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Behavior of Heatcheck Cracks on the Dies during Diecasting
Nobuhiro Tsujii, Masashi Takasugi and Genryu Abe

Synopsis : The behavior of heat checking occurred on the cavity insert made of SKD61 hot work tool steel during
aluminum alloy die casting was investigated. From the result of periodical observation for heat checking
printed on the cast products it was clear that the heat checking cracks were composed of two types of
cracks i.e., primary and secondary heat checking cracks. At the beginning of primary heat checking, cracks
initiated on the surface of the die and grew parallel with each other. Subsequently, secondary heat checking
cracks occurred at the primary cracks and grew with the direction at right angles to them. Heat checking
cracks which propagated inside of the die possessed the similar secondary cracks and these cracks were
connected each other by cyclic stress during die casting. Consequently, spalling of the die occurred. It was
also found that softening occurred in the vicinity of the die surface and the softening depth was in good
agreement with the mean cracks length of heat checking.

Key words : die casting; hot work tool steel; heat checking; low cycle fatigue; failure analysis.
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Fig.1 Appearance of cover dies.
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Table 1 Chemical composition of steels used for cavity inserts.

(mass%)

Steel C | Si| Mn P S Cr| Mo| V
A | 0.38(1.0 (0.42 |0.012]|0.001| 5.0| 1.2 |0.50
B |034|1.0 |0.42 |0.007|0.001| 50| 1.2 [0.55

Table 2 Specifications for dimension, heat treatment and
mechanical properties of cavity inserts.

190 x 190 x 65 mm
1303K x 2h AC — 833K x 4h AC + 881K x 4.5h AC
Steel A : 43.8HRC, Steel B : 43.5HRC
Steel A:41.4J)/cm 2, Steel B:39.5J/cm 2
(* JIS No.3)

Dimension of cavity insert
Heat treatment

Hardness

Charpy impact value
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Fig.2 Results of dye penetrant test showing cracks occurred on
cavity inserts after 2X10* shots. a) Cover die b) Ejector die
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Fig.3 Comparison of heat checking occurred on the surface of
dies between steel A and B. a) Steel A b) Steel B
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Fig.4 Cross sectional view of heat checking.
a) External view showing the sampling position A an B.
b) Optical micrograph in position B.
c) Optical micrograph in position A.
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Table 3 Results of measurements for heat checking.

Steel

Number of
cracks ( /10mm)

Mean
crack length (mm)

Maximum
crack length (mm)

A

29.5

0.28

2.30

B

28.0

0.27

2.60
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Fig.5 Hardness distribution of the die from the surface.
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Fig.6 Heat checking printed on the cast products at various
shots of casting.
a) 3X10%, b) 4X10%, c) 5X10%, d) 8X10%,
e) 9X10%, f) 1X10% g) 1.5X10% h) 2X10*

Fig.7 Typical heat checking resulting from scratches produced by
polishing.
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Fig.9 Cross sectional view of heat checking with branched
cracks.
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Fig.10 Schematic illustration for processes of heat
checking growth and spalling occurrence.
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