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Development of Advanced Analysis System for the Production of Parts with Bar and Wire Rod
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Abstract

Through the many types of manufacturing processes in customers, special steel bars and wire
rods are manufactured to the auto parts such as engine and power train. For the manufacturing
process to produce the final part of steel, Nippon Steel is working on technology development,
including both the steel and manufacturing technology. This paper introduces the efforts of tech-
nology solutions for special steel bars and wire rods is important in that position, and then some of
examples of analysis such as prediction of die stress in forging process, prediction of material
properties after hot forging, and prediction of thermal distortion in heat treatment process.
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Process of Nippon Steel Process of Customers
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Manufacturing process to produce the final parts of steel
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Considerations in the manufacturing process, analysis techniques and the necessary material data

Consideration
e Fracture of parts

¢ Tool life

 Material properties of parts

Hot/cold forging Prediction of material properties Surface hardening
¢ Forging load * Hardness
* Forged shape e Fraction of microstructure

¢ Thermal distortion
¢ Residual stress

* Rigid-plastic FEM
¢ Elastic-plastic FEM
* Heat transfer analysis

Analysis techniques

¢ Elastic-plastic FEM
* Neural network * Heat transfer analysis

* Phase transformation analysis

Material dat * Flow stress
aterial data .
 Ductile fracture database

» Experimental database of
material properties and forging

¢ Phase transformation database

» Coefficient of thermal expansion

conditions » Transformation plasticity coefficient
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Input Data
+Tool Dimension Data

+Heating Condition (temperature, time)
-Forging Condition (tool speed, tool temperature)
»Cooling Condition

FEM Solver Database of
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User Subroutine | -Coefficient of Link of Neural Network !
Prediction Program pf Material Properties ittty

Output Data
~Hardnes
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Prediction of material properties of forged parts
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(b) Non—uniform Cooling
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Roundness of ring part after carbonized quenching

(a) Uniform Cooling
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| @Transcription of Strain

A : Straightener
B,B’: Feed roller
C : Wire guide
F : Pitch tool
G : Cutting tool

D,D’: Coiling pin
E

: Mandrel
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Coiling mechanism
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Coiling process modeling
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Modeling of the cross-section of the wire
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