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Abstract: An approach to optimal design of cold forging die is presented in this paper. The closed forging of
the Universal joint was generated using three-dimensional CAD modeling software namely Solid works and
analysis of stress and fatigue life were carried out. This study focused on the effects of corner radius of the die
and part orientations to fatigue life of the die. The forging load is obtained by using Simplified Slab Method.
The result indicate that corner radius and part orientation gives significant effect to reduction of stress on the

die, thus increase the service life of the die.
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INTRODUCTION

Recently metal forming process is preferred compared
to other manufacturing process such as casting and
machining due to many advantages offered. The trade-off
is that, it required very high load to accomplish the
process. A very high stress will produce due to high
loads involve in cold forging process and can cause die
failure to overloading. Xia et al. (2001) found that forming
pressure can greatly reduced by dividing the process into
multi-steps. While Tong et al. (2001) introduced three
innovative methods to reduce working pressure namely
pre-chamfering, spread extrusion and relief axis, which all
related to the die geometry effect. Farrahi and Ghadbeigi
(2006) and Wagner et al. (2006) study the effect surface
treatment to the die life of cold forging die. Knoerr et al.
(1994) found that significant increase of die life can be
achieved by reducing the stress in the highest loaded
zone and suggest several solution such as by mcreasing
the transition radii. McCormack and Monaghan (2001)
conduct 2D and 3D FEA study to determine optimal
comer fillet radii. Tn the research, three parameters namely
land width, petal angle and rake angle are taken into
consideration. Falk et al. (1998) utilized the FEM tools to
calculate the life of the die. They are considering
numerous aspects such as load cycles and bending
stress. Ko¢ and Arslan (2003) suspect that catastrophic
failure is due tensile stress especially at stress
concentration region of the die such as fillets and corner
and to avoid this type of failure two recommendations are
suggested ie., by changing the die profile or use pre-
stress elements. Vazquez et ol (2000) introduced three
alternatives namely double tapered insert, split insert
design and change of insert material to improve die life.
The research also confirmed that changes in die geometry

are an effective method to improved die life as a result
from their research. However, the plastic flow
characteristics of the workpiece require higher forging
pressures. This high forging pressure will deform the billet
material into desired shape and at the same time induce
stress onto the die. As a result, this will reduce the service
life of the die and affect the quality of finished parts.
Fortunately, there are many researches show that this
problem can be solved by applying appropriate methods.
There are 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. 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 billet and the die, etc. 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 sufficiently to withstand
severe service conditions, but also need to have
enough ductility to prevent their cracking and brittle
fracture, i.e., dies are designed for higher degrees of
both hardness and ductility.

¢ Design the flash at appropriate location with proper
size and shape; normally, flash is presented in die to
release the working pressure during forging
operation to complete the filling up of material into
the die cavity.

s Select the optimal corner radius for the die.

In assisting the prediction of die life several works
have been done such as Skov-Hansen et al. (1998) by
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considering the tool material, the pre-stressing condition
and the radius of curvature in a critical tool corner, while
Tong et al. (2003) estimate the life of the die based on
Haigh Diagram from combination of FEA and experimental
result. Ohasbi and Motomura (1996) developed a
computer aided die life prediction method based on Fuzzy
language risk analysis and Fuzzy interference. Main
objective of this study is to investigate the effect of
corner radius of the die and cavity orientation on resulted
stress and number of cycles to failure (length of service

life).
MATERIALS AND METHODS

Tool steel is selected as the dies material and the
most suitable tool steel used in cold forging 15 AISI type
A2 tool steel. Moreover, the compressive strength that
are absolutely high also encourage this material served as
tooling purpose in cold forging process. Apply a scaling

factor to the desired dimensions to account for shrinkage

during processing. A typical scaling factor to account for
shrinkage is 2% (default value set by the software). The
parts will shrink umformly mn all directions due to
densification of the metal powder. An appropriate factor
of safety 1s chosen by using several considerations. Prime
considerations are the accuracy of load and wear
estimates, the consequences of failure and the cost of
over-engineering the component to achieve that factor of
safety and for this case safety factor of two 1s used. In
predicting die life, the fatigue curve (S/N curve) of the die
material 1s needed to be constructed. Before the
simulation, the forging load needs to be calculated. The
forging load 18 calculated using the Simplified Slab
Method. An iterative method of analyzing the stress
levels in the dies using the static study and predicting the
lifecycles using the fatigue study with the fimte element
analysis software, CosmosWorks. The methodology 1s
summarized as shown in Fig. 1.

