SN, Ms A ERMNIZAS L~
FYHA MERELLEN, 22T, BI¥EHEY T Y 2
T EXHRT — 2 A MO Ms AR L 72, DU
Ms s ORI OFEN % fLd .

Ms Kd y HIZEA T 22K O R TIRES NS,
Ms RUZ I T EALFR G OHBEIMEZ LI 5, #
12515 Ms RUZRITTASTLR OB A G S HK 4
DEITRLTWBE Y, ZOXIIZAETEHES Ms i
KELSHETLHI NS, SIS 5 EBEEITO
1,150°C, %W #% D% 1,100°C ¥ & UV 900°C TD
OB T A BRI Y 7 b 2 7 TR L 72551
ZRS5IIAT, yHHPO S BXU Mn HIZEEDRZE D 5
TRIFLALZEL Z VA, CEIZI0T TI30.83
mass % 12 % L T 1,100°C T 1.42 %, 1,150°C T % 1.59
mass% EZL LT3, Z2T, CEIZXS Ms D%
LA Met§ 5., 22T, HIREHEEZD 900CIZH T S
Ms Fiid FHS O — 2 7 V2 SERIRBER$6 8 O W5 2 5,
180C T % ¥, ERIRELER$H#E D FEHb LR & FIAR I 80
CHOEDRIZH TS CHA Ms 12 RITTHE L HIGS
BEA12D XS IR LTS Y, Kgco C & #ilH

11

(a) E=RBEL (b) Zr EHEERY
Fig. 11 Microstructure for condition 3 : £5 HAFVTIFIITCHELARAMOZEEICHS TS yED

(a) without inoculant, (b) with Zr-inoculant (25

Table 5 Chemical composition of y -phase at 1,150, 1,100 and 900 ‘C
5. ;%iﬂ%ﬁ;o)ﬁggtzrﬁﬁ; 5%$ for sample calculated by thermodynamic calculation software
Temperature C Si Mn

K1 0%MHE@0D1,150°C TAE L 73k % v T, 1,150 1.59% 255% 0.40%

EBSD T y*ﬁ%ﬁ*ﬁ@ﬁ:ﬁ%ﬁ-% z &T, ﬂﬂﬁ%@é%@%@lﬁ 1,100C 1.42% 2.56% 0.41%
N . - L : 900C 0.83% 2.57% 0.41%

EFD y O T Y K54 F OFSERIO K % X 285, &
MTERZ N7z, L2ALENRS, EdliL7zkS
2B 1 OGO EE5E T % O KA TIE EBSD O 600
V*H@ IPF BRI ah > 7, :@IEEH%, LIPIZ#E 500
HY 5. € oo

y D IPF §1d, v HOMSRUS TG S iz, 2 0 Me
Lo T, BERIARO A RS AR T 5 B Aty 2

(0}

Ihzt%he yMHELTEEL WS ZLERY, Zhic . My
RUC, BEWGE T B OAH RO 3 2 vk A BT b
re, b A IRl il & h, AT ¥4 ZREL 00.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
TWb, LT VYA MR, LT v3 A F2HER C content (mass%)
Il (Ms £ @ Martensite start) TIRE X NS, KTl 12 FeC 8e0 Ms &I RIETT CBOEE
KE9ILTF Uy 4 FEREIX, Ms mAEREMD EIcxs &~ Fig. 12 Influence of C content on Ms point of Fe-C

F4 MsACRETILZRAOE?
Table 4 Influence of chemical components on Ms point

Element C Mn Cr Ni Mo W Co Al
Influence of 1 percent element on Ms point ('C) -361 -39 -20 -17 -5 -5 10 30
Influence of 1 percent element on y amount (%) 50 20 11 10 9 8 -3 -4
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1% 0.83 ~ 1.59 mass% CTdH 5 7:8, #al¥2 CHpFD
HFIFED 1.0 ~ 1.4 mass% 2 FHWTR 12 2 65t H L 7%
—flERT L, 1 mass% C ETD Ms HDZEALIF -240C
LB, ZOMEEMANWT, Ms HICKIFT CROEE
AHEFTL2ELTOLSIChS, 900CTD Ms 1 180C &
C A& 0.83% #HHaL LT, 1,100CH LU 1,150C D
Ms iz [ilin C ROZ L 6EH T2 &, Kl TOD Ms
M TEEXE %S, T4b5, 1,150C T y D C &
7M1.59% TH 570, RAN)DKHIT-24CLkb, —H,
1,1I00CTIX y Mih D C &A1 1.42% ThH 5728, Ms mild
R (2 DEHI2384TCT L KD,

Ms (1,150) = 180- (240 X (1.59-0.83)) = -2.4C - - A (1)

Ms (1,100) = 180~ (240 X (1.42-0.83)) = 38.4C - - X (2)

L7z 5TC, L150C 2 5FmMANDOKG Ty Hid~viLr
VA PEREL 50, 1,100C A 5 Bl OKE T v M
BT VA NERET B KIEERD RO EEE iz
26 QARG AREHIA 1,150C 2 5 KT LT\ 5 728, Ms
FA-24C RS vy HIZEHW E THRE L 722, &£
G 58 T2 ORURHIHR 1,100C A2 5 K LT\ 5 720,
Ms mi23Eima A, yHIE~vLT V94 MLz E A
5hb,

DEDZ &nb, KTHETy HE RIS T2 228
13, BEEHARO y HIEENE C BAL <, Ms AL
TD 24T ERNZ=DIZ y HA R E TR L2728 T
b5
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Controlling of the Microstructure of Ni-Co Base TMW®-4M3 Alloys for Turbine Disc Applications
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2—EVRED Ni-Co 2BE® (TMW-4M3) 71 A/ 2 ARBET O ATHERL, /04
WEHWEMERICOVWTEEL 7z, XBRRDOT 1 A1, 41#E 600-650 mm, EZ 170 mm
BEOYAZATHY, Zhic 1,144 CTORKILAIEE 650TCH &V 760 CTDRRNNIE % I
L7 1Ry HOGERIZHN10%T, FHERNEIE 12 um BEOLEBMHEL I/ 0MH#%z
/e 2RBKV 3Ry HOFKIRKIZ 9% THY, 2Ry HOWEEF I bT K54 MRT
Hof. T25CICHTB ) —THiF®IE, SERERP Y ) —TEY, BV 1 VIVEFFhZE
BOZELKRFTH o7

A Ni-Co base superalloy (TMW-4M3) disc for turbine application was produced via cast and
wrought route. Microstructures and mechanical properties of this disc was investigated. In this
study the disc with diameter of 600-650 mm and thickness of 1770 mm were solution heat treated
at 1,144°C followed by 650°C and 760°C aging. A relatively homogeneous microstructure having
volume fraction of the primary y' phase of 10% and average grain size of about 12 pm was
obtained. The volume fraction of the secondary and tertiary y' phases was 39% in total. The

secondary Y' morphology was octodendritic. The creep rupture life at 725°C was good without

EBRMIEEARL

Advanced Metals Division,
Hitachi Metals, Ltd.

*

*

BRI E N
WH - AR TEAEAE

National Institute for Materials
Science

@ Key Words : Ni-Co base, turbine disc
@ Production Code : TMW®-4M3

1. #

FEHN Z 4 -V ROMERT Y DV OEIIFERLD 7
W, 4= V74 20 OMHRER EAEENTWD, 4 —
VT4 AZE N SEEENAL SN TEH D, i
RIS A EE S 2 5128, EMEOARENHNS
N5, Ni HEEE fee HEE (O S FHEE) Th S
y T (NI S ) 1, LLIE Th % v M GEAR MK
NiAl) BEEEHH L7y - " MMl EA L THD, Z
NCXF LR ERMEEEZETyBLU y MM
mitEhTnd, 7 NiAHEEEEy "HoE2HMNS
B EERMEITEED, N65% TIRALELDZNY, 4 —
YT 4 A MIC W TIIERI#NE s & D7 a v 2 A K
LB ZENGHIELDH B,

A=Y VT 4 A7 IZEEEEM & B ARA ST K] &
h, BREBEMO Ry HOBEED NI EN6E
AR SN S A, @i Th O A OIRAPLIL 2 L 5
BEMETLHESDH S Y Y, — ), WEBOEMIE, B
REEMEHIR LT T X AN KM TH 35, ¢ HEHS
BEIN4 % (% & BEIN T W#HEC & 245K, I 2 afliis
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impairing the tensile ductility, creep ductility, and low cycle fatigue life.

@® R&D Stage : Prototype

AREBEIZ A DRI L, KRR RELP TV Y,
BUE, SR LTV 3EEEEMOhT, &e v HEKS
WAEIZ Alloy720Li (1 FH&E 45%) 2855

[l 37 fF 2 B 56 5 N P B MR AE 28 B R (National
Institute for Materials Science : NIMS) 2355 L7z TMW®
B&E, Ni A EL Co A2 a I E 72 Ni-Co A
HEEY Y7 Thb, TMW AEOREEME 2 2R 1187,
TMW& 41, Co #A4(Co-CosTi)AS Ni Fit &S L IR,
y -y ZHHMEAEE TS ZEICEHL, Alloy720Li & X—
22 Co-Ti B EMAETHI LT, sk Om FIZ)
L72B&Thsd, TMWAHEIE, FHASLLTHEE L
TMW-2, TMW-24, TMW-4M3 ® 3 5422\, BRiZH
£ 440 mm F2/E TJEX 65 mm FEEDFRILT 1+ 27 3 5AME
ENTED, ZOHT TMW-4M3 iZikd 27V —F58ED &N
ZEMNWMEEN TS 297, TMW-4M3 1356 K D74 5
WA & R U CREiima B IS BN T\ 5 728, ISt
ERETNEEDIRIEX S Z &N TE, BHRkaei%
REFTIEIZ b X))y PP EENBETREMED & 5,
@ TMW & NIMS DEEFFEIETT,




Co-base superalloys (y-y’)

Co-CosTi
T 7/

Phase stability (" CTlt\)/IW A"OVS“
Formability I-Co-pase superalloys
(v-v")
U720Li | > Strengthening

Ni-base superalloys (y-y’) ————» Ti

M1 TMW &£0REEBE?
Fig.1 Concept of development for TMW alloys?

2016 fFIZRES. S 72 [NIMS- Hazal@ kAR %
A= IZBAMOMAD—BRE LT, BAETMW-
AM3 7 4 27 OFEML % BIE A 72 LR T b T
5, TMW-4AM3 Oz ) — 7@k, fEfNIcE
J5y -y ZHMMOZEEMICH KT S5, B2
TMW-4M3 O 725°C, ERIGT) 630 MPa iZf5t)
%0.2% 2 —TEERED TEM (Transmission Electron
Microscope: 28 TP BIESAERERT, K2 &
D, TMW-4M3 O 2 V) — 74513 {111} ifi b TGl 72 AW
i (TR 2R L 52 6 #4173 2R R AR L Th 5,
ZDEREE, Co-Ti AEDRIAIZ & > Ty HOKRE
KRG AL E =K T L, HDy MHOBMAHERT L
FoAALFZZLTHEINATNS Y, TMW-4M3 iF
ZOEEEEIC I DERO NI EBAEELD eENY
) — TR E N T,

ZOXDITRBELAEN AT 25 TMW-4M3 Th %
A, FEEREHEOBA TEEO RS K I T\ 5,

2  TMW-4M3 @ 725C, 630 MPa ll&13 0.2% 7 ) — TERE:
3 7 OAR
Fig.2 Microstructure of TMW-4M3 with 0.2% creep strain at 725°C
under 630 MPa

¥ 57+ X7 Ni-Co £#44€ TMW"-4M3 0 I 7 O#E#kHI#H

TMW-4M3 & v’ HE A 49-50% & JEHIZ LN 720127 4
22D 7 aflilEBAAEE L DR300 10, SEEOW
10, AIRILIRE 1,100C 12wk E VI ki1
Thd 1Ry HEND 2D Y — 2 fE SR O
AR50 B 2, EIRLEE 2 XK D &l 1,120C
LEDbE 1Ry HORE R LT, ok g8
SENCHKIZE D Z R RE N TS, sk o5
M 2 MR I, (S 4 2 VIENERE 1V R 2 ) — THEME D
KFEHL, —HT, BRMUREZED 2 &, ik
BLXU2W, 3Ky HOWMEIEART S0, ) —
THmIMETS 7, 57T, 1Ry MRS D5
MR X OB T 4 22356 hiud, WEOEOEER
LALEE % L T8, (K94 2 LIEdHEEe 2 ) — S ikt
VS EMAKT XIS, 2 —FHarsm kT3
ZENMRETE S,

X8 - VORBERHMICE o TR EELD T 4 X
IDH A ZRIBIRIEZFE L >THD, TMW4M3&§§§
EBA VT4 AT THHT 720103, 714220
x7~»7v7é$£?béo—&_,ﬂmmmmmi
Iy HDZWEEIZBWT, I ailEnETtHD
KEDF 4 22 28ET 22 L 3BEH TR AV, HE
DOWFZE VT, YL T 4 v ZBRET y #2160 FkS
) A BRI 5 Z & T, I 7 uflin sk
TAAIHFOENTN S, 5T, AWFETE KDL
BEWEHL, T4 ATHA XDATr —LT v T aikhiz,

KA T AME 4 600-650 mm DRIHTF 4 2 2 12T,
7)) = TREO EAX S Z & & Lz, ARSI
1,144CE L, T4 2203 v afllikE R, 2 —
TRE, AR A T OVRETTREIC O W T L 72,

