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xRNV EFES LTV D, $FETIE, RS ZHH L S, HETED LT AIE
WMz e S 5. BETIZEMIZS CTERERLFFNMER I 525, Kl 5 & ibilghd,
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AR RO E S AL OB 23T DAL, A A 7 VR EFENRE & R DFE N B (11,
12, 13]. —F, £O X5 2 TEOTOSAREITE < RA2HMICH VD, SRR miRIZ 72
L2 ETRATLIHREL LTIHET 20082+ & Th 5[14, 15].

Bexfrx &%, 600 CULEETHRIBLET A =T AE5E&NRSRIOERS Th D8k & KIS
L T AI-Si-Fe 7e EOILEMEZTERK L, &R ORE I LWEHEN4 L5815 Th 5 [16,
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(a)Spray release agent (b)Pouring molten aluminum
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(c)Injection and curing (d)Product removal

Injection piston

Fig.1 Schematic diagram of die casting process

Product
Slide mold

Moveable mold

Fixed mold Slide mold

Fig.2 Top view of die casting mold



112 BERE & 2 A 0 A MR DR & DBIR

BRGNS, @8 L Rl ah & ORISR A TR S, M ZRTL 2 & TR E IR
JRE B E, BERR S A O 2 e U CRERMRET AR 2 BT S 5 [18]. 3
b IR SAVTWDBERIANT, KA 2 & REEVERERLA, JhPERER AN 30 2 2 &
T& 5[19].

AIAVEBERIAN S, BERAZ KN LIAATE <Ly a v ThH Y, XA 0 A MFERFIC 4
BNCATT 5 2 & CHERLAI DK Gy 037858 L, W Ry SRR CHERUIR A T 5. £ 72,
IREEPEBER AN IR IR 2R T 2 721 T, REBMISND Z L TRMIREAZR T S
% &S BRI 72N RS 8 5 [20]. KEEPERERIANL, ZA A =2 AR fHTF bz
T U L o THEMZERE & bIZBI SN D, UL, BERKID miRIRRE TR m Iz
MEIND &, KRB EL THRAIONEZT 5747 70X MIRBA L CTeMERH
(PRFEED B T & 720 [21]. £ 2T, @ANENICELE L7o/KEICB S E5mAKE, B
BUFN 2R E DT T2 & & DOKAEBIZ L » THERAIA S TE HIREE TEMEzmA S0
NG D . — AN KIS PEBERLA Tl IEIR A 1L 240 ‘CUAF & S5 [18]. LasL7eis b,
COMETREIt— M=y 7 TN MEEZRAESED [22]. e—FF=v 7 LT,
B3R T L OIT, W7 VI =0 AG5EH R ISR m 2 MBS IR+ 225, P
T IS WO RE S ZE LW & THEMOIS 103384 L, BRI H LIS
HERLA 2 809 5 & @R E A RMITHEA SN D —FH T, @MLK R D OBRE
(R MENUIZRT 2 2 & THIRDIS NI 3EAT 5, ZDO5IREM OIS 1T LD K LIZ
IV BlEZ SN EREmOEYRIHEED Z L TH H[23].

JPERER AL, D EEAT 5 2 & THBIRS TR S 7L, KEEMEBERIA & B2 300 CLL
ETHEREEICETHHEEZALTWD. 2070, FE& &S 2 MRS E
[19]. 7, D EBATEBENERIND 2D, KEEHERA O X 5 IZZbEUC X 5 8m
DA U220, SRGREA TR VIS Wb SRUR RIS HE Ly, BUF S 1%, kBl
(T R 2B ARIEPEBERL AN & D8 £ 0 b BRIV L, @ OMmAEDRIT/N S 0an
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LR D, XA DA NSIRNIHEHERERB IO 2 0 X > &2 G352 0% <, K
AR LT L D R AT L OMEFITKR L THPRAI NI E TE RV EELTLED. £D
KO ZRUL T, BERLAI DM CE RIS TIAL TR ENRFHAEL TLE S LWV ) RELEN
b5,
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surface | = * - - -\ = -
Heating Cooling
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Fig.3 Schematic diagram of heat-chedking
Table 2 Overview of release agent
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Product—
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Area where the spray does not adhere

