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A Study on Life Estimation of a Forging Die
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Abstract

Die life is generally estimated taking failure life and wear amount into consideration. In this study, the forging die life
was investigated considering both of these two factors. The fatigue life prediction for the die was performed using the
stress-life method, i.e. Goodman'’s and Gerber’s equations. The Archard's wear model was used in the wear life simulation.
These die life prediction techniques were applied to the die used in the forging process of the socket ball joint of a
transportation system. A rigid-plastic finite element analysis for the die forging process of the socket ball was carried out
and also the elastic stress analysis for the die set was performed in order to get basic data for the die fatigue life prediction.
The wear volume of the die was measured using a 3-dimensional measurement apparatus. The simulation results were

relatively in good agreement with the experimental measurements.

Key Words : Forging Die Life, Fatigue Life Prediction, Wear, Stress-life Curve, Goodman's and Gerber's Equation, Rigid-
Plastic Finite Element Analysis, Socket Ball Joint
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Table 1 Conditions for fatigue test[4]
Materials AISIH 13
Hardness (HRc) 55
Heat treatment Q&T
Diameter of specimen (mm) 12
Frequency (Hz) 16
Temperature (C) 20 ~ 900

Stress ratio (R) 0
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Table 2 Constants of regression line[4]

Temp.(C) c b
20 3.71206 -0.23537
300 - 3.4179%4 -0.18467
500 3.24083 -0.15245
700 2.71815 -0.14839
900 2.00548 -0.17268
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Fig. 1 S-N curve by experimental results to AISI H13[4]
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Table 3 Equivalent alternating and mean stresses for
the forging die
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Fig. 4 Tensile strength of the AIST H13[4]
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Table 4 Conditions for the wear test[6]

Materials AISIH 13
Temperature (C) 100 ~ 400
Normal force (N) 300
Velocity (mm/s) 565
Slide length (mm) 1272344
Lubrication None
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Fig. 5 Wear coefficient acquired from test [6]
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Table S Input data for the FE analysis

Materials (AISI) H13 1045
Flow stress(MPa) - Tested[9)
Young's modulus(MPa) Tested[9] -
Poisson's ratio 0.3 -
Heat capacity(N/mm2 C) 3.24 43
Conductivity coefficient(N/s C) 24 .4 29
Initial temperature(C) 105 1200
Emissivity 0.7 0.7
Environment temperature( C) 20
Convection coefficient(N/s mm C) 0.02

Table 6 Maximum effective stress and maximum
temperature for blocker and finisher

processing dies

Process Blocker Finisher
Die Top Bottom Top Bottom
Max. temp. 4245 | 4173 | 4550 | 4340
Max. eff. stress | 402.5 | 366.4 945.8 | 9523

Effctie stress

Temperature

Fig. 7 Distribution of effective stress and temperature
for the bottom die of the finisher process
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Fig. 9 Locations of the least fatigue life

Table 8 Fatigue life for bottom die of the finisher
process(unit : cycle)

A (Compressive) B (Tensile)

Goodman | Gerber | Goodman Gerber
AMP | not used 4964 13635 13635
SVM | not used 181833 23530 23530
ST not used 147728 19275 19275
Sines | not used Infinite 14943 18462

Fig. 8 Surface measurement

Table 9 Principal stresses and effective stress at the

Table 7 Max. depth by meas t and FE
able ax. wear cep Y frement an locations of A and B(unit: MPa)

simulation (unit: mm) —

- Part o, o, o, o
Die Top Bottom A | -151640 | -946.26 | -886.79 | 602.08
Measurement(7000 cycle) 1.5823 1.8303 B 964.11 139.02 64.15 864.95

Measurement(1 cycle) 2.260E-04 | 2.615E-04
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Table 10 Maximum wear depth by the computer
simulation(unit: mm)

Process Blocker Finisher
Die Top Bottom Top Bottom
Wear depth | 8.7E-05 | 9.9E-05 | 2.91E-04 | 2.98E-04

+ 2.98E-4 mm

Max. wear : 2.81E-4 mm Max. wear

Fig.11 Wear depth by FE simulation

Table 11 Life for the bottom die of the finisher process
(FE simulation and measurement)

1 cycle 7000 cycle Life (cycle)
FE simulation 1.370E-04 0.95872 7301
Measurement 1.365E-04 0.95528 7328

This is most sensitive part to the application
with tolerance for product

Fig.12 The most sensitive part for wear(FE simulation)
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