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Estimation of Material Distribution of Forged Part by FEM
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Abstract

Estimation model of material was made by using the hierarchical type neural network. This model
was included into analyze metal forming processes on the computer by FEM, and estimation system of
material distribution of forged part was built. Thisreport presentsthe details of developed system and

the example of the application of this system to forge of knuckle arm.
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Comparison of physics model and neural networks model
Neural networks model Physics model
Quality of the material is estimated by using the complicated It is based on the metallurgy phenomenon.
outine regression equation that can describe every function. Phase fraction and grain diameter are estimated from
Accuracy of estimation improves by accumulating the dislocation density, nuclearation rate and growth rate.
result of the simplified experiment.
Quality of the material is estimated by these value.
Even quality of the material of the complicated system that is The factor which influences quality of the material is specified easy.
not formulated in a physics model is predictable.
Advantage
It can be estimated even if bainite or martensite is mixed in
ferrite and pearlite.
Much experimental datais necessary. An error is easy to bring about because it is the accumulation of the
; . S . ) ) estimation.
Disadvantage | The meaning of the coefficient is weak in comparison with
physics model. The transformation model of bainite and martensiteisn’t
established.
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Teaching data for estimation of hardness

Min. Max. Ave.
C (mass%) 0.0017 0.6 0.313
Si (mass%) 0.009 1.63 0.940
Mn (mass%) 0.15 2 1.387
P (masso) 0.0017 0.021 0.0152
S (mass%) 0.0029 0.1 0.0159
Ni (mass¥%) 0 0.503 0.034
Cr (mass%) 0 1 0.314
Cu (mass%) 0 0.29 0.035
Mo (mass%) 0 1.01 0.091
V (mass%) 0 0.51 0.0915
t-Nb (mass%) 0 0.031 0.0023
t-Al (mass%) 0 0.039 0.0270
t-Ti (mass%) 0 05 0.0237
Zr (mass%) 0 0.002 0.0000
Pb (mass%) 0 0.17 0.0027
Ca (mass%) 0 0.0024 0.0001
t-B (mass%) 0 0.0011 0.0001
t-N (mass%) 0.0014 0.016 0.0097
Heating temperature (C) 680 1300 1111
Forging temperature (C) 640 1300 897
Strain 0 242 1.52
Strain rate (1/s) 0 12.25 8.00
Cooling rate (C/s) 0.5 10 0.64
Hardness (Hv) 59 603 288
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Comparison of the experimentation and the calculation
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Comparison of the experimentation and the calculation
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Input data
Die dimension data
-Heating condition (temperature, time)

- Cooling condition

Forging condition (die speed, die temperature)

DEFORM

Heating temperature
«Forging temperature
*Strain

= Strain rate

=Cooling rate

*Chemical component

Database of
experimenntal data

i »Chemical component |
| *Heating temperature |

Learning program

¢ «Forging temperature !
i -Strain 1
! -Strain rate

! «Cooling rate

User-subroutine

! *Coefficient of link of neural network

Program of estimation of material
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Estimation system of material distribution of forged part
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Temperature distribution of forging and cooling process

(a) General view
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(b) Cross section
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Hardness distribution of forged part
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