2. XKBFHE

21 ELvy MRUEFE

TMW-4M3 DA 2R 1 18T, TMW-4M3 D4
¥ 3w ME Vacuum induction melting (VIM), Electro-
slag remelting (ESR), Vacuum arc remelting (VAR) 7 5
55 “HEMEICTTER L2, 856N 7= VARA YTy b
SIREAE AL, BHEE T Y 2 THIAR L B &
AT >T¢ 300 ~320mm DL M & L7z,

&1 TMW-4M3 D1EFHER

Table 1 Chemical composition of TMW-4M3 (mass%)

Ni Cr Co Mo W
Bal. 133 24 2.8 1.2

Ti Al C B Zr
6.3 2.3 0.014 0.015 0.03
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22 T 1 RA7BERN

Fid21fficEeohzvLr v b #HWT, #H%630-
650 mm, JEX 170 mm FEEOIFTHEHET + 22 %, K v
FAAEETERL 22, FRELT, 74 227135+
ZRmDOEENE DAE SN (K 3),

¢ 630-635 mm

3 TMW-AM3 EITHRET «+ X 7 DHEEE
Fig.3 Photography of TMW-4M3 disc close-die forged

23 T4 AU BMIERMG

D 2.2 ST TG T 4 A 212, 1 1,144C T
6 WEMIIRFE & 72 2 EIRUALPE A i L 72 8%, wiemic K0 mA)
L7z, Z D%, WREWBELE Uil 650°C T 24 KERSIPRFFL
7RRIZARE L, RO THUE 760°C C 16 FERILRRF L 72 phic7E
WL,

24 T4 AU

241 X7 OHAREETE

BULHR DT 4 2 2 SHEE D BRI 7249 » TV K
0 37 oIS A e L 72, ST %, Kalling #RIC
KOERL2Y Y TN EERIL, eSSt LD 32
RO BN 2 Rl U 72, F 2SRRI, B B
DY ¥ 7T EBSD (Electron Back Scatter Diffraction :
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Sputtering Target Material for Heat Assisted Magnetic Recording Media

X4 BB ™ 72 A MERESEA OB M T HE (SUL: Soft-magnetic Under Layer) Z5iEd %
Hidetaka Yakabe TEHDRINY BYD G E—5y MNEBRE L. 774 2%y MO (Fe-Nb-B-Si-Cu &%) IZ
AH TE* HI7BNbE, BEZHEIELTSHIET, ZOE—Fy bRV THEL/Z SUL I, MEED
Motoki Ohta EVEMBERZBE (Bs) CEVMRESN (Ho) 2B LTEY, LBUONBEREEICHZ> TRV H,: 2%
1= E BIENTED, OIS, KERDE—FY MR/ P21 —ILOERZIFITZ3EBEBTHY,
Jun Fukuoka AT 5y aPLiy SUL OREEDEFTE S,

Rk

Shin Saito A sputtering target material for depositing a Soft-magnetic Under Layer (SUL) for heat-

assisted magnetic recording media has been developed. The resulting SUL has a high
% AULBMARH
SEMBEEARR
Advanced Metals Division,
Hitachi Metals, Ltd.

saturation magnetic flux density (Bs) and a low coercivity (H.) following heating over a wide
temperature range. Furthermore, since nodule formation is suppressed, the SUL can be

deposited with few splashing effects.
*k BISBHASH RETH

Yasugi Works, Hitachi Metals, Ltd.

ok RAL KPR TEMER

Graduate School of Engineering,
Tohoku University

® Key words : heat assisted magnetic recording, soft-magnetic under layer, target material
@ Production Code : Fe-Nb-B-Si-Cu alloy @® R&D Stage : Prototype
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Novel Photon-Counting CT Using MPPC®s and Fast Scintillators
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Among technologies to visualize the interior of the human body nondestructively, X-ray
computed tomography (CT) is one of the most widely used methods and allows the most

Institute of Science and
Engineering, Kanazawa University precise measurement of tumors. However, conventional X-ray CT gives a patient a significant
ok RTEMAS radiation dose (~10 mSv for one set of CT scans). In addition, conventional X-ray CT does not
38 T340 - SR T HER - . . L -
A SR LSRR provide energy information, and only monochroic images can be obtained. To overcome

Research Institute for Science and
Engineering, Waseda University

these challenges and difficulties, the authors are developing a photon-counting CT
composed of MPPCs and scintillators, which enables “low-dose” and “multi-color” imaging.

sk B S BHAEAL
At sy g1
PRERHTAAR In this paper, authors report the results for the developed system and its performance when
Advanced Components and Materials ) ) ) o i )
Division, Hitachi Metals, Ltd. included in a multi-channel CT array for realistic CT imaging.
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Thb, TITEHLIT, HRTFTHONERAEZ S &I
16 %A HTH5 7L —HICT ¥ 27 2DBF & #D T
5, ZZTHEHBELESLDIX, 16 RO MPPC ¥ £ )L
@%h%ﬁﬂ%10Wh&w‘*‘V—bTXﬁ%?#
FPET 2 THD, R L ITEEDEFABEE 1T S 5
EWhdbb, 61T XﬁCTiﬁf I hZT L —
L5720, FEAUHNEEE a8 FTaFEES
B, ZIZTEELIR, ZRHOEME S FEB T
5 RHAEHERE RS (LSI: Large-Scale Integrated circuit)
EMEAICHRE L, ZHRIZAT, YVYFL—4a7L—
AEAET 3 L L EEAMBERTH S, TITRDS
NBMEREL, FHORERERTHD, EHITHEHVEE S
gkEha, ZHE X#CT TiEH 100 keV £TO X ##
ERADMEDRDHD, BEETHHIEE XBMERART
WeBThb, TITELELIING#FBYT 5 H SR
BHYGAG (FEHFEER - ¥970 7 /B, % 5.38 g/cm®)
EFHWEZY Y FL—2T7L—%2B%L, Lid MPPC,
LSIBLKU Y v FL -2 2fMlAEDET, ZRMD X #R
CTYZT L%EMHELEZY (K4 @), 2LTC, ZOM
FLEY AT LEHANT, 2—7y F Ol REE % K
ML 72 3 KOCHHEOHFIZRIIL T3 (R4 (b)),

3.1

(a) (b)
HVbias | gipoard  '9MM o5
1 n [ —»

X 4 L —8 MPPC-CT ¥ X7 L4 (a) 7L —% MPPC-CT

BRELALT
DRTLHNE (D) 2—7 Y POIRTEXIGCT A A=
Fig.4 Developed 16-channel MPPC-CT system: (a) photograph of
system, (b) 3-D X-ray CT image of airplane

32 2BAA-T LT EDERTE
ZO7L—tL7ZCT ¥ 27 L %&HWT, #HBOWET
MR 754 42— % XBCTIMEL /R4 511
o HTEEIO CT TR L 22 X BT AL X - T
H{RAERS TSI ENTES, HlAE, §NTHOHIZ XL
—i A AV ZESR (B5 (b)) iZVWbWwirE/ 70D
RO CT BHRISHIRT 5. —J, HROT XL F —
B L TR ARE TS &, TRLE—FIZBL -
BOWEETHLT S A8 TES, 22 TIMET R
#—mfiﬁ@ﬁ&77x%va(I5U%¢1m»#—
WP EELETLI=Y A (K5 (6), T pIL¥—iF
f@ﬁﬂg&ﬁdls(né,%h%ﬂmﬁﬁé:an&
WLl ZOXIBLZUAA—V VI &BEETIE R
BoOaE, KT CT Ik > TORERTE, it
KEID T I X -SRI CT L I3—HAETEDTH 5.
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7)o TR CT CIREREARGD 44 IV 7 & TR
T5ZLTING MO E—SIZENETLII LN
EEE D, T < BREE S 512 1/3 IKEL 9 2 ik
LRI E o255, 5#%i1F, KAOEERI DD HN
FLOWEZAIDORTR 2 &0, WERR L AN kL k5
Tl B GTE 5,

A
g
=
C

5 g
o0 00
g Contrast g
M5 S144-OXHCTAA—Y (@) F15—(b) RTXLF¥— T 8 el A 8 Contrast
# L7 CTEifR(c) 36 CTBHR (BT X V¥ —BIR (752 F v 7) S N g agent A
(@ I XNF—ER (TINIZIL) (NEIXILF—ER(8) 5 253! B 5
Fig.5 X-ray CT image of lighter: (a) photo of lighter, (b) energy- IS IS ggggﬁg‘
integrated image, (c) color image obtained by combining multi- g §
energy images, (d) low-energy image (plastic part), (€) medium- § §
energy image (aluminum part), (f) high-energy image (iron part) 5 - 5 -
(&] Time (&] Time
3.3 EHEXHOERIES & FaMIHE 7 BRSO CTIRY CEHHDHRED L1 I > J (a) (ERECT
) 74 bh T VR CT. KR CT TIEIEICHT TV
X CT OWIcB WL, T—FRH FY = 4 EREN 1 EICHATES

Fig.7 CT imaging of hepatocellular carcinoma and timing of

PAlC L 2WRT > b7 A PO LI LISTTbh s, administration of contrast agent: (a) conventional CT, (b) photon-
—HCEEANIIEMERZ S D, BEEEEOEN L WEE counting CT. With conventional CT, imaging must be performed
_ . DN . — =L three times, but only one imaging process is required with
NS OEREL <A, 6 1RFal D, HTArE photon-counting CT.

BCT 1826 B EHAO MR % TThE L U, Jeiny
ISIREOEET Y b7 2 MCkDERAEZOLDE 4, & E

FTEHBOM CT i, 2019 RBIAE, 5% 10 F M
HE o b G I3 B2 &> E LS
nTnws, LT, AETiE, MPPC#A#X—2&LL7N

lodine

Gadolinium TR CT OFA% & £ DOMREFREIZ K D, WK CT &
AL /A 1/10 1Kk CE 2Rt 5 2 L ks
e KOBGA A=V Y 712k & & & & AWEOTHLA
() - WEETHHZEEWHENMZLE, —HT, HERIZAS
§z L CdTe ® CdZnTe & ~— % L LK F-aHH CT B
5 18 RB LG CTH D, AN A — 5 — & HDIZ RS
£ 10 SNTWS, NI CT %5 EFIRICEWZ 7 — ¥ T
[0
s L. T ; NERERAMNDD b B Kl B 5 20 FLL LA 2B
° 05""30 60 90 120 150 180 210 240 270 300 330 360 S AAH CT OEBRLEBLIZIEE->TE 64, W
Degree

DL XAEYFE->TVWBY, ZOHTIE, EEHLOD
M6 BENRLIEFHTHEIA—KEH KUY LAORBEY MPPC % M\ 7z CT 13 Heih RS TR ZZWiHF DO EERE T

() B3R CT 12 £ 3 €/ 7 OB (b) KFEHRE CT (49 1/100 1% s . . . .
DIR) D& B3H T —1REY () EHEAREDE I & 3 ERILE HD, 5HELOFEEREY WA T LTI E S %
Fig.6 Simultaneous imaging of iodine and gadolinium with different W, LA2L, CTEEOFEHILEILINEKEEZLEY Y
concentrations: (a) monochroic image using conventional CT, (b) N N
color image using photon-counting CT, (c) quantitative TV —IR=ADY AT Ll j(% &f§1il\$/) b V) B
comparison for different concentrations of the contrast agents BEMOL AR Z R Tcx%, ZZ2THHINSD
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1. #

MERIRBE(LA R & LT, COp PR RIRANR D i FE B

T/ #RA227 FT-3K50T BLEERBEETHW\T Y E—F > ABREEFEZRL, 7€
W77 AINJHE—=2F7 HLM50 KV Mn-Zn 7254 a7 ML29D ¥, SLEMBEREBE L
EREBEE TERIELREVSBREZE D, ChHRESHICHIALEBOH L OKBHEMEITH Y,
AA Y F 2 JEROERER - NEEAOEMPEHFEIN TS, AR TR OSHHOERZ
~L, X5CEHFTES (OBC: On Board Charger) NERI 7/, ZOHERE, HiBFkiTEE
ICH L0 1.3 12, BRHBORMICEANLK 31ED 3.8 kW/L EVWSIEWEHEED OBC %#XiR
L7z

Nanocrystalline alloy core FT-3K50T has a high impedance permeability over a wide
frequency range, and amorphous powder core HLM50 and MnZn ferrite core ML29D exhibit a
high saturation flux density and low loss at high switching frequencies. These cores are
Hitachi Metals new soft magnetic materials and are expected to contribute to switched-mode
power supplies with high switching frequency and downsizing. In this paper, the features of
these materials are described, and they are applied to an onboard charger (OBC) to confirm
their impact. The results show that the OBC can achieve a power density of 3.8 kW/L, which
is around 1.3 times higher than prototypes from other companies, and around 3 times higher
than commercial OBCs.

