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Abstract

This article deals with the analysis and compariebthe conditions for solid state welding
during extrusions by means of numerical simulatiblumerical simulations made on four
different matrices, such as square die withoutgirsteed extrusion and equal channel angular
pressing (iIECAP), porthole die whit one and fouua® profile. Maximum volume and
distribution of effective strain, strain rate arftbar stress was analyzing. The results show that
during cold molding of chips there is mutual defations of chips, which are rearranged and
mechanically crimped. In the first phase of pregsdecurs complete elimination of porosity.
The square die with iIECAP was extrusion force i&3Bigher than porthole die. Maximum
effective strain was calculated for the porthole whit four square profile.

Keywords. equal channel angular pressing, equal channelilangolling, finite element
method, microhardness

1 Introduction

Currently producing more and more products fronitligzzeight non ferous materials mainly
based on Al, Ti, Mg, Ni and Be, the manufacturenmbich there is a considerable amount of
waste. This waste can be in the form of chips capproduced in the manufacturing process as
die casting and plastic forming processes, espgcaiatal machining. Most common recycling
processes are remelting of chips or scraps. Howéhese processes are energy-intensive and
inefficient, as these materials have a high affifiitr oxygen. The shape and thickness of the
particles depends on the method of working. Padidan be short from sawing or long and
narrow from high speed machining, milling and taghbperations [1-3].

The hot extrusion process can be used to direatersion of aluminum chips to final products.
Several papers [4-6] reported that direct extrusiith a lower ratio of 12:1 is not sufficient to
establish a coherent / fixed connection betweerchigs. Due to the implementation of a new
technologies operation, such as SPD (severe plagiormation), into forward extrusion
process. They are in the molding process to ensurigh plastic strain by simple shear. To a
continuous process forward fit is possible to impdat a number of methods such as equal
channel angular pressing (ECAP) [7-14], twist esibn (TE) [15-17], or friction stir processing
called as KOBO [18, 19]. Authors [6, 20] achievatperior bonding quality of chip-based
extrudates byintegrated aluminum extrusion and lechunnel angular pressing (iECAP) at the
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low extrusion ratio of ~8.7: first Well propertiege achieved by extruding through feeder
porthole die, with two or four feeder [4-6, 21]. thors [4] reported that for the welding of the
chips two criterions must be fulfilled. First thgide layers must be broken down to allow virgin
metal-to-metal contact and the second cumulativeevaf the ratio of the mean stress to the
flow stress must be greater than a constant valigh plastic deformations are achieved when
pressing hollow moldings, using porthole die.

This article deals with the analysis and compariebthe conditions for solid state welding
during extrusions by means of numerical simulatiblumerical simulations made on four
different matrices, such as square die withoutgirsteed extrusion and equal channel angular
pressing (iIECAP), porthole die whit one and fouua® profile. Maximum volume and
distribution of effective strain, strain rate arigbar stress was analyzing.

2 Finite element modelling

Numerical simulation of forward extrusion chips wearried out using three different extrusion
dies fig.1). The first one the square diEi§. 1a) is conventionally used in industry for solid-
sections produckt, the second one the square didmndgrated equal channel angular pressing
(IECAP) tool including the fourECAP step$i¢. 1b) procedures using in severe plastic
deformation (SPD), and the third oR&. 1 c,d porthole die that is typically used to produce
complex hollow and semi hollow profiles. Three dims®nal finite element simulations of
forward extrusion process were performed usingcmmercial software Deform 3 with
Lagrange formulation.
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Fig. 1 Schematic illustration of the three different estam process for solid statre recycling of
aluminum chips by hot extrusion, a) square die;flade-face die with IECAP; c)
porthole die whit one profile and d) porthole dibitfour profile.

The dimension of chip-based billets after cold cantpd was use as in conventionally used in
industry for solid-sections product. The diametiechip-based billet was o= 150 mm whit the
length L,= 600mm. The resulting extrusion ratio (ER) forstipirofile is~45:1 and theoretical
calculated the true strain after the extrusiomigER)~3.8. In order to reduce the simulation
time was for the first and third die model set upyathe quarter model using two symmetry
planes while the second model has only one symnpmayes. Number of tetrahedral finely
element mesh for quarter dimension model was 90e0&®ents and for two dimension 50,000.
In the simulation was used the plastic material ehofibr the billet. The commercially
aluminium alloy AW 6061was used from the databa&+ORM, description by Johnson’s -
Coock model. The container, the die and the rameveessumed as rigid parts due to higher
strength and remaining undeformed during processforination temperature was 520°C.
Friction conditions between the billets and thewl#s used the constant shear madeD.4. All
simulations were carried out at a constant ramdapé®d mm/s. Due to the large strains during
simulations the adaptive meshing (automatic remngghwas used.
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3 Result and discussion

Fig. 2 shows the model simulation of chips cold presskig. 2a shows the shape of chips for
high speed machining. Its shape was numericallyulsitad in 2D (Fig. 2b). Numerical
simulation of compaction chips consisted of 5 ranfjoarranged chips gravity. As can be seen
in Fig.2 at cold pressing of chips there is mutdaformations chips, which are mutually,
rearrange and mechanically crimped. Mechanical ection is formed only. This process is
dependent mainly on the shape and thickness athips. The compaction of the particles in the
(semi) a pin are achieved varying bulk densitypgdraximately 80% [4, 6], it is according to the
size of the pre-product and compacting pressure.

