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Bfio—o2L LTHAENRTWS, BIZIETAVI=U A, 733 UL, FELUREDRE
R BB AL, F I ECORBENEEEE DR R K DB E ORI e B XA D
A MESHKE B SR ORI K D EEMOTRBEN M LR | FETREZ O
FPMTONTE L, BETIIABEEECHKEBER MG ER EOEMPEELZ X D5 R K72
Bifio—>ThH v, EBEFREMRGEHNE L COEEORBICKRE REZEHEZRZL VD,

DX D B ERE &L BUEIR O T, BRERANE XV NS & E O 8 & s 2 7 < B
ETHNICMYHATE T, TOWMYMADO R Tl b HERREIL, BOERHIIRAET HH5E
KIaZ WIS T WS ZETH Y, ZHIEFHEENCBIT 2 kEOMEE LS X5,
PR TRIIESRICER T2 LRD 2OIZKAIEN D,
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2) FFRI~DBBE 2 MM L T e e 2 Bl S, EMHE2E2,

WIZBFHAER., QIZEFBRTHY . 20 2 OBV TEEM B OB, /)52
TCBILR L CERE R R AT 5, MUl RE TR (FE) & LRMEEL THT 57
DIZIE, BRIV EEE O IT I T 5 @ik, @i, @ & o 7l A BREE T OM B O 2 H) |

IR I B EZ D LE R H D, L LI ZERK, &5 WIXBGMICHRS Z &
IAES TiEenizw, FRFGFBE LR ROZL ATREBSCBICEHDL S 2% 2 Riro Tz,
ZO XD 7RRBUSH LT, il < B EEER BTV DWW TRSEI el 2 B R L2 B D LA
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VIR BT, GHRNENT B EEEBS CIAKFIATE 2 K Ichhofedix, =Y =
YV a— 2 OMERSRENMIZ E LT 2000 FUBETH L, FET Iab—a CORFREY
ML, BEENERR S KX OGGIRAVERE D & KB & HEE LTV 7zad . [RIREIS KB o0 T 30120 R il
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THHERMGTHLEE D RE, BB LN ZAEEALR EOKRIMIZOWT, BEMATIC
LD THREDBFEAZ B E L, IREIH OBEESCES OB IR EE) 2 &4 B & L7 KM Tk
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1. 2. &EXMDOSHE

B K b O B BRI DU T BESE &2 HDNT 1952,55 4EIC 7 7 o A TRIBENIIT S H,
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ST, ZOEBSVREIEEZ S LICLT, BT LI =0 AW O KIEIZHOWTIE
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EOM BN EA DO RN FTZIBIMENTWS, Table 1-1 (2 E2 & R Mo 4HE & A E
KN%7Rr9, B-1.C-3.D-1.E-1.G-1 1ZG PR T DKM, F7- B-2.B-3.C-2.G-2 I LEE[H
NEBRTHKRMBE LT, TNETNDETELI EEZBND,

Table 1-1 Typical casting defect and factor

group defect name factor

A Metallic projection 1.|Flash, Fin imperfect or broken of mold

Air or gas entrapment,

1. . casting plan
Gas porosity gp
B Cavity 2.|Shrinkage cavity solidification shrinkage
3 Micro porosity, solidification shrinkage
‘|Micro shrinkage cavity gas of molten metal
1.|Broken casting mechanical stress
. N . generating stress during,
2.|Hot crackin g .
C Discontinuities g solidification or cooling
3.|cold shut low tempe_ratu_re of melt,
surface oxidation
. . melt fl attern
D Defective surface 1.|Flow marks, Fow line OWP ?
surface oxidation
. temperature of melt,
1.[Misrun b IE
E Incomplete casting ackpressure
2.|Poured short insufficient melt

