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Abstract

In 2019, Aichi Steel Corporation entered into a capital and technical partnership with India's
Vardhman Special Steels Limited to address steel demand in ASEAN countries and the Indian
market. This partnership aims to combine both companies' technological strengths and establish a
supply system for high-quality steel tailored to local needs. Since the partnership began, Aichi Steel
has introduced its manufacturing technology and quality control expertise to Vardhman's
production sites, continuously implementing various improvement activities.

During a quality inspection of Vardhman steel materials, large inclusions were identified.
Therefore, focused efforts were undertaken to improve inclusion levels. Specifically, the melting and
refining processes were reviewed, and process control was strengthened to identify and eliminate
the sources of inclusions. Through these initiatives, we have succeeded in minimizing the inclusions.

This report details these inclusion level improvement initiatives.
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Fig. 1. Passenger vehicle market forecast in India
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Table 1. VSSL outline

[tem Content

Group company | Vardhman-Textile
(Parent com.)

Established, | 1973, 810 Million INR
Capital
Sales amount | VSSL . 31 billion JPY
(FY 2024) (Gr. total : 203 billion JPY)
Employees 1,363 (2024)
Partnership | Capital tie-up
with Aichi Technical assistance agreement (TAA)
Steel 1st TAA:2019, 27 TAA:2022, 39TAA:2025

Aichi Steel Shareholding ratio : 24%
(increase investment : 2025)
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Fig. 4. VSSL manufacturing process
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Table 2. List of main technical assistance

Items Evaluation Production
Surface defects * MLFT 0.15 mm detection * CCM slow cooling
improvement = Preventing defect extension
in breakdown mill
Inclusion * Introduction of SEM-EDS * Inclusions refinement
reduction » Introduction of skills for High—| (Optimization of aluminum

frequency ultrasonic flaw addition amount and timing)

detector

* Aichi Steel/VSSL cross—
checking activity

* Review of alloy charging
method

Improved chemical
composition accuracy

= Introduction of the Jominy
formula

* Introduction of automatic
grinding machine and
automatic hardness tester

Jominy tight control

— Inclusion refinement

A) Technical assistance for

— manufacturing of inclusions PDCA cycle
refinement Step up for

% inclusions

|| B) Technical assistance for refinement

inclusions evaluation

Fig.5. Assistance Methods for Refining Inclusions
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Table 3. Evaluating method of inclusion as example

. In the case
Category |Items for evaluation| In the case of ASC of VSSL
Mass- Cutting and Cutting and polishing [Same as
production |[polishing of sample |machine Aichi Steel
JIS G 0555 Yer|f|gat|onlof Optical microscope Szlamelas
ASTH E45 inclusions size and Aichi Steel
quantity
Identification of High frequency No skill
inclusions ultrasonic flaw
Improvement detector
activity |Compositional SEM-EDS Nothing
analysis of
inclusions
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Fig. 6. SEM-EDS at VSSL

Table 4. SEM-EDS specification

Supplier Hitachi High-Tech
Model SU3800
Second_ary electron 30 nm to 15.0 nm
resolution
Back scattered electron

. 40 nm
resolution
Magnification x5 to x300,000
Maximum sample size 200 mm
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AV LT e R UT 138 O UIWRE A (¢ 60 D
Yy, 2, 82Tm) AR 2 O ChldmiEA RE b 2 &
WTE, E6I220um BLEONMEMIORE &, iz
T2 EMARETH D,

e UT 2 DSMBL & A1k % Fig. 7, Table 5ITRT,
ARG TH Y | 50MHz OB SR A L=,

Fig. 7. Appearance of high—frequency ultrasonic flaw
detector
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Table 5. Specification of high—frequency ultrasonic
flaw detector

[tem Specification
Methord Ful ly submerged method
Scaning direction Vertical scanning
Number of scan axes 6
Scan pitch Min. 5um
Supplier Krautkramer
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Table 6. Chemical composition of SCM420 o
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Fig. 8. Number of inclusions
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Fig.9. Inclusion identified by high frequency

ultrasonic flaw detector
(@) Inclusion photo, (b)SEM-EDS spectra
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Fig. 10. Total Oxygen transition for process stage
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Fig. 11. Mechanism of Al,0:~Ca0-Mg0 inclusion
generation
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