. (] @® Spray

Fig.4 Area where the spray does not adehire

113 APINSGETAIC & 2 &R E

UTAETUE, WHK &R T 72 ORI 2 AHNIEE TROG T 2 @2 ER 28D 5 K 5
(7o T T, APNELEE & IIBIEOA R 2R EOMELE A ST 3 RouEEm E AT 5
IMTHETH S[24]. ABETIIEEHREMEE LTRSS . &R REME LT D)
INRGEEICIE, By AR R RLRS G 75 - Powder Bed Fusion, F5mE— /L X Zf#1% : Directed Energy
Deposition, #&4&FIMESHE : Binder Jetting 72 EMNFAET 5. MIRIRIERAE G151, &RHEKZ
0.03~0.05mm DOEWEIRICE EFED, L—P =2 b LIXEBETE—LZ2 B L THNER
N VAR S, S ARV IRT Z & ORI IR & BT 2 N T 5B TH H[25,
26, 27]. M= L XREREL, @BHAK L L —FE— LA FRIRHIESN, B L, BO
ST IC WS R S & TR &2 BT 2 ML HIETH 5 [28]. #5EAIMESHE T AR AR &
hERRRIS, @B ARz BIRICEEFD, JIUCHEAIZWES L CED, FE®RICHERT
MMTHETH H[29]. BUE, @A AHNEL TRIET 2BRI0132 < O LA B RIREERIRS &

ERHWBNTWA30]. BRKRREE STEDOBERICE T 22X 51377, B RKEERH
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FEAEITRR M RV R ERIE L R LT, 1 I L OEARD 0.03~0.05mm &9 g%
DLUFTOEAER TN Z EIZED, NI BRE R T 522 &N TE 52 &[31],
S BIZHE B AIMESHE TILER % OBE(LE BRY & LB 7' e 2 L 0 I AET 5
23[29], MyRKEEEAE S ETIEENR W LB e LTHEIT oD, — 5T, fhantkx
KNVFHRE IS Oy OB EERTED Z &R ENLEMHETORMNIEIN > T
W5 [28].

Laser D
»
drsssssnnnnsn Metal powder
Squeegee /
" ) L LEREY 2
] I_—_I
Lifting table Lifting table
Repeat (D and @
—

@ Squeegeeing (2 Laser sintering
Metal powder is spread to a A laser is radiated to sinter the
thickness of 0.05 mm on a base metal powder into a shape.

plate placed on a table.

Fig.5 Powder bed fusion (Laser beam melting)
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ZOEIBRFEEENPLTHEA A NHOBSRTITERD N U VN LTIHELE TE 20
o [ FBALICIR B 2 JERR L, VRIS @il 2 I AT & 2, JRRITIR » 7o I AV 23R %
EITWD. HERD R U VI L CILEARN 72 &SRB ST L TERL TR Y, H
RNV T WERALIZKT L CTRIEI S L IX T A RICHEEDRREF S TWA[32, 33]. XA 70
A MFIETIERTE O Y, 600CE A DT /LI = v L5 @RI LIAE,
PEEfERE — N =y VR EDODREEEREIE LN, GEAEIOKEZRL, &8 E2mHEI
HZ LIV ENLDOAEERRE LIS WIREE TEAREZ LTI L7720, X4 A
NEANZ I HAE N VLERAI K72 B DL 725 TWH[34, 35, ZDOITIETIE, BRRICE-T
Bl C & 2RISR AE L, T OMMERIRD £ £ TR O X 5 723 N R LT LE SR
& L 72 o TV, AINELEEIC KD TRIRITIR o Te i EE N A fiE T 5 2 LIZH 5 Lz,
TERIZIR o T R AVE 1, FRICHIEBICE CTREE S B 5 2 LN TE D12 ORISR miRIC
ROEALAMET 52 N TE, @BIRENMAY—I2T 2 Z LA AHE L 72 5[36, 37, 38,
39].

FHMBE L2 O 728N, 012 R — 5 ZREERR & 9 SIUERM B (IR L TRk
L, Thzaefic—KEE LT, @MoX vy 7 s NIEE TR EZHER L, AESN
DO T ARMGEIER T 5 B THEAT 2 FIENRES TN D (40, 41, 42, 43].