. . shrinkage allowance error,
1.[Incorrect dimensions

F Incorrect dimensions or shape low toughness of mold
2.|Mold shift, lam off etc. imperfection of mold

oxide film, slag,

1./Inclusion entrapment .
P treatment of melt, casting plan

G Defects of structural quality 2.|segregations solidification and melt flow

3.|Abnormal structure chemical composition

1.3. fEROHE
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D, BATIE 1985 FEI2%m 6 10 12X W IBIREEM O M TONT= OB EE D TH D,
T OfENTIE & L CIE MAC 4 1Y, SMAC ik 12, SOLA-VOF £ 19 B #2755 75 195 )3 Bl g
S, TNHEHWTY 7 My =7 OB ED LN TEZ, Bty Iab— a3 O
FMPNE, B BRI ONE & GBI ANE O S WHENT T O RALTIEN E & A K54
LB O e & GRAVIRREORFHZ L 0 KGO AZHEE L CE e, T DOHEIELSHE
DBREOEMERZRFHIZIIA N TH 22, FBA ., CEIZRFEMmAE L <. RO THEICIE
AT ORI A LB L Lz, OO RETIESKRI /T A =2 LIck b5
B DD EEN R KM THNCEAT 22 R < KD BTV D, Table 1-2 ([ZHHRALIC KD
AT MM R R TH L5000 RE, B, & Cb, Gk, T - BIEWEZIARRE
DKRMaTHIEE ZDOHFEHONWT, BEOMIEERT,

MY T, BP0 ~OBBEN L H2WGOREKRTAREL, MEE RS,
GV P ISR E DN RARRRIRE L VIR e b &, BEMENEHT 5, S HITIREME T LIE
FENEL 725 LGRS N EE L 220 | BeEIICITES RN IR L, BEID RRB35A
T 5, Kubol® b (X% OIRFAFE SRR ZRLL T O I3 mE AME 45 & LT, HEDY R
BOTYHIZIT- TWD, £72 Xul? 5B KO Sztur!® S 13 EGOREMEEZIBEIZ L W 2L T
WENRE O THZR A, GREO AR THIORGEEEZ R L, L2ELERG, OFRY ARRNHRE
AT DEFED 0.1 T2 BRI E AR L CRENSRETH D, @FMEEL
DR ISTEN B2 S TWRY . @FEhE (R 2 HE Lga ) R R OFRAEZ T 2 )ik
IZOWTEF A REFBIT O TR, R ERGFTRERENH 5, WEME ILOEEIZHS
W T Flemings?®d, $58UEE) & DOREENIZ K W IEG OB 1R 2 5546 B8 L OEEO EFH
FENERTLHEEHT VD, EBEMANED LI2IRETOREIZ OV T, Al-Cu,Al-Si
RERIRED~ v —RETEROGEOSGE . FMIIA S TR & LI E) L2 ORMEITHE
—RAED BT ORMEE LTIV BB AEETHL EEBEZXOND, ZNHDOZ ENLEFEID
REOFRNCE N T, BIREAEE ORMEE ZBIC AN, & DISHENE L4042z 72K
fa T HIOBRE B MLEEZ X BND,

WERE DR TR D2 BRI ARIZELRWEETYH ., WHATRBIICEERH 5038
UOKIERBET D2HARD D, B, KBRS (RERREL) O/ TCRE L2y
o ORENE L) ~OBRGERFICES N+ TRWI LTIV RET S, WEOEMEN
G AETDIEEEHSBRWEETH, AR > TH LOBRETLLERN DD, &
Ui, GO WEHICRAE L GAERMOBILIEPSEEL TND LEXLNTWD, B,
B Lol DWW TR, EROFRAIKEE 1920 BRI 19, e~ — I OB 2072 &7 5 Tl
ARECTH D Z ENRBI N TS, Bk, & Cbid, BERSEFEIRECodii. WO



Table 1-2 Defect and prediction method

Estimation .
Defects . Explanation Reference
method/Criteria P
Critical temperature or F|II|n_g stc_)ps_when melt temperature or_ _
Lo fraction liquid becames smaller than critical |Kubo et al.(17)
fraction liquid
value.
. Elements where back pressure becomes
Misrun Back pressure higher than a value Kano et al.(18)
When the solid fraction of melt becomes
. . - . Xu et al.(19)
Solid fraction method above a critical value, the melt in the element
Sztur et al.(20)
becomes stagnant.
Cold shut Evaluate according to the flow-in situation

Surface fold
Air entrapment

Flow-in simulation into
elements

into elements. For example if melt flow-in
through all surfaces of an element, the
element has the worst point.

