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Abstract. One of the most critical problemsin cold forging is the huge stresses generated from
the deformation of metal leads to die failure. The distribution of stresses mainly depends on
geometry of the die. An approach to optimal design in cold forging die geometry and orientation
are presented in this paper. The impression cold forging dies of the Universal joint was
generated using three-dimensional CAD modeling software, SolidWorks. This CAD modeling
software coupled with FEA tools, COSM OSWorks. The paper emphasizes on effect of the
corner radius and dies orientation on stress distribution.

Keywords: Cold forging die, corner radii, orientation, stress distribution

INTRODUCTION

Cold forging is one of the most widely used metal
forming processes, where a bulk of materid is
compress at room temperature with no heating of the
initial slug or inter-stages to produced the desired shape
and size. The process produces greater dimensional
accuracy than hot forming, and does not produce scale.
However, the plastic flow characteristics of the
workpiece require higher forging pressures and at the
same time induce stress onto the die [Y. As aresult, this
will affect performance of the die including service life
and quality of finished parts. There are many researches
show that this problem can be solved by applying
appropriate methods either by improving the cold
forging process or by improving the die design. The
purpose is the same, which to reduce the stress on die
that resulted during the forging operation.

The important factors in the process design of cold
forging are the shape of pre-form and the number of
pre-forgings. Process conditions and sequence of
process design are very important in improving the
forging process. Process condition such as the stress-
strain relationship of the billet and die materials, the
friction between the hillet and the die, etc 4. The
resulted stress on die can be reduced by improving the
die design. For example:

)] Improve the die material properties; Usually,
die materials must be hardened to withstand
severe service conditions, but also need to
have enough ductility to prevent their cracking
and brittle fracture.

(i) Design the flash at appropriate location with
proper size and shgpe; normally, flash is used
to release the working pressure during forging
operation.

(iii) Select the optimal corner radiusfor the die

Numbers of research have been done in reducing
stress such as by dividing the process into multi-steps
(¥, Some of them emphasis on introducing new design
approach such as pre-chamfering, spread extrusion and
relief axis ! and double tapered insert and split insert
design %1 Stress can also be reduced by focusing on the
highest loaded zone and suggest several solution such
as by increasing the transition radii . Many
parameters have been consider such as land width, petal
angle and rake angle are taken into consideration ¥ and
changing the die material [°. Catastrophic failure is due
tensile stress especially at stress concentration region of
the diei.e. at fillets and corner and to avoid this type of
failure two recommendations are suggested i.e. by
changing the die profile or use pre-stress elements!®. In
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order to simplified the experimental which is very
expensive, a dimensional analysis based on similarity
law has been derived to study stress distribution on
forging die. The results are verified by conducting
experiment 1.

Main objectives of this study are to
investigate the effect of corner radius of the die and
cavity orientation on resulted stress. The paper begins
with the introduction and then followed by
methodology used in this research. After the dies are
model and analyze, then the results are discussed and
paper end with conclusion and future works.

METHODOLOGY

Inthisstudy AISI type A2 tool steel isused asdie
material with hardness of HRC 62. Moreover, the
compressive strength that are absolutely high also
encourage this material served as tooling purpose in
cold forging process. A typical scaling factor to account
for shrinkage is 2% as shown in Fig. 1. The parts will
shrink uniformly in all directions due to densification of
the metal powder. A three-dimensional solid model of a
cold-forged universal joint is generated in SolidWorks.
The solid model of the Universal joint is used to create
cavities in three-dimensional models of impression cold
forging dies. The parameter study is the die orientation
and corner radii.
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Fig. 1: The scaling factor of 2% in die design
DIE MODELING

In tool design, an appropriate material must be
selected, where the strength of physical, chemical,
mechanical, electrical and thermal properties must take
into consideration. The material properties of the tool
steel arelisted in Table 1.
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Table 1: Properties of AlSI type A2 Tool Steel

Properties Value

Density, ? 0.007861 g/mm"3
Color gray

Compressive Strength 2861.324 N/mm~2
Compressiveyield Strength ~ 2137.375 N/mm”3
Young'sMod. 203395 N/mm"3
Hardness 62HRC

Poisson's Ratio, ? 0.30

Shear Modulus, G 78000 N/mm"2

The scaling factor is the amount the material in the
mold shrinks or expands as it solidifies. The scaling
factor depends on the type of material used and the
shape of the mold, and is expressed as a percentage of
the linear size (not volume) of the design part. The
software scales the cavity by the specified scaling
factor, using this formula: Cavity size = part size* (1 +
scaling factor/100). Theoretically, different die
configurations will result in different stress pattern and
provide different lifetime. This due to the different load
pattern is applied on the surface of the die. Therefore,
the solid model of the universal joint is used to generate
die in different configuration in terms of cavity
orientation isthe main focus of the study .