114 BERF 2 Gen 3 e

Bk X 9 7SS E & T - SRS SW TSR D B s, KRR CIE, XA W
A NERIA~OBEFRIEIBATIZ DWW T, BB SRING D O Y TR AR L, K40 X
IIRINETOLA A MFFHEIZBIT DEERF DO AT LA T A TIE DI BATE 20
HONREAELTLE D &V ) FBEICE Y e, BANICIE, K6 O X 5 il o/
BRRILER LTS A21T > CB O VEEPTIZELE L, M0 INKFL & BT A 0O Ye 2 i 1
& LTHIHT 2. s BITIE, TRIRITIR - T2 BT 2 850 S, @UPNER ) & BRI 2 1 1%
T5 2 & TR BOBRIFINLE IR ARA V MIBAIND Z LA ET D 20X H 7%

WAL, A0 A FFERER TRAN RSN TE D, EME TN Z IE T % Fik
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Fig.6 Schematic diagram of mold exuding release agent
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1.2 A DOHERL

AT L ENOHE 4B THER SN TEY, DUTICHEEOMEIZOWTIERS.

B2 BECIIEERAIZ LA S D 2 ENTEDRIE UTR— T ARG IR 2 By R AR 7@
FABICTERT 20D L =PRI N T L —EEEEICER L TRHL, R—TF &
ERORE, FEICOWTHREEL R Z R L. 2O, L—YEEEREICL > TE
tT 2B ROEEEEENIREEIZ DWW TEEICBIZE L, RN— 7 AMERDOIE A 1 = X LT
DWNWTHBLEZToT. £, BERICR—T AMERZ XA A &R L CHERAl %
Qe SERNB HEFIE LTCEEOR RN O ZDOREIZONTH B L.

5 3 FECIRBERAN A e S D SALICK RIRIES Bl 615 CIEW LI uNE 2 i 9%
Te ORI WU NE DRREIREO WK, A X, BRIk 28 DMK LOE D
AR D L—F 2 MFt L, 3 LU NE IS W TR A 2 258 S W72 & & DRk
IZOWTHR LT, ZORETIIFIC, WEEZ1T O BEOBREMED KT TR O REERE A 5
= ALER LB ORMNKALDIERIC K E S EELE KFTRFITOWTER L. 72,
ZOFERG NI MUNE 2 EBRICH A DA METRICHEA L7 BORERN D Z OFBIZ O
THELETD.

B AETIX, ARBFZEN LSO RENICHT 5.
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E2E R—F2ABEERDODFA IR NERI~DEHA

2.1 f&5

IR, AIINEOEEZ > TR 28 UES 2 FEPE AT TV D, — kIR S
D ENZOOITHHHEIERC X A B A NG T, BRLOBHEIKE & B ORI > 72
FACRRET 2 2 & TR RN HEREA 572 2 LR TE L ZRImHKE TH .
PERO SR OMEIKE 1%, $MIC FY L TREZIMLL, ZORIZHHEKERT Z & TeM
HLTHDTH-2[20, 44]. Z OHEIKEIC K » TR AIBEE O &R T m HIK 23 i <
WDENAT T TIHRENME T L, 9 TERWEICIRRENEWEE L7205 2 & TEAIR
FERAAMNE)—TIE7e < 720, XA A M CIRIRED @ WEM TR U Lo
RIS OBEEZ AL S AH[16]. £ L 5 ARiEICK L, = WRocHAEE IXIRE D
LR TWERICE DY TRUE CTE 572 ORISR E 2K N S5 2 & Tk
THLOTHD. £z, Anders E. W. Jarfors & DOBFFEIZ L AUX =R CHEE IZWERK D RV L
SONLOHAE LD bEHOMAAREZ LV RELTLHLZERTE L LOWMEN ST
5H[45]. =T HEE A BLE S H - 2T AINEEE I 1T D MARIRESRS kI T, &
B AR Z L — VBRI & o TR S E AR A & 2 B, BRRIC 2 2855021
L— AR RS PICEREET L CRIETX 5. ZoRWERIECELSESE LT, O
HR DEREAREE N HHTD H L TEYEST 2 L0 S IAMEDME N2 rTaEMED 6 5, @QNER DM A
B OEHLE 2, R ERZET 6N 5. OOREICSWTIE, MIREEC L v ELND
EIEMIINEIC Ko, & L I3 — TRV B ZER ST 20D 5720 T
H 0 [46, 47, 48], ZIDBEFOEMEL & ol U Clit A ZE T 5 aREEEZ S5 A T D
[49]. @DRUEIT, BRSNS SEN R R RRMEEE SE 58I Th Y, B LA
B ORI RIEY O L O FeREEREZ LTRY, NEOBHARLE b Zh L FEkE 725720
TH5H[60]. ZhbHOREEBRE LN b EEOSREUETIIMABLE ORFHE21T > T

VBN DY, [FRHICERNI M T3 2 ZmAE R EO% TRIZOWTHMFT 2 0ENDH D,
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AL TR 72 KA IR 2 B RIE T 5 R — 7 AT O RIE L 2 DRl 21T - 7-.

