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Prediction and Evaluation of Ejecting Stress Distribution at Die

Surface of Die-Casting through Numerical Analyses

Masamichi KAWANO, Satoshi UNO and Naoki YOKOI

Synopsis

The equation of cast ejecting stress at a die surface was derived by considering Fe-Al compound layer formation at the
boundary between SKD61 and ADCI2. The activation energy Q of Nlexp(-Q/R/T))dt was estimated at 313 kJ/mol using data of
previous soldering. The equation was incorporated into MAGMASOFT, then the influences of temperature of molten ADCI2,

internal cooling condition of die and surface treatment on ejecting stress were evaluated. The heavier the soldering, the higher

the ejecting stress. Numerical results indicated that a lower temperature of molten ADCI2 and die cooling by inner water line
leads to lower ejecting stress. A marked decrease of ejecting stress was observed in the case of surface treatment “AMICOAT"-D”
even under the condition of higher temperature molten ADCI2 with no internal water cooling of the die.
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Fe/Al compound layer is observed.
Table 1. Estimated activation energy Q for Fe/Al compound
layer formation. Previous soldering data" of

SKD61 and ADC12 was used.
tal/s | TA/K | tg/s | Tg/K |Q/kJ/mol|average

100 | 786.9 | 1000 | 754.1 346.2
100 | 786.9 | 10000 | 721.4 331.7
100 | 786.9 |100000| 686.9 310.3
1000 | 754.1 | 10000 | 721.4 318.3
1000 | 754.1 |100000| 686.9 295.0
10000 | 721.4 |100000| 686.9 274.8
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Fig. 2. Core-pin like specimen of soldering experiment
on die-casting. Dimension is given in millimeters.
Specimen is mounted in a die located close to
the injection gate. A thermo-couple is inserted at
1 mm below the surface of the specimen.
Table 2. Conditions of die-casting.
Factors Specifications | Notes
Al-alloy ADC12
Molten temperature 670~700 C |Furnace
Cast weight 600+15¢g
Plunger Early stage 0.2m/s
motion High speed 1.6 m/s
Cast pressure 65 MPa
Total time 31~35s
Solidification 8s
1 cycle Air blgg‘r/ at;efore 05s
Spray 2~6s 0.5 MPa
Air blow after spray 15s
Water Temperature 23°C Inlet
cooling | volume flux 0~66 m°/h
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Difference between (a) ejecting load P and (b)

ejecting stress F. F is given by considering
the surface area of core-pin then size effect is
compensated.
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. Estimated temperature distribution through FE-

analysis. Marked influence of (a) time and (b)
depth from a surface on temperature can be
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Fig. 5. Transition change of (a) surface temperature Tg
and (b) soldering parameter S=[(exp(-Q/R/Tg))dt.
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Fig. 6. Relationship between soldering parameter S and

ejecting stress F.

Table 3. Linear formularization of ejecting stress F with

soldering parameter S.

Surface treatment F / MPa
None 6.85%(S*10'%)*4*

279*(3*1 019)0.484

0.87%(S*10™%)**

Salt-bath nitrocarburizing
PVD (AMICOAT®-D)
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Fig. 7. Flow behavior and temperature of molten ADC12 in a cavity. Filling rate given by volume fraction represent from (a)

28 percent up to (e) 100 percent.
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Projection

Fig. 8. Transition of die temperature. Filling rate of molten ADC12 represent (a) 28 percent up to (c) 100 percent. At 6
seconds after filling corresponds to (d) just before finish of solidification.
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Fig. 9. Distribution of cast ejecting stress F. (a), (b), (c) and (d) represent molten ADC12 of 700 °C, molten ADC12 of
650 °C, water cooling line in a die with molten ADC12 of 700 °C and surface treatment “AMICOAT®-D” with
molten ADC12 of 700°C under the condition of no internal water cooling respectively.
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