Load calculation: Before the simulation, the forging
load needs to be calculated. The value of friction factor,
cavity flow stress and the die geometry need to be
obtained and inserted into the Slab equation. The cavity
flow stress is equals to the yield strength of the forging
material (not the die material), and the geometry of the
die after scaling. Therefore, in this project, there are 21
different sets of dies will be analyzed using the
COSMOSWorks. In the calculation, it is assumed that
the cavity has arectangular shape asshownin Fig. 2
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Fig. 2: Front and top cross-section area of the die
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For a given r = 16.32mm, r’ = 19.31mm, H =
32.64mm, m = 1.0 for die tool and flow stress, S . for
this case 350MPa and the resulted forming load
generateis P, 318803Pa or in ton equivalent
to 0.29 ton.

Die Configuration: In this study three orientations are
considered. Figure 3 shows the different orientation of
the part resulting in different die cavity orientation of
horizontal (0 degree), vertica (90 degree) and 45
degrees. Figure 4 show the edge consider of each die.
Minimum recommended corner radius for die design is
1 mm. Therefore, corner radii for each orientation are
fixed between 1 to 3.5 mm.

45° ‘

Fig. 3: Three different U joint orientations with its
lower die respectively

A B A"\'i_ —_—
— N\
(@ (b) (©)

Fig. 4: Forging die with different corner radii consider
in the analysis for each of the orientation of,
(a) horizontal, (b) vertical and (c) 45 degree
die

RESULTS AND DISCUSSION

In static study on the cold-forging die, a stress
analysis is developed using the COSMOSWorks
software. Figure 5 show the resulted stress distribute on
the die during forging operation affected by the corner
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radius and for a case of horizontal die orientation.
Figure 6outlined the resulted Von Misses stress for
range of corner radii. The result shows that the optimal
corner radius is at 3 mm, where the stress is the
minimum. From the results shown inFig. 6, the stress is
decreasing when the corner radius increasing. Figure 7
the result shows a similar trend, where the stress will
continue reduced when the corner radius is increased.
From Fig. 8, it is clear that the stress generated in die
with corner radii 3.5 mm is higher than stress generated
in die with sharp corner. When the corner radius
continues to increase, the stress generated will continue
to be reduced until it become lower than the stress on
sharp corner die. However, it is not practical to use
corner radius that is too large, where the final forging
may need more finishing operations or may not
accurate in final dimension. From the results shown in
Fig. 9, from overall, the stress is decreasing with the
increasing in corner radius. However, there is no
significant improvement in stress reduction if compare
to sharp corner die (original). It can be concluded that,
the stress trend is same with the stress trend obtained
from vertically oriented die.
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Fig. 5: Stress plot of die with sharp corner radius
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Fig. 6: Theresult for edge A at different orientations
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Average Von Misses Stress Vs Corner
Radii at Edge B

6.00E+05

“ 5.50E+05 -

¢ N\

= 5.00E+05

9]

@

23 +

8 4.50E+05 \\&\’\ —e—Horizontal
(E% 4.00E+05 —=— Vertical

3 3.50E+05 e =45 Degree
: \

= 3.00E+05

o

E \/

2.50E+05

2.00E+05

1 15 2 25

Corner Radii

Fig. 7: Theresult for edge B at different orientations

From the Fig. 8, the optimal die orientation is
horizontally oriented, which resulted in minimum stress
on the die with given range of corner radius. Whereas
the 45 degree oriented die design generated the highest
stress. The result is show in Fig. 9 maximum
displacement set of data is considered. Result from
deformation analysis shows that, the deformation
pattern of the die set. Result from deformation analysis
shows that the deformation of the die is decreasing as
the corner radius is increasing for all three different
cavity orientations in die. However, the deformation for
the vertical oriented die increased when the corner
radius exceed 3.0mm, where the deformation is
minimum for die with corner radiusof 3.0 mm.
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(©)
Displacement plot of die with 3.0 mm corner
radius

Fig.

Deformation at Different Orientation
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Fig. 90 Maximum displacement plot for each corner
radius respectively

CONCLUSION AND FUTURE WORKS

From the study carried out, it can be concluded
that, the changing in corner radius can affect the stress
level generated on the die. Where there is a range that
the stress level will drop even though the corner radius
isincreasing. After studied twenty-one different design
of dies, the optimal design is the horizontally oriented
die with corner radius of 3 mm. This design not only
induced in lowest stress level during the forging
operation, but also causing minimum deformation on
die, where the structure of the die can return to its
origina position after removing the load exerted. For
future works, the result of the analysis will be verified
by conducting experimental method.
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