@ Key words : g4+ F, =EEEIE, On Board Charger

@ Production Code : FT-3K50T, HLM50, ML29D @ R&D Stage : Mass production (OBC: prototype)

L3HWLEF@%h@FﬁL&éhfn5 )y 2ZTX
5k AEBNEEALDEZDHIZIE, OBCDOZXA vF v 7R

H (xEV: x Electric Vehicle) DGO K AHE L <
W3, ZOHT, BXHEEH (EV: Electric Vehicle) 7
524 4 7Yy FH— (PHEV: Plug-in Hybrid
Electric Vehicle) i, BT XL F —JHTH BNy T —
DEXT A IF — 2 RGHE D & G35 20 D8
EREBL TS, ZhidHEKAEL (OBC: On Board
Charger) &IFFiXh, BHRIEL (AC) 268y 7V —
DEFEIE (DC) 12T 524 v F ¥ VB THY, /
AZXT A2 =RBNERICHOENERTELTS Y
B A= b T VA0S ZEESBRmBHA SN S,
OBC 123 HE O {22 FELR D 72 8 OD/J\’*”{[:’P%*E
] LD 72 DBEEALPHES RO 5N TV D, TDORBIC
i¥, OBC OHfARIMZ-0 O IENE LFsZ &, ¢
BbbEINEEOR LR E L x5, BTSN TR
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w&%ﬁﬁf,%Eb&oga®ﬁ%n%Mﬁ%m%m
AR 22 ENAMTH S, L2 LZORE, Sk
BALIZHES 24 v F v 27 7 4 IR @R O T 70 20
BR2MEE %55,

AR T, OBC OEEBALIZHE L 7= H L& Eo# L
WEEESIDREE T T Th BT A v Ay PP aT
FT-3K50T, 7ENL 7 7 2,8 & —2a7 HLM50 5 & O°
Mn-Zn7 = 7 4 b 2 7 ML29D (2 D W» Tk N 3,
FT-3K50T (AW FB RGP TR A v B — & Vv 251
HEHFL, OBCHORETEAA v F v )4 XahR
PNk Z &3 CT&E S, %72 HLM50 #5 & U ML29D
(O RN R B S & s SRR U ds o B (KRR

® T7AM Xy b, FINEMET BRI 2BHMASHOEREIETT,



HT %, ZholEZhZTh OBC 2K+ % /4 27 4
L& —[alfg, HEFYGE - AC/DC A fnlik ¥ L U0 DC/DC
ZHREFEIH DA v &2 2 = b5 ¥ ZI2# L 724k e
BoTW5b, 5IZZheMBEHAWCEMEZA A v F
v 7 THET 5 OBC % #%&t - akfE - GHili L, OBC D/h
RIS 2 RIS D W THER T 5.

2. 774Xy a7 FT-3K50T

21 Bx

xEVTIZOBCRE—4 —2WEj 51 V-4 — %
ENSRETZ ATV E—F A WIS OBREE
DKL 2728, ThERKTE20I124 80 4 —
TH5ATVE—FFa—2IALIMERH SRS, 2000
LB, HEHEOBEELSER TS & L1 $ﬁ'ﬂ
WENBEHEIHIIL, SEEH% mﬁéﬁﬁ
5_3#6:%/%—b/%}@Wﬁii?iﬁé%a
KoTWwd, ZO&S B ms,5, FFZ100 kHz 2256 1
MHz OFREEIHIC s W TRWA Y ¥ — & v 2GS %
oMM AL EN T D, F I hic ik
WIEYVE— FF 3 —27 34 M3 @O/ LA
FEhTn3,

22 F/HERREMEEET I A Y b
IEXEVE—-FF a4 LDa7e L TR
Mn-Zn 2D 7 =74 b BAHVWSNTEA, ZHIZHLHA
VAR T 1988 412 Fe S / Stk EA &R 7 7
4 v Ay PERKL, BIE7 74V Ay P FT-3KM 27
AEFWAEZIEVE-FF a2 AL NLERERTDH S,
T4 YAy METELT 7 A E P a4 LRI
L7z, F/ASEbEES BB A 4TS5 Z & T
Mn-Zn 7 =74 b & L&A v E— & v 25EHE
ERBL MM TH 22, R1 &R ICHBEO
A V¥ —F Y AEWEERT, 7742y b FT-3KM
DA V=X Y 2EHHFEIFZMn-Zn 7 = 74 b (H 8
1 MP70D) 12T 100 kHz (25T 3.3 1%, 1 MHz i

x1  MHEESEE-B

Table 1 Material magnetic properties

BRERAA Y FIISE U LV SRR E SR NBEERTEROERA

BPWT18f5tE->TkD, AEVE—FFa—2rI4)L
DATELTEN B2 A LTS Z b2 b

2.3 FT-3K50T

T 7 AV Ay FTIET  fEEE E ES BULBR R RS
DR & T N RS % FIITS 2 6 v BV % 17 5
T L TR B ERIL, 4 Y E— &Y BHE
EHBTBZLENTESL, T VE—FF a3 —r a4
X 584 =&Y Z{LERIZIB A 5729, HVE
BTIET 74 ¥ A v b OGP EMLEESEAIZ DN TH /2
BRET AT, FT-3KM M &% SEWA v ¥ =4 v 25
REHETHT 74V Ay b FT-3K50T B L 72, K1
IR $ &30 FT-3K50T 1 100 kHz 7*5 10 MHz £ TD
IR BE P I3V TC Mn-Zn 7 = 74 b FT-3KM
KXDL@A VXV AEWMEEAETLII LN D2 S
72K 1SR TE S IZFT-3K50T (& Mn-Zn 7 = 5 4 b
& DHHET 100 kHz (23T 3.51%, 1 MHz (123601 T 2.8
BRIV, Y= & Y AEMREFEBL T, 3TV E—
FFa—sHare L TENE A4 KRR BT
%%, FT-3K50T & Mn-Zn 7 = 5 4 b Z& B2z [l Rk
DAETVE—-FFa—r a4 LDkl ER2, F2
Y. FT-3K50T 23 Z & CMn-Zn 7274 b %
IO 2235 I C e CIRRE I 55%, Bl RIE 53 % 12/l

100,000

(Temperature: 25°C)

FT-3K50T

10,000

Mn-Zn Ferrite
(MP70D)

Impedance permeability

1,000

10 100 1,000 10,000
Frequency (kHz)

1 A E—42 XERERORREIEE
Fig.1 Frequency dependence of impedance permeability

Material
Item - -
FINEMET® (FT-3K50T) FINEMET® (FT-3KM) Mn-Zn Ferrite (MP70D)
at 10 kHz 50,000 83,000 9,700
Impedance permeability (25C ) at 100 kHz 37,000 35,000 10,500
at 1 MHz 9,600 6,100 3,400
Variation range of impedance permeability -40 to +150°C 26% 11% 77%
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ftxh T3, £72FT-3K50T 13 -40C» 5 150C 2%
J54 V=&Y 2BEOLEE (xF 25C k) 45 26 %
THD, Mn-Zn 7 = 74 MHNRTRE L =S E %
45 (F1,E3). YEIZXD FT-3K50T #2E ¥ E—
FFa—2raq4 a7t L THWEZLET, fEkMT
H%Mn-Zn 7 =74 b kD EER A4 DR &L
LSRR IS 2 2 e T B,

£2 JFECE-FFa—7a00LTEEE
Table 2 Size comparison of common mode choke coils

ltem Material

FINEMET® (FT-3K50T)

Mn-Zn Ferrite (MP70D)
24 cm?®(55%) 44 cm?® (100%)

Weight 55 g (53%) 104 g (100%)
(Spec. Vac = 250 Vrms. lac = 20 Arms. L = 3 mH at 100 kHz)

Volume

Mn-Zn Ferrite

FINEMET® FT-3K50T

2 OFCE-RFFa—7IMILOHNERLEE
Fig.2 Appearance of common mode choke coils

40%

(Frequency: 100 kHz)

30%
20%
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0%
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20% FT-3K50T

-30%

Mn-Zn Ferrite
-40% (MP70D)

Variation of impedance permeability

-50%

40 20 O 20 40 60 80 100 120 140 160

Temperature ('C)

3 M E—4LABEHEDREKEYE
Fig.3 Temperature dependence of impedance permeability

R3 BEREMEMEORSIEE

Table 3 Magnetic characteristics of various soft magnetic materials

3. 7ENT7ARINIHA—227 HLM50

31 BF

EV % PHEV TIXpdHE 2 6 BT 1L ¥ — & 465
T 5, TOBERAT 2 EFABWERIIIHH A H D, HIR
ELAPICHIA 2 ZEnEHBTT o TS, £ 2T
WEF A WH T 5 720 0 L EN P (PFC: Power
Factor Correction) A% k3%, PFCIZAf v &7 & —
OEIREE B2 v F v $B 28I ANE
TAEEIE L CANENONHEE 1ITEDI 28D TH 5,
BUE PEC I O @ahZ= AL - /MULARD 5 THsh, A
vEs =0T e U TREK - SRR HEE (EE
WEBRE) OivARD 5 Tn5,

HY&BidZhEz<T, PFCHA Y4 2 4—-Da7&L
T, 65% Si-Fe &0 6k%/394—a7KP &t &
2N BN BB/ —a7S1EF54Fy T LT
&/, LA LEWRIRIKREE 263 2% KP i3@Eh 728
WEEREART 2, 2 7HEKE < SEBEC I3
LTy, —4H0OSTMEKIEETIESH 5728, HH#HEE
R 720 KERAE IZI3E & v, DLEICX DK
Ak & SRR R & i £ 728D & — 2 7 OIS
ML 75572,

32 PEINITPRINGSE =T

Hv&E<cix, SN v 20a 7l LT, #
N2 E TS Fe 7 LT 7 25654 Metglas®
VARV EEFEL TS, EHMEOVOLEDTH S
2605SA1 (LA SAL) DMK HFHEAEFR 31T, S1 M2k
K5ty &2 b EHEBEDONSOREIEGL, 2D
U AZA LD EEOENBREE AR TW5, &5
12, SALOEHIEE Y &2 &0 @729, 50 kHz
P EoEEs et e b8 & — a7 B@icx Uil
BIABR OB R A BFTCE S, Tho6DZ enrb
S1 % Ll %Kitk # B LG58 £ — 2 7 OFR
ELTSALEEVWRT Y Yy LEFLTWEEELDS

@ tlHRXNIENMRKFEARIEAZOEZHIZECTT,
@ Metglas I Metglas, Inc. DEEFFEIZETT,

Item Si-Steel Sendust Amorphous SA1
Composition 6.5mass%Si-Fe 9.6Si, 5.5Al, Bal. Fe (mass%) FesSioB13 (at%)
Saturation magnetic flux density Bs (T) 1.8 1.1 1.56
Coercive force H. (A/m) 12 1.6 2
Initial permeability i 1,000 30,000 15,000
Magnetostriction constant A's (ppm) 0 0 27
Electrical resistivity p (u Q cm) 82 80 137
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Nd, AT, N x—a7FERNZY) RV 2 iHT 5545,
WEMH XS 100 pm BLFOBRIZY KV 2T 5
DENRET 5, 612, )RV BREBHIRFIRIC R 5720,
WIAREE (HRER) B ELic<n, 20k &87 EL
Ty ARV ENY L - TFERE LU THAT 34
28R UC, R 53 AT o il e b RN & 2
IEF&?(D[EJL P O RnLE, BRIZERRIER O Y4
—, BB O TR A S O - ISR O MG &2 175 72,
%@%%ﬁ%ht,7%»77}n¢&—:7HLMw
ORMEAFR4ITRT, F2, 279 2DORBEEMAFEE
EEBRECOWT, M TH 2 KP KU S &b
£4  TEILT7RNY L =T HLME0 OBESUFME (TERMHEE)

Table 4 Magnetic properties of amorphous power Core HLM50 (in
comparison to conventional materials)

Core loss Incremental permeability
3
Material Pev (kW/m) pa
100 kHz, 50 mT 0 kA/m 10 kA/m
KP 6.5%Si-Fe 360 50 35
S1 Sendust 180 80 22
HLM50 | Amorphous 100 50 32
700
KP (6.5%Si-Fe)
600
‘E 500
~
=
< 400
3 S1 (Sendust)
aQ
» 300
1%}
o)
g 200
8 HLM50
100
at 50 mT, 23°C

0 50 100 150 200
Frequency f (kHz)

4 OATIBK Pov OEIREAFE (TERMELE)
Fig.4 Frequency characteristics of core loss Pcv (in comparison to
conventional materials)

KP (6.5%Si-Fe)

S1 (Sendust)

Incremental permiability u A

at 100 kHz, 23°C

0 2,000 4,000 6,000 8,000
Magnetic field H (A/m)

10,000 12,000

5 ERESHME (JERMER)
Fig.5 DC biased characteristics of incremental permeability (in
comparison to conventional materials)

BRERAA Y FIISE U LV SRR E SR NBEERTEROERA

WLz 772t hR®4, B5I12R39, HLM50 D
7w 2, KP, S1 % FED, 100 kHz Bl LD ERIC
KBHEEZOENPPEEZIZL D, D, BiHEBES KP &
FEO@BRETH 25 2 en b, (KK - SEREERE
MWRDENE PFCHDA v 240 4 —L LTHETH 5,

4. Mn-Zn7x54 a7 ML29D

7274 M3, SEARNT BRI A IR0 28,
Wi & < sk e nwZ &, KilifsThd 5 Z
&, EHICHBRMARSIRICERL S 5 v Rl
Fio, 72, BMHz Z CORBRFHTIET 274 bD
FTMn-Zn7 = 714 b2 HIKIELETH 5, OBCD
DC/DC Z#fg D 2 4 v F v 7 JH B BAE 50 ~ 100
kHz R Th D720, DALV TV 2121  Mn-Zn
T4 FATHHEHEINSEZ LR,

OBC /ML - BRRALIZIZ 24 » F ¥ ZTRsE BT
ThEI Y A&/ 5 ZENANTH S5, @R
FT2L T AT O TIHE Pev 328 UE RS
LOW T A5, 2010, BEKEKTOa 7
AEDOEIA OBC /MNMULOEEAFED VO EDOTH 5,

NIV ZATIZHVENS Mn-Zn 7 =54 hOATHH
g3, 6 HLOK (1) ~ Q) IR &5 I JHmk 12
Bl 22 e 250 & 24 Ph, RO 31 il
B0 AR IRIAK Pe, 3 X OB AR Pr &%
ABZENTEDY

