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MODELING OF STRAIN IN BULK METAL FORMING PROCESSES
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Abstract: To determinate strain parameters, a numerical simulation of bulk deformation in open dies of an axi-symetrical work piece
was carried out in numerical FEM systems. DEFORM-2D software package meant for analyzing plane and axi-symmetrical deformation is
used in numerical simulation. A graded convex shape of die work piece dimensions and distribution of node points whose dislocations are
followed in deformation process have been adopted. Numerical simulation consist of three phases. A numerical experiment is carried out in
the first phase, and point movement at the end of deformation process for the accepted coordinate points in a non-deformed state are
obtained. Based on these data on point dislocation, state of strain parameters are determined. This numerical experiment relates to the
process continuity. The second phase relates to the numerical experiment realized for the same initial conditions, but bulk deformation
process is observed in deformation phases, and strain parameter are determined in each of them, based on which the parameters at the end
of deformation process are obtained. The third phase relates to the state of strain parameters determined by DEFORM-2D itself, and they

refer to the same initial conditions.
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1. Introduction

Within deformation process, bulk metal forming is specially
characterized for its complexity. To be successful at projecting any
technological procedure by deformation process, it is of great and
importance to know the parameters state of strain. The best way is
testing on real object, being quite expensive one and demanding a
lot of time for investigation, so numerical experiments that are
cheaper and quickly realized have been more applied lately [1-9].

Recently, thanks to a rapid development of computer
engineering, a numerical approach of solving problems has become
of great importance. Finite Element Method (FEM) has been used
as the most powerful one. Based on this model several commercial
software packages for numerical simulation of bulk deformation
process have been made. One of the most known software packages
for numerical simulation of bulk deformation process have been
made. One of the most known software packages is DEFORM,
whose producer is Scientific Forming Technologies Corporation
(SFTC), where simulation and the abtained results presented in this
paper have been carried out [1-14].

2. Basic Parameters of Numerical Experimental
Investigations

DEFORM-2D software package will be used for numerical
simulation. Bulk metal forming in open die process implies a lot of
problems both from the point of view of geomtry and technological
condition. An element shown in Figure 1. is observed in the paper
with next conditions:

o Meterial is an aluminium alloy AIMgSi0,5.

e Investigation is carried out at hot forming temperature of
T=440°C.

o Deformation is obtained by a small constant forming velocity of
v=2 mm/s.

e Strain hardening curve parametres are ¢=30.34434 an
n=0.097808 for AIMgSi0.5 aluminium alloy and temperature
T=440°C.

e Friction factor is m=0.114.

Tool shape is gradually convex (Figure 1.). It consists of two
dies, upper and lower ones. The upper part of die consists of two
degree heights whereas lower one has one height degree (level) [1].

Work pieces are cyllindrical, of diameter dy=33.56 mm. Height
ho is determined by the conditions of constant work piecs volume
before and after pressing process for adopted die dimensions given
in Figure 1. and it amounts to hy=33.94 mm. An adopted mesh of a
half of axi-symmetrical work piece in given in Figure 2. [1] total
number of node points is 154. Point coordinates whose
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displacement will be followed in numerical experiment and whose

strain state parameters will bu determined are given in
Figure 3.
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Fig. 1 Workpiece within die [1]
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Fig. 2 Adopted mesh of a work piece [1]

3. Numerical Simulation
Numerical experiment for process continuity

To carry out a numerical simulation, it is necessary to put
gradually some known data into DEFORM module Pre Processor.

First step is putting info the field of Simulation Controls the
data conneeted to the choice of system units, geometry display step
number, step recording, values of stroke per steps, as well as values
of SMAX process stoppage.
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Teble 1: Simulation Controls [1]

. . Units UNIT M S|
Simulation Parameters
Geometry GEOTYP M Axisymmetric
Number of
simulation steps NSTEP=1000
s;\elg increment to STPINC=10
Step Controls - -
Primary die PDIE(1)=1
Steps by M Stroke
Stroke per step DSMAX=0.1 mm
. Primary die _
Stopping Controls displacement SMAX=0, 12.94 mm

In the second step, in the field of Material Properties the data
connected with a work piece material, namely the values of
hardening curves, are input. In the third step, in the objects field,
the data connected with the geometry of upper and lower dies, work
piece, as well as the values of upper die movement speed are input.