Ohtsuka et al.(21)

Cold shut

Front marker method

When front markers generated at the melt
front collide each other, the defect appears.

Anzai et al.(22)

Front temperature
method

When the temperature of an element
becomes below a critical value and melt
flows-in the element through multiple
surfaces with a collision angle, the defects
appears in the element.

Kano et al.(18)

Air entrapment

Finally filled elements

It is assumed that finally filled elements trap
air.

Anzai et al.(23)

Bubble maker method

When melt collides with each other with
velocity vector angle larger than a critical
alue, bubble markers are generated and
move with the melt. If the markers reach the
free surface, they are deleted. The defect is
evaluated form the residual number of
markers.

Hirabayashi et
al.(24)

Backpressure and marker
method

Backpressure and gas escape are taken Into
consideration. A marker of gas porosity is
created when a gas group is surrounded with
melt and it is smaller than the element
volume

Kimatsuka et
al.(25)

Inclusion Entrupment

Traking method

Simulation of movement of inclusion with
melt flow.

Backer et al.(26)
Maru et al.(27)

Maker and cell method

Marker particles are created when free
surface collides with fluid and mold.
Number of markers creating on free surface
are related with collision area and velocity.

Sako et al.(28)
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2. 1. %

o

GBI 2 ARARRMEO—2ZGE 0 RERHIT 550, SO ERIZH T
STIEWNIZHRED ZFER LRI RARBBAELRWHRERET200MEE 05, B
DAROFERE LTIE, HEOREBIOBGEERTO2ONEZX 65, HiEIZOWD
Tik, BEEZBE L BUEMTEOBRRE R THhTnD VD —J7 ) BN OIRE N IZR
LCik, BEMHEOEHNC X 2%E0 R TMEo B & 2 VI3 o PHSHIC K 0 iiBhE ki
BELZENMBNTWD 8, ZDO X5 RGEOEHRNEN TIX. RGHEOEILEEBES D
VERH DL, Xu b 2F, Al-10mass%Si &4 (LA F%IE mass% % /~7) Z AW CimEhE ik
RF DR EN R 4 EBR & iRt TR L, BRI AR PRIOREMHELZHBET L TWD, UL, iiE
FORPEDEL D v, B X OWHENF ORI HOWTIIAHRTH 5, Sztur & 103,
Al-8%Si-3%Cu & 4 DGR & BRI U T 3 BeBEIC 2 b S SRIT 217V B & bl L
TWd, LLenb, EELoEMESR GREIRAEMEER) 13 0.1 L/hS<, KitkoRy
W, HOLWEFEHEFERICHERSS BN, £, KEDL NIXA A NG OY;
MY ARRTHEZAT > TOD A SITANT ORMEZRAEROREE L L TIRIT 21T > TV 5725,
ST REPE DB Y B s K OWREN IR [E A 370 & DO PRENME L S&F O W TIE+ 32 BLENTD
AN GAVASAN

IR BE D PEALIZ DWW T, EARH Z AN R 256, 3 K OEA & i 23[R IS
REATHHAICKBITE D, FIELE LTIET > F T4 METORMOTHNN Z IS TS
N, ZOHWHRF LAV —Fin s L CRAMFPORMOBEELZET D 2 L1 X0 iR
BTHDHEBEZLIND, —H. Al'6%Si &4, Al-4%Cu & 45 O LAY e [ #iPH 0 )L W& 4
TIHEMA G S LTRELEL (vyv—8EZY A 70a4) W, BEHIXEMEE & B
BHBHTLLE2OND (Fig2.1)., TRLLINOLOESITHREOLSITHY L, &
B OREVET ERIR SR O BT ORI L VRV x5 L EZRBRD,

Z 2 TARETIX, BimAvHICaSH L7 BEMITIERME & & SICBEI T2 & E LB RO
ELTRNTORMEEZRD, SLICHEEBEILOFMMZMNA5 Z Elck v, BEEE S BRN
REBIQEGRERY AR THZIT O FEICO W THHNT S, £z, JIS AC4C A4
(A1-7%S1-0.3%Mg) MR EEY 2 F IR ENE ILRF O UREN R &2 JE U, AT 5 R & Hhie it
Do SHIT, S ERUY A ZXDOT 7 U ABHIERKET VIGEICL Y, DADEBEZARL L L
OBERILZBIET 2, mEIC, B L XM TREZ R E ) EEE TRESNLTND T
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(a) mushy type solidification. (b) dendrite and shell type solidification.

