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The Estimation of Forging Load for the Closed
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Abstract—Closed die forging is a very complex process and
the measurement of actual forces for real material is difficult
and cumbersome. Hence, the computer simulation modeling
been adopted to get the estimated load
requirement. The objective of this research work is to simulate
and analyze the closed die forging process. In this research
paper, an attempt has been made to compute the load
requirement in the closed die forging process by using computer
simulation during different stages of the process. The results of
load
requirement and the deviation of estimated load and actual load
has been reported in the form of percentage error. If the
percentage error is more than the permissible limit then the
necessary corrective measures are recommended to get the
better simulation results. The Computer Simulation techniques

technique has

simulation have been

compared with the actual

could be helpful in reducing the global warming effect.

Index Terms—Closed die forging, H/D ratio, Modeling,

Simulation.

I. INTRODUCTION

In the present highly competitive era, the mass production

requirements in the engineering industries have increased the

demand for forged components. Forging process, usually
involve multiple preforming processes followed by a
specified finishing process. Process simulation has become an
increasingly important tool for the development of new or
improved processes. With the use of simulation tools, not
only the costs and the time necessary for the development of
new products could be reduced significantly but also this can

contribute in reducing the global warming. The process
requires a lot of experience and skill to optimize the quality,
costs and lead time [1].

The objective of this research work is to simulate and
analyze the closed die forging process. The main focus is to
estimate the load requirement for the die cavity filling at
different stages of forging of AISI 1016 by a computer
simulation technique. The closed die forging process has been
divided in to two stages i.e. deformation process before flash
formation and after flash formation [2].

The designs based on results of simulation are required to
be evaluated to make sure that the material would flow as per
the requirement in the die cavity [3].
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II. NOMENCLATURE

Strain hardening constant

Initial diameter of billet

Force required before flash formation

Force required after flash formation

Initial height of billet

Current height of billet

Average height of shearing zone at the beginning of
flash formation

Current average height of shearing zone

Die diameter

Strain rate sensitivity exponent

Temperature

Initial distance between flash lands of two die halves
Flash thickness

Flash Thickness at the beginning of flash formation

Velocity along the horizontal direction
Ram speed

Flash width

Velocity along the vertical direction
Shear plane angle

Flow stress

QP2 VNS NISNS ST o 0

Omae;  Maximum stress before flash formation
Omax2 Maximum stress after flash formation
P Strain before flash formation
& Strain for zone 1
£3 Strain for zone 3
&4 Strain for zone 4
£ Strain rate before flash formation
g Strain rate for zone 1
& Strain rate for zone 3
3
& Strain rate for zone 4
4
Eie Strain at the beginning of the flash formation

U Coefficient of friction between die and billet
) Coefficient of shearing friction
Encircled digits 1, 2, 3, and 4 indicate respective zones in Fig.3.

III. MODELING OF FORGING

The modeling and simulation of closed die forging process
has been carried out by using analytical and numerical
methods [7], [4]. For the purpose of simulation, a cylindrical
shape billet having different H/D ratio have been deformed
between two die halves as shown in Fig. 1. The deformation
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process before flash formation has been depicted in Fig. 2
where as Fig. 3 represents the deformation process during the

flash formation stage.
L
,_l
|

I

tiH

%

| D

o

L

|
Fig. 1 Billet and Die geometry: Initial configuration

Fig. 2 Billet and Die geometry: Upsetting

| O/ ,\O-ZZ
i Or| \Or
| |
===
OHONO. Pt |k |h
G L S Bz 1
" n D=L/2
w L
1

Fig. 3 Billet and Die geometry: with Flash

A. Estimation of Flow Stresses

Forging is a deformation process which involves several
variables interconnected by more or less complex function.
The method discussed here, used to simulate the hot die
forging process to determine the stresses and the load. The
flow stress relationship has been implemented as a subroutine
(8], [9], [14].

o, =Cé" (M

Where,

C=f(e T)

The parameters C and m are available in the material
property hand books for different billet materials used in
various types of forming processes.

B. Calculation of Strain

The strains in the die cavity as well as in the flash during
different stages have been calculated as follows [4], [11].

The strain before flash formation, as shown in Fig. 2, could
be computed as,

e=In(H/h) 2)
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During flash formation, as depicted in Fig. 3, the strain in
flash, indicated as encircled 1 (zone 1), may be calculated as,
&=¢,+In( /1) (3)

At the end of forging, the material is assumed to flow in to
flash by shearing along the surface indicated by dashed line in
Fig. 3. Therefore the strain in zone 2, shown as encircled digit
2 (zone 2) i.e. g, is equal to &, which is the zone between the
shearing line and the die, and the strain in zone 3, represented
by encircled digit 3, is €3 may be computed zone as,

& =¢,+In(h, /h)
h =087 (L/2t)"”

“
(&)

The mean height of the convergence region 4 indicated by
encircled digit 4 in Fig. 3, could be calculated as,
h=(h+1)/2 (6)

The strain in the convergence region 4 may be obtained as,
&,=&,+ ln(}z /El) (N

C. Calculation of Strain Rate

The strain rates for the various stages of closed die forging
are calculated according to the following:

Stage [: Deformation process before flash formation as

shown in Fig. 2 may be computed as,

E=v/h (8)

Stage II: Deformation process after Flash formation as
depicted in Fig. 3 may be evaluated as,

g =v/T ©)
&=vlh (10)
&, =vlh, (11

D. Stress Calculation

The stress before flash formation as shown in Fig. 2 may be
computed as,
Ot = (1+ (1D / ) (12)
The stresses after flash formation as represented in Fig. 3
could be calculated as,

0., =2u0,(w/t)+o, (13)
o, =(K,/K)n(t /K, +K,n,))+0_, (14)
Omax2 = ((2/‘0‘/‘1"1)/]7) +0, (15)
Where,
K, =-2tan B
K, =-0,K, +21,0 ,,(1+tan’ )
K,=h-nkK,

tan S =[1—-{((h /D)= /((h /T)In(h / ))}]"*

E. Calculation of Force

The force required for deformation process before flash
formation for the geometry as shown in Fig. 2 could be,
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F, =270 ,[(I" /444 )(exp(D/ h)=1)—hD/ 4] (16)

The force required for deformation process after flash

formation for the geometry as shown in Fig. 3 would be,
Fy=F+F, (17)

Where,
F=270,\[(h* /445 Yexp(u, L/ h) =)= hL/4u,)]
F,=0,(z/4)Q2Lw+ w1+ (g,w/31))

F; is the average force on the billet and F; is the average
force on the flash land.