Teble 2: Objects [1]

Xmm Y mm R mm
1 0 43.94 0
2 9.300732 43.94 1
Name: - 3 10 33.94 1
Upper die g 4 19.300732 33.94 1
M Rigid g 5 20 23.94 1
6 35 23.94 0
7 35 43.94 0

Speed: 2 mm/s
Movement controls
Angle: -90°

Xmm Y mm R mm
Name: 1 35 0 0
Lower die g‘ 2 35 10 0
M Rigid E [3] 2 10 1
& |4 19.300732] 0 1
5 0 0 0

X mm Y mm R mm
Name: ‘g 1 0 0 0
Work piece % 2 16.78 0 0
PIPlastic o 3 16.78 33.94 0
4 0 33.94 0

Mesh | Number of mesh elements MGNELM=1000

In the fourth step, in Inter Objects field, the data connected with
the relations of a die and a work piece as well as friction factor
values are input. For other parameter values, there been taken
default DEFORM-2D software package.

After inputting data and generating a mesh of finite elements, an
initial data base for an initial step is formed and it is marked by -1.
By forming the data base, all the necessary conditions analyze
deformation process are obtained namely by entering Simulation
module, DEFORM simulation is to be performed [1].

The simulation done, the results obtained may be interpreted in
Post Processor module in both graphical and data forms. After
simulation process starting, numerical calculation for the stroke per
step DSMAX=0.1 mm, are made, at which each tenth step is kept
within data base. When the parameters of the finite element mesh
reach their critical values, an automatic remeshing is done.

For the given simulation example, remeshing was done five
times, and the process was finished at 13" phase. A final look of the
workpiece in the 13" phase with the mesh of finite elements is
given in Figure 4.
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Fig. 3 Adopted arrangement of node points in non-deformed state [1]

To compare data, it is necessary to input info sub-module Point
Tracking, the adapted node points ryo and z, and their arrangement
is given in Figure 3. After inputting coordinates of node points in
the 13" or final phase, and their arrangement is given in Figure 4.
By Data Extract order, coordinates of node points at the end of
deformation phase i.e. in 13" phase Ip13 and z,5 are obtained [1].
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Fig. 4 Point arrangement in 13" phase obtained by DEFORM simulation

Based on the obtained node point coordinates at the end of
deform process, data processing is done by means of a programme
made in MATLAB. Input data are: node point coordinates at the
beginning ry, and z,, and at the end of deform process ry13 and z;y3.

Uz =Fp3—T
ri3 p13 po } (l)
Unz =Zp3 ~Zpo

Based on movements of points u,3 and u,; partial movement
derivation per radius and height are calculated: du,/or, ou,/oz, du,/oz
and ou,/or. Using such obtained partial derivations it is possible to
determine components of small deformations [6]. By applying a
relation of relative and logarithmic strain (2), values of logarithmic
strain are obtained to comparisons with numerical values of FEM
simulation [1-11].

p=In(l+¢) )

The values of effective logarithmic strain are given in the form
of a three-dimension diagram in Figure 5.

Numerical experiment per steps

The data obtained by numerical simulation, due to a great
number of possibilities DEFORM-2D programme package
possesses, relate to a complete bulk deformation phase may be
reached by means of the generated data base. When numerical
experiment in phases is concerned, the idea was to determine strain
in each phase of numerical experiment. To determine the values
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wanted, we get the needed data on radial and axial coordinates,
adopted node points in each step out of DEFORM Tracking Point
module. Point dislocations are given by the following expression.

U =i —Fpig

ri = Tpi

} i=12,..13 ®3)

Uy =Zpi —Zpig

Based on dislocation of points u, and u,, i = 1,2,...,13
partial dislocation derivations for radius and height: du,/or,
ou,/oz, 0u,/oz and du,/or in each step are calculated. Out of
these partial derivations, relative deformations are obtained,
where, by using (2) the logarithmic strains @i, @i, ®gi, yrzi and
vei» 1 =1,2,...,13 at the end of each step of bulk deformations
are obtained [1-11].

Logarithmic strain values in the 13" step (at the end of bulk
deformation) are calculated on the base of (4).

13 13 13 13 13
Dr :Z¢ri ' ¢, =Z§02i ' Do :z(/’a Yz :Zyrzi y Pe :z¢ei 4
i=1 i=1 i=1 i=1 i=1

Effective logarithmic strain values obtained per steps are given
in the form of a three-dimensional diagram in Figure 6.

