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(ZEFET D, EENEARAFR] O T fER T Fig. 2.1 OXHICAX YW —NERERET 5. G
BORAT, ) ERFA SRR DM 35 LI I ERE 2 i< T2 Th D,

B R AN E BRIV R RO IO I LS s

p;’s (i —uig)= (Mo + M, + M, + M +M,) 2.1)

ZIT, p, B, Vi : AZ I —RYERRE, u,y IS TENZIRBITDWHE, At RFHAIZ, ¢
IRFFH], ML RHESE, M RSYETE, M BB, MR, My X vy —IA
RQ.DOEDEHITLL T OIHNT /25,

(D
JR BRI EL, BEEGEI DR E RS AT D55 (SITBHEEESE JOR, BEEREIR~
T35 62X F OFEE AW,

Mo =Y(npSui ), (2.2)

pﬁ:{pjuj (n ﬁj<00)2:é°) 2.3)

o, (n i, >00D & é“)
ZIZT, n:HEOERXIMVRAZEET D), p B BEEE, S EHE, gy AFYHT—F
BRIV, i« AY >y —RNERHEIZIT D id

()Rt

u. —u
M, :Zﬂ/Sj( ]d IS} (2.4)
J
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TC, po KEMERRER, d i E S oD R

(3)EH
M,=p-V- -gcosa
ZT, g i BIIRE, o i FE ]I MVE IS O TR O/ T A .

(D18
JEI 4y JESR B TCHEARANIZAEL CODb DL RET .
M, = (Pz _PJ)SIS

ZIT, PR B, AX YT —RER IS OFICREMEZNG ENIHHHE

P, T A O EL 25,

(G L —IH

d, e.d.
S ut+Al‘ & + JJ
= HO sl [K K }

i

TIT, e ZE[RER, K BRI, 4 IS DD I L FE TR,

(2.5)
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[ | Region for mass and energy conservation

| Region for momentum conservation

(a) x direction

(b) y direction

Fig. 2.1 Staggered grid for DFDM
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=5 Parting line

Pair

Fig.2.3 Schematic illustration of mold filling process.
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Fig.2.4 Separation of gas group
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Fig.2.5 Combine of gas group
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Fig.2.6 Separation and combine of gas
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Fig.2.7 Flow chart of mold filling simulation for gas entrapment
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(a) with 8 air vents in left cavity (b) with 8 air vents in each both cavity

Tlnj ection

Fig.2.8 Simulation model for checking the effect of backpressure.

Table 2.1 Conditions for checking the effect of backpressure

Material AC4C
Density (kg/m’) 2.385 %10’
Dynamic viscosity (mz/ s) 1.0x10”
Temperature (K) 973
Injection velocity (m/s) 0.5
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(a) with 8 air vents in left cavity

(b) with 8 air vents in each both cavity

Tine = 5.999E-002 ¢

1.461E4001 fmm]

Time = 997E-002 ¢

1.461E001 ]

Time=0.060s

Tine = T001E-002 ¢

1.461E4001 fmm]

Tine = 70108002 ¢

1.461E4001 [mm]

Time=0.070s

146164001 [nm]

Tine = 74568002 ¢

146164001 [mm]

Time=0.074s

Fig.2.9 Calculated mold filling sequences.
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(a) with 8 air vents in left cavity (b) with 8 air vents in each both cavity

Qy Time = 7.443E-002 5 ; % Qv Time = 7456E-002 5 - %
= 4
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Loe e e o, .:?5* o @
. X ° ¥ A A
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~ e > g

1.353E+001 [mm] 1.353E+001 [mm]

Fig.2.10 Gas defects prediction.
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Fig.3.1 Calculation model and element number for sand mold

