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The Issues and Future Perspective of Additive
Manufacturing Technology for Metals
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W% 7 7 4 AREERHEFHHEIZ 325 Z L [BETH S,
D &S RNEBHEE O RCHRIE. Wiz - T, BEDEL pEER
75 E QBB OEERACR LM I 28Rt A X5 L CH
TWTh 5, BIRT — 2 13—f%1Z STL (Standard Triangulated
Language) 7 # —~V v b TH 52, ASTM F2RR 22k
W JBIRT — #7200 T SMHEL WEHHRGZ & 8 BIE L 7=
AMF (Additive Manufacturing File) 7 + —~ v b 23 E% &
hTns,

I B AO E @SRRI OB TAS &, Fe LTk
Bk OfERENE Z2F v 74— F (HlilaoREhE%E L <
i 2 RFF T 2 720 DB Th 5 [ 1B ]) L TR
B ERE T BIRR R EIAIC K D ER S 24 RICHEA
TE5F4VROF A VEEEEDOGBEA VT T b, &5
IWEHRRHA v 77 R0 Iy v RERH D, ShETE
FTHHOILANFHE NS,

AR TR AMEGROBUR, SRE S K ORERIELZIZOWT,
[RHE ST P~ O3 F T 2 0 ISHET %,

2> AMBIOBR

21 AMEMROZE

AMEGTE, ASTM F 42 ZREARICED, RUIRT AT T
VIZHFHEI NS 5 L B b2 5Tk 0., ISO $ ASTM
E L ORIBIEL Tg, BUTIS, ERWICEED 5 E ik
AMETTd 5. WiAFERGARL (Powder Bed Fusion) & VA
AlHERS (Directed Energy Deposition) DB %505,
(1) BIARMREARRA

V—HFE—LbB0IETE—L580HE LREN L
TR EIE T BRI & 5 WDIZ BRI 2 0 5 2 VI3
L CREEIE T % AT BRI L — YRS & 5 37 RE
HBEFEh s, L—F 20T CADT — %
Z#STL7 7 A MZEWL T, HUN ) A =2 3IF5—%LT
L — & MG T B GED 2R A MRS B 5 WIIENT

=1 ASTMIC & 3 AMEAIDHIEY

Binder Jetting Liquid bonding agent selectively deposited to join
powder

Material Jetting Droplets of build materials selectively deposited

Powder Bed Fusion Thermal energy selectively fused regions of powder bed

Directed Energy Deposition Focused thermal energy melts materials as deposited
Sheet Lamination Sheet of material bonded together

Vat Photopolymerization Liquid photopolymer selectively cured by light activation
Material Extrusion Material selectively dispended through nozzle or orifice

2B 3D T aNFRBEENTREL

THEEHDETZEICXDBEEEEZITY, £/, 1LY —
LAERWEFATIE, e —alc &k EdiroEnE e
12X D HR D) TIBEREZAT > 721%. RIESER AT 720, 2
FHEETHHRE R 5 ZEnE 0, 2D KD B HRDEN
12X 0 BRI IR DML, FEE 25 & DT S,
(2) WSRIHERTA

Fraunhofer iff 72 fif THA%E L 72 L — ¥ &g #E R (LMD :
Laser Metal Deposition) %, Sandia [E 32 fF 28 233 L 72
LENS® (Laser Engineered Net Shaping) i E2 b 0, 4
R A S D 2T T A V=2 G L AR 6 L —F -4
HBHVITET Y — &% WS L CARISTE % HERT L TR S
TEHETH %, ABETIE, HHTZIR T, Kk & R 13
FAARRIERIEIZI3S 5 & DD, LEREEER T AX2 M
DORENEBOBENTRET D 5, F 7z, BFEEITDOHHE
RO REL 2> THB D, T I =Y L8%. X7
VU2, TEM, 74 v AEs EOMBIZE/IETE 5 &
I - TN 5,

22 2EMEREREMEBOBIK
(1) iR AL

FEDOEBHIARZ MR L UL — RS E O MR
O FIFHEE UL, L —H1213400 Wb 5051 kWO
WH7 74—V =9I TE B L LI, 2k
LA TE TS, ZOLS BL —Y oIt - £&E
HIFAEIC & 0 B ELEIZ 1) B il - SRR LA D S
M %, I OGN & SR B ARG RE O & &
212789 SLM Solutions t Tl @ bdD 72812400 W & 1
KWD2OD L —HF 448 L -8B 4R L Tk D, Bk
EOEELAK G TETWE, 4 VT 5V M ELEEER S
B L — RS EE IZ DOV, W5k A — ) — TEOSHE
(KA ). Concept Laser £t (F4 ). SLM Solutions £t (
4 V). Renishaw t. (J€[%]) . Phoenixtt (7 7 » Z) (20134,
3D Systemstl (7 X U 7)) B END 3, F'AETIE, (KR)
M T ORE D B 1 . UIHIREZ L T %, —fi%

x2 SEMABEEHMREOMR (BtHrx0OT L)