Pcv = Ph + Pe + Pr (1)
Ph =Kh-f (2)
Pe =Ke - f? (3)

Kh, Ke: coefficient

BN TEa 7k 27 ) ¥ ZBEROHFE
DA, SRR E < 78 B ISHE VI AR O A
BB, ZTOR0, EEBERE T ORI, W

A

Pcv/f

Pr/f

|
Pe/f

Ph/f

Frequency

6 ATEKOEEHEKEFE

Fig.6 Dependence of core loss per unit frequency on frequency
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BWREE LIRS 5 2 PR L L5,

7z 74 bt OWEFRBERMEIRITIE, KSR O FMI L &
BEPLAERIE ZE X 5T B, sk ORI L iE
L 2T )Y AERORMAEGZRI LR 0v, —7, &
PSRRI L 72 By & RS aoR A T S ¢ 5 2
ETHRITE, ZOMmMMEEE» DEREICHET 2 Z
LT 2T ¥ ZRKORNI A W L DD E iR &
KczseHE126N%5, Mn-Zn7 =54 b7
ML29D i, fESRA wAT X 8 2 B o E ki kv,
H L& @ ek At ML33D 1 Fu R ILIEDT o 2 F %, WER
BAREKRL MBI TH 5, R7ICZhsoMftoar
R D TR & R4, ML29D 1Kk o a 7 #82:
% ML33D & RIFICfrRHDD, GO 3 7#HE %,
FRICERAR TR S T B, F7-, MIFRREE 4
ML33D (2t | (R5) ¥ THD, KB AEH W
b7 Y237 %0BCODC/DCEMRIFKIZFHEHL, 2
A v F v IR A SRS 5 2 & T, OBC /Rl
ISYIES 4/ Gl EaGE-R

(a)

2,000 .
(Temperature: 100°C)

1,500

ML33D
1,000
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Core loss Pcv (kW/m3)

ML29D
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Frequency (kHz)
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2
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Fig.7 Dependence of core loss on frequency (Bm = 150 mT)

#5 MnzZn 7154 ha7 ML29D D4k (S 1E)
Table 5 Properties of ML29D Mn-Zn ferrite core material (typical)

ltem ML29D ML33D
Initial permeability i 2,900 3,300
Electrical resistivity p ( Q -m) 10 8
23C 540 530
S et
140°C 430 360
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Table 6 Specifications of OBC prototype

Item Specifications

Max. output power 3.6 kW/unit (22 kW / 6 units)

Volume 112 X 211 X 40 mm = 0.945 L
Power density 3.8 KW/L

Weight 1.7 kg

Cooling Water cooling

Control interface CAN communication

A4k

Battery

#1
EMI HpoenH | H EmI
%i fitor L|PFC[|AC/DC[|DC/DC|| fear
#2
EMI HornH H H EMI »
Y filter ||PFC|JAC/DC|IDC/DCY| i ia.
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EMI H H H H EMI
U= I | fiter UPFC[]AC/DC[|DC/DC] giier ?
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Fig.8 Block diagram of OBC
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Fig.9 Developed 3.6 kW/unit OBC with volume of 0.945 L
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Fig. 11 One-unit-OBC with Hitachi Metals materials
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Fig. 12 Utilization of leakage inductance: (a) EMI filter, (b) transformer
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Fig. 13 One-unit-operation efficiency
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Fig. 14 Three-unit operation efficiency with three-phase inputs
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Development of Small-Diameter Three-Layer Coated Electric Wire for Trains Using Multilayer Co-Extrusion Technology
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— i CHEEMICHN SN 5 E

BRENPDLETH 5,

HEEMAERICEVOWTEEREZEE LEDPSHMIE - BELZRZ =02, RITO 2 BHEIC
KROBMEISBEREERZHEFE L. BBEL IEERHEBZERNTHLHIC, REI/OAANY
FARBHEEZREL L Z. AARTREIOANY FNABRESEREEICE T HENETOREAMES
—HICEBL, MENBICEDVWVZRETERIERZBEL . JhicKY, 3 EBHEOPHMEE
BETI120 £ 10 um OWEEREEENRT DN TE . AREERIE, BOTRERFOL
BRMEZRED S, MEETHN 30%, EETH 16%EBETE .

A new electric wire for trains with three coating layers has been developed to reduce the
diameter and the weight compared to double-coated wire. The flow channel structure of the
cross-head of the extruder was optimized to realize precise multi-layer coating. In this study,
the authors established a flow-channel design theory based on fluid dynamics to equalize the
pressure drop in all the flow paths around the distributor. The thickness of the three-layer
middle insulation layer is 12010 uym. The cross sectional area and the weight of the wire are
less than those of conventional wire by 30% 16%, respectively, without any loss of

performance.

@ Key words : cable, wire coating process, multi-layer co-extrusion
@ R&D Stage : Development
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Fig.1 Structure of wire for train: (a) two-layer structure, (b) small-diameterthree-layer structure

(a) Three-layer co-extrusion for wire coating

Insulation layer extruder
(middle)
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coated wire
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Fig.2 Three-layer extrusion and distributor in cross-head
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(b) Flow channel structure of cross-head
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Fig.5 Flow channel and flow distribution
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1. Introduction

The limited availability of high-quality metal powder feedstocks for powder bed fusion additive
manufacturing (PBFAM) is one of the factors inhibiting the adoption of this process in various
industries. The present work employed PBFAM processing using a high-quality, gas atomized
Alloy718 powder developed by Hitachi Metals® (HM) to fabricate high performance industrial
components. A detailed comparative study of powders from HM® and from the original
equipment manufacturer (OEM) was conducted. The experimental work comprised detailed
powder characterizations, the development of PBFAM processes for both electron beam
melting (EBM) and selective laser melting (SLM), inspection for defects and microstructural
characterization of the resulting products, as well as the mechanical properties testing of
printed items. The results demonstrate that the HM® powder is suitable for PBFAM and provides
specimens with microstructures and mechanical properties comparable or even superior to
those obtained using the OEM powder. Industrial impellers were fabricated using SLM in
conjunction with the HM® powder with suitable dimensional control, and processes for the
finishing of the internal and external surfaces of the impeller were devised. This work confirms
that gas atomized Alloy718 powder from HM® can be employed to fabricate industrial

components with complex geometries and having suitable mechanical properties.

@® Key words : Powder-bed additive manufacturing, Selective laser melting, Electron beam melting
@® R&D Stage : Development

often expensive. The limited range of material types

available and high material costs thus constrain the

Additive manufacturing (AM), also known as 3D printing,
is the process of creating an object in a layer-by-layer
additive manner. This is the opposite of subtractive
manufacturing, in which an object is created by removing
material from a solid block until the final shape is obtained.
AM offers design flexibility and permits parts with complex
geometries to be fabricated with minimal material wastage.
Increasingly, AM is being used to redesign and fabricate
complex metallic industrial parts Y~ %. At present, the
majority of research is focused on metallic materials,
such as pure Cu, Ti-6Al-4V, Inconel alloys, Co-Cr alloys,
steel and Ti-Al 9 7 However, these materials are
typically provided in powdered form by the original
equipment manufacturer (OEM) of the AM system and are
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development of AM technology. Therefore, third-party
manufacturers of powders that can be provided at
reasonable costs must be developed and qualified, so as to
lower the total cost of AM components and enhance the
competitiveness of this technology.

The present work used Alloy718, a precipitation
hardened Ni-based superalloy, to conduct a detailed
comparative study of powders obtained from Hitachi
Metals® (HM) and an OEM. The process flow employed in
this work is shown in Fig. 1. The current study spanned
the range from powder development to the fabrication of
final industrial components, employing two popular metal
powder bed fusion AM technologies: selective laser

melting (SLM) and electron beam melting (EBM).
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Fig.1 The process flow in the present study
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2. Experimental procedures

2.1 Powder characteristics

Pre-alloyed Ni superalloy (Alloy718) powders produced
by the OEM and by HM® were used in conjunction with
both SLM and EBM. Hereafter, the OEM is referred to by
the equipment brand name, such that the OEM for SLM is
represented by EOS™ and the OEM for EBM is
represented by Arcam®*. These powders were
characterized using different techniques ®, including laser
scattering particle size distribution analysis, Hall flow
meter measurements, apparent density and tapped density
measurements, and scanning electron microscopy
observations. The chemical compositions of these materials
were determined by inductively coupled plasma atomic
emission spectroscopy (ICP-AES), combustion-infrared
absorbance (for C), inert gas fusion-infrared absorbance

(for O), and inert gas fusion-thermal conductivity (for N).

2.2 SLM process

To examine the interactions between the various
processing parameters and their effects on the sample
density, it is essential to understand the concept of
volumetric energy density and build rate. The volumetric
energy density (Ey), which is the energy deposited per
unit volume, is an important factor related to increasing
the sample density. The density of energy imparted to the
sample is a function of four key process parameters, as

summarized by the equation

Ey=P/(v-h-1, 1)

Where P is the laser power (W), v is the scan speed
(mm/s), h is the hatch spacing (mm) and ¢ is the powder
layer thickness (mm).

Scan time is another important consideration related to
adjusting the process so as to obtain a higher build rate.
It has been reported that a high sample density can be
achieved even when applying a faster scan rate. Units of

2 can be used for the build rate, which is

scan time per mm
a function of scan speed and hatch spacing, as described

by the relationship

Length

P X ]
Hatch spacing Wldth)

(@)

Scan time per unit area =
Scan speed

In this study, only the interactions between laser power
and scan speed and between hatch spacing and scan speed
were investigated. An EOS™ M290 system was used to
conduct the SLM experiments at different laser beam
powers (265, 285, 305, 315, 325, 345 and 365 W) and
different hatch spacings (0.05, 0.07, 0.09, 0.11 and 0.13 mm).
The associated energy densities were 20, 40, 55, 67, 85,
100 and 130 J/mm?® as determined by back-calculating
based on the scan speeds. The layer thickness was kept
constant at 0.04 mm in conjunction with a platform
preheating temperature of 80C . The samples were
processed in an argon atmosphere to prevent rapid
oxidation. After adjustment, the process parameters found
to give the highest build rate were applied to fabricate
National Institute of Standards and Technology (NIST) test
pieces. The dimensions of these pieces were subsequently
measured to ascertain the dimensional accuracy. These
data were then used to design an industrial impeller that

provided the desired degree of accuracy.

2.3 EBM process

A standard EBM process was carried out to fabricate
samples, using an Arcam®* A2X machine. Version 4.2
software was employed, with a 150 X 150 mm start plate,
and accelerating voltage, layer thickness, speed function,
line offset and focus offset values fixed at 60 kV, 75 um,
63, 0.125 mm and 15 mA. The details of the build
procedure can be found elsewhere ¥. The preheating
temperature was 1,025°C and the powder bed temperature

was maintained by applying an average current of 15 mA.

A 2 mm thick solid ghost box was applied to the entire
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printing area and a defocused beam was employed to heat
this region. This process was designed to compensate for

heat loss from the start plate.

2.4 Heat treatment and materials characterization

The SLLM and EBM blocks produced in this work were
divided into two groups: as-built and heat-treated.
(according to AMS 5664). The latter blocks were solution
treated at 1,065C for 1 h, cooled in argon and aged at
760°C for 10 h, cooled in a furnace to 650C for 2 h and
finally held at 650C for 8 h following cooling in argon.

The densities of samples were determined using the
Archimedes method. Porosity measurements were performed
based on observations by optical microscopy (OM) and X-ray
computed tomography (CT)?*. Scanning electron microscopy
with X-ray energy dispersive spectroscopy (SEM-EDS) and
electron backscatter diffraction (EBSD) were employed for
microstructural characterization. In addition, tensile tests
were carried out on an Instron instrument using ASTM E8

sub-size ?

samples with a thickness of 3 mm, to evaluate the
mechanical properties of the materials. In these trials,
machined tensile coupons were subjected to elongation at a
crosshead speed of 1 mm/min until fracture, employing a
non-contact extensometer . Yield strength (YS), ultimate
tensile strength (UTS), elongation to fracture and
Young's modulus were all calculated from the results.

Surface roughness measurements were performed using a

non-contact optical method.

2.5 Post-machining of the SLM-built impeller

Fig. 2 illustrates the process flow developed for the
sequential post-machining of the impeller. In this process,
wire cutting was used to remove external support
structures from the as-printed SLM impellers. The top
porous layers on these impellers had average surface
roughness values, Ra, of 8 to 30 ym. CNC turning was
performed to remove external porous layers and to
ensure the dimensional accuracy of the final impellers. In
addition, abrasive flow machining (AFM) was used to
improve the internal surface finish of the as-printed SLLM
impellers. In this step, abrasive media accessed the rough
internal and complex surfaces. These media flowed in one
direction from outlet holes to inlets to prevent over-
polishing of internal thin walls. Fig. 3 presents a

schematic diagram of the set of support fixtures used for
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mounting of the SLM impellers. These supports also
guided the abrasive media flow through the intended
internal holes when polishing by AFM. The fixture was
fabricated from SS304 with a TiN coating for wear
resistance. Additional modular fixtures were employed to
ensure a uniform media flow within the internal passages
during polishing. These modular fixtures also served to
block the access of media through the holes that were well-
polished. Fig. 4 provides images and schematic diagrams of

the modular fixtures used for internal polishing.