R— T AREIE R & ITAINEGEE I CRB MR 2 R E S 2 BRICH 2 TZHERMBED X
RN REFE LML RE L THRIET 2HMIERTH 5. BEFEOMFE TILZ O RV X EE
FRTESELLOIC, BREEEHOFELY b, L—VEhEEL2# < $ 542, 51], L
—PRLDOEEREZ L T 5[43], L—H 2K F5[61], R EDFELZR->TND.
WA DOFETIE, AN — 7 2AiEREZ @FUH T 2558 X HRTESRUC B W) TN D 7%
fFAAZYEH L, BIESONERR e AR, AR ZHIET 2 BRG], =Rtk
HELE O X 9 ICETIOBE N RICHAIL, BRI CAE TE 5 X 2 ITRFT 5 BI[53,
SA| THFJE SVT=HBIBIFET . XA WA MMEETIE, T L5 R ALIZ DV T
P a2 FF ORI A 72 & TR IR D DO T AP DT b DFRF & L THENH T, £ D X
D IRENE TIEFTE R T ARMD IR 152 Z & 38 L [55, 56, 57].

ARBFFETIE, 25 DOERIA~OM RS E~O#E A% U, BERA 2 S50 6 Y i S8,
TRk Lo OB BRI 2 R C& 2 X D IS T Dt & L COR— 7 AR 2 et Lz, K
— T AMEE R E Z A T A ST OB A AL & U TR 2 e ko B EIZBIAT O A7
VIBRAT CITBER A 2 B CE RV BMTE L LT HL VWS 2 THL. ¥ 140
A NERNIER % IR DSTFEAE L, FITIZZ T M BT 2885 THANL TON TW 254
R, WA D LD RIBIRLEVEER LSBT 2 & 9 RIBIR b AAET 2. ZHUSK L, BT
DHEA F7 A b TR CIIEEA 2 B AT 5 72 DIC AT L TIRE AT 5 FEE B> T D,
LU 7ehs b, A7 LEAR CIERTR L7z & 9 RIBIRICTH R ISR 2 8T 5 Z L R TE T,

FERIAI 318 L TR WIS TS LIS T VI =0 A8 @06 T DS & 34

~
>/

LTLED. EEOAET A R OIXZ ORI L, L0 Z OBRFIZRE 1T ThE
THNETEDLLIICTHD[18], FNTHHUTERWIGEIZT VI =T LG8 E L
TLE S ELAHIY B> THL L TV 5[58]. ARFFETIE, BERIAIZ R AT S
DIXEDOREE R DENEN OIS YD 2 & THRIRT HFEL LTAR—T A2 RET

2.
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9, R— T 2EEERE BT 2 HIEIC OV T, 8RO & RIS REEMEAET
V=R B S TR—T ZAMERZ Y L, TodRMEREz i+ 5 & & bicR—
AREERNE ORILOREBEBE L, TV A XOFHARLER 24 L7z, BEOR/NIL
S KT 50um BT T 0 [59], TAULA A A MEECIEET L S = AAAIMEA L7
WIED L EWVMEE SN TEY, KRB WD TRV NAILICER T VI =0 A588MRA LT
LEIZ L TEORDAEENRRAGBEL 2D 2 THT 270 THD. —HT, BERAIDY:
L & WS BRI B Z OFIHN AIRER RO A X2 it T 20 B HDH. iz, 2Dk
& AR — T AREER ORI TIREBIZ OV CEER & UIHIN L% OZREZBEE L2, KRIZ
G B AR — T AREREARIS R LB 2 250 S 2 R ATV, BRI 012035 12 B e E )
RMHHEHEZFHII L7z, £ LT, A—J A&z &l LicE ka0 2 -EL, &£
BUCIRB T L 2 =07 AR EZEE AN & & ORENREER X ORERENREE ) & #Er IC B 1T
D WN—T AR DO B2 BE L.

