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Technical design for prevention of cracking of hot forging die
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Hirofumi IDE, Morihiko NAKASAKI, Ryota KAMATA, Hiroki KITAJOH and Katsunori SEGAWA

Synopsis: Die crack is one of the popular factors affecting die life in hot forging. Die crack occurs comparatively in early stage in
service. Reduction of die crack serves large improvement of die life. Application of high toughness tool steel and
reduction of the stress which causes die crack are effective to improve die life. Generally, toughness has a trade-off
relationship with high temperature strength. Application of high toughness tool steel, which sacrifices strength to
some extent, tends to increase amount of. On the other hand, dominant factor affecting the stress which causes die
crack is unclear. The aim of this research is to improve a life of die for connecting rod. Popular damage of connecting
rod die life is die crack. Die life has been improved by two processes. One is application of QDT for connecting rod
die material. QDT bears excellent balance of toughness and high temperature strength. The other is decrease of
maximum principal stress by die shape optimization. Die shape is optimized by combination of CAE analysis and
quality engineering. This combination decreases the number of test and reduces maximum principal stress.
Maximum principal stress decreased from 835MPa to 520MPa. As a result of test, die life index improved from 0.87
to 1.46.
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Fig.1 Intermediary and final shapes of hot-forged
connecting rod

Fig.2 Example of die crack
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Table 1 Condition for CAE analysis(mass%)

Rigid—plastic analysis|

FEM code DEFORM 3D™
Mesh type Tetrahedral mesh
Number of initial mesh 70,000
Friction coefficient(shear) m=0.7
Initial material temperture / °C 1150, 1230
Processing heat considered

Die motion crank press motion
Deformation resistance S53C
Mesh type Tetrahedral mesh
Die stress analysis Number of initial mesh 500,000
Deformation resistance SKD61
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Selection of noise and control factors affecting stress

v

Level setting and allocation
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Determination of best configuration

Fig.3 Flow chart of die shape optimization procedure
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Fig.4 Control factors in determining die shape

Table 2 control factors

Level
Process Control factor (D(Previous) @ ©)]
#1 A :I-section thickness / mm 12 13 -
#2 B :I-section bottom radius, R / mm R1.5 R1.85 | R2.25
#2 C :I-section flash thickness / mm 4 45 5
#2 D :o-section flash thickness / mm 4 45
#2 E :o-section flash width / mm 13 11 9
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Fig.5 High-temperature strength of SKD61 and QDT
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Fig.6 High-temperature Charpy impact value of SKD61 and QDT
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Fig.7 Load-stroke curve in #2 process
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Fig.9 Relationship between SN ratio, sensitivity and control factor in # 2 process

Table 3 Previous and modified design for the die

A B C D E
Previous design 12 R1.5 4 4 13
Modified design 12 R1.85 45 45 9

4 Target value:1.0
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Fig.10 Die lives of modified dies
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Fig.11 Appearance of die crack
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