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Using Computer-Aided Engineering (CAE) to Examine Thermal Stress Cracks on Die-Casting Die Surfaces
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Thermal and mechanical loads on die material are increasing as die-casting products are
growing in size, becoming more complicated in design, and as a result of high-cycle
production. In this study, a die-casting machine was used to observe the damage profile of
the actual die and clarify the influence of the die material and operating conditions. We
examined the relationship between the conditions of use and die damage. Furthermore, CAE
was applied to the test results to examine cracks on die surfaces.
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Fig.1 Example of heat check
(a) surface view (b) cross-sectional view
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Fig.2 Experimental die (cavity model) for temperature measurement
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Fig.3 Layout of the thermocouples (a) plane figure (b) cross-section
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Fig.4 Experimental die for heat check
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Table 1 Casting conditions for die temperature measurement

Casting condition Al B ] c]| oD
Slow shot speed m/s 0.2
Fast shot speed m/s 3
Curing time S 7
Cooling water flow rate £ /min 5 ‘ 3 ‘ 0
Lubricant spray time s 1 ‘ 5
Cooling channel distance - Near‘ Far ‘ -
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Fig.5 Change of temperature near die surface

(TC1.6-TC2.6) /mm
----- (TC1.6-TC4.6) /mm
(
(

120 —— (TC1.6-TC8.6) /mm ]
100 TC1.6-TC14.6) /mm

3

£ 80
< 60
& 40 [
8 20
v

o O
2 20
©

3 -40
o

£ 60
(0

F .80

-100
A B C D

Casting conditions TC: Thermocouple

6 SEURMEFENEEIRNEL
Fig.6 Change of temperature gradient near die surface
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Fig.7 Temperature change comparison of thermocouples of different

diameters
650 e CAE (1.6)
o CAE (2.6)
m CAE (4.6)
e O CAE (8.6)
o A CAE (14.6)
S 550 — MV (1.6)
g — MV (2.6)
© — MV (4.6)
8 500 — MV (8.6)
E — MV (14.6)
(58 Measured value

0 5 10 15 20 25 30
Time (s)
8 EREVIAL-—IalICLIBEHBOLSE
Fig.8 Temperature change comparison between experimental
results and calculation results
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temperature at set times
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Fig. 10 Heat check occurrence conditions and burr progress
conditions (a) heat check of die surface (b) burr progress
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Fig. 11 Relationship between heat check length and burr length
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Fig. 15 Die temperature change at the corner edge during one cycle
process, calculated by CAE
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