- Removal of support
structures by wire
cutting

+ Machining of
external surface by
CNC turning

HM Alloy718
SLM Impeller + Polishing of internal
surface by Abrasive

flow machining

Fig.2 The methodology employed for post-machining of SLM-built
impellers

SLM Impeller
workpiece

Fig.3 A schematic diagram of the set of support fixtures used to
mount the SLM-built impeller for internal polishing

(a)

In_temal half impeller

Fig.4 Pictures and schematic diagrams of (a) base plate of AFM
fixture and (b) modular fixtures used for internal polishing of SLM-
built impeller
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3. Results and discussion

3.1 Powder characteristics

The as-received powders exhibited a spherical
morphology with a few irregular particles and a relatively
high density of satellites, as demonstrated by the SEM
images in Fig. 5. In addition to these satellites, spherical
pores formed by gas entrapped during the atomization
process were evident upon examination of cross-sections.
The flowability of the HM® Alloy718 powder was
excellent and comparable to that of the OEM powders,
regardless of the particle size range (Table 1). In fact,
the properties of this material were superior to those of
the Ti-6A1-4V powder commonly used for EBM ¥,
suggesting that the HM® Alloy718 powder could be a
suitable candidate for PBFAM. The powder packing
capacity for the HM® Alloy718 was determined and an
apparent density in the range of 49-60% was obtained.
This value is comparable to that for the OEM powders

and also similar to values for other powders currently
employed in SLM or EBM processes ¥ 9. This result
suggests that the HM® Alloy718 powder is applicable to
PBFAM.

Table 2 summarizes the results from chemical analysis

of the as-received HM® powder as well as samples

SLM

© RIS

00200 99.% 0 ¢

. D¢ o Ot O
e f 'f! ag) ﬁo\ﬁﬁ
£0°0 5022

EBM | R Py

Fig.5 Representative SEM images of various (a, c) OEM powders,
(b, d) HM® Alloy718 powder, (a, b) fine powder for SLM, (c, d) coarsen
powder for EBM

Table 1 PSD, hall flow rate, apparent, and tapped densities of IN718 powders with different categories. D10, D50, and D90 are the particle sizes at

10 vol.%, 50 vol.%, and 90 vol.%, respectively

Powder Dio (um) Dso (M) Deo (Lm) Hgl.l 5f‘|10an r:]n?;)er, Hallsﬂrcrml1 r(r;?ter, Appz?rgrct n?Be)nsity Tap?ge/dcgqea?sity
EOS_SLM 20.23+£0.14 | 3239 +£0.33 | 53.30 £ 0.75 Does not flow Flow after several taps 3.98 + 0.02 4.77 = 0.08
HM_SLM 2753 +£0.23 | 36.81 =0.61 5112+ 1.94 Does not flow Flow after several taps 4.37 £ 0.02 5.13 +=0.03

Arcam_EBM 54.14 £ 0.61 75.95 £ 0.85 | 109.24 = 1.09 15.77 £0.17 NA 4.82 = 0.03 524 £ 0.03
HM_EBM 59.16 £0.15 | 80.73+0.19 | 110.91 £ 0.22 16.20 = 0.20 - 4.43 = 0.03 5.65 = 0.09

Table 2 Chemical analysis results

Element ASTM Specification (wt. %) | HM SLM Powder (wt. %) | SLM-built sample (wt. %) | HM EBM Powder (wt. %) | EBM-built sample (wt. %)
Nickel 50.0 - 55.0 52.71 52.3 52.62 52.08
Copper 0.30 (max) <0.01 0.03 <0.01 0.03
Iron Balance Balance Balance Balance Balance
Boron 0.006 (max) 0.0055 0.005 0.0054 0.005
Aluminum 0.20 - 0.80 0.78* 0.80* 0.78* 0.80*
Titanium 0.65-1.15 0.99 0.99 0.99 0.99
Tantalum + Niobium 4.75 - 5.50 513 5.44* 518 5.09
Molybdenum 2.80 - 3.30 3.12 2.99 3.14 3.09
Cobalt 1.0 (max) <0.01 <0.1 <0.01 <0.1
Chromium 17.0-21.0 18.42 19.1 18.53 18.4
Sulphur 0.015 (max) 0.0003 <0.002 0.0004 <0.002
Phosphorous 0.015 (max) N.A. 0.005 N.A. 0.005
Silicon 0.35 (max) 0.01 0.04 0.01 0.04
Manganese 0.35 (max) <0.01 <0.01 <0.01 <0.01
Carbon 0.08 (max) 0.024 0.03 0.039 0.04
Nitrogen N.A. 0.0016 0.003 0.0017 0.002
Oxygen N.A. 0.0109 0.026 0.0054 0.010
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fabricated from this material using SLM and EBM. The
ASTM specifications for Alloy718 are also presented for
comparison. The concentrations of all elements were
within the specified limits, although the aluminum level
was at the maximum value. These data demonstrate that
the AM processing did not significantly change the
chemical composition of the Alloy718.

3.2 AM Process Development
3.2.1 Selection of suitable process parameters for SLM

The sample density is plotted as a function of scan time
in Fig. 6, which demonstrates that the density was
lowered when using a rapid scan. Shorter scan times are
associated with less energy being deposited, which in turn
prevents proper fusion of the powder particles into fully
dense components. Interestingly, the sample density was
also decreased when the scan time was increased past a
certain point. This occurred because the laser would
dwell on a small area for an extended period of time,
leading to large temperature differences and spattering,
such that some material was lost.

The scan time associated with the OEM default
parameters was calculated and the resulting sample
density is plotted on the same chart for comparison
purposes. It is evident that densities above the value
achieved using the OEM default parameters could be
obtained using a wide range of parameter values for the
M290 system. However, the default parameters produced
a suitable sample density using a shorter scan time, and
only two process parameters, located in the upper left
quadrant in Fig. 6, allow higher sample densities and

faster scan times than the default parameters.

8.25

Higher build rate than Highest density

default parameters

"

Using default parameters

—~ 823
mE | on HM Alloy718 powder
— 821 ~— .
= R
5 SENREAERE
S 819 —" T
) . |
£ ' '
T 817 — :
1%} d !

8.15

0.015 0.025 0.035 0.045 0.055 0.065 0.075

Scan time (s/mm?)

Fig.6 Sample density versus scan time using various SLM process
parameters
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3.2.2 Surface roughness of AM built components

To ensure part quality, a suitable surface finish on the
as-printed sample is preferable. In this work, the SLM-
built samples were found to have Ra values of
approximately 6.1 and 4.9 pym when using the OEM and
HM® powders, respectively. In the case of the EBM-built
samples, these values were 47 and 41 pm. Thus, relatively
rough surfaces were obtained compared to those reported
for EBM-built Ti-6Al-4V samples (approximately 25 to
35 nm) 'V, This result can be attributed to the higher
build temperature of approximately 1,000C compared to
that for the Ti-6A1-4V (650C ) and to the greater layer
thickness in the present work (75 um as compared to
50 pm). It is also worth noting that the surface roughness
values for both the SLM- and EBM-built HM® samples
were lower than those for the SLM- and EBM-built OEM
samples. This outcome can possibly be ascribed to the
narrower particle size range for the HM® Alloy718
powder. Nevertheless, it is evident that the process
parameters could be further fine-tuned to improve the

surface finish of the SLM-built parts.

3.2.3 Microstructures

The porosities of the samples produced by SLM
demonstrated the absence of large pores and showed that
the samples were close to being fully dense when using
either the OEM or HM® powders. In addition, the density
of the EBM-built Alloy718 using HM® powder specimen
was 8.142 £ 0.044 g/cm®, which was 99.06 = 0.54% of
the theoretical density of this material (8.22 g/cm®). Data
acquired from CT scans showed the presence of only a
few pores in the EBM-built samples made using the HM®
powder (Fig. 7). This result indicates a suitable level of
fusion when employing the adjusted EBM process
parameters. Some spherical pores were observed in the
images, regardless of the location and geometry of the
specimen, although the porosities of all samples were less
than 0.12%. The appearance of some porosity is a common
phenomenon in EBM-built alloys and is primarily caused
by argon entrapped during the production of the gas
atomized powder '». However, the literature and our
earlier work with Ti-6Al-4V show that the presence of a
limited number of small pores will not significantly affect
the mechanical properties of the built part. In fact, the

relative densities were calculated to be greater than
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99.88%. Although more entrapped gas pores were found
in the samples made with the HM® powder than in those
made using the Arcam™®* (OEM) powder, there was no
observable difference in porosity between EBM-built
parts produced using either material. This lack of an
effect can possibly be ascribed to the high fabrication
temperature during the Alloy718 EBM process, as the
long duration of the melting pool could allow bubbles to

escape from the liquid.

Source: 225 kV Reflection Head
Filter: 1 mm copper
MICRO_AMPERE 319.800
KILO_VOLTS 225.00

SOURCE_OBJECT_DISTANCE 87.350
OBJECT_DETECTOR_DISTANCE 1422.631
Reconstruction Volume 10242

Voxel size: 22 micron

Only small voids

Fig.7 CT scanning results showing minimal defects in EBM-built
Alloy718 samples

As shown in Fig. 8, the microstructures of the SLM-
built samples clearly reflect the melt pool morphology.
Heat treatment also greatly altered the microstructure of
the Alloy718. Within the melt pool, small dendritic
structures are often generated in conjunction with a high
cooling rate, and typically result in superior mechanical
performance of the SLM-built parts. However,
subsequent solution treatment would remove the dendritic
structures and melt pool morphology. Due to the high
temperature applied, grains would be expected to grow at
the expense of these dendritic structures, and adversely
impact hardness and mechanical strength. However, the
aging heat treatment applied after the solution treatment
would form strengthening precipitates (¥’ and y” ) that
would increase the hardness and strength of the part.

An elongated columnar structure is apparent along the
side plane of the EBM-built sample, which is typical of
EBM-built Alloy718 samples '®. These columnar grains are
caused by the high thermal gradient along the Z-axis®. It
is obvious that these grains were able to grow across
many layers because the build layer thickness was 75 um.
This value is different from that employed during SLM

and powder-blown laser additive manufacturing V.

Dendrites can also be found within the columnar grains.
Heat treatment did not change the features of the columnar
grains, in good agreement with previous reports '¥. Note
also that these columnar grains appear as equiaxed grains

when observed from the top plane.

As-print Heat treated

I

Side
view

Top
view

Fig.8 Microstructures of SLM-built HM® Alloy718 specimens before
and after heat treatment

3.2.4 Mechanical properties

The hardness values for SLM-built Alloy718 samples
made from the HM® powder were comparable to those of
specimens obtained using the EOS™* powder. The EBM-
built Alloy718 samples showed microhardness and
macrohardness values that were higher when using the
HM® material (433.7 HV and 38.1 HRC) than when using
the OEM alloy (398.9 HV and 33.4 HRC). These
differences may have resulted from the variations in the
chemical compositions of the powders. After the 1 h
solution treatment at 1,065C , the precipitates were
dissolved into the matrix, resulting in homogeneity along
the build direction. The subsequent low-temperature
aging step promoted this precipitation and so further
increased the hardness. Therefore, a homogeneous
distribution with higher hardness values was obtained
after heat treatment. Although the hardness values for
the OEM samples (42 HRC) were still lower than those of
the HM® samples (43.7 HRC), the difference between the
two was negligible. Most importantly, the macrohardness
values after heat treatment for both powder sources
satisfied the standards.

The tensile test data for the SLM-built samples are
shown in Fig. 9. These results demonstrate that the HM®
Alloy718 powder yielded SLM printed parts with
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mechanical properties comparable or superior to those
obtained from the OEM powder. These data also show
that, despite an increase in mechanical strength after heat
treatment, a reduction in elongation to fracture can be
observed. The effects of heat treatment and build
orientation on mechanical properties in this work were
found to be consistent with reports in the literature  %.

Fig. 10 provides the tensile test results obtained for
EBM-built samples fabricated using the Arcam™* (OEM)
and HM® powders, either as-printed or heat treated. In
contrast to the UTS, YS and elongation data, there are
no significant variations in the Young's modulus values in
the X and Y directions. It should also be noted that the
Young's modulus values in the Z direction were very low
(approximately 105 GPa). This value is similar to the
Young's modulus of Alloy718 in the <100> direction and

&
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can likely be attributed to a significant <100> texture
along the build direction. In the as-built condition, the
UTS and YS values for the HM® samples were higher
than those obtained from the OEM samples, although the
latter specimens showed a 30% drop in elongation.
Because the HM® sample had more precipitates along the
grain boundaries, which increased the strength, it also
exhibited premature failure along these same boundaries.
After heat treatment, the UTS and YS values were
increased and the elongation decreased, as expected.
Interestingly, these values were comparable for both
powder sources. The data were also in good agreement
with results reported for Arcam™* AB and satisfied the
requirements of the applicable standards. This result
indicates that EBM-built Alloy718 parts produced using

the HM® powder had comparable tensile properties to
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Fig.9 Tensile properties of as-built and heat-treated SLM-built Alloy718. Bar charts showing (a) Ultimate Tensile Strength, (b) Yield Strength,
(c) elongation to fracture, and (d) Young’s modulus. The values from OEM '® were added for comparison. Note that all tensile samples were

fabricated with higher build rate parameters
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those of parts made using the Arcam™* (OEM) powder.
The findings reported above demonstrate that the HM®

Alloy718 powder was suitable as a feedstock for SLM

and EBM processing to fabricate high-quality AM parts.

3.3 Dimensional testing of NIST samples and
component printing by SLM using HM® powder

Dimensional accuracy measurements were performed on
an NIST specimen fabricated by SLM. This sample
contained several simple geometric features atop or
within a diamond-shaped base. These geometries were
chosen to simplify the measurements and minimize the
likelihood of errors in the design file. Fig. 11 shows the
design of the test specimen and actual SLLM-built sample.
The measurement results indicated that the features were

slightly smaller than the design values by 0.03 to 0.1 mm.

