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Failure Analysis of Hot Forging Dies

Nuray Bekoz Ullen
Istanbul University, Department of Metallurgical and Materials Engineering, Istanbul, Turkey

Abstract

Hot forging process is a conventional method used for
metal forming to meet the demands for lower production
costs and shorter times. Forging die is an important part
for the hot forging industry. Hot forging dies are exposed
to wear and fatigue owing to being continuously under
thermal effects and cyclic mechanical loads. Failures of
these components leads to serious problems in terms of
expected service life of the die and therefore
manufacturing cost of the product. Most of the hot
forging dies failures are caused due to inadequacy of die
materials, die design, die manufacturing or forging
operations. Insufficient forging ratio, insufficient
cleanliness and heat treatment of the dies, small corner
radius, shortage of the die width and thickness,
inadequate surface treatment, weld reparation of the die
surface, insufficient pre-heating, inadequate die face and
lubrication are the major factors that lead to failure of the
hot forging dies that are used in the metal forming
process. In this study, main types of damages on
industrial upper and lower hot forging dies for the hot
forging operations and reasons of these mentioned above
failures were investigated and evaluated by visually
inspecting several different samples. Solutions were also
suggested for the each hot forging die failure case.

1. Introduction

Hot forging is one of the most conventional metal-
forming processes used in the production of critical parts
in the manufacturing of automobiles and industrial
machine components [1]. Die service life widely
influences manufacturing costs, productivity and product
quality. Die service life is dramatically shortened by
thermal cycle, excessive metal flow and a decrease in die
hardness during hot forging process [2]. Generally, the
occurrence of various types of damage and their progress
are additionally influenced by steel material used for the
die and applied technological processing parameters, die
shape design, i.e. planning of forging sequences, die
manufacturing, forging parameters, applied forging
presses, as well as forging stock properties, e.g. formation
of oxide scale, local bonding between the die sand the
workpiece, etc. Also, the steel for the die should be
produced in an appropriate way, i.e. at optimal process
parameters, in order to achieve optimal microstructure,

optimal grain size and distribution, type, size and shape of
carbides. Finally, the manufacturing process of the die
should be carried out without negative impacts on die
surface quality. The die shapes should be optimized
through adequate sequential forging steps in order to
avoid areas where loads are essentially higher than in
other die areas [3-4]. Forging industries have shown great
interest in improving tooling used in hot forging processes
due to new requirements on high productivity and
reducing cost in forging processes. Even small
improvements in this field bring a large economic benefit
to the companies [5]. Hot forging die failures for parts
used in different sectors are caused by inadequacy of
variables such as die materials, die design, die
manufacturing and forging operations. In order to prevent
die failure and to improve die life many efforts have been
made so far. The most of hot forging die failures are
caused by inadequacy of influencing variables such as die
materials, design, manufacturing and forging operations.
The influencing variables and causes of hot forging die
failures can be classified as shown in Table 1[4].

Table 1. Influencing variables and causes of hot forging
die failures. [4]
Influencing variables

Cause of failure
Insufficient forging ratio
Nonmetallic inclusions
Insufficient cleanliness
Inadequate heat treatment
Small corner radius
Insufficient impression shape
Shortage of die width and
thickness
Insufficient performing shape
Insufficient finishing
Inadequate surface treatment
Electro sparked irregular surface
Weld repair
Insufficient pre-heating
Inadequate die face
Insufficient heating of ingot
Inadequate lubrication

Die materials

Die design

Die manufacturing

Forging operations

In this study, main types of damages on industrial hot
forging dies for the hot forging operations and reasons of
these mentioned above failures were briefly summarized
by visually inspecting. Influencing variables and the cause
of die failures for forged parts are classified. Also; the
industrial problem and the recommended modifications of
the process parameter are presented.
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2. Experimental Procedure
2.1. Failure analysis process

Failure analysis process for failed hot forging die is really
same as that of conventional machine parts [6]. The
examination process mentioned in many studies is as
shown in Figure 1 [4]. Of course failure analysis of hot
forging die failure must be conducted for each failed hot
forging die. Firstly, macroscopic observations are made
for failed hot forging die; as in this study. Examinations
on influencing factors variables on hot forging die failure
are conducted for forging equipment, die manufacturing
process and forging die steel, respectively. If necessary,
detailed failure analysis and simulation tests are
performed. Microscopic observation is conducted in the
process of detailed analysis. The necessary preventions
are taken after the cause of the fault has been tested.

| Failure tree analysis |

!

| Macroscopic observation |

!