7, MIRREMAAE TITMRERE~ORAT I LT ZHIEH L, GBI R —
MR A D70, WA MRS 2BK T, KEIF 0T L HIE SR TH 50 TR
FEEHRTDHZ ENTRSNZ[60]. L3>, @GNS 2507 R 23 HE [ &
IR %N — T AFERDETERIFIZ OV TR L, £ Ol REFEDIRGE & 85 MDA %
ERLT.

BB, FERICAR— T AEERE &R LM 2 W TH A 7 A MNFEZITV, BERAl %
SR B YT SR O BFEZAT - T2 BRI MIC RIET B2 HE L, (ko A7 L
B 5 AUk L ORI AR LT,
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2.2 R—7F AEEEOBE L T
2.2.1 F—F ABEERERIE

WECERHEHORBA IR Z X 112, EERMEER 1ITRT. BB L, POMIcERg)
50 mm DR — T AEEREZEE L, ZOIMEE L TRILAFE L 722V SE Rl 2 5% 1 72
WA U 72 258 3 RIRVE RS 615 C & D AR R EIT L O LUMEX Avance25 T&
L. ABAOESIZ5mm &L, EEREOHLZET L THEEBOR—7 AMERZER L.
WKk, R EEE 7 L — hORiE U A YGEN T (=255 MV2400S) TEID
BEL7z. F7o, EEHFREOUHIN LN EEMEIC KT T HELRRL7-0, &Y EZ )
HILZZRB b CER Le. Zodx, ERE2mm OAR—/Lx 2 RI)LT, %0 HE .
200 mm/min, =EmENEAFEEE ¢ 30,000 r/min, Z B~ F :0.15mm, XY v F 015 mm & L
7. FEBRTIE, FOEBICIEY Lo — 7 ARG R~ B 22K 2 i S e, B O TE R
LRI, AN—7 ZEEROME D) B KDL WeDIZER LT, 2L T, FUERERS
B ORI 2K L, Rt L OWnE 2 £ E M cBlET 5 L L big, EREM
EKFRE L OBREZ T, Eo, TRUXEENE CFRETERZITV, ERMREO
OIHINEAE ZE R DM B KT B~ 618, @AINIHR— 7 AfERZEH L 7B

Wi

TR A R 5 2 LR 570D, RIS RN — T 2GR DO RHEIZ G 2 5 228 % 5
B 5720, H—Roa—F ¢ 70 (M)A v 7 A Z—F 2 aF ) i LIRBRA
IZOWTHLZOBRFHEERRZ. h—FRra—7 4 T L 1L, REDRIBKRTHD 7
T—L TSNS =R a—T 4 7SRRI T 5 Z LR TE 58T,
R S - K IXSRUT T 2 BMEPUEIC /2 2 & L b, WHOmMBIIEE T 5 Z &
T&5EENTWA[6L, 62, 63]. I—Ry a—T (v T ELT - =58 7 1AL R W
¥ RT7 7 A MLBEZ FEHE L7z,

AR D K912, BRI 2 ROV NKALZ ZHEA T 5 R — 7 ARERIT, SR L
TACEF M ~OBRSRFE &, &R AN U CHEE T [ ~OEERFHE TIEE UL —HF&ET
FEE L CWTHBRRICERNAE LD & PRS2, BRI L CEE S MIZBEK
A%

S, TOBERKRELMETE 2B 28 UE L. BMBRATEREZN 21, ERFMEZE 212
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AT KR L2 K D ICHDERICERDS 50 mm DR — 7 AREEREER L, TOo4EE LT
RALDMEAE LRV SEREEE A 5% T 72, SEREAE, ERofRic kv iEh s Lz, &
FE5mm THD. £, EEFANIK L CTKFEH EICER T 5B ORf & FEkIZ, L—
PRITEEREDALEE L CIEREITo 7.