To test the developed SLM process, an industrial
impeller design, which was identified as a valuable and
key demo component, was provided by HM® for printing.
Several batches of impellers were fabricated using SLM
and post processed by heat treatment and machining to

obtain the final parts. The original impeller design was

Fig.11 SLM-built NIST artifact for dimensional accuracy testing using
HM® powder. Images showing (a) 3D model, and (b) SLM-built NIST

artifact
b
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Fig. 10 Tensile properties of EBM-built Alloy718 before and after heat treatment. Bar charts showing (a) Ultimate Tensile Strength, (b) Yield Strength,

(c) elongation to fracture, and (d) Young's modulus. Values for specimens made using OEM (Arcam *

are included for comparison

* reported values) and AMS-5662 materials
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modified by adding 0.5 mm to 1 mm of material to the
surfaces that required machining. In addition, the length
on the cylinder (Fig. 12) was increased from 11.5 mm to
15.5 mm in order to enable the soft jaw to clamp the
sample effectively during machining.

The HM® impeller design is highly complex, with curved
features, internal channels and overhanging structures.

To facilitate SLM processing, suitable support structures

Grey: Component
Blue: Support

©]

2cm

Fig. 12 Modified design with the support structures and the SLM-built
impeller with HM® Alloy718. Images showing (a) model front view,
(b) SLM-build part front view, (c) model side view, and (d) SLM-
built part side view

(a) SLM-built impeller before post-machining by CNC turning

were created and added to produce a modified impeller
design that was then printed using the EOS* M290 SLM
machine. Fig. 12 provides the modified design with the
support structures attached used during the file
preparation stage and also presents images of a finished
SLM-built HM® impeller.

3.4 Post-machining of the SLM-built component
made using the HM® powder

The external surfaces of the test specimens were post-
machined by CNC turning, and Fig. 13 shows images of
the as-printed SLM impeller before and after post-
machining. During the CNC turning process, the external
support structures remaining after wire cutting were
removed along with the upper porous layers. All
dimensions of each SLLM impeller were machined as per
the HM® design drawing.

AFM was applied to the internal surfaces to give an Ra
value of 16.2 pym with a maximum of 31 um. It should be
noted that these Ra values obtained from all 12 inlet holes
of the two impellers. These values were in good agreement
with the results of a previous study '”. The high as-printed
roughness of these impellers is attributed to the build
orientation. After polishing, the Ra of the SLM-built

component was reduced significantly, to 0.67 pm.

-
As-print with support Top view after support Bottom view after support
structure structure removal structure removal

\_ %
(b) SLM-built impeller after post-machining by CNC turning

-

Isometric view Top view Bottom view

\_ %

Fig. 13 SLM-built impeller (a) before and (b) after post-machining by CNC turning
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4. Conclusion

PBFAM technology was employed to produce test
specimens and high-value components (that is, impellers)
using both OEM and HM® Alloy718 powders, as a means
of evaluating these materials. The results indicate that
HM® Alloy718 powder is a suitable feedstock for the
fabrication of high-quality parts by either SLM or EBM.
The mechanical properties obtained when using the HM®
powder were comparable or even superior to those
obtained from the OEM powders. An industrial impeller
was fabricated by SLM using the HM® powder with good
dimensional control and methods for the finishing of

internal and external surfaces were developed.
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Variable Speed Electric Motor Driven Segment Ball Valve
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Table 1 Basic specifications
Contents Specifications
Fluid type Liquid
Valve material SCS13A
Maximum pressure 1.4 MPa
Typel: 0.3 MPa
Maximum shutoff pressure Type2: 0.5 MPa
Type3, 4: 1.4 MPa
Service temperature 5~80C
Size 100 ~ 200 A
Connection JIS 10K flange
Typel: 1, 2, 3, 4 seconds
Type2: 2, 4, 6, 8 seconds 3 RS s LN L
Operation time Type3: 3, 6, 9, 12 seconds 1 eox> !\j—\ NIV T DIE R . N
Typed: 4, 8, 12, 16 seconds (a) FA%&S (RERZER) (b) 720 4 —B&HK
(choose from above) Fig.1 Appearance of segment ball valve:
Power supply AC100 V (a) variable speed electric motor type, (b) air cylinder type
‘ Rotating center of disc ‘ b Flow )
‘ Center of valve port ‘ g
©
[0}
=, 4 ._, — % Ball valve
i o ® o
5 — Lﬂ 5 5
~ . ° — g Segment ball valve
o
o
100 75 50 25 0
Body Seat Disc o
Close 25% Open OER Open State of valve (%) Close
2w AL MR—ILINIL T DOEIEAERE 3 NILT DB ML
Fig.2 Open and close mechanism of segment ball valve Fig. 3 Torque during valve operation
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Target Materials for Mo Alloy Films of High-Corrosion Resistance for Flexible Substrate
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Fig.1 Photograph of metal films on glass after heating in ‘ ‘
atmosphere (thickness: 0.2 pm, heating temperature of 200 100 300 400
350°C) Heating temperature (‘C)
2 £RBEBEOXTINEREDORHAEZL (EE 0.2 ym)
Fig.2 Effects of heating temperature in atmosphere on reflectance of
metal films on glass (thickness: 0.2 pm)
Bending (¢ 6 mm) Observation
_54: Metal film (0.2 um)
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Fig.2 Photograph of metal film on film substrate
(thickness: 0.2 pm, Polyimide film: 50 pm)

4 TANWLERLEOSBEOHTENRAHRTHER (EBRE :

02um, 7«4 VLEWREHA 150 um, BAIFER : ¢ 6 mm)

Fig.4 Optical micrographs of metal film on film substrate after bending

(thickness: 0.2 ym, polyimide film: 50 pm, bending diameter: 6 mm)
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Table 1 Typical chemical compositions of ASL®171 & Alloy718

Alloy c Ni Cr Mo Al Ti Nb Fe
ASL®171 | 0.03 | 41 15 | 07 | 19 | 23 | 1.3 | Bal
Alloy718 | 0.03 | 53 19 3 05 | 08 5 Bal.

(mass%)

1 BALIEA ORI AR (a) 850°C X 4 hr BFXpALIETE
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Fig.1 Microstructure of heat treated specimens at grain
boundary: (a) 850°Cx4 hr aged, (b) aged+800°Cx50 hr
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Co based alloy

Ni based alloy

Alloy 718]]

0 20 40
Corrosion rate (g/m?/h)

Test conditions: Silica sand #6 Sand flow: 300-400 g/min 400
Wheel rotation 200 rpm Load 65N Wear distance 1,436 m
Silica sand #6 ding direction - Alloy 718
0y = == Co based alloy
=
Sample é
g 200
I
9] ®
65N | = 100 ZMGTST4 |\ pased alloy
® A
. 0
ﬂ : = 001 0.1 1 10 100 1000
ZMG®574 Co based alloy Corrosion rate (g/m2/h)
3 ITWERRROBERAELLS (a) ZMG®574 (b) CoE&% 4 BEABRESEOEFMET YT

Fig. 3 Abrasion wear surface: (a) ZMG®574, (b) Co based alloy
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Large Ni-based Alloy Forged Products for Aircraft Engines

fiize T v v v Ni SeAa ks
HE, FicTy Y v oI SR
THHE NS, BEEAK 1,300 mm &
FEHICKREL, MR TIN T2 HE L
WEMTH S (B1)., BIERKE M T
H 5720, FEKRIE ASTM (America
Society for Testing and Materials)
#10 DAL GRS S ORAZE 2349 10 um & D
M) T — MR AR A RS S
WEET, WEREE 7)) — TR L O
W AREE ENhS (R2), Lizss
T, BUWEESRE 2 L CHEBLY

5 BEHA AR TH O, B &K
B4 2 #MEE THRET, TOMEED
SSBYS N s

Hy & T, Edlo &5 ailhge
WEEEZ )T LT,

FEIZBE b Bk L

Rendered illustration

Forging dimensions
(example)

Outer diameter: ¢ 1,300 mm
Height: 410 mm

1
(b) $BiEmMI

Fig.1 Location of large Ni-based alloy forged product for aircraft

Low pressure turbine

T2 AN EESKERE

iy O VHD A - VEME LT
HAY) OE AL 2 B L 7=,
EEBOE TR W T, e Tk
MR AR E LI AR T T 4 =D
(BR) (LUF, J7x—v&igd)*
BN vaERSSE TV 2 ALz, T
Tk —=YD5 N VHEREE T L A
3, A ERE TSy o —
NV AT LafL, BEHE & &
bRH E THIICE Z &5 h 5 Exh®
WOEATRETH B, £ ZC, HhaEm
DIEK T A L2S, E—bEL
F 7w 712 S HERE L 728868 & 47\, 8
MOEHEME 2 LR L 72,

oE T RaEr T, B ERomEE
WFZERT C DOHEFENIFEIZ K D MR & 7z

a sk

ASTM#10 LA LTt 7 5 ok )i % 15
572012, FEHOV§ AR EVT A
ML BVLIRH OSSR & OBItR
EREEMICHHL (K3, 20
Ko Tav 2&KT, MRk - Rkl
IO 7= 8 Dt He e 2 WAL L 72,
Zh#%g &2l T, CAE (Computer
Aided Engineering) % BXfifi U, ZEiHE
BEDONERIEE, UF A, O RERED )
it KO TS OHER &2 YN FET L
Jzo EHIT, 51 b WS K LG
FiEEIC SN A 5 S5 &I B3 % 0
MG & 78, BAMISRE L2 Y] 2 Bl
MR EMAGDHE S Z & T, B L
TR 2 it 7= 9 BOE H A ffESL L 72
*HILAE, AE Rl 4 #EHIEIC XD 2011 4RISRRAL

(EE PR SEAT)

[#: Grain size number after solution heat treatment |
1

T = AN—= 2 &ML =, F 72,

1.6
1.4
1.2

g

3

£ 08

(0]

<

S o6

n

0.4

0.2

0

#7.5+#11.50 ||

-

- A
' #10.5 #1156

300 mm
0.0005

B84t (a) ERERIDA X —2

0.005

0.05 0.5 5
Strain rate-effective (s)

AGG; Abnormal Grain Growth

engines: (a) location, (b) example of forged product

@ Nominal strain rate: 0.001/s
9 Nominal strain rate: 0.005/s
B Nominal strain rate: 0.05/s
A Nominal strain rate: 0.5/s
X Nominal strain rate: 5/s

X2

WML X U AR (a) RS,
Fig.2 Fine microstructure: (a) grain boundary image, (b) GOS * image
* GOS; Grain Orientation Spread

(b) GOS*#&

IGG ; Irregular Grain Growth

Compression test conditions
Initial grain size: ASTM #10
Compression temperature : 980°C
Reduction: 10, 30, 50%

Nominal strain rate :

0.001, 0.005, 0.05, 0.5, 5 s

Cooling rate from deformed:
540°C/min

Solution heat treatment
980°C X 1 hr, air cooling

M3 BA2DUVTHEVTHREICHT IRERNEYY T

Fig. 3 Grain size map for various strain and strain rates
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Erosion and Corrosion Resistant PVD Coating
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Tribec®SC

HEHEPLREF b7 LI=
TLBERIBOL L, AN A A
I&pEE XN TS, ZHhIZHNWS
54472 MO KM, FEHO
TSGR S BRI 5720, £ OB
BOBERMEE 5D, £/, TIA
F o R BREOH A HET5729
IZHWEN DB 22 2— 5 EDRHHE
s BT, fLEsMEE RS,
T AL O S i B R 58 A )
SEDLDIZTMT 2 EH» S E
HAMFETHZEIZEBEDTH B,

I=T4 VT OBEHPER, B
RFEWEA 2B T -T 4 VT HOE Y
A =L R AEERIA &l U TR

AICrN type
X

L, EMPERTEOI N, a—F4
YORHEETSZETHITT S, Th
SOMBEISIL, BYE&ERiE, a—7+
VODEW LE, a—T 4 VNI
RIS ENE A 2 DR AN % W92 kg
EBRITLIETHRHNTRLEE AT, £
2T, ZOJEMEb T JOHEWTRE A F,
i AR PERR I P& ) B & 72 PVD
(Physical Vapor Deposition) 2—7 4
v 7 [Tribec®SCJ ZBHF L 7= (B 1),
T=F 4 Y IHOY VK- LEEIZ
JEIEAL T 21 KT 25 & S hTn
o OIS WMENSHZH I LIZLD,
RIZ N R ILESRE L 2L L
TE, BHRIEE T 2 DEMADFE

{Conditions)

Size: 10 mm X120 mm
Substrate: SKD61 (45HRC)

L

IG5 Z EMAEETH D, Tribec
SCIFEHBIchZsTa—71 v
DORIRAE T L, BRI ifEEYE - it
BHEEAEENTZ,

K2k XOCRIImEEME B4
i BEA L 72 KSR & R g
Tribec SC {& H.E&BHERKD T —F 4
YIUISHANT, B ALRREEETO
M & AT A B — FNEL &5 72,

BHEROEMIZ L TiE, I -
TAYITDDOEEDDMEEZEL 72K
JEN BB L B H, &4 7 A+ - b
Bz Tribec SC 2T 5 Z &
Ik, @EGOmEABIETE 5,

(<P A ER)

Conventional
CrN type coating Tribec®SC
(10 um) (20 pm)

o
(]

o
~

o
w

layer 0 o

L]+ ()
Vertical movement

Frequency: 90 times/min
Distance: 30 mm

~ 20 um

o
N

Erosion rate (%)