. . YES
Forging equipment

Manufacturing

Forging die steel

| Detailed analysis

!

NO

] Cause of failure |

!

I Countermeasure I

Figure 1. Failure analysis process for forging die [4].
2.2. Forging dies

A high performance Cr-Mo-V alloyed hot work tool steel
was used as the die material. The X38CrMoVS5 steel is
widely used for forging dies. This die steel is
characterized by excellent toughness, ductility in all
directions, good tempering resistance and high-
temperature strength, excellent hardenability and good
dimensional stability during heat treatment as well as
during the coating process [7]. The forging process
consisted of three stages: Blocker, preform and finishing
stages. There were 2 dies for each stage; 1 upper and 1
lower. Each of the forging dies was cut using a sewing
machine from a round 420 mm diameter rod. The dies
were machined using CNC turning.

2.3. Die lubricant

To reduce the adverse effects created by friction in
forging process; a lubricant composed of processed micro-
graphite and patented materials with 1.2 kg/l density and
45% solid content was used. The lubricant was mixed
with pure water in the ratio of 1/8 as recommended by the
manufacturer.

2.4. Forging procedure

A forging billet made of Mn-Cr steel is cut to the length of
110 mm in a 650 tones cold shearing machine. For the
dies used in this study; the billet was then heated to a
temperature of 1150 °C in an induction heater and was
transferred to the 2650 metric tons forging press.

3. Results and Discussion

Careful macroscopic examination of the whole die surface
was performed and the reasonable reasons of the failure
determined. Photographs of the different hot forging dies
examined are given in Figures 2-6. Figures 2 and 3 show
the dies of BSC wide and BSC narrow guard fingers
which are used as protective sheath in cutting edges of
agricultural machines, respectively. Both dies had a
similar design of cavities. Figures 4-6 show the hot
forging dies for connecting rod different types. Figure 2
(a), (b) and (c) shows a plastic deformation, wear and
typical heat cracks observed on forging die, respectively.
Wear and plastic deformation observed on hot forging die
are clearly shown in Figure 3 (a) and (b). Cracks caused
by thermal fatigue is shown in Figure 4. Spalling and
surface cracks around its shown in Figure 5. These surface
cracks causes of insufficient quality of forging products.
Mechanical damage caused by die wear is shown in
Figure 6.
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Figure 4. Hot forging die failure of connecting rod.

Figure 6. Hot forging die failure of connecting rod.

In hot forging processes, the factors affecting die life are
thermal fatigue, plastic deformation and wear. Among
these, wear is the main failure cause in hot forging dies.
Cser et al. [8] reported that die life in forging process is
Figure 3. Hot forging die failure of guard fingers. affected by wear in over 70%. The lifetime of hot forging
dies is often shortened by surface cracking and subsequent
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material splitting. Most of the hot forging die failure
initiated from impression corner. Therefore determination
of the figure and its dimensions of impression corner is
very important in die design. In order to prevent hot
forging die failure figure and dimensions of impression
corner must be determined very carefully [9].

4. Conclusion

In this study influencing variables and causes of hot
forging die failures and characteristics of die failures are
briefly summarized.

= The hot forging die failure is complicated with various
kind of influencing variables such as die material, die
design, die manufacturing and forging operations.

= Die failure may be attributed to one of the following
factors [10]: tool steel selection and quality; die design
and manufacturing; heat and surface treatments; forging
process parameters. Die failures observed in this study
were determined as wear, thermal and mechanical fatigue,
and plastic deformation, spalling and cracks observed on
a hot forging die

= Three mechanisms of wear were detected on die
surfaces, i.e. thermal fatigue, mechanical fatigue and
abrasion [11]. Wear resistance is important properties of
hot forging die steel. Careful control through melting to
heat treatment of hot forging die steel prevent hot forging
die failure.

= In order to improve the life time of hot-forging dies, it
is first of all necessary to improve the design of dies in
preceding forging sequences with the goal to reduce
deflection of die cavities in the ultimate forging sequence.
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