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Abstract— This research aims the life of a die which is used
for the forging operation can be increased by providing
different coating instead of normal process. By finding the
hardness, impact strength, wear loss (using tribometer) with
and without coatings of the material it is understood that the
life of a material increases with its hardness value. The die
will provide a maximum life when the coating is done with
proper coating of material. The study is conducted in Steel
and Industrial Forgings Ltd (SIFL) is a public sector
undertaking (PSU) fully owned by Government of Kerala.
The major other objectives of the research that analyse the
results using ansys software and possibility of predicting the
failure of die by ansys. The value of coating can reduce cost,
improved turnaround time and keeping the industry
competitive. The coating of the die material is cost effective
process by which we can extend the die life and thus can
reduce the budget provided for the forging dies and their
maintenance which will reduce the cost of the forged
products.
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. INTRODUCTION

SIFL is a PSU fully owned by Government of Kerala situated
in Athani Trissur, Kerala state of India. Itis an AS 9100 RWD
and ISO 9001:2015 certified company. The main products of
SIFL are: Complex and high precision aerospace forgings,
specialized forgings for defence, heavy forgings for
commercial vehicles, Indian railways and other components
for automobiles etc. Forging is the working of metal into a
useful shape by hammering or pressing. This is one of the
oldest of the metal working arts. It is a manufacturing process
involving the shaping of metal using localized compressive
forces. The blows are delivered with a hammer or a die. The
performance and the cost of forging dies are major factors
which determine the quality of forged components as well as
the economics of forging process. A die defect is a unique and
unintentional flaw in a die and is created through excessive
use or polishing of the die. The most common defect that
commonly seen in a forging die is die crack and side
extension which reduce the life of the die considerably. A die
crack occurs when a die, after being subjected to immense
pressure during the minting process, cracks causing a small
gap in the die. If this damaged die continues to produce the
products, the metal will fill into the crack, thus revealing a
raised line of metal in the finished products.

Il. PREVIOUS STUDIES

At present, physical vapour deposition (PVVD) and chemical
vapour deposition (CVD) techniques are used to a great
extent to deposit hard material coatings on cutting and
forming tools for the purpose of wear protection. Cathodic arc
evaporation is used as the dominant deposition method. The

coatings’ oxidation temperature is limited to approx.
800°C.After CVD coating, the dies must be subjected to a
vacuum heat treatment to achieve the required strength, this
is due to the high coating temperatures in the thermally
activated CVD procedure of depositing thin silicide coatings.
Arc evaporation, which is commonly used for die coating,
was used for the production of silicide coatings and tested in
practice die forging.

Coating technologies for hot forging dies which
fulfil the specific requirements of the forging improving the
quality of the manufactured parts. The investigations of the
behaviour of silicide-coated forging dies gave practical
results on the use of the tested coated surfaces were studied
by Kolbe M et. al.,(2014). Hot forging dies are influenced by
three main factors causing their destruction: the cyclically
changeable mechanical loads, intensive thermal shocks as
well as intensive friction and erosion; produces different
failure mechanisms; such as wear, thermal fatigue and plastic
deformation. The wear resistance of hot forging tools can also
be successfully improved by surface engineering techniques

The advantages of the application of hard coatings,
which are well known for cutting tools, are to a much lesser
extent explored for forming tools such as hot forging dies. In
recent years studies of PVD hard coating with some modified
deposition techniques for metal forming tools have attracted
a lot of research interest because of their wide range of
applications both in industry and in research. Hard coatings
applied to the surface of hot work parts and tools must show
relevant requirements, such as high hardness and modulus,
resistance to wear, thermal and chemical resistance, good
adhesion and adequate roughness values. PVD is
fundamentally a vaporization coating process in which the
basic mechanism is an atom by atom transfer of material from
the solid phase to the vapor phase and back to the solid phase,
gradually building a film on the surface to be coated. Each of
the PVD technologies generate and deposit material in a
somewhat different manner, requiring equipment unique to
each process. It was observed by Subhash Chander and Vikas
Chawla (2001). Finite element analysis have shown that
thermal stresses were the main cause of die failure in hot
forging dies, and that die life can be improved through the
deposition of various suitable heat resistant materials on the
working surface of the die along with an intermediate layer
between the parent die and the working surface layer of the
die was studied by Liu et al., (2007). Techno-economic
indicators in the hot forging of steel and other materials are
highly dependent on the total life of forging tools, that is, the
number of forged parts requires accuracy of regeneration
after etching. Key influences on the life of tools, like in every
tribo-system are: the pieces of material, geometry and
material tools and machines for forging and environmental
conditions. Characteristics of hot forging high temperatures
are in contact materials and tools, and local high working
pressures, the dynamic character of the load tools etc. Tool
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life is usually limited to the complex mechanisms of wear and
tear, as a consequence of cyclic loading, such as abrasive and
adhesive wear and, thermal and mechanical fatigue, and
plastic deformation. This paper presents an overview of
opportunities for increasing the life of forging tools by
modern techniques for modifying the working surfaces of
tools, according to comparative results of different methods,
and gives appropriate recommendations by Milentije
Stefanovic et al. (2013). The heat transfer coefficients using
various combinations of surface treatments and lubricants in
warm forging. Similarly, Lee et al., & Jeong (2010) has
developed techniques for the estimation of hot forging die life
by studying the effects of various lubricants and surface
treatments were determined.