Substrate 01

Metal: ADC12
Temperature: 700°C 0.0 e
0 10 20 30 40 50 60 70

Time (h)

1 Tribec"SC D ERIEE 2 Tribec”SC &R —T 1 > J DFERBRIER
Fig.1 Coating structure of Tribec®SC Fig. 2 Erosion test results of Tribec®SC, conventional coating

5 hours later 15 hours later 30 hours later 10 hours later 15 hours later 30 hours later

Tribec®SC
(20 um)

Tribec®SC
(20 um)

Conventional
CrN type coating
(10 um)
Conventional
CrN type coating
(10 um)

[\

3 Tribec”SC &¢I —F 1 > 7 DAEEM
Fig. 3 Erosion resistance of Tribec®SC, conventional coating

4 Tribec®SC EfERI—F 1 > T DHEM
Fig.4 Corrosion resistance of Tribec®SC, conventional coating
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Anti-Adhesion Coating for Stamping Dies in Plated Sheet Metal Processing

Tribec® £ V

BHEHEROF ¥ E VD IZE, R
BVERE & R LA ED 57015
WEOHBEL T v — 2w L HENT
W3, INH 7L — A OBLE 1k
DUEDIZ, KGEMTT L 2AEIE L
PEANZFIFICIT Ry P22V T
HRDBD 5, FRZ, WEESLEL
JEIE] D I X AR A X
h, 2RV T x—Hh—i3, BEFEL
T TD TG 721 T <, &k
N EES U7z 4y FOT OB
E, AVFF YV ATRON S EEH
LT3,

FRED &S R BMERE TIZkT %
7L A& L, BB TR

Tribec® Kagari V

Tribec® Kagari

AVVHRAEa T & LZPVD
(Physical Vapor Deposition) 2 —7 4 ~
7 [Tribec" M (b 74 Xy 2 A7) ]
Ll LTwa 2, 2013 4FEH» 5,
EHIZhy P ALY TRIND A FH
Gy DEFERRARKD 5Ttz

% Z T, Tribec A N— 212, |k
FE L 1 2 (A B IR DO R
KRN A Fi{kg & & 7= [Tribec 4E V|
ERFLZ (K1),

N— 2 G0 Tribec fii% CrN RN
& VNSREZIEZ@EYIICRIRE L, R
) 20 TG O MR 2 IR EFE S R LIS
SWRRZHET % (R2).

X512, TribeckE VIiZKR—n A+ v

Anti-adhesion (a)
carbon-based layer
with heat resistance

Ball-on-disc test condition:
JIS SUJ2 ball, JIS SKD11 substrate, loading 2 N,

T4 AV EHRBIZBWT, fEko
Tribec H&L D SIROEERE Z/R L,
RITEHEL ANV (RI), F
7z, Tribec JE VIZ X v F EHTD Al
R Zn ISXg B EEEZEE) & ZE LT
%, THIIRFRENEE Al, Zn & D
BHEMEL, BEE LIS W & %R
LT3,

Ty b 22T TREIZET S
Tribec 15V D= pEFEMM OAER, 76K
M, BAavay FTEIZITbIT
W GHIRIE D A o FEREMEREE E L
ZEMTE, ZAVEVTA—=H—D
ApEPEIA B2k E SHBL Tv 5,

(EIEARHRSEAE)

sliding distance 100 m, without lubricant at room temperature

1
N Scuffing prevented
by unigue sliding 08
Substrate characteristics ’ ) i
‘q&; Without coating
©
& 06
B
3
g B @ A Vi
1 Trivec® BV 0)_&}1;%;@ . 5 04 Tribec® Kagari
Fig.1 Structure of Tribec® Kagari V 5
s Tribec® Kagari V
0.2
Ball-on-disc test conditions:
JIS SUJ2 Ball, loading 2 N, sliding distance 100 m, 0
without lubricant, several temperatures 0 20 40 60 80 100
Sliding distance (m)
AICISIiN
(b)
Without coating Tribec® Kagari Tribec® Kagari V
AGHES 'K &l INoJadhesion:

Tribec® Kagari

Height of sliding surface (micron)
W N == O = N W > O

VC (salt bath) —
100 pm
CrN
0 100 200 300 400

3 Tribec® %B, Tribec® {B V DiBENHE
(@) R—# 71« XA VEEARER (b) BEE

Fig. 3 Sliding characteristics of Tribec® Kagari and Tribec® Kagari V:
(a) ball-on-disc test results, (b) appearance of sliding surface

Testing temperature (degC)

2 Tribec” lEDBENFIE
Fig. 2 Sliding characteristics of Tribec® Kagari
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New Surface Treatment Using Shot Peening
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Hi-BSC™4L32

KA G 2 PSRN BT A &
ORI KBTS ERE, Zh
IZPES RHe — b 5 o 2 OO 72
DIZ, WHI A SRR 128 %
TENEL BEoTVD, ZD70, b
NEEHNPEEE 2> TBD, Th
BT 5728, Y3y hE—=Vv
AR L 72 £ 10T & % [Hi-BSC”
JUBR | % BiJE L 72,

B 112 Hi-BSC AWHD (a) Wi
& (b) i BEEDORERERT, AT 4
T DG T b B BRGSO R
JeETH Rk B R R & LT S h
32 ETCiaEtErm by s, %72,
Va vy b == v &0 IEEIG A

JEEEh o FicES5+ 5, B2
R B RE L 2 ok B OE A RS
Hi-BSC QU % fii L 7245 3R 2”4, A
POFI#% T, SRNG5S
EN/Z EDHERTE 2,

F7o, HARE L EMAADE T
35 Z&Tife—bFxy2om
LR ENh 5B, B3Ik — |
F v VBROMRE RS, AR Z%
H2E L& 0 & F 2ARELD E2 s
Hi-BSC LB % fii L 7= 5Bk v ¢ i it
t—bF oy 2ORERRS N,
Zhidy a v bE—= v IS kD N
BB S X h=-0 L RT3,

A THERVER FAEIEIZ DWW T R

2k & A 2o FIZ Hi-BSC
AU & S0 U 72 B D (a) BiEA ISP,
(b) FEB R B DO FE R A R ¥, BEAEKHT
ETIIH 20%, FEFRECTIEN 14%
DKW FERL & L fze T ORERIZT
Yay b=V Itk BETF4 VT
HIRBER L TWBE D EHERER
%,

Lil &k h Hi-BSC LB % i 4 %
Z & AR OIS ISt E R b
FIFTEL, ZA4 A bEREROF
mENRE I NS, F, FAMKE
L1 Hi-BSC ALFE % 3 % & BEVE4R
BOMEL Lo TWBZ NS H4 1 A
b 721 T 25 < ol ST DO FFmIN]

5 EhadZeT, WHIGEEDER Hi-BSC LM% FENid 25 Z L TEN L R E D,
DORMENESIHZAEH LT, WIEH MO R S iz, R4I125 (H e TRk A =)
(a) _ (b)[ Hi-BSC® [No processing
Dimple shape — 1,000
. Special metal film layer
=1 5 500
Compressive stress 2 Hi-BSC® Hi-BSC®
layer — —_ after before
15m o
=
‘—w Base material ‘ 5
&
- -500
Z
B —
© -1,000

15 m|

2 Hi-BSC" fLIB £ SLim A\ DEHEIC 11E
Fig.2 Compressive stress value (before and after Hi-BSC®)

1 Hi-BSC® MLENDOHE (a) WiEEK (b) TEMHKEBRER

Fig.1 Outline of Hi-BSC®: (a) cross section, (b) corrosion resistance test

(a) Hi-BSC® (b) Gas nitrocarburizing (a) (b)
g 19 . ; - 10| -
59 S~ 20% Down ,- é: 14% Down
£0 £ i<}
© < 1 09 S 09 /
o2 D o Tw
Yo Qc cc
Qg &N SN
o2 @4% 0.8 .9'% 0.8
Q0 ‘B a E0
8% < = ©
Qo 0Q 07 ©¢o 07
o2 28 £s
3E 2e
i . 3o 06 85 06
M3 fie—rFzv 71 (5000 %1 7ILEORKEE— b ol 58
- . A D o T gl
77y %) (a) Hi-BSC®4LEE (b)  XEZE1t 27 os S~ o5

Fig. 3 Heat check test: (a) Hi-BSC®, (b) gas nitrocarburizing Hi-BSC® = 8as Hi-BSC® =~ gas
nitrocarburizing nitrocarburizing
AL, o © H4 Hi-BSC"UENMRE (a) BANKHIE (b) BEERH (52
g;&% %ﬁ%&?ﬁ};@ é’ HFRFIL, HFRTAS 6286470 5, HFRFAS 4772082 %5, Fig.4 Effect of Hi-BSC®: (a) mold release resistance, (b) coefficient of
WPC" 1, (Bk) A4, (Fk) AT EWEIT, (Bk) A= WPCOBH T, friction

Hi-BSC* LELIZHIV: 53 3 v k ¥—= > 71213 (Ff) Ao WPC”
WA ZEH LT T,
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Good Thermal Diffusion Clad Metals for Display Terminals

STCST series

FH EL (Electro Luminescence)
ISAOLOERHR, 55 U ENELE >
2T ANORIBE, NMITF 4 2TV A4
RO EEREILIZ & D, Application
Processor 7 & BFE R 2> 5 F 2
5% EA IR AR K - RIS O b5
RNFNBEOH I E, KE &M
Bl oTETED, HARNTOREL
MEPFEHEI N TS,

—RICiE, Yy =RV =¥
TF=2AZ7 7774 F¥— b &Rt
LY ) Ay RiiEE THT 5 &
EDOMEANE N T2,

INRLT 4 2T LA SR OERUL - &

(a)

Display

Chassis

Substrate

HIEFRAL B R, < TREMEE D
DERIE LM SRR R E KD,
HY&EAt+~7 ) 7T, Zho
DREFHEA RO 2 7 v FMOM
AHZE T L7z,

T EMEEAR T B % 8 (Cu) &5
El, ZTOEEBIZY v - A EICH
WHONTELEREZT VLA (SUS)
EMEAOMBEZEECL DM A&D
o, JEEEES 5 Z Lis kD, Rl
LB X232y 59 F it
[STCST v ') — X (SUS/Cu/SUS) |
EEFELZ (R1).

Z0r 5y P, SUSIZZ 57 7

T Z v K+

4 b= b EWLZEA EHART,
Cu HERRHEFE A3 2 il C B E
13 10% 1A F, SUS304 KR L 78 &
W 1 SRR TR B AR & O R 2
WLRILTH D,

AEE 20121227 — 74+ VH
Yy =V BXUYV—IL P — 229D
THH S EEZRMBE L, 201949
ABfEe BmERPTH D, TODZVOMA
FDBFERRFFEICIB L, '1ITRT
Rt &2 D STCST Y ) — X4 HD
25y FMESA YTy TIZMA T,

(At H Y GEA A~ T Y TL)

SuUs

Forhigh hardness,
high tensile strength,

CPU shield case weldahllity
Housing
1 W#ET 5y RHOERG (a) FEREF  (b) #5 & &E
Fig.1 Thermal diffusion clad metal usage example: (a) location, (b) composition and functions
K1 WY Ty FMOSIERFE &SRR & D8
Table 1 Thermal diffusion clad metal properties and comparison with conventional technology
Thermal Surface Tensile Elongation | Densit
Type Compositions conductivity | hardness | strength (5) ( /cm% Weldability
(W/m-K) (Hv) (MPa) § 3
STCST41 Clad (SUS304 : C1020 : SUS304 = 1:1:1) 141 298 655 38 8.20 YES
STCST46 Clad (SUS304 : C1020 : SUS304 = 1:2:1) 204 291 542 21 8.38 YES
STCST61 | Clad (SUS316L : C1020 : SUS316L = 1:1:1) 141 257 622 12 8.30 YES
STCST66 | Clad (SUS316L : C1020 : SUS316L = 1:2:1) 205 273 553 13 8.47 YES
- _ _ _ _ NO
SUS304+GS Graphite sheet on SUS304 metal 187 (GS side)
SUS304 SUS304 metal only 17 298 858 46 7.93 YES
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High-Performance Mn-Zn Ferrite
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MaDC-F ™>)—ZX ML27D

o b — 7 R IR
WHNDB T VARA V&2 —FEIC
X, V77274 bEIICHETIIR
WM ORI TS, BPFOS
575/ - @R D 720, &
24w FY I LT GaN (8{b AV
2) s EOWRMR ST — L8R T34 2
EHWZEEPE KR LDODOHD, ZDK
3 il A Ay F U NG A BE 2 g
BRUBOME AR 5h b,

HY&BIEZofEcdL, @A
A v F ¥ TIORGOS AR L 72
DRI E UCEMEET = 94 b a7
B MaDC-F ™M ) — X | QT8 % X
D, #7212 300 ~ 500 kHz ¥ 650 JH

Mn-Zn (> # VHigh) 7 =254 b
a7 MR ML27D] # T Ic A L 7=
(X1, ®2).
FAROW G 2 RE$ & & 812, iR
FEREEOUE % W RE & B TR o D
BRI L & i, X512, 2T
U ¥ AHHK & A R O AT IZ D
WK 7 0 2 D EAL A 170, K
AL A FBIL 72,
1.5 K
FAPRHML27D 1%, H L E stk
DOMn-ZnH 7 =54 b a7
[ML33D] & lbx, DITORRA#HT
%, (1, B3
(1) FERAAIZ LN, 300 ~500 kHz 4512

(2) B A & EHRERIE T I2b 7z - TE
HETHHZ N6, XFXFE MM
BB & & CRIERIKR OWEE ) &%
BEAWZ 5 Z EHHE,

2. #&

FAEH TML27D ] % 300 ~ 500 kHz
VL% D JEB B IR 3 5 AR b 7
VA A VR A =ICHRAT A LIS
&0, BEONUL - EhREEADFF
Halifscx 5.