Fig.2-1 Schematic of typical patterns of solidification
(a) solid-phase is particle-like and easily flows with the
liquid, like a single phase
(b) solid phase on the wall is dendrite and the liquid moves
through dendrites

2. 2. WRESBHOHEEERFIE

Fig.2-2 [IZEBIZ AW BIREED I L O 08K 2 7R, $5%~T1EI3 R & 550mm, 17
30mm T, EE1X 9mm & 4.5mm O 2 A U L7z, S$FRIIRFHUETHY | £
S EITGMNBIEDO T DICAHET T AW, ZOAFET T AZ@ML, ETATAT
IR GiRiviREE 2 Bl FiEk LT, BREG@ITM kD ACAC &% MW, BH EEICEk
F72HD S 50mm D& S £ THEGZEAL, BEBFAZREICE LZKR TR by "—%
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Fig.2-2 Geometry of test castings and die.
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Fig.2-3 Apparent viscosity vs. fraction solid calculated with equation (2-1).
White circles show apparent viscosity of Pb-15%Sn alloy maesured by

D.B.Spencer et.al.??.
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Fig.2-4 Effect of shape factor, k, on apparent viscosity curve.
Solid lines: calculated results, numbers: value of k.
A A O, O: viscosity cahanges of Al-7Si-0.3Mg alloy
shared at 27s™, 54s™, 108s™, 2165, respectively, measured
by WR.Loue et.al.?.
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Fig.2-5 Schematic presentation of flow stop.
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Fig.2-6 Variation of molten matal temperature during mold
filling. Closed circles show measured results and solid
line shows simulated result with h=8400W-m.K™.
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Fig.2-7 Observed mold filling sequence poured at 973K.
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Fig.2-8 Comparison of simulated mold filling of constant viscosity
model with variable viscosity model. Pouring temp.: 973K and
thickness of castings: 9mm.




-893K

I873K
853K

(&) constant viscosity model
0.4s after pouring

(b) variable viscosity model
1.0s after pouring

Fig.2-9 Simulated temperature and velocity profile of surface and
longitudinal cross section.
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Fig.2-10 Schematic drawing of velocity profile and narrowing the
flow channel.
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Fig.2-11 Effects of pouring temperature and thickness on flow length.
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Fig.2-12 Comparison of experimental and simulated flow length.
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Fig.2-13 Effect of critical fraction of solid, fs, on simulated flow length.
Thickness of castings: 9mm and pouring temp.: 973K.
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Fig.2-14 Effect of shape factor of particle, k, on simulated flow
length. Thickness of castings: 9mm and pouring temp.:
973K.
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Fig.2-16 Microstructures at P1 and P2 indicated in Fig.2-15(a)




side view

entrapped air

Fig.2-17 Obseved gas entrapment in the vicinity of gate in a water model.
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Fig.2-18 Direct observation of bubble emarging in AC4C castings.
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Fig.2-19 Direct obsevation of particle moving towards flow front in the water model.
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Fig.3-1 Geometry and assembly of the mold for aluminum plate castings, Type I.
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Fig.3-2 Geometry of aluminum plate castings, Type Il and IlI.

Table 3-1 Casting conditions.

Type Sample Pouring temp. (K) Remarks
of casting No. leftgate | rightgate | At(s) | AT(deg)
1-01 1023 973 0 50
1-02 1023 943 0 80
Type | 1-03 1023 923 0 100
1-04 1023 903 0 120
I-10 1023 1023 2 0
Type Il 11-01 993 0 0
Type Il 111-01 993 0 0

At = pouring onset time difference at left and right gates
AT = pouring temperature difference at left and right
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(e) schematic drawing of velacities in the case of (b)

Fig. 3-3 Schematic drawings of various patterns of melt confluence.White
and black arrows indicate direction of melt flow and velocities
defined on element surfaces in the numerical simulation,
respectively.
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Table 3-2 Parameters used for numerical simulation.