DEFORM results

An important results that can be achieved by numerical
simulation, apart from geometry change and dislocation of the
points observed, is also strain distribution in each point of plane and
axi-symmetrical deformations. DEFORM-2D software package has
an advantage if compared to other software packages in the field of
bulk deformation, so it gives strain values in each step for the
observed node points for the adopted node points ry, and zy, at the
beginning of the process in non-deformed state. Point Tracking sub-
module enables generation of Point tracking Graphs, as well as
showing of the obtained results in both graph and data forms.
Effective logarithmic strain obtained by DEFORM simulation is
given in Figure 7.

NUMERICAL EXPERIMENT FOR PROCESS CONTINUITY

Effective logarithm deformation ¢,

Height z [mm] Radius r [mm]

Fig. 5 Effective logarithmic strain ¢, obtained by numerical experiment for
process continuity [1]

NUMERICAL EXPERIMENT PER STEPS

Effective logarithm deformation b

Height z [mm]

Radius r [mm]

Fig. 6 Effective logarithmic strain ¢. obtained by numerical experiment per

steps [1]

ISSN 1310-3946

DEFORM RESULTS
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Fig. 7 Effective logarithmic strain ¢, obtained by DEFORM [1]

4. Analysis and Comparison of Obtained Results

On the base of previously given space diagram and state of
strain parameter values derived from numerical experiment, an
analysis and comparison of the obtained data have been made. For
complete analysis and comparison, a programme was made in
MATLAB given average diagrams in a meridial plane of a
workpiece for any cross-section. The splitting plane cross-section
corresponds to a grade plane of a workpiece and of height value
z=10.5 mm.

Height of working-piece z [mm]

T
|

—>

§ 5 10 15 20 25
Working-piece radius r [mm]

i
Fig. 8 Characteristic cross-section in meridial plane for a half of axi-
symmetrical workpiece

Two-dimension logarithmic strain diagrams for all three cases
investigation approaches are given in meridial plane of workpiece
for a characteristic splitting plane cross-section are given in Figure
9. to Figure 13.
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Fig. 9 Radial logarithmic strain ¢ for cross-section P-P
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Fig. 10 Axial logarithmic strain ¢, for cross-section P-P
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Fig. 11 Brim logarithmic strain ¢, for cross-section P-P
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Cross-section z = 10.5 [mm]

35

Num.exp.for process continuity
Num.exp. per steps
DEFORM results

=
@

-

Effective logarithm deformation .

pd

°
o

0

[ 5 10 15 20 25 30
Radius r [mm]

Fig. 13 Effective logarithmic strain ¢, for P-P cross-section

At all the three investigation approaches, for all strain
parameters, two value zones are evident: flash zone and zone
corresponding to interior part of die (die zone).

Comparing logarithmic strain component shear strain and
effective logarithmic strain, at all the three investigation approaches
of stepped convex die shape, it is evident that components are of
similar change character and the values obtained are of the same
value order. Maximum values are obtained in the flash zone with all
the three investigation approaches, i.e. when high strain values are
in question, it is evident the logarithmic strain values calculated per
steps in the flash zone are higher than the ones calculated for
process continuity. Deviations are evident with DEFORM results
where extreme values at one fourth of the flash zone appear at flash.

5. Concluding Consideration

State of strain of stepped convex workpieces at bulk
deformation in open dies has been determined in the paper. State of
strain has been analyzed and compared. Investigation process
consist of three steps: numerical experiment for process continuity,
numerical experiment per steps and DEFORM results.

To carry out numerical experiment, DEFORM-2D software
package is used, this being made on the base of elasto-plastic
formulation of the finite element method and may be used in bulk
deformation in open die simulation process, followed by a great
number of deformation. The application of the programme for
carrying out the process needs defining a set of input parameters
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connecting, above all, with: geometry, material, boundary
conditions and working regimes. After the numerical experiment is
carried out, the obtained results are stored on PC computer hard
disk, this enabling their further computer processing. To use the
obtained results successfully, programmes were made within
MATLAB programme language. Based on the obtained coordinates
of node point dislocations, by using MATLAB programmes, state
of strain parameters given in three-dimensional diagram shape are
determined.

