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Dear Fellow Engineers,

Demand for steel in India is growing steadily and so also in Gulf countries ,who are looked to day as
driving forces for growth. Consumption in India is showing growth trend with make in India and new start
up mission of the Government. Growth in Gulf countries has been steadily increasing in the
infrastructure projects as they are still net spenders. War between Russia and Ukraine have led to the
increased production of steel in the other European countries, like Italy, Spain and Turkey. With recent
earthquakes in Turkey we are yet know exact happenings. Electric vehicles are steadily moving ahead
in numbers and number of manufacturers. EV three wheelers are progressively increasing in the
northern part of India and so also Four wheelers in Western India. Researchers for better batteries for
Evs are having relentless efforts for newer solutions. Still no worries for Forging Industry as India is
becoming hub for Global procurement of finished forged components.

Hope you will enjoy reading article on Forging simulation by Mr. Durga Prasad. | am sure your
companies must have budgeted for booking stall and participation in the mega event being organized
by FFTC | December 1st to third at Trade Centre Chennai, details for which will be available to you

shortly.

With Best Regards,
Dr. V. V. Kanetkar - Editor
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What conditions in the quenching operation lead to
formation of Lath, acicular or fine martensitic structure
in Steel ?




Simulation technology for

forging process optimization

Continue in November issue...

After the product is designed the
real work for the forging engineer
begins: the process design is the
most time-consuming part in this
chain and demanding the greatest
know-how and skill. It is supported

released for tool production.

The variety of results that can be
taken out of such a simulation are
shown in Fig. 2. In addition to the
most important results like form-
filling and detection of folds there
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Fig. 2:
Typical usage of
forging simulation

Virtual Forging Processes

Typical forging process simulations are done with nominal values, practically with ideal conditions. The billet 1s
warmed up homogenously, the dies are rigid, the friction is constant on the whole die surface and through the entire
forging process. When comparing the numerical forging result with reality, which is a necessary step in the entire
process, we can notice thata 100%-result is never possible because several assumptions are considered (Fig. 3). For
example, the initial billet temperature is non-homogenous due to an induction heating or a cooling during the
transfer, the dies are not rigid, and the friction is not constant.

Simulation Scan

Fig. 3: Comparison of simulation and real part with GOM-Scan

Comparison




At Parsan and Omtas the forging
results are compared with the
simulation using optical scanning
with GOM, done for each step of
the forging sequence. This is the
easiest way to find out if the
simulation is close enough to the
real process. However, even for a
simple stage like an upsetting as
shown in Fig. 3, a small difference
isalways visible.

The only way to reduce this
difference is to close the gap
between assumptions and
simplifications in the simulation
and the variations that are shown in
the real forging results. This has
been discussed in many papers
already [1, 2 and many more] and

includes steps like these:

* Simulation of induction heating
rather than considering a
homogenous billet temperature

* Thermal steady-state-
simulation with deformable dies

* Consideration of press
kinematics and punch tilting

* Simulation of real lubrication
leading to non-constant friction

* Simulation of trimming with
deflection

» Simulation of the cooling and
heat treatment process

» Checking variations of process
parameters with optimization

[4].

Especially for products and
processes with tight tolerances it
might be useful to check if such a
whole chain might be giving a
closer result. However, considering
these additional steps prolongs the
design process. For example,
running a coupled analysis with
deformable dies can easily put a
factor of 10 or more to the time
consumption of a blocker or
finisher simulation. That is why at
Parsan and Omtas a sensitivity
analysis of the different processes
is realized for all products and at all
the manufacturing steps. One of
these steps that will be investigated
in this paper is the induction
heating and the thermal steady-
state.

Induction heating

and mechanics as shown in Fig. 4.

The optimal process parameters (for example

Heating by induction can be analysed with simulation frequency, operation time), as well as the accurate
software. In this process a multiphysics couplings take temperature distribution in the initial billet as shown
place: between electromagnetism and heat transfer, in Fig.5, the equivalent strain distribution (especially
mechanics and heat transfer, metallurgy and heat inthe head and tail of the billet) due to temperature
transfer, mechanics and metallurgy, electromagnetism gradient more can be determined [5].
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Fig. 4: Multiphysics couplings

Fig. 5: Temperature evolution after induction heating

Thermal Steady
State

FEM-Simulations are good tools
to increase the die life and reduce
the wear, plastic deformation, and
mechanical fatigue [6].

To make an accurate thermal
steady-state-simulation several

steps are modelled as shown in
Fig.6. The process starts with a
waiting time, followed by the
forging process, performed on
deformable dies. A deformable
die 1s a die where the mesh is
generated on the surface and in the
volume. Mesh constructions in
FORGE® use the Delaunay

triangulation which produces fast
meshes with a good quality. They
are based on mathematical
foundations that guarantee a
minimum value. Surface and
volume meshes generated by
Transvalor software are
unstructured composed of 2D
triangles and 3D tetrahedra. They
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Fig. 6: Thermal Steady State Simulation [3]

Thermal Steady State
FEM-Simulations are good
tools to increase the die life
and reduce the wear, plastic
deformation, and mechanical
fatigue [6].

To make an accurate thermal
steady-state-simulation
several steps are modelled as
shown in Fig.6. The process
starts with a waiting time,

Fig. 7 shows the temperature evolution after a number
of forging cycles. Here we can see that the temperature
rises to a certain level. After 14 cycles the die reaches a
thermal equilibrium in a given tolerance and the

thermal steady is reached.