Solid modeling

Solid model of universal joint is
generated in Solid Wi

£ 3

Dies design
1.  Different orientation of the

universal joint while designing '—|
> for the dies
2. Different comer radius Searching related information
¥ ¥ Material properties
Load calculation ¥ S/N curve
¥ Simplified slab method ¥ Part geometry
( moo v ) " ¥ Scaling factor
P = 2ar® |—=—— v Friction factor
J; 3 H ¥ Cavity flow siress
¥ v Factor of safety (FoS)
Simulation ¥ Minitmum corner radius in
vV Static test ¢ die design
v Fatigue test
'3
Resulis
1. Static test
¥  Siress plot
¥  Displacement plot
Strain plot
Repeat ¥  Deformation plot
:li_rmﬂ?-t‘;mmfor v Design check
€ Wi 0‘ er 2. Fal:igu.r test
configurations ¥ SNocurve
¥  Damage plot
¥

| Discussion and conclusion

Fig. 1: The flow chart shows the procedures of the research
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Fig 2: Three differerd 1T-joirit orientati otz

Die modeling: The closed-die forging of the universd
joitt (T-joirt) was generated using three-dimens ond
CAD modelityg softwar s, Solidworks ThisCAD modding
softwate coupled with FEA tools, Costm 0sWotks, which
can provide accwate, meanngiid results while fitting
tightly into the design cycle of component parts and
assemblies. Hapid design and andwysis of tooling
compotierts can be accomplished with the use of readily
available andinex pensive CAD and FEA softarare.

Die configuration: Theoretically, different die
conflgurations will result in different stress pattern and
provide different lifetime. This due to the different load
pattern is applied on the swface of the die Therefore, the
solid model of the umiwversa joirt is used to generate die
in differert configwration. One of the corner 15 selected to
be one of the wariable to be studied and it’s varies
between 0 to 3.5 mm for simulation. Therefore, there are
21 different dies will be analyzed inthis study (Fig. 2).

Material properties and boundary condition: hMarsy
cold-forging operdions are characterized by wery high
compressive tool’ workpiece interface stresses and the
cyelic loading of such tools during the repeated forming
of workpiece may resilt in fatigue crack form ation and
limitedlifetime. Therefore, the dies must be made of ki gh-
strength tool material that can withstand the high
compressive streszes (Brondsted and Skov-Hansen,
1997, The most suitable material vsed in producdng the
diesis todl steel; the properties of the tool steel are listed
inTable 1. Loadis applied from the top, where the upper
die iz moving towards lower die and the distritngion of
load is assuwm & to be uniform ed.

Forging load: By referring to the literature review, there is
the method in caloulating forging load, so-cdled simyplified
slab method CAltan ef &, 19830 The method will be

Table 1: Properties of ATSTtype A3 tool steel

Properties Wahe
Dereity (p 0.00786] g nar!
Cokr T
Conrpressine srergth 2361 324 Hmm™
Corrpre seiwe yield srerggth 2137375 H mm™
Yonm's mod. 203395 Huan ™
Hardnecs G2HE:
Pokson's ratio (1) 0.30
Shear moduie (1) 72000 Hpan—
Thenral ¢ avdar teritye 20 WrE @ RET
Thenra ] Expaneion Cosfficiat [ TEC) G4 e-006 ! F
Specific heat (2] 460,545 TLz—'1~
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1
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Fig 3:Fromt plane and top plane of the lower die

applied here to predict the forging load for simdation
putpose. [n this analysis, it is assamed that the cavity has
a rectanzlar shape; therefore, the cavity is cutinto five
sections inrectangilar (4= area A and | <area B). Thenthe
load for each section iz added together.