Machine EOS SLM Concept Laser 3D Systems
M280 SLM280HL M2 ProX300

Laser type Fiber laser Fiber laser Fiber laser Fiber laser

Power (W) 200 or 400 400/1000 200 or 400 500

Spot size (um) 100~ 70~120 50~200 =

Scan speed(m/s) ~7 ~15 =7 =

Layer thickness 20~ 20~75 20~80 10~100
(um)

Build speed 20 20~35 2~20 _

(cm’/h)

Build size (mm) 250x250 x 325 280x280x350 250x250x280 250x250x300
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MZi3, R21TR T &S IS A X250 mmx250 mm 28—
HRITIE D % A%, Bl A, REHHPPRR S Afim D & 5 2/
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Metal or Alloy 0.2% Yield Tensile strength | Elongation | Hardness Surface roughness
Y | strength(MPa) | (MPa) (%) (HRC) Rz(um)
Ti >20 -

>180 >290 364
Ti-6AL4Y >865 >972 >10 373 SlER)
Ti-6AL7ND 905 >1020 >10 39.4 364
&;T:;NES) >835 >1050 : 35 294
316L 52530 625430 LA 384
15-5PH 105030 110050 164 3243 1442
HI3 . 1730 - 54 344
AlSi 211 409 5 105HB 344
Inconel 718 858(=120) 1150(140) 18(5) - 30
Inconel 625 410 680 30 . 28
Inconel HX 400 910 35 - 28
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Metal or Alloy 0.2% Yield strength Tensile strength Elongation Hardness SurfaceRoughness

(MPa) (D) (%) (HRC) Rz(um)
Ti ASTM grade2 540 570 21 - -
Ti-6AI-4V 950 1020 14 33

Ti-6A-4V ELI 930 970 16 34

Co-Cr-Mo(ASTM F75) 560 960 20 34
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SIMULATION
- CT, MRI - STL data - Solid Works - DMILS
- Scanner - IGES data - HDEAS - EBM
(DICOM data) - FEA -SLA
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Special Issue on “Development of Technologies for the Low Carbon Ironmaking”

Low carbon operation of super-large blast furnaces in china (Review) Z. Liuet al
DRI from recycled iron bearing wastes for lower carbon in the blast furnace S. H. Chung et al.
Development of charging technique for controlling mixed coke distribution in ore layer Y. Kashihara et al
Development of control techniques for mixing small coke at bell-less top blast furnac A. Murao et al.
Reduction and disintegration behavior of sinter under N,-CO-CO,-H,-H,O gas at 773 K T. Murakami et al
Reduction mechanism of composite consisted of coal and hematite ore by volatile matter at 700-1100K Y. Takyu et al

Effect of the reduction of calcium ferrite on disintegration behavior of sinter under high hydrogen atmosphere
T. Murakami et al
Reaction between iron oxide and gangue minerals at 1373K under Ar atmosphere T. Miki et al.
High temperature microscope observation of melt formation at the interface between crystalline olivine and wstite (Note)
M. Hayashi et al

Reduction behavior of packed bed of sinter reduced by CO-CO,-H,-H,O-N, gas T. Kon et al
Microstructure change and primary slag melting of sinter in the cohesive zone of a blast furnace M. Hayashi et al
Influence of shape of cohesive zone on gas flow and permeability in the blast furnace analyzed by DEM-CFD model

S. Ueda et al
Effect of unconsumed mixed small coke on permeability in lower part of blast furnace Y. Kashihara et al
Effects of ash amount and molten ash’s behavior on initial Fe-C liquid formation temperature due to iron carburization reaction

K. Ohno et al.
Effect of carbon dissolution reaction on wetting behavior between liquid iron and carbonaceous material K. Ohno et al.
Characterization of liquid trickle flow in poor-wetting packed bed S. Natsui et al.
Dispersion characteristics of laterally injected fluid into main stream in packed bed M. Kamata et al.
Droplet motion on non-smooth solid surface S. Ueda et al.

Analysis of effect of packed bed structure on liquid flow in packed bed using moving particle semi-implicit method T. Kon et al
Numerical analysis on passage and blockage behaviors of fine particles through an orifice consists of coarse particles
M. Fukuda et al.

Effect of CaO/SiO, ratio on surface tension of CaO-SiO,-Al,05-MgO melts S. Sukenaga et al
Combustion behavior of pulverized coal and ash particle properties during combustion Y. Ueki et al
Analysis of powder motion in a packed bed of blast furnace using the discrete element method S. Kikuchi et al.
Advanced blast furnace reaction simulator combining a calculation model and experimental furnace T. Hirosawa et al

Formation of vertically inverse pressure distribution due to packing structure of near wall region of blast furnace
M. Kamata et al
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