Conclusions and perspectives

followed by the forging
process, performed on
deformable dies. A
deformable die is a die
where the mesh 1is
generated on the surface
and in the volume. Mesh
constructions in FORGE®
use the Delaunay
triangulation which
produces fast meshes with a
good quality. They are
based on mathematical
foundations that guarantee
a minimum value. Surface
and volume meshes
generated by Transvalor
software are unstructured
composed of 2D triangles and
3D tetrahedra. They are very
powerful to simulate
accurately any kind of metal
forming processes on
complex geometries. In
addition, the unstructured
methods require only little

user input assistance,
unexperienced users can
easily generate a suitable
mesh with a single click.

The 3rd step transition is only
used to take out the billet to
make the dies lubrication,
The last step is the steady
state simulation. Making a
thermal steady state
computation, the dies
temperature distribution after
a number of forging cycles
can be predicted or the user
can determine the number of
forging cycles needed to get a
uniform temperature.

The following figure
illustrates a complete die
cycle sequence: cooling /
forging/ transfer / lubrication
stages until the final steady
state operation. During the
complete die cycle the
thermal equation is solved on
the dies.
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Fig. 7: Distribution of the temperature after the thermal

equilibrium (right) and Variation of the

max temperature during the thermal steady state calculation (left)

The development of the software must follow the
market needs.

* Anoxide scale growth and spalling model

* Anautoradiation model

* Anew crack insertion algorithm

» A friction and heat transfer models function
of'the oxide scale influence

Numerical simulation allows the capture of the
defects occurred in existing forging process. The
benefits of the numerical simulation use are
reduction in cost, increase in productivity
without any forging defects. Results of the
simulation shows a correlation with the reality.
An excellent correlation is a necessity to ensure
the process design at Parsan and Omtas.

References

[1]
(2]

(3]
(4]

[3]

(6]

K. Vollrath, Extra-Info Schmiedesimulation, April 2013

S. Andrietti, Benefits of Virtual Manufacturing for Modern
Forging Companies, SIAT 2017

Forge NxTn 3.2 Online Help,
http://docs.transvalor.com/forge/en/nxt3 2/index f 3 0.htm
R.Ducloux, L. Fourment, S. Marie, D. Monnereau
“Automatic optimization techniques applied to a large range
of'industrial test cases” Proceedings of the 13th ESAFORM
Conference on Material Forming (edited by Elisabetta
Ceretti and Claudio Giardini), Brescia (Italy), 7-9 April 2010
V. Lejay,J. Barlier, T. Fabro ,A. Settefrati, “FEM Simulation
of'induction hardening: from the generator behavior to the
quenched microstructure prediction. Comparison of
experiments vs simulations.” 2016

M. L. Santaella, ,M. Franzke, ,G. Hirt,, “New Methods for
Computer-Assisted Optimization of Forging Die Life”.
In:XIV International Forging Conference, XXX
SENAFOR, 2010, Porto Alegre - RS, Brazil




FORGING TECH FORUM MEMBERSHIP

Subscription Member

TYPE
Corporate
MSME!/Institute
Individual
Students

ANNUAL THREE YEARS ONE TIME
. 5,000/- . 12,000/- . 50,000/-
. 3,000/- X. 7,500/- . 30,000/-
X. 750/- . 1,750/- %. 7,500/-
. 250/- 4 700/- . 2,500/-

(+ 18% GST)

Remittance to be made by crossed Cheque /D.D. to be drawn on “FOUNDRY
& FORGE TRAINING CENTRE" payable at Pune.

Privileges are as under:
® Will get FORGING TODAY Journal.
® Special rates for Training programmes, conference and exhibition.

RTGS / NEFT Details

INR RTGS / NEFT
Account Name:

Bank Name :
Branch Name:

Account No.:
IFSC Code:
MICR

Type of A/c:

FOUNDRY & FORGE
TRAINING CENTRE
UCO Bank

Deccan Gymkhana
Branch
06870200000612

UCBA0O000687
411028009
Current

For Details Contact

Arkey Technica/ 7,6 X

7,

%
«

&

[oe=eif 12

FOUNDRY AND FORGE TRAINING CENTRE
‘Guruprasad’, 37/4/A, 6th Lane, Opposite Hotel Laxman,

Prabhat Road, Pune - 411 004 India. 020-2567 2555, 2567 0808
Mobile: +91 97647 11315
fftc@arkeycell.com, admin@arkeycell.com | www.arkeycell.com

aynysul uomas%‘éQ

Order Your Copy

“Directory of Forging Industry” Just for Rs. 250/-
Email us on: fftc@arkeycell.com




FORGING ®
TECHNOLOGY
TECHOLOS) ]
mcgﬁcvent
2023

International Conference & Exhibition

for Forging Industry
1-2-3 December 2023

at Chennai Trade Centre, Chennai, India

| HEIFY QU M
STALL BOOKING STARTED ' PRE:FJE R;f .'; ;'.'

PAY 25%
& BOOK ST[{)LL P R IME

NEXT INSTALLMENT
JUNE 2023 LOCATION

— Exhibition Tariff

Member Non - Member It WIll deﬁnltely
Ratein% Rate in USD Ratein? Rate in USD helI) you
Stall Type
Per Sq. mtr. Per Sqg. mtr. Per Sq. mtr. Per Sq. mtr. h .l o
Constructed Stall 9,500.00 160 10,000.00 170 wniie pl’epal’lng
Open Space 9,000.00 152 9500.00 160 budg et
*18% GST on all above tariff * For 2 side open 10% extra on tariff Pay 10%advance & | melocation f or next year

FOR MORE DETAILS

FOUNDRY AND FORGE TRAINING CENTRE
ADivision of ARKEY TECHNICAL TRAINING & RESEARCH INSTITUTE (TRUST)

+91 9764711315

fﬁﬁ?ﬁﬁﬁv fitc@arkeycell.com, admin@arkeycell.com

FORUM www.forgingtechnologyforum.com