I1l. METHODOLOGY

Research defines as a systematic and scientific investigation
of die life which is using for the forging operation can be
increased by providing different coating instead of normal
process. DIN 1.2714 is highly recommendable for Close Die
Forgings due to its characteristics of high wear-resistance,
extra toughness, high hardness which is achieved with Cr-Ni-
Mo-V high graded alloys. The special Hot Work Pre
hardened Steel with good toughness and high ware resistance.
Die Steel is normally supply in hard, quenched & tempered
and also in annealed condition in special case. Usually it’s
working hardness is 360-430 BHN. This steel grade is the
upgrade version of DIN 1.2713 for better performance.

IVV. DATA COLLECTION INSTRUMENT

— Two different data collection tools are used in this
research. First, finding the hardness, impact strength,
wear loss of the material with and without coating by,

—  Brinell-hardness

— lzod test

—  Charpy Impact Test

—  Tribometer

It is understood that the life of a material increases with its

hardness value and secondly, analyse the findings from Ansys

software and possibility of finding the life of die with and
without coating.

V. FORGING DEFECTS

When a forge shop begins to experience defects in their
process, the root cause of the problem has to be find first,
initiate corrective action and implementation procedures to
prevent its recurrence. A brief description of defects and their
remedial methods is given below:

— Incomplete forging penetration

—  Surface cracking

—  Cracking at the flash

—  Cold shut (Fold)

— Unfilled Section (Un filling / Under filling)

— Die shift (Mismatch)

— Residual stresses in forging

—  Flakes

— Improper grain flow

—  Scale Pits (Pit marks)

VI. REPAIR OF DIES IN STEEL INDUSTRY

The proper repair of the forging dies carried out at the right
time will leads to the longer life of the dies. Repairing
includes inspecting, servicing and maintaining. The main
problem faced by SIFL is crack and side extension and
maintaining it by welding and machining. The Figure.5.1
show proper repair of the die should be carried out at required
time. The cost of forging dies is the single most important
variable affecting the cost of the forged products. These costs
can be reduced by minimizing the use of costly die steels and
by extending the life time for forging dies. Die steel forging
dies soon begin to wear and require reworking to extend their
life time, which means that the expensive die steel quickly
diminishes with the dies ultimately being disposed of when
the die steel has become too thin to work.

Fig. 5.1:

VIl. TRIBOLOGY

Data Tribology is the science and engineering of interacting
surfaces in relative motion. It includes the study and
application of the principles of friction, lubrication and wear.
A tribometer is an instrument that
measures tribological quantities, such as coefficient of
friction, friction force, and wear volume, between two
surfaces in contact. It was invented by the 18th
century Dutch scientist Musschenbroek A tribotester is the
general name given to a machine or device used to perform
tests and simulations of wear, friction and lubrication which
are the subject of the study of tribology.
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VIII.

ANSYS is the tool used for analysing the data. It is a
mechanical work bench which is user friendly. Also it is a
general purpose software, used to simulate interactions of all
disciplines of physics, structural, vibration, fluid dynamics,
heat transfer and electromagnetic for engineers.

ANSYS, which enables to simulate tests or working
conditions, enables to test in virtual environment before
manufacturing prototypes of products. Furthermore,
determining and improving weak points, computing life and
foreseeing probable problems are possible by 3D simulations
in virtual environment. ANSYS R15.0 software with its
modular structure as seen in the table below gives an
opportunity for taking only needed features. ANSYS can
work integrated with other used engineering software on
desktop by adding CAD and FEA connection modules.
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Figure shows analysis of deformation done with and without
coating

Total Deformation without coating — 4.2069mm

Total Deformation with titanium coating — 4.1996mm

Total Deformation with steel coating— 4.2008mm

IX. RECOMMENDATION

The following section presents some of the key

recommendations for the issues identified in the research.

— Check hardness, impact strength, wear loss (using
tribometer) with and without coatings of the material it
is understood that the life of a material increases with its
hardness value.

—  Life of a die which is used for the forging operation can
be increased by providing different coating instead of
normal process.

— By calculating the life of the material it is understood that
the life of a material increases with its hardness value.
The die will provide a maximum life when the coating is
done with proper coating of material.

— Analysis the results using ANSYS software and
possibility of finding the life of die with and without
coating.

Total Deformation without Material Coating
=4.2069mm

Titanium alloy = 4.1996mm,

Stainless Steel = 4.2008

— Results shows that deformation with coating is less
compared with coating
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