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Abstract

In the current study, a method was proposed to quantitatively predict the wear and fatigue life of a shearing die in order to
determine an effective replacement period for the die. The shearing die model of a retainer manufacturing process was used
for the proposed method of quantitative life prediction. The retainer is produced through shearing steps, such as piercing and
notching. The shearing die of the retainer is carefully controlled because the dimensional accuracy of the retainer is critical.
The fatigue life for the shearing die was predicted using ANSYS considering S-N curves of STD11 and Gerber’s equation.
The wear life for the shearing die was predicted using DEFORM-3D considering the Archard’s wear model. Experimental
shearing of the retainer was conducted to verify the effectiveness of the proposed method for predicting die life. The fatigue
failure of the shearing die was macroscopically measured. The wear depth was measured using a 3D coordinate measuring
machine. The results showed that the wear and fatigue life in the FE analysis agree well with the experimental results.
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Fig. 1 FE Analysis model for retainer forming process
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Table 1 Mechanical properties of SPFH590 and STD11

Properties s YS E n K
P (MPa) | (MPa) | (GPa) (MPa)

SPFH590 727 483 205 0.13 924.3

STD11 1736 1532 207 - -

Table 2 FE analysis conditions of shearing process

Conditions Value
Clearance (mm) 0.55
Holding force (kN) 20
Punch velocity (mm/s) 127
Punch radius (mm) 0
Friction factor (m) 0.12
Critical value 1.00~1.10
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Fig. 2 FE Analysis model for Predicting critical value
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Fig. 3 Comparing of the shear zone in the FE Analysis
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Table 3 Conditions of rotary bending fatigue test

Conditions Value
Material STD11
Stress ratio -1
RPM 3000
Stress amplitude (MPa) 500 ~ 1000
Surface roughness (xm) 0.025
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Table 4 Conditions of fatigue analysis

Conditions Value

S-N curve S = 2622N°%°2(10° < N <107)
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(a) Multipurpose wear test machine (b) Specimen
Fig.11 Wear testing machine for estimating wear

coefficient

Table 5 Conditions of wear test

Conditions Value
Type Pin on disk
Material P-in STDIL
Disk SPFH590
Vertical load (N) 320
Sliding length (m) 500 ~ 7000
RPM 53
Lubrication None
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