IV. SIMULATION ALGORITHM

A computer simulation algorithm has been developed
consisting of separate subroutines for the two different stages
of forging process i.e. deformation process before flash
formation and after flash formation [5].

For the process simulation, initially the material is required
to be selected from the material data base. The die parameters,
billet parameters, number of stages of deformation process
are required to be provided then the algorithm starts
computations and simulations using computer graphics as per

coding [6].
START
e

Material
Data File

Select Material of
Billet

Input Die parameters:
Lhfiwtf

Input Billet parameters:
H,D o

Input friction parameters:
mu 1, mu 2

Input ram speed and No. of
steps for stage I and II:
v,n 1,n 2

Input ram speed and No. of
steps for stage I and II:
v,n 1,n 2
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©

Calculate:
volume, height

Calculate:
del hl, del h2, theta, h contact

Step 1

®

Material
Data File

Input the value of
C and m for
Material of Billet

Calculate:
epsilon, epsi_dot

Calculate:

sigma f, sigma max 1,F I

If
Step>n_1 No

Yes

Calculate:
epsi 1, epsi 3, epsi 4

Calculate:
epsi_1_dot, epsi_3 dot,
epsi 4 dot

Calculate:
sigma zl1, sigma z2,
sigma max 2, F II

If
Step>n 2

Any
mofication ?
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The computer code generates step by step the results as
shown in Fig. 4, 5, and 6 for the various output parameters e.g.
height, diameter, strain, strain rate, flow stress, and load
requirement. At the end of the simulation, the algorithm asks

The application of this computer simulation method may be
extended to more complicated part as shown in Fig. 7 which is
a connecting rod of an Internal Combustion Engine which is
normally manufactured by the closed die forging process [1],

for any modifications, if any, may be change of material or  [7].
dimensions for the purpose of next computations and
simulation.

Fig. 7 Connecting rod of an I. C. Engine

V. RESULTS AND DISCUSSION

Fig. 8, 9, and 10 shows the graph of Actual Load (kN),
Estimated Load from computer simulation (kN) and % error
plotted against the Stroke length (mm) for the H/D ratio of
1.9, 1.4, and 1.0 respectively for the flash thickness of 2 mm
[13].

From the Fig. 8, 9, and 10, it could be clearly seen that, as
the stroke proceeds, the load requirement for the deformation
increases. At a particular stroke length, the increase in the
load is steep; this is the point where the flash formation starts.
The stroke length for flash formation to start is different for
different H/D ratio. As the H/D ratio decreases, the billet
diameter is required to be increased to maintain the constant
volume of the billet material. The actual load and estimated
load have been plotted and are in good agreement for all the
cases studied as shown in Fig. 8, 9, and 10.

The value of percentage error between actual load
requirement and the estimated load for the H/D ratio of 1.9
varies from 4.21% to 7.91%. For the H/D ratio of 1.4, the
percentage error ranges from 3.43% to 5.97%. The
percentage error for the H/D ratio of 1.0 has been found to
vary between 2.72% to 5.34%.
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Fig. 6 Billet and Die geometry: Final stage with Flash 200 - T4
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Fig. 8 Load (kN), % error Vs. Stroke (mm) for H/D = 1.9
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Fig. 9 Load (kN), % error Vs. Stroke (mm) for H/D = 1.4
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Fig. 10 Load (kN), % error Vs. Stroke (mm) for H/D = 1.0

Further, it has been observed that as the H/D decreases the
amount of percentage error which is also termed as the
deviation from the actual load requirement reduces which has
been observed in all three case studies i.e. H/D ratio of 1.9,
1.4, and 1.0. This may be anticipated due to the fact that the
difference between actual load requirement and the load
requirement obtained by computer simulation should reduce
because as the H/D ratio decreases the deformation of billet
material to fill the die cavity reduces and the process
progresses in a more controlled manner. Further investigation
is required not only in the actual process but also in the
computer simulation, to reduce the percentage error between
actual load requirement and the load requirement computed
by the simulation results, particularly for higher H/D ratio.

VI. CONCLUSION

Finally, it may be concluded that the success of the
simulation technique to estimate the deforming load
requirement for the closed die forging operation would
depend upon the following:

» The selection of material parameters from the material
property database should match with the actual metallic
material. If the percentage error is more than 10% then
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the material properties are required to be obtained by the
suitable material testing method.

» The friction conditions prevailing between the die and
billet material during the actual deformation process and
the simulation are required to be nearly same.

» Accuracy of the simulation would be governed by the
parameters such as the H/D ratio, strain rate, the flow of
material in the die cavity, and strain hardening property
of the actual material.

However, due to the complexity of forging operations, the
material and process condition, the manufacturing by forging
process is still a very much dependent upon trial runs, which
results into increased lead-time. An integrated approach of
forging simulation along with optimization would
significantly improve the overall process of the components
manufactured by closed die forging process and contribute
towards the efforts in reducing the global warming.
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