Hy &@id 2 & Cllkk, BEERE
ARG U 7238 1E A B0 % st (48 -
JEIR - B8 #REL T e LB
FMO G OHENE A 5] & HI RO FE
ki LT <,

PRI CHE N AR R AR T BT, WOHEKE 30 %8BEE, (BEREER A 3 AER)
200 A
_ GaN device
'_
Z
X o
§ 100
g
©
g MLg
° Si device 25 NL123

0.1 05 1 5 10
Switching frequency (MHz)

2 MaDC-F ™ ) — XD#EAR K & EBERREE (Bm)
Fig.2 Switching frequency and operating magnetic flux density
Bm for MaDC-F™ series soft ferrite core materials

1 MaDC-F ™) —XDHER
Fig.1 Appearance of MaDC-F™ series soft ferrite cores

600
#®1 SMHEET 71 baTHME[ML27D] D4t (5E1E) T 500 ML33D
Table 1 Properties of ML27D soft ferrite core material with low g (Conventional material)
core loss (typical values) = 400
>
o
Materials ML27D | ML33D < <Y
1%}
Initial permeability u i 2,600 3,300 S 200
3 N o ML27D
%‘;;ZL'J%?SC 5 Cé’ O(g"m; ) 23C 220 380 8 100 (New material)
Magnetic flux density: 100 mT ~ 100C 250 360 .
Core loss Pcv (kW/m?) 23°C 550 1,000 0 20 40 60 B0 100 120 140
Frequency: 500 kHz 5 Temperature (C)
Magnetic flux density: 100 mT ~ 100C 720 1,100
° 3 BDEK (Pev) MIRESEM (Bm = 100 mT, f = 300 kHz)
Saturation magnetic 23C 520 530 Fi T = £ | P B 1 T
flux density Bs (mT) 1000 210 400 ig. 3 Temperature dependence of core loss Pcv (Bm = 100 mT,
f =300 kHz)
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Silicon Nitride (SizN4) Substrate with Copper Circuit

B, $hd, Bro 1)L % —, PESERK
M LIfHEINE Y —FEY 12— L
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WBELT A RORHNEA TS,

ZHIEFINT —FY 2 —LDNA N
T — LA TNB ZE RO EDDHE

(a)
Chip side

SisN,

Copper circuit

Y

Cooling side

—

/
7 -

Thermal expansion

1 NT—FEY 21— )LOEES (a) EAK

WTHy, /87 —FY 2 — LI
B MR I3k 72 T <R
BRTRAE U 2280 SO BY RS E TR
KL IREL, PO 4 7 LIk
D RAT BRI A2 5 B & ST
MNERENS57-20TH 5 (K1),

H 4 Tt 2 v TEISHIRIER
HifkE U Cg by 4 RN RPEE
ToTEREDN, ZORUELy A4
B & fia At & Uit A v #z kD
Pt U725l 4 R0 IAR O AR
s wpE R G L 72,

H &g 3 &b 7 4 R O3
NTOME (Ebr 4 EZFMW, v,

(b)

Cu or Al base fin

(b) SHEREE

Fig.1 Power module: (a) schematic diagram, (b) appearance

1 BT A REREBEDS A>T v T

#it) #EHLTIREL TR D, 5O
FORT & 2 EEDOEE IR A X
<, BYZEHE 130 W/m - K O EEYE
T 4 RIERR 0.6 mm DL EDJE
S OmEEA AL, AR & &
FELIZEDEIRIANTA VT v Tk
HEfi L 72 (R 1),
gillolfg ORMAHIZBILCE =y 7
JL(Ni) - %, R (Ag) - %, 4 (Au)
B E, PN & Oxte % FiE L
Tk, SHROEVBRRE S, §in
oS — v s 2EHH BT L TWD
STPETH S,

(BEREFBIA HSEAE)

Si,N, substrate)with|copperGircuit:

Table 1 Lineup of SizN, substrates and copper thicknesses
Material Item Unit Typical value
Thickness mm 0.25, 0.32
Thermal expansion coefficient W/m - K 90,130
Silicon nitride
Fracture toughness MPam'’? 6.5
Bending strength MPa 700-800
Copper Thickness mm 0.6-0.8 (mass production)

>0.8 (under development)
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Cryogenic Permanent Magnet Undulator
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7YY alb =2k R 4% 7Y 2L —% CPMU (Cryogenic hTwah, B3ITRT &I, ml
WL 728 ?%H%B’J?&:ﬁzyi@l RO EIIE] Permanent Magnet Undulator) % BH¥& L BHOBEZENE & 81 v — 20 5 i
LUEAT X, BAPDEE I % 7= (1), ] ¥ 0D FLZ2 il 1 3 BRI 12 oy Bk X T
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WMOME L Xh, BRI L HZeE AT VY 2 L — 2 OB, it BME— &), JEE 15 mm TiZ IVU O

MIGIERE A AT AR T VY 2L — BNEDS M E 7 728 Bri3 1.25 T % 1.08 TIZxLTCPMU TIi2 1.37 T &
BDEEND K> TER, TH o724, CPMUHTIZH 30% 5 %0 27% OGS EAF T 5,
NEOMAX TV Y =7V v 737144 WiEATEREE & 5, BUE, 5D NSRRC &0 1 5% #i7-

T Aa DI 2 R L CThER D E2E WHEIZ200 WD 2 54 2 — LTS, WO FEI ORI

A7 v Y 2 v —% IVU (In-Vacuum T — % 2B L TS, WD IZR L TR 7= RIS 1 95,

Undulator) & 09 30 % 5252 5 Ny FEIEEED 72 0 B2 (NEOMAX =V ¥ =7 v A 2th)
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Fig.2 Temperature dependence of remanence of permanent
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Fig.1 Cryogenic permanent magnet undulator for NSRRC
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3 ABHYRTL Fig.4 Dependence of effective magnetic field on period length
Fig.3 Cooling system for CPMU in IVU and CPMU with a gap of 4 mm
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Insulated Wire for Switchboard Wiring

[600V MLFC-Neo®]

BlEEAR - BRI CE 58
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Ntk ko 5h s,
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TUBEROBHILNEAR, ) voa
VERRO BARE A R O Fi
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EIVAS ARSI CEO S NN PN R 1A
Jyonar B EEH % 2 LT
I Z BT, w kS Mk K OWAI
(2B AL 7 AR P I AP A R A [ 600V
MLFC-Neo"”| #FH¥ L 72,

H 7. TR AE R B & O i iR 13 =il =

(a)

Conductor

FESZAF T TRIGS 2B 2 SRR L Tk
D, MHHEFOIEINC X 2Bk DM
RO®D DAAE T 2512w/ —
2= (FIAF 90T —T%) nb
THhot=h, TOHISL—&—piL
IVELIRARIM T AT & & 2 HK &
o T\, WIREE TS0V TS
DS ATRE A A AR & BT L, 8k b
DY — & —L 214k (R’ 1) & FB
L e 5P (R 2) & & O¥mRM LM
Zla kX vz,

7o, RO voa s BROE
AL UTEER S h T 2 Bkt
W (FISKBb~ 2 3> w L) 13, 2%

(b)

Insulation Conductor

7

.

1 WEE (a) RS (2/fL—2—-L X) (b) BII2BHRS
Fig.1 Cross-section view (a) development, (b) conventional
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5 3HMEDIANMFTE S,
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-o- Development
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F2 \Eo>H
Fig.2 Flexibility

800 1,000

3 e () FER&GHEEL L) (o) BXILBERERR (GHEH )
Fig. 3 Deliquescence (a) development (no deliquescence),

(b) conventional (deliquescence)
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Small Diameter and Improved Identification Wire for Rolling Stock
POLYENEX® EN50306/EN50264

]
an
7]

8

S

HEZEZLHET 7Y T7HIET WL, @A L e/ ENE FRRFME O W A R L 22, PERO
W, BRSO SoE R I < T (B1, ®2) =%, ZRERERHRE NEHRE L, SE14%, Hi
W B BRINFEAS (EN: European Norm) itz & AL 3 @ E R (F 1) 2B 16 % DML - Bw b 2 3ER L (F1),
DA AIEAL T B, Fhz, H FEL 7z BAANR—- 2L B LIZHETZ %
i D E A RE L P FIEE DB R 5, G A 1 b X B 2 ISR IA D LEZD,

ToT ftd K O HEIR(L 23D 5T BHEET -7, HEIZEVHEEMRO ST RO ENERICI A (F
B0, HEANEIRT 288 CERALK qL?ivr&WMﬁETﬁ“é:aybi%n%hﬂxé 2), kAPEA I F X272 EN SR, M
MM AMEHAICH 5, ZD72D, B , MBOERAHMEZEHTSZ LT L3RR, X517 T —5E
BRAESE DN A L RBIRR A X — 2 DFff EN ZERREAR 2 ) 7 L7, RN TIV—THEOMEr—T L
ok ohs LTk TEE, ML 3 REEMIc L TIE, ZRER BT, BAEN IR EFENTL,

ZOES AN HE,S, ZThETICH R B 2 W 2 2 & ¢, & FIBZE AR LT,

V4@ % EN ###0 POLYENEX"® % R 725 i 3 Re b & 2B L 7=, R (BEREFBIA S AER)

PN L CE/, ZhoDI734 VT v DR 2 RS & 3 ERHEIZ
IZA, ZO77-0, MEOR A% 52L7T, AR OMALE EN

=1 MEE3BER UK EN BIROLLE

Table 1 Comparison of small diameter cable and conventional EN cable

ltem Unit Thin wall 3 layer cable Conventional EN cable
Overall diameter mm 2.25 2.63

Weight kg/km 12.4 14.8

Cross section -

x2 ENBROZI>Tv 7
Table 2 Line up of EN cables

1 ScEEmAER (FRRIERE L)

Fig.1 Rolling stock cables (improved Max. continuous
identification) Cable standard . operating
Category (rating voltage) Construction Color temperature
(C)
EN50306-2 Insulation White, black, red,
Control (300 V) (e Conductor blue, green
ontro
cables | EN50306-3, 4 5 efn Black 125
(300 V) i\ v 3% Colorable
Sheath  EN50306-2
Thin wall 3 |ayer Insulation (3 layer)
cable” (0.6 kv) | (D= conctor Black
Insulation
120
EN50264-3-1 | = Codiclr | gl g biue,
- (0.6/1.8/3.6 kV) -;m Conductor | 8reen, yellow/green
o Sheath
52 %EU'I%F"JJ:EE{‘% E5EA L BN Power Sheath g
cables | EN50264-3-2 oreen
fio)‘f A= / (0 5 kV) k= Conductor Black 120
Fig.2 Image of in-device wiring ) Insulation
Insulation Black
ac
EN50382-2 e 150
1.8/3.6 kV
( ) w Conductor Black

1) This wire complies with the requirements of EN50264-3-1 excluding the structual dimensions.
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Wire Mark Control and Reduction of EDM Brass Wire

HBZ-SS
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FHEMTIZ BN TREOREE %55 C
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EHED, B IZHH 2 A4 T O E R
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T4 Y == DK E L THEIMNT
Mo DREX v v 7T (74 Y-
ML OFEHE) OZEBHRE L Eh 5.
KB v v TOBEHT 2 LM IO
BHRELZEBHLTLE S, BHREOZE
B &0 DL R AT 725 AR
BOIAY—v— o BRET S,

AR S PR R O TRIZK D
e A e U TP, B, 75
NFEOTEMMOKIMME L ED S T
LT RESREEFERL 2, W

= 3 EE AR

Y=~ = 24 - FERORIRDS B B
Z MR EI Nz, B4Rk L

ABAFES &2 T L 2= 1k %
H{REEN L 728D TH D, APFM
AWM O 25— i & =B L
TWBZenbh b

ENGEE i%@xﬂ%#& 8 5 LR
%%H@@ﬁﬁv%?—&bfm

SNz MICAEHATIE I iE X — A — 38
ﬁm&bf$%%m#ﬁﬁéhfﬁ
D, MG TORENNFETES, 74
Y —WEN L TN L 588 - Ed
FRIERMHENFHE-oTDE I eh

#
1@
AR
2
AN

71

T35 EDTEDEMBROPAFE TN
0, HgeEi, JLETHM - MEE

BEERE (BR) TORERME DT 2
FTiE, AW ESRHTSE T4

5, REAFEIIZ X D HEILR &0 &,
(BBESR 1 Fo S AHE)

Wire movement

a5
N
\— Discharge gap

1 HEMIOREE
Fig.1 EDM processing

3 MIEN7AY—~%—7
Fig. 3 Cutting surface wire mark

2 BiB#} HBZ-SS
Fig.2 EDM brass wire HBZ-SS

(a) +2.5 pm
Diameter @ 0.20 mm . 5 I I ! . o
Workpiece SLD
Thickness 60 mm
Nozzle gap 0.20 mm
Cutting number 7th Cut
Cutting Cogyggdgnal Az 200um
roughness
HBZ-SS Rz 1.40 ym

4 WET X ML BMMEGENTER (a) HERER (b) kM (c) HBZ-SS (F%M)
Fig.4 Wire cutting test result: (a) test result, (b) conventional product, (c) HBZ-SS (development product)
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