Consolidation part by full melting

Substrate

Specimen for permeability measurement

Fig.1 Test piece for air permeability measurement

Table.l Building conditions for test pieces

Laser irradiation Porous Full melting
Laser type Yb:fiber
Wavelength nm 1070
Laser power P W% 320
Scan speed V' mm/s  700-3,000 700
Spot size @ um 200

Substrate S50C
rs(;llig;?ﬁfess Ra Hm 3.5

Metal powder Maraging
Mean diameter um 33
Bulk density kg/m 4260
Layer thickness  pm 50
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Laser path that 1s
50mm usually trimmed by
A tracing the contour
Building direction v
Vector pass
Porous
4
Air g

A-A Section

Fig.2 Specimens with ventilation perpendicular to the build direction

Table.2 Building conditions for test pieces

Porous Full melting

Laser nrradiation

Laser type Yb:fiber

Wavelength nm 1070

Laser power P U 320

Scan speed V' mm/s 1,750-5,000 700

Spot size @ um 200
Substrate S50C

Surface roughness Ra um 3.5
Metal powder Maraging

Mean diameter um 33

Bulk density kg/m 4260

Layer thickness um 50
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Fig.3 Calculation of porosity by image processing
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0029° 20,50 SEI-

Fig.4 Pore size measurement method
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Chamber 1

Compressed gass Chamber 2

Regulator A

Regulator B

to Oscilloscope o 5 to Oscilloscope
Pressure gauge A Pressure gauge B

Specimen
(Consolidated structure)

Fig.5 Overview of air permeability measurement device for porous structures
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p; - Compressed gas entry side output

P,

Output [V]
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p-: Compressed gas release side output ||
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(3 In side : Open, Outside : Close
-4 ] ] ] ] ]
0 20 40 60 80

Time [s]

Fig.6 Output waveform from pressure gauge
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HTHOETEHEHRE Lol ZHUIL—FEERENEMT D2 & TR E— R
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30 '
Maraging steel
Laser power:320W
Spot size: 200pum
20 F .
S
Z
8
3
~
10 .
0
1000 2000 3000

Laser scan speed mm/s

Fig. 7 Relationship between laser scanning speed and porosity

L] L] L] L] 1 L] Ll Ll L]

500 | Maraging steel -
Laser power: 320W
[ Spot size: 200pum

250 ' }

Pore size pm

0 1 L L L 1
1000 2000 3000
Laser scan speed mm/s

Fig.8 Relationship between laser scanning speed and pore size
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Fig.9 SEM image during pore size measurement
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Fig.10 Relationship between laser scanning speed and air permeability
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(a)Without milling (b)With milling

Fig.11 Comparison of porous structure surface without and with milling
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Without milling With milling
Fig. 12 Comparison of air permeability of porous structure surface without and with milling
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Fig. 13 Measured waveforms of porous structure surface without and with milling
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Fig.14 Vertical molding (with VP) model cross section
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F =2250 mm/s F =2500 mm/s
Fig.15 Vertical molding (without VVP) model cross section
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Fig.16 Change in air permeability due to molding direction and presence/absence of VP
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Fig.17 Changes in pore size depending on printing direction and presence/absence of VP
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Fig18 Cross section of carbon-coated object
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Fig.19 Changes in ventilation properties due to surface treatment
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_ High speed camera
diffuser Scan direction

Laser unit \

Base plate
Metal powder

Linear

Fig. 20 Laser irradiation part observation system

Table 3 Building conditions for line building

Metal powder Maragmg steel
Average particle size um 25
Bulk density kg/m3 4260

Base plate S50C
Temperature T 25
Surface roughness um 3.34

Laser nradiation conditions
Heat sowrce Yb-fiber
Wabe length nm 1070
Laser power w 320
[rradiation angle ° 40
Scan speed mnys 700, 1400
Spot diameter um 200
Deposition thickness mm 0.05

Shooting conditions
Shutter speed sec 1/80000
Frame rate fps 80000
Resolution 512X384
Magnification 4
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Fig.21 Observation of laser melting and solidification using a high-speed camera
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Fig.23 Observation of five continuous beads and cross-section observation of porous structure
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Fig.24 Air permeability of porous structure —+ lattice structure
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Fig.25 Two-layer structure of the mold for the release material supply section
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Fig.26 Cross section of two-layer structure
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Fig.27 Air permeability of two-layer structure

44



2.2.11 R— T A EEEOBERLF| O F R Rk O T4l

BIE SN T DT AR — T ARG DU THER | D F s Rk 2 58~ 7o . BRI 0> 125 1)
EHEOMEZ X 28 12-7. BERAIOZEERIEIIE, K28 1R X D ICHNERF2ET T
HNAR— T ZAEEROREGRZ G Lz, N— 7 AMEROEESMEL, il U7z R
ROEMERI—-TRIOI T L. £ LT, WEBICHEERIA A2 Ay, & B S EREZER
AIMA ST & TR =T AMEERN D LA TEEAl 2 ©— 0 THRD, E1itEds
(bR S LR T © AUX220) BRI 8 £ 2 ) L 7=