Comparison and analysis of the obtained results are mode, and
conclusions are the following:

o Differences obtained by using an investigation approach relate
mostly to the way of determining parameters. At numerical
experiment for process continuity, strains were determined by
model of small deformations for the whole deformation process.
At numerical experiment per steps, strains are determined by
dislocation per steps, where total strain is obtained as a sum of
strain obtained for some steps. At DEFORM results, strains are
determined by mathematical apparatus using DEFORM-2D.

e At discretization process per steps of bulk deformation in open
dies and determination of strain parameters in all phases, a more
successful modelling of real process is achieved.

e A strong expansion of computer engineering and software
nowadays make it possible for body discretization and process
discretization to be a way to greater accuracy in engineering
investigations.

6. References

Sibali¢ N., Modelling of Bulk Metal Forming Precess Using
Methods of Physical Discretization and Numerical simulation,
Master thesis, University of Montenegro, Faculty of
Mechanical Engineering, Podgorica, 2007,

Vukeevi¢ M., Janji¢ M.: On Modeling the Metal Forming
Processes, Journal for Technology of Plasticity, Vol. 25,
Number 1-2, Novi Sad, 2000,

Vukcevic M., Bulatovic M., Janjic M.: Conntour Modeling of
the Die Forging Processes, International Association for
Management of Technology - IAMOT, Miami Beach, Florida,
USA, 2002,

Vukéevi¢ M., Savicevi¢ S., Janji¢ M.: FEM and Experimental
Contour Modelling at Die Forging, Conference Advanced
Engineering and Techology, Sevastopol, Ukraina, 2004,
Kalpakjian S., Schmid S., Manufacturing, Engineering and
Technology (7th Edition), Prentice Hall, 2013,

Kalpakjian S., Manufacturing Engineering and Technology,
Addison-Wesley Publishing Company, USA, 1992,
Musafija B., Applied Plasticity Theory, University
Sarajevo, Sarajevo, 1973,

Musafija B., Metal Forming by Plastic Deformation, Svjetlost,
Sarajevo, 1972,

Caugevi¢ M., The Theory of the Plastic Metal Working,
Svjetlost, Sarajevo, 1979,

DEFORM Mannual - SFTC, 2012,

Vukéevic M., Janji¢ M., Domazetovi¢ V.: Influence of
geometrical parameters at deforming axi-symmetrical samples
in open-dies, XXVI JUPITER Conference, Beograd, 2000,
Altan T., Thomas W., Vazquez V., Ko¢ M.: Simulation of
Metal Forming Processes - Application and Future Trends,
Keynote paper, Plenary Session Il, Advanced tech of Plast.
Vol. I, Proc. of the 6™ ICTP, 1999,

Button S., Numerical Simulation and Phisical Modeling as
Educational Tools to Teach Metal Forming Processes,
Internationa Conference on Engineering and Computer
Education - ICECE 2000, Sao Paolo 2000,

Chenot J.L., Fourment L., Mocellin K.: Numerical Treatment
of Contact and Friction in FE Simulation of Forming
Processes, Journal of Materials Processing Technology, 125-
126, 2002, 45-52.

[1]

(2]

(3]

(4]

(5]
(6]
(71
8]
(9]

[10]
[11]

in

[12]

[13]

[14]

YEAR XXI, VOLUME 2, P.P. 77-80 (2013)



	cover
	titul_cheren
	contents
	tqlo
	tqlo
	1_78_Tanaka_S
	1. Introduction
	2. Analytical model
	3. Experimental apparatus and method
	4. Results and discussion
	5. Conclusion

	2_36_Globa_mtm-13
	3_53_lefterov_mtm13
	1. Introduction
	2. Model of instruments
	3. Results of the research
	4. Conclusions
	Literature

	4_6_ARTEMYEV
	Dr. sci. (eng.), professor V.P. Artemyev; cand. sci. (eng.), associate professor E.G. Sokolov
	Keywords: diffusion coating, steel, strength, stress corrosion cracking, oil industries equipment

	5_7_Varna 2013
	6_55_Mitin_mtm13
	Keywords: Design automation, CAPP, milling operations, multiproduct manufacturing
	Ключевые слова: Автоматизация проектирования, САПР ТП, фрезерование, многономенклатурное производство

	7_57_Bakalova_mtm13
	1. Въведение
	2. Методика за топлинно моделиране на инструментална екипировка с помощта на SolidWokrs Simulation.
	3. Верификация на предлаганата методика
	За проверка на резултатите, получени чрез предлаганата от нас методика е използван специализиран софтуер Moldex 3D от типа САЕ [2],[6]. Продуктът се използва за проектиране и симулиране на процеса на шприцване. В основата му стои флуиден анализ. Разра...

