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Abstract This study conducted a prototype development and evaluation by performing die-casting mold
design, mold manufacturing, and injection condition optimization based on flow and solidification
analysis to meet the needs of the coupling parts produced by die casting. Through flow analysis, the
injection conditions suitable for 100% filling in the cavity were found to be a molten metal temperature
of 670 T, injection speed of 1.164 m/s, and filling pressure of 6.324~18.77 MPa. In addition,
solidification close to 100 % occurred in all four cavities when the solidification rate was 69.47 %. A
defect inspection on the surface and inside the product revealed defects, such as poor molding and
pores. In addition, the dimensions of the injected product were within the target tolerance and showed
good results. Through the feedback of the results of flow and solidification analysis, it was possible to
optimize the mold design, and the injection optimization conditions were confirmed to be a total cycle
time of approximately 6.5 seconds. Good quality carrier parts with an average surface hardness of

approximately 45 mm from the gate measured at 97.48(Hv) could be produced.
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Fig. 1. Comparison of existing(left) and new product
(right)
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Table 1. Chemical compositions of aluminum alloy

Materials Al | Si | Cu| Fe | Zn | Ni | Mn | Mg

Composition(%) [84.7]19.0|3.0|1.2] 10|04 |04 |03

Table 2. Conditions for simulation

Factor Condition

Cavity S45C

Die SKD61

Cooling Water

Cavity 670

Templél:;ilre("c) Die 150
Cooling 30

Filled ratio of sleeve(%) 25.252
Casting pressure(MPa) 60
Plunger diameter(mm) 60
Slow shot velocity(m/s) 0.4
Fast shot velocity(m/s) 2.518

Length of shot sleeve(mm) 226.19

Length of fast sleeve(mm) 290.01
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Fig. 4. Analysis of filling pressure
(a) pressure 0% (b) pressure 50% (c) pressure 90%
(d) pressure 100%
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Fig. 5. Analysis of filling temperature
(a) temp. 0% (b) temp. 50%  (c) temp. 90 %
(d) temp. 100 %
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Fig. 6. Analysis of solidification rate
(a) solidification 0%  (b) solidification 29.88 %
(o) solidification 50.31% (d) solidification 69.47 %
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Table 3. Die casting conditions

Ist 2nd 3rd
Position(mm)
15 55 150
Speed(%) 0.40 1.20 212
5 molten metal mold cooling
Temp.(C)
720 140 70
Position stop origin pressure up
change(mm) 330 392 250
cooling pressure add retraction
Time(s)
1.5 1.0 6.5
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Table 5. Result of the vickers hardness measurement

Diagonal length of
No. of| " diamond marks(m) d Result
tests (mm)
dl d2
1 0.3083 0.3085 0.3084 96.96
2 0.3070 0.3069 0.3069 97.90
3 0.3092 0.3092 0.3094 96.32 | 97.48 Hv
4 0.3054 0.3059 0.3053 98.93
5 0.3079 0.3080 0.3079 97.27
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