FEERTHWZBERAI Ok 2R 410, SMBIEHEZB 29 (RT3, BERUANE, B &ORGEE
FL70 DK EDS 2 FiSH, MPEDS 1 FEOAF 3FEA HE L.
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Fig.28 Release agent permeation measuring

Table 4 Release agent specifications

Density Viscosity

Release agent Mg/’ [mPa-s] pH
SRT200 820 10 -
MQ-500 1000 <10 8.9

AZT7560W 1000 4 10
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(a)SRT200 (b)MQ-500 (c)AZ7560W

Fig. 29 Appearance image of release agent
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Fig.30 Relationship between laser scanning speed and release agent permeation amount
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Fig.31 Schematic of gravity casting experiment
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Table 5 Building conditions for a mold of gravity casting

Laser irradiation Porous Full melting
Laser type Yb:fiber
Wavelength nm 1070
Laser power P U 320
Scan speed V mm/s 1,750 700
Spot size © um 200

Substrate S50C
rsgggﬁfess Ra Hm 3.5

Metal powder Maraging
Mean diameter um 33
Bulk density kg/m 4260
Layer thickness  pm 50

W OBFE & i U CHE BRI MRV O 13RI E OIS EORE L, 24 1 A M & fRE
L7 & SITBNICEFA S LIZEEBIRAT 2720 Th L. DF D, BHEHIEE (K
580 C) IZUVMREE CIRGNESRNICIHAZ S5 Z LIk > THIMlIcYImZ st &8, &
A A N OEGIREIRFITVIREE CERAIT O 2O Th 5. X 32 ITHBAMAN HHEE L7z

[EFH R & WG DR 2 7R T
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Fig.32 Relationship between solid fraction of ADC12 and molten metal temperature
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Fig.33 Casting appearance and surface micrograph
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Fig.34 Comparison of flow length due to different nesting
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Fig.35 Comparison of the surface of the casting obtained with the porous insert (left) and the
surface of the porous insert (right)
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DMFEDFEAEICAELRE L TS, —J, A—=F ZAFITH o-Al TR S D73,
BHEATEHBRLTT Y FIA FOREBRA T3 THL. oD Lind, A= ZAAF
DOWEHEITBHEATF LIV /hSneEXBND.

Fig.36 Observation photograph of casting structure. (Left) Porous nest, (Right) Ordinary nest
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Fig.37 Microstructural observation photograph near the die contact interface of a casting.

(Left) Porous nest, (Right) Ordinary nest
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Fig.38 Result of static compression test using cylindrical test piece

with lattice part and solid part

Table 6 Calculation results of yield strength due to different calculation methods

Experiment FEA (Actual model) FEA (Homogenized model)
GPa GPa GPa
Model A 27.1 22.4 22.9
Model B 36.8 34.5 36.2

[X] 39 |Z ElEAE, WESRHEMRRFOTT L A OBIRELZ RT. JE T TR, ki
BRLTEY, 77 4 AEBIMANZIED D Lo IR E 7o T\ D, —, BRETIZEW
T, WEFHHIEMOIZ S 2, FHICHEIROEENRE LIBD TBY, BEEEICL Y ERE—

RPN 72 % A REME 2 R LT Uiz,
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[X] 39. Comparison of deformation states of cylindrical test pieces
due to different deformation rates
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Fig.40 Comparison of Compression Test Results and Structural Analysis Results of
Cylindrical Specimens Consisting of Lattice Layers/Solid Layers
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Fig.41 Various sensors and their mounting positions on the experimental mold (movable side)
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Fig.42 Various sensors and their mounting positions on the experimental mold (fixed side)
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Fig.43 Porous mold for die casting experiment

Porous

* Aluminum product weight=203g
* Outline size=¢110 x 50L

* General thickness=3mm

* Gradient=1.5°

Fig.44 Schematic of porous insert
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Fig.45 Casting results of aluminum products during the casting verification test
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Fig.46 Change in molten metal pressure during die casting due to CC-treated porous insert

63



Molten metal pressure MPa

SRT200
Alummum:ADC12
Molten temperature:650°C
Casting pressure:30MPa
Low speed:0.5M/s
High speed:0.8m/s