Area B is a square (Fig, 3); therefore the haf width of
the cavity iz denoted by ', while in area &, the length of
¥ islonger than 2 Half of width of the cavity 15 dencted
by 1, which equals to V02 (This will cause the value of
predicted load become larger, wlich is closer to the
practical walue), Given thatfor the case of £ = 1632 mm,
t=1931 mm, H= 3264 mm m=10ado, =350 MPg
so the total presswe recuired iz p, = 31803 Pu of
=029 ton

SN curwe: In high-cycle fatigoe situations, materials
performance is commonly chararterized by an3-1 curve,
also known as a Wikl er curve, which map the relationship
between magnitude of a cyclical stress (3 against the
cyclestofadure (W) (Weihsmann, 19800, 3-H oxves are
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ALESES SIS

Fig 4: 3/ curve for AIST type A2 tool steel

derived from tests on samples of the material to he
chatacterized (often called coupons) where a regular
sitmuscidal stress is applied by a testing moachine which
alzo courts the menber of cycles to failwe. This process
is sommetim es known as coupon testing Each couporn test
getierates a point on the plot though in some cases there
is anmn out where the time tofailure exceeds that available
for the test For AL type A2 steel used in this study, the
S curve obtained is as shown in Fig 4.

RESULTS AND DISCTISSION

In fatigne behavior stady on the cold forging die, a
fatigue analysis is developed using the CosmosWorks
software. CosthosWorks is one of the design analiysis
software that iz Dlly integrated in 3 alid works. The full
model and mesh model of the horizontal die iz as shown
inFig 5

I static analysis, the solver finds the displacements
inthe Z, ¥ and £ directions at each node. Mow that the
displacemerts are known for every element, the program
calmdlates the strains in various directions Strain iz the
chatyze it length divided by the otiging length. Finallsy,
the progratn uses mathematical expressions to caleulate
stregses from the strains Before starting the fatigue
atialysiz, a stetic analysis of the die iz needed to provide
the stress data to accotmplish the fati gue analyasis

Stress analysist The minimum corner tadiug for die
design iz 1 mm. Resilts in Fig & shown that there iz a
ratige for the correr radii to obtain lower stress on the die
atid the resalt shows thatthe optimal corner radi is at
3 thin, whete the ot misses stressis the minithen . From
the figure also indicates that the stress iz dectreasing
when the corner radivg increasing and the result showes
that there iz a trend where the stress will cortirme
reduced when the corner rading is increased. The stress
geterated in die with corner radii 3.5 mum iz higher than
stress getersted in die with sharp corner. When the

Fig 5: Full model and mesh model of the horizontal de

Fig 6: Von Misses stress of the die for different die
otietitation

cottier tadive cortiroies to iterease, the stress generated
will contirmie tobe reduced urtil it becom e lower than the
sttess on shatp corner die. Howewer, it is not practical to
use corter radive that istoo large, where the final forging
may need moare firdshing operations o thay fot acowrate
in final dimension The stress is decreasing with the
inereasing in corner radive. Howewver, there iz no
si gnifi cant improvement in stress reduct on if comopare to
sharp corner die (original). [t can be conchaded that, the
stress trend is sam e with the stress trend obtained from
werti cally ariented die. From the result obtained, it can he
coticluded that the optim &l die orientation is horzontally
atietited, which resalted inmirimiem stress on the die with
gvett tange of corner radine. Whereas the 45 degree
otietited die design generated the highest stress with the
satne range of corter radins.
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Fig. 7: Number of cycles to failure for each corner radius,
respectively

Fatigue life: From the result shown in Fig. 7 ndicates that
the life cycles of the die seem to change gradually when
the corner radius is increasing. However, the dies with
corner radius 3 mm still obtaining optimal life cycles. In
fatigue analysis, the load that calculated from Sunplified
Slab Method no longer useful. It 1s because the
endurance limit of the die material is too high, until the
simulation result will show the die can last forever.
Therefore, a load that larger than the endurance limit 1s
selected for runmng the fatigue simulation. As a result, it
is clear that the number of cycles to failure that predicted
from the fatigue simulation is not accurate.

CONCLUSIONS

From the study carried out, it can be concluded that,
the changing m comer radius can affect the stress level
generated on the die. Where there 1s a range that the
stress level will drop when the corner radius is increasing.
The optimal design 1s the horizontally oriented die with
corner radius 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 original position after removing
the load exerted. As a result, the nmumber of cycles to
failure 13 m the satisfactory region.
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