36

Mold



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

1] * * Pm1 bm1

2

3 * * Pm3 bm3

4] * * * * 1 1Pm4 bm4

5

6 * * * * 1 IPm6 bm6

7 * * * * 1 |Pm7 bm7

8

9 * * * * 11Pm9 bm9
10 * * * * 1 1Pm10) bm10
11 =
12 * * * * 1 1Pm12 bm12
13 * * | * * Pm13 bm13
14 * | x| % * *x [ |Pm14] bm14
15 * * * Pm15 bm15
16 * * | * * Pm16 bm16
17 * * | ok | *x * Pm17, bm17
18 * * | * * Pm18 bm18
19 * * | * Pm19, bm19
20 * * | * Pm20] bm20
21 * * Pm21 bm21
22 * x| * *x | * * * *x | |Pgl bgl

Fig.3.2 Matrix for gas pressure equation in the cavity and mold
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LAY 2 Wz, Fig.2.11 1 IRFRHIEIT IO T v ET A NE S (L ZRL TV 5.
Fig. 2. 12 [ZAFEEAITKT T D E N DB ZRL TD. 7ok, Kia X CTHEINERKE &
DFARES TT X TRRL TN D,

Fig.3.4 MBI TADELIZONTHRYETANENN LA L TNDLIERDLNDL. 2
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53035, Fig.3.4 MBI TAZ 50%(Time=0.5s) THF T A NDJES)1E 1.0 X 10°%kPa, F£TA
F 70%(Time=0.7s) TlE 2.4 X 10°kPa ([ZEEL T\ 5. ZOFE RN, S50 8L T AOPEH
PN SNARWGE AT, SRR v BT A NOWENIEF @L<, B KRERE
B RAZ T W REMED B 5.

l/ Stiff mold

melt Cavity

300

Fig.3.3 Calculation model for gas pressure in cavity.

Table 3.1 Physical properties of air.

Mass (kg) 3.53%10°
Gas constant ( J/(kg*K) 287.05
Temperature (K) 300.0

Initial pressure in cavity (Pa) 1.01325%10°
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O Calculated
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Fig.3.4 Pressure change in square cavity.
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Fig.3.5 Pressure change in square cavity (Pressure vs. Volume).
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3.4. JMSTARTELERLARE D LB

WRIEEED LI 2L — a1l BWT, FrET AR~ H AP O H B K A2
F 57012, Fig.3.6 {RTMNTET VAW REZEKL-. A MEVES% 0.3m/s
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Fig.3.7 13N, MR E N2 TR ORISR O H AE ), 8 L O
ARV KT 9 AN IRIE OFRIFEZE 2 /R LT 5. INEARIE &ERURIE D % ¥ B 7
WNIES DFHXRRZE E, (%) 2 IRECTRAM L 7-.

l/ Stiff mold

melt —
gas

300 300

| <

Fig.3.6 Calculation model for gas escape through sand mold.

Table 3.2 Calculation condition for gas escape model.

Viscosity of air (Pa-s) 1.86x10°
Permeability of sand (m®) 1.56x10™"°
Void fraction of sand 0.375

Initial pressure in cavity (Pa) 1.01325x10°
Temperature of mold (K) 950.0
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Fig.3.7 Comparison of pressure change by uncoupled and coupled method
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Fig.3.8 Effect of permeability for pressure change
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Fig.3.9 Comparison of gas pressure change on each method.

sl AL
300 | .
250 ; ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ;
K% l ]
= i ]
>';20.0 RN /A Ay A R S ¥ ]
E H —S— Uncoupled ¢c=0.5 | -
ie) [ —=— Uncoupled c=0.1 | ]
g 15.0 - Uncoupled ¢=0.01 |
[ —+H— Coupled c=0.5 i
10.0 foffoeeflremeeeetsssmees i
L A T S—, S——
0.0 ‘ ‘ ‘ ‘ .

0.0 0.2 0.4 0.6 0.8 1.0

Time, s

Fig.3.10 Comparison of gas velocity change on each method.
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Uncoupled (c:0.01)
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CPU time ratio

Fig.3.11 Comparison of CPU time.
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=t Pouring basin

Cavity 3

|t

Cavity 2 - Sand mold

Cavity 1

Fig.3.12 Simulation model for sand mold casting.

