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Development of Forging Analysis System - Applicationsto Prediction of Material
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Abstract

Not only the prediction of deformation but also the The other oneis the prediction of the incidence of
prediction of the material properties of forging products are deformation-induced martensite in aforging process. Ina
important in the numerical analysis of forging problems. In fixed-temperature compression test, the incidence of
this study, two functions were developed that estimate the deformation-induced martensite (Vm) isinvestigated, and
material properties of forging products which were added to Vm, the temperature and strain that are measured in the test
the thermocoupled rigid-plastic analysis program that has arefitted asasigmoid function. The sigmoid functionis
been already developed in our laboratory. added to the thermocoupled rigid-plastic analysis program.

One isthe prediction of the fiber flow in the forging This method is then applied to the coupled analysis of the
product that has provided forging process engineers with a ironing process. Vm obtained by the numerical analysis
large amount of design information. The calculation results shows good agreement with that from the experiment.

for some automobile parts qualitatively agree with the
experimental results.

Forging, Numerica analysis, Fiber flow, Deformation-induced martensitic transformation, Ferromagnetic property
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Table 1 Basic equation.

Von Mises

criterion Pressure sensitive yield criterion
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Evaluation items Observation

Hardening distribution
Fiber flow density
wai ng due to heat treatmentk
Wear, Die life)
( )N Fiber flow near surface
Galling

Sheard fiber flow

Fracture

Fig. 1 Evaluated items by observed fiber flow.
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Fig. 2 Fiber flow expression technique.
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Fig. 3 \Verification results.
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(a) Friction coefficient = 0.07

(b) Friction coefficient = 0.3

Fig. 4 Simulation of back-forward extrusion.
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Fig. 5 Composite magnetic material.
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Fig. 6  Flow for the prediction of volume fraction of martensite.
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Fig. 7  Effect of strain and temperature on volume fraction

of martensite and fitting parameters in equation.
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Initia thickness of cup wall:
Bottom side : 1.07mm
Opening side:1.49mm

Ironing die clearance: 0.80mm

Coefficient of friction: 0.110

Punch head speed: 44.6mm/s

Heat transfer coefficient:

100kW/m 2K (Work -Die)

Atmospheric temperature: 295K

Energy convertion coefficient: 0.9

Fig. 8 Analysismodel for ironing.
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Fig. 9 Distribution of strain, temperature and volume

fraction of martensite in ironing. (Calculated result).
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(a) Working temperature (b) Magnetic flow density

Fig. 10 Comparison of temperature and magnetic flow

density in ironing between measurement and FEM
analysis.
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