Lo K fsc h
dynar.nic. viscosity shape factor critical fra.ction heat transfer coefficient
of liquid metal of solid
m?/s - - W /(m? K)
0.01x10™* 200 0.52 8820
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Fig. 3-4 Photographs of aluminum plate castings, Type I.
Black arrows indicate confluence lines.
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Fig. 3-5 Microstructures around a confluence line in Type | castings.
White arrows indicate confluence line and numbers under photos
denote depth of the confluence line.
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(b) simulated flow pattern (0.33s)
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Fig. 3-6 Observed and simulated flow patteran of 1-03 casting and
predicted flow lines by three methods presented in this paper.
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Fig. 3-7 Effect of mesh size on predicted results of the

velocity vector method in 1-03 casting.
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Fig. 3-8 Evaluated results of confluence line in Type | castings by the
combined method of the velocity vector and fraction solid methods.
Gray and black points show elements with fs value 0.05-0.52

and 0.52-1.0, respectively.
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Fig. 3-9 Observed and simulated flow patteran of Type II
casting and predicted flow lines by three methods
presented in this paper.




(b) Type III (bottom view)

Fig. 3-10 Bottom views of Type Il and I1l aluminum plate castings.
Black ellipses and arrow indicate flow marks and cold shut
respectively.
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Fig.3-11 Prediction of flow mark and cold shut for Type Il and 111 castings by
the combined method of the velocity vector and fraction solid methods.
Gray and black points show elements with fs value 0.05-0.52 and
0.52-1.0, respectively.
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Fig.4-1 Side view of a tire-mold aluminum casting.
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Fig.4-2 Schematic drawing of the aluminum casting and gating system.
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Fig.4-3 Schematic drawing of water simulation experiment for direct
observation of mold filling.
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Fig.4-4 Location of porosity defects (color check).

Fig.4-5 Porosity and solidification structures around the rib.
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Fig.4-7 Observed mold filling sequences of the tire mold aluminum casting.
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air involvement

Fig.4-8 Observed mold filling sequences in the water simulation
experiment (previous ingate).

runner

Fig.4-9 Observed mold filling sequences in the water simulation
experiment (modified ingate).
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Fig.4-10 Simulated mold filling sequences of water with
consideration of basin.
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Fig.4-11 Simulated mold filling sequences of water without
consideration of basin.
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Fig.4-12 Simulated mold filling sequences of tire mold aluminum casting.
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cross section around rib

Fig.4-13 Simulated mold filling sequences around the rib of the casting

when the previous ingate plan was used.
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Fig.4-14 Simulated mould filling sequence around the rib of the casting

when the modified ingate plan was used.
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Fig.5-1 Geometry and assembly of the mold for vacuum suction casting.
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Fig.5-2 Schematic of experimental setup.
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Fig.5-3 Schematic model of gas evacuation with vacuum chamber.
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Fig.5-4 Directly observed mold filling patterns by X-ray at reduced pressure of
8kPa and reducing pressure rate of 4.2kPa/s.
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Fig.5-5 Directly observed mold filling patterns by X-ray.
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t1,t3ts5tsindicate the time shown in Fig.5-4
Fig.5-6 Pressure changes in the cavity of mold during vacuum suction

measured through the gas hole drilled on the upper-left side of
the mold.
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Circles show positions of gas entrapments, which agree well with the
experiment shown in Fig.5-4.

Fig.5-7 Calculated mold filling patterns with consideration of gas evacuation and
backpressure evolution (Calculation conditions corresponded to experimental
ones shown in Fig. 5-4).
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Circles show positions where characteristic flow patterns of vacuum
suction casting were observed in Fig.3-4.

Fig.5-8 Calculated mold filling patterns without consideration of gas evacuation and
backpressure evolution (Calculation conditions corresponded to the same
experiment in Fig.5-4. However, differential pressure between melt in the
pouring gate and gas in the cavity is simply used as the boundary pressure of
melt at the entrance of pouring gate).
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