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Investigation on quenching cracks for automobile hood hook in the
heat treatment process
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Abstract

SAE 1541 steel was used to produce the part of automobile hood hook. It was inspected that the surface cracks
was suspected the quenching cracks in the heat treatment process through the UT examination. In this study, the
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damage analysis of the failure part was conducted to realize what caused the quenching cracks initiation and
propose the effective improvement suggestions. According to the comprehensive damage analysis results, there
are four reasons for the quench cracking: 1. The cooling speed is too fast when quenching so that the hardness
value is too high and the tensile stress at the surface is much higher than the interior. 2. The micro decarburization
in the surface makes the discontinuous stress distribution formed in the interface between the surface and the
subsurface during the quenching phase transformation. 3. The surface quality is poor after pickling, and the stress
concentration occurs due to the notch effect. 4. The induction heating is overheated or the temperature rises too
fast, causing the grain growth and thermal stress change too much. According to the above quenching mechanism,
the improvement scheme is provided: 1. The concentration of the polymer quenching liquid must be monitored,
and the hardness after quenching is controlled at about HRC 55. If the hardness value exceeds HRC 56, there are
quenching cracks formed where the local stress concentration is, or the notch effect. 2. Control the spheroidizing
annealing furnace atmosphere to reduce the thickness of the decarburized layer, especially to avoid the occurrence
of the full decarburization layer. 3. Shorten the pickling time to avoid excessive acid washing to cause surface
defects. The mold must be inspected and repaired if found the defects on its surface to avoid scratching the hooks.
4. It is advisable to reduce the induction heating rate of the sample, slow down the heating rate of the hook, and
avoids the occurrence of overheating. After the subsequent improvement of the above related processes, the
problem of quenching cracks of the hood hook is effectively solved.

Keywords: SAE 1541; Hood hook; Quenching crack; Induction heat treatment.
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Figure 1 Appearance of cracked hood hook.
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Tablel  The chemical compositions and DI value

of SAE 1541 steel.

! 1.79
C 0.41
Si 0.20
compf)lsli?(:;c ?\lvt %) Mn 1.53
P 0.014
S 0.005

=2 SAE 1541 §fi#f ASTM LRI FEERE™ -
Table2  ASTM grain size numbers of SAE 1541.

Grain size numbers
Maximum 7
Minimum 6.5
Average 6.7
Standard deviation 0.25
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Figure 3 Inspection for appearance of NG sample.
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Figure 4 Observations of the polished cross-section
at right large R area of NG sample.
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Figure 5 Metallographic observations of the cross
sections at the large R area of NG sample.
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Figure 6 Metallographic observations of the cross
sections at the small R area of NG sample.
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Figure 7 Metallographic observations of the left
crack at position 2 of NG sample.
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Figure 8 Metallographic observations at (a) D/4 and
(b) D/2 cross sections of NG sample.
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Figure 9 Metallographic observations of the right
crack at position 2 of NG sample.
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Figure 10Metallographic observations at position (a)
6 and (b) 7 of NG samples.
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Figure 11 The measurements for Micro-hardness at
8 positions of NG sample.
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Figure 12 Inspection for appearance for unheated
treatment sample.
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Figure 13 Metallographic observations of the cross
sections at position (a) 3 and (b) 4 for
unheated treatment sample.
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Figure 14 Metallographic observations of the cross
sections at position (a) 1 and (b) 2 for
unheated treatment sample.
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