0 1 1 Il 1 1

1000 2000 3000 4000 5000
-5

Time ms

Fig.47 Change in molten metal pressure during die casting

due to gas nitrocarburized porous core
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Fig.48 Change in molten metal pressure during die casting
with a porous insert without surface treatment
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Fig.49. Change in gas pressure sensor output voltage during die casting
due to gas nitrocarburized porous insert
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Fig.50 Observation result by X-ray CT of die-cast product obtained by porous insert
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Fig.52 Cross-sectional SEM image of the mold side
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Fig.53 Cross-sectional SEM image of the mold top

Fig.54 Contaminants analyzed by EDX
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Fig.55 Composition comparison of foreign matter and maraging steel
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Fig.56 Mapping image of DX analysis
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Fig.57 Thermal oxidative decomposition reaction of polydimethylsiloxane
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Fig.1 Microtubule cross-sectional geometry
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Horizontal

Vertical

Fig.2 Model used to measure surplus solidified amount

Table 1 Specimen conditions for microtubule cross-sectional shape selection

Laser nradiation conditions

Heat source Yb-fiber
Wabe length nm 1070
Laser power W% 320
Irradiation angle ° 40
Scan speed mm/s 700
Spot diameter um 200
Deposition thickness mm 0.05

Specimen shape

Circle, Rhombus, Square,
Equilateral triangle

Microtubule size pm 50~1000

Number of microtubules 10

Building direction Horizontal, Vertical

Cross-sectional shape
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Fig.3 Change in surplus solidification amount in horizontal printing
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Fig.4 Cross-sectional observation of microtubules
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Fig.5 Change in surplus solidification amount in vertical printing
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Fig.6 Lattice structure of release agent supply channel
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Table 2 Specimen conditions for microtubule cross-sectional shape selection

Laser irradiation conditions

Heat source Yb-fiber
Wabe length nm 1070
Laser power w 320
Irradiation angle ° 40
Scan speed mmv/s 700, 1400
Spot diameter um 200
Deposition thickness mm 0.05
Specimen shape
Cross-sectional shape Circle
Microtubule size pm 100~500
Number of microtubules 10
Building direction Vertical
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Fig.7 Changes in microtubule size with and without lattices
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Fig.8 Change in occlusion probability with or without lattice
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Fig.9 Test piece simulating a porous mold
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Fig.10 Overview of air permeability measurement device for microtubules
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Fig.11 Ventilation in vertical printing
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Permeability of compressed air
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Fig.12 Ventilation in horizontal printing
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Fig.13  Die for experiment of die casting
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Fig.14  Detail inside the nest of the casting experiment
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Fig.15 Differences in exuding parts in molded products
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Fig.16 Change in mold temperature during continuous molding
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Fig.17 Relationship between maximum gas pressure in mold
and mold temperature during continuous molding
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Fig.18 Relationship between mold release force and
mold temperature during continuous molding
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Fig.19 Relationship between mold release force and
mold temperature during continuous molding
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Fig.20 Breaking load of die-cast products with different release agent supply methods
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Fig.22 Microtubule test specimen

Table 3 Exudation test conditions for Microtubule specimen

Supply pressure MPa 0.04,0.08,0.12,0.16,0.2,0.4
Design size um 150,250,350,450
Microtubule angle ° 0,30,40,50,60
Exudation time sec
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Fig.23 Microtubule actual size to set size
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Fig.24 Optical microscope image of microtubules
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Fig.25 Variation of exudation amount of release agent with microtubule size
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Fig.26 Variation of exudation amount with release agent supply pressure
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Fig.27 Variation of exudation amount with building angle of microtubule
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Fig.28 Detail of die-casting die with microtubules

Table 4 Conditions for die-casting experiments

Experimental condition number @D ®@ ® @
Presence of micro-tubes X O O O
Casting pressure MPa 48 48 48 48
High speed injection m/s 1.8 1.8 1.8 1.8
Spray volume ma/s 200 - - -

Supply pressure MPa - 0.06 0.1 04
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Fig.29 Comparison of release force in different supply of release agent
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Fig.30 Comparison of surface temperature in different supply of release agent
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Fig.31 Microscope images of die-castings in different supply of release agent
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Fig.32 X-ray CT image of die-castings in different supply of release agent
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