Table 3.3 Calculation condition for casting.

Material FC100
Density (kg/m’) 7.8x10°
Dynamic viscosity (mz/ S) 1.0x107
Temperature (K) 1773
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Table 3.4 Calculation condition for sand mold.

Viscosity of air (Pa-s) 1.86x107
Permeability of sand (m?) 1.56x10™"°
Void fraction of sand 0.375

Permeability of coating (m®) 2.00x10™"

Initial pressure in cavity (Pa) 1.01325%10°
Temperature of mold (K) 293.0
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(a) without backpressure

(b) with backpressure
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Fig.3.13 Calculated mold filling sequences.




(a) without backpressure

(b) with backpressure
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Fig.3.14 Filling time.
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Fig.3.15 Effect of permeability of sand.
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Fig.3.16 Effect of permeability of coating.
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(CENDNLEZ T ARKGREAETEL THRIL TERY, HUNel ZRMEETHITTETORVLA,
KRFEZIORNT AR % TR TED A REMEDR 5.

44

26

Injection

Fig.4.1 Calculation model for High Pressure Die-casting in 2D

Table 4.1 Material property for High Pressure Die-casting in 2D

Material AC4C
Density (kg/m3) 2.385x%10°
Dynamic viscosity (m?/s) 1.0X 107"
Temperature (K) 973
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(a) G.Backer

(b) Present
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Fig.4.2 Comparison of mold filling sequence
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Fig.4.3 Gas defects distribution.

4.3. KETIWVEBREDLE
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| 100 |

Air vent

Injection

150

Fig.4.4 Calculation model for vertical flat plate casting

Table.4.2 Calculation condition

Material Water
Density (kg/mS) 1.0X 10’
Dynamic viscosity (m®/s) 1.0X 107"
Temperature (K) 293
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Time (a) without backpressure | (b) with backpressure (c) Experiment
e

0.08s

0.16s I

0.24s '

0.40s '

Fig.4.5 Effect of the backpressure on mold filling sequence. (Injection velocity = 1.0m/s)
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Time | (a) without backpressure | (b) with backpressure (c) Experiment
o

0.04s
mo

™ I '

0.16s ' '

Fig.4.6 Effect of the backpressure on mold filling sequence. (Injection velocity = 2.0m/s)
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) Fjection sleeve
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i o~

Fig.4.7 Shape of the die for an engine cover.
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(a) Back view

(b) Front view

Fig.4.8 Product by the High Pressure Die-casting.

Table 4.3 Experimental condition of the High Pressure Die-casting.

Number of Air vent

Air vent gap (mm)

Air vent length (mm)

Air vent width (mm)
Number of Ejector pin
Ejector pin gap (mm)
Ejector pin length (mm)
Diameter of ejector pin (mm)

Cross sectional area of plunger (mmz)

Plunger stroke (mm)

0.15
30
18
12

0.05

180

1630
230
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Fig.4.9 Measured back pressure changes in mold cavity.

(Ejection without melt, injection velocity is 0.28m/s)
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Fig.4.10 Calculation model.
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Fig.4.11 Experimental and calculated results of the backpressure change.
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Fig.4.12 Simulation model of high pressure die-casting for engine cover.
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(a)without backpressure

(b)with Backpressure

0.110s

0.148s

0.154s

Fig.4.13 Effect of backpressure on mold filling sequence. (shot velocity: 0.28m/s)
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(a)without Backpressure

(b)with Backpressure

(c) Experiment by short shot

Time=0.026s

Time=0.042s

Time=0.041s

Time=0.051s

Time=0.049s

Fig.4.14 Comparison of mold filling sequence. (shot velocity : 0.28—1.0m/s)
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(a)Experiment

(b)Simulation

Fig.4.15 Comparison of gas entrapment
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Fig.4.16 Schematic view of the X-ray imaging system.
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Fig.4.17 Furan resin-bonded sand mold No.1 for the gravity casting.