	4. Изводи
	Литература

	8_32_Grigorov_mtm13
	1. Introduction

	9_138_Nikolcheva
	10_20_Kuznecova_mtm13
	keywords: temperature residual STRESSES, turning, heating, cylindrical hardware, parameters of process of MACHINING

	11_23_ryabicheva_mtm13
	Keywords: BILLET, POROSITY, STRESS, DEFORMATION, NON-UNIFORMITY FUNCTION, backpressure, RELIEVING CAVITY, DENSITY.

	12_25_Deev_MTM2013
	13_26_Kuimov_mtm13
	14_27_Chasnikov
	15_60_Koleva_mtm13
	1. Увод
	2. Резултати и дискусия
	3. Заключение
	4. Литература

	16_63_Dorozinsky_MTM13
	Keywords: surface plasmon resonance, NANOTECHNOLOGY, UV-glue, polymerization processes,   thermostabilization, accuracy of measurements

	17_068_Srebrenkoska_mtm13
	18_76_Bradac
	1. Introduction
	2. Mathematical description of the heat source
	3. Double-ellipsoid heat source model
	4. Gaussian heat source model
	5. Example of calibration of the heat source
	6. Results and Discussion
	7. Conclusion
	8. References

	19_084_Kobzev_mtm13
	Abstract: This paper presents the results of the application of ultrasonic influence on the process of PTFE-4 solid-phase forming. Shows the influence of ultrasound treatment on the process parameters and generated properties of the processed material...

	20_18_Vukcevic_mtm13
	1. Introduction
	2. Input Parameters of Numerical Investigations
	3. Numerical Simulation
	Numerical experiment for process continuity
	Numerical experiment per steps
	DEFORM results

	4. Analysis and Comparison of Obtained Results
	5. Conclusions

	21_19_Sibalic_mtm13
	1. Introduction
	2. Basic Parameters of Numerical Experimental Investigations
	3. Numerical Simulation
	Numerical experiment for process continuity
	Numerical experiment per steps
	DEFORM results

	4. Analysis and Comparison of Obtained Results
	5. Concluding Consideration

	22_24_Hredil_mtm13
	Keywords: pipe steels, degradation, dissipated damage, modelling

	23_34_Styp-Rekowski_mtm13
	KEYWORDS: SHAFT HOIST ROPE, WEAR PROCESS, FATIGUE WEAR, ROPE TEST
	1. Introduction
	References


	24_41_Janjic_mtm13
	25_42_Savicevic_mtm13
	26_49_ GERAMITCHIOSKI_mtm13
	1. Introduction

	27_106_Kocsis
	28_108_TRAJCEVSKI_mtm13
	1. Introduction

	29_143_Sarkynov_MTM_2013_paper-1
	30_102_Hudoba_mtm13
	Introduction
	Material and Methods
	The investigation place
	The test machines
	The traditional tillage and sowing machines
	Loosening tillage machines:


	Results
	Calculated test results, Szekszárd, 2009.
	Calculated test results, Kartal, 2010.

	Conclusion
	Assessment of basic time
	Rating based on the fuel consumption during the basic time


	31_8_Bogatinoski
	1. Introduction

	32_9_Tokarev mtm13
	33_40_Beqir Hamidi
	Beqir Hamidi
	4. Types of shear connectors
	4.1 Headed studs
	4.3 Continuous perfobondstrip
	4.4 Waveform strip
	4.5 T-shape connectors

	5. Conclusions


	34_52_Vakulenko_mtm13
	Keywords: vibration, vibro stability, tool holder, lathe work, the dynamics of machines, center of rigidity


	35_61_Mrozek_MTM13
	1. Introduction
	2. Heat balance of a conventional injection mold
	3. Problem of injection mold cooling
	4. Analyzed model
	5. The preliminary injection process analysis
	5. The design of cooling system
	6. Results and conclusions
	7. References





