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!BSTRACT�
JFE Steel has developed two types of formable high-

carbon steel sheets for automotive power train parts 
which are suitable for one-piece forming. The non-
oriented high-carbon cold-rolled steel sheet has 
extremely low planar anisotropy of the r-value (∆extremely low planar anisotropy of the r-value (∆extremely low planar anisotropy of the r-value ( r 

 0.06), resulting in high formability, and excellent 
hardenability in low-temperature, short-time heat treat-
ment. This new sheet displays high dimensional accu-
racy in press forming of cylindrical rotating parts. 
Hyper-burring high-carbon hot-rolled steel sheet 
(Hyper-Burring SC) has excellent burring properties 
(hole expansion, punching) due to fi ne dispersion of 
spheroidized cementites, which was made possible by 
applying a rapid cooling system (Super-OLAC H) in the 
run-out table of the hot-rolling process, and is an opti-
mum product for thickness-addition forming.

1. Introduction

4HE�KEY�ISSUES�FOR�TECHNICAL�DEVELOPMENT�IN�THE�l�ELD�
OF�AUTOMOTIVE�POWER�TRAIN�PARTS�FOR�SIMULTANEOUSLY�SATIS

FYING�THE�REQUIREMENTS�OF�LOW�FUEL�CONSUMPTION�AND�COST�
COMPETITION� IN� THE� GLOBAL� MARKET� INCLUDE�� ��	�IMPROVED�
POWER� TRAIN� EFl�CIENCY� �REDUCED� ROTATIONAL� RESISTANCE	��
��	�WEIGHT� REDUCTION�WITHOUT� SACRIl�CING�HIGH�DURABILITY��
AND� ��	�IMPROVED� DIMENSIONAL� ACCURACY� AND� REDUCTION�
OF�EXCESS�MATERIAL� IN�PARTS��0OWER� TRAIN�PARTS�MUST�POS

SESS�BOTH�HIGH�ACCURACY�AND�HIGH�STRENGTH��AND�BECAUSE�
THE�PRODUCTION�PROCESS�CONSISTS�OF�MANY�INDIVIDUAL�PRO


CESSES� SUCH� AS� FORMING�� WELDING�� AND� HARDENING�� PRO

CESSING�COSTS�ACCOUNT�FOR�A�LARGE�PERCENTAGE�OF�THE�TOTAL�
PART� COST� IN� COMPARISON� WITH� MATERIAL� COSTS��!UTOMAK
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ROLLED� STEEL� SHEET� WHICH� POSSESSES� BOTH� THE� ESSENTIAL�
PROPERTY� OF� PRESS� FORMABILITY� AND� HIGH� INDUCTION

HARDENABILITY�

2.1 Development Concept

0LANAR� ANISOTROPY� IN� STEEL� SHEETS� IS� DEl�NED� BY� THE�
r
VALUE� ��[LN�w���w	]� �� [LN�t���t	]�� WHERE� w IS WIDTH�
AND� t IS THICKNESS	��4HE� DEGREE� OF� EARRING� DURING� CUP

FORMING�OF� A� STEEL� SHEET�DECREASES� AS� THE�PLANAR� ANISOT

ROPY� OF� THE� r
VALUE� �∆r ��r�   r��  ��r�� 	��	�
APPROACHES� ��� 0LANAR� ANISOTROPY� IS� STRONGLY� CORRE

LATED� WITH� THE� RECRYSTALLIZATION� TEXTURE��	
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THICKNESS�ACCURACY�
4HE� MOST� CRITICAL� PROPERTY� FOR� POWER� TRAIN� PARTS� IS�

CIRCULARITY��!S�CAN�BE�SEEN�IN�Fig. 3��IN�THE�CUP�CYLINDER�
TEST�� THE� CONVENTIONAL� STEEL� SHOWED� LARGE� DEVIATIONS� IN�
OUTER�DIAMETER�AT�A��� �PITCH��CORRESPONDING�TO�THE�WALL�
HEIGHT�AND�THICKNESS�ADDITION��)N�CONTRAST��THE�DEVELOPED�
STEEL� WAS� VIRTUALLY� FREE� OF� DEVIATIONS� IN� OUTER� DIAMETER�
OVER� THE� ENTIRE� ��� � CIRCUMFERENCE�� �4HE� BROKEN� LINES�
IN� &IG���� SHOW� TRUE� CIRCULARITY�	� 4HUS�� THE� DEVELOPED�
STEEL� DISPLAYS� EXCELLENT� CIRCULARITY� AFTER� DRAWING�� ELIM

INATING� THE� NEED� FOR� A� SHAPE� REFORMING� PROCESS�� -ORE

OVER�� BECAUSE� THE� DEVELOPED� STEEL� ALSO� POSSESSES� HIGH�
ELONGATION��IT�HAS�EXCELLENT�PRESS�FORMABILITY�AND�CAN�BE�

APPLIED�TO�THE�PARTS�WITH�COMPLEX�SHAPES�

2.3.3 Hardenability of developed steel

!� HARDENABILITY� EVALUATION� WAS� PERFORMED� USING�
��� MM� IN� DIAMETER� BLANKS� l�NISHED� BY� MACHINING� THE�
EDGES��7HILE� ROTATING� THE� SAMPLES� AT� �� RPM�� THE� OUTER�
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GRESSIVELY� ADOPTED� IN� RECENT� YEARS�� BUT� IN� MANY� CASES��
LOW
CARBON� HOT
ROLLED� STEEL� SHEETS� WITH� HIGH� FORMABIL
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ING�GAUGE�REDUCTION��REDUCTION�OF�EXCESS�MATERIAL�THICK

NESS	�

)T�HAS�LONG�BEEN�KNOWN�THAT�THE�HOLE
EXPANSION�PROP