Table.4.4 Material property.

Material FC100
Density (kg/m’) 7.8x10°
Dynamic viscosity (mz/ s) 1.0x107
Temperature (K) 1773
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Fig.4.18 Enmeshment for furan resin

Table.4.5 Calculation condition of mold.

1.56x10”

Permeability of sand (mz)

0.375

Void fraction of sand

1.5x10™"

2.

Permeability of coating (m”

0.1

Thickness of coating (m)
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Time=0.2s

Time=0.5s

Time=0.3s

Time=0.6s

Time=0.4s

Time=0.7s

Fig.4.19 Direct observation of mold filling sequence with X-ray.
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Fig.4.21 Pressure change in mold cavity.
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Fig.4.22 Furan resin-bonded sand mold No.2 for the gravity casting.
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Fig.4.23 Direct observation of mold filling sequence with X-ray.
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Time=0.21s

Time=0.78s

Time=0.40s

Time=1.04s

Time=0.58s

Time=1.32s

Fig.4.24 Simulated mold filling sequence.
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Time=0.21s

Time=0.78s

Time=0.40s

Time=1.04s

Time=0.58s
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Fig.4.25 Simulated gas behavior during the mold filling.
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Fig.4.26 4-cylinder engine block model.
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Close-up

Fig.4.27 Observed gas defect in product.
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Fig.4.28 Simulated gas entrapment.
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Table 5.1 Material property

Material Cast iron Aluminum
Density (kg/m”3) 7800 2385
Viscosity (mPa-*s) 5 2
Surface tension (mN/m) 920 914
0.7 ‘ T 1 ]
i | —— Water ]
06 N S — —— Aluminum |
i : | —+— Castiron |

0.5

0.4 FoNG e e

Velocity, m/s

0.3 N

0.0 2.0 4.0 6.0 8.0 10.0

Diameter of bubble, mm

Fig.5.1 Floating up velocity of bubble in water, steel and aluminum melt.
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Fig.5.2 Floating up height.
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Fig.5.3 Relationship between drag coefficient and Reynolds number.
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Fig.5.4 Apparent viscosity of molten metal.
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Fig.5.5 Flow chart of mold filling and solidification simulation for gas entrapment.
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Fig.5.6. Floating up velocity of single bubble in cast iron melt.
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Fig.5.7. Floating up velocity of single bubble in aluminum melt.
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(a)at the end of the mold filing

(b) at the end of the solidification

(h=3000W/K - m?)

(c) at the end of the solidification

(h=300W/K - m?)

(d) at the end of the solidification

(h=100W/K - m?)

Fig.5.8. Gas entrapment change with various solidification time.
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Fig.6.1 Pareto optimization for multi-objective functions.
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Fig.6.3 Injection velocity with two stepwise for optimization.

Table 6.1 Calculation condition for design variable.

Injection speed:V1 (m/s) 50=V1=500
Injection speed:V2 (m/s) 50=V2=500
Switchng time:t1 (s) 0.01=t1=0.5
Constraind conditon of filling time (s) t=0.5
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Filling (c)v=0.86— (d) v=1.34—
(a)v=0.5m/s (b) v=3.0m/s
ratio 1.66m/s 3.88m/s
40%
60%
80%
100%

Fig.6.4 Optimization of injection speed.
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Fig.6.5 Result of optimization search with NCGA.

Table 6.2 Optimized design variables.

Optimization 1 Optimization 2

Injection speed:V1 (m/s) 85.6 134.2
Injection speed:V2 (m/s) 166.1 388.2
Switchng time:t1 (s) 0.080 0.041
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Fig.6.6 Mass of entrapped gas and filling time on each injection velocity.
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