FEM simulation of chips

Th il sh f chi FEM simulation of chi
e detail shape of chips simulation of chips deformation

Step 1600

Fig. 2 Cold pressing simulation of chips

Fig.3 displayed density change of chip billets duringafard extrusion. In the simulation, the

pin is defined as a porous material with a bulksityrof 80%. As seen in Fig. 3, the first phase
of chip billets pressing leads to complete elinratof porosity cause by the high hydrostatic
pressure. This results was also documented byuthes [4].
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Fig. 3 Density change of chip billets during forward esian

The results of the FEM simulations can be sedfign4, where the velocity, strain-rate effective
and shear stress distributions during the extruiioough the square die and porthole dies are
shown on the middle plane of the extrusion.

When square die deformation occurs first in thegtv@mber region. In the main deformation
zone (MDZ) is seen intensive strain rate conceadi@t a narrow field. Distribution strain after
the effective thickness of the billet is shown kig. 6. Strain value reached effective
deformation, ex 6, in the extrusion ratio 45:1. The extrusion éreached a value #1 MN

(Fig. 5).
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Fig. 4 The stress-strain analysis of forward extrusiopghising three different extrusion dies

Implementation of the four ECAP steps leads togeeeration of the natural back pressure in
the ECAP channel [22]. Back pressure is also trétesthto the pre-chamber region, which
causes turbulent flow of materials. Effective defation is almost twice as higlp & 10) as in
the previous case. In place of intersecting caisalbe rate of deformation concentrated in the
narrow band which promotes the formation of simgiear. Shear deformation contributes to
disruption of oxide layers on the particles, andstielps to a better diffusion connection of
chips. Intensive plastic deformation in ECAP chdsmmaused an increase in the extrusion force
of nearly 1.7 MN Fig. 5). The high value of the extrusion force has beeil documented in
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Article C. Plastic deformation in porthole die takglace in several places. First, the material is
divided into four feeders and their ends are agambined and weld in welding chamber. To
create a high shear stress, the area of the optpfite to push feeders, as is schematically
shown inFig. 4. The complex material flow causes high effectitraia, where porthole die whit
one profile isp = 20 and for porthole die whit four profile ¢s=~ 30.The extrusion force for both
cases is very close to the value of E.2 MN.
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Fig.5 Distribution of effective strain in cross-sectiofitioe extrude sample
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Fig. 6 The extrusion force vs. ram displacement curves.

4 Conclusion

1. During cold molding of chips there is mutual defatians of chips, which are rearranged
and mechanically crimped.
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2. In the first phase of pressing occurs completeiaftion of porosity.
3. The square die with i-ECAP was extrusion force(%chigher than porthole die.
4. Maximum effective strain was calculated for thetpole die whit four square profile.

References

[1] J.P. Davim, C. Maranhdo: Materials and Design, \36l. 2009, No. 1, p. 160-165, DOI:
10.1016/j.matdes.2008.04.029

[2] D. Umbrello: Journal of Materials Processing Tedbgg, Vol. 196, 2008, No. 1-3, p. 79—
87, DOI: 10.1016/j.jmatprotec.2007.05.007

[3] X.P. Zhanga, R. Shivpuri, A.K. Srivastava: Jouro&lMaterials Processing Technology,
Vol. 214, 2014, No. 12, p. 3048-3066, DOI: 10.1QjiBAtprotec.2014.07.007

[4] V. Glley, A . Glzel, A . Jager, N. Ben Khalifa, B..Tekkaya, W.Z. Misiolek: Materials
Science and Engineering A, Vol. 574, 2013, p. 183; DOI: 10.1016/j.msea.2013.03.010

[5] W. Tang, A.P. Reynolds: Journal of Materials Prsaeg Technology, Vol. 210, 2010, p.
2231-2237, DOI: 10.1016/j.jmatprotec.2010.08.010

[6] M. Haase, N. Ben Khalifa, A.E. Tekkaya, W.Z. Migiki Materials Science and
Engineering A,Vol. 539, 2012, p. 194-204, DOI: 1T1.8/j.msea.2012.01.081

[7] E. Cerri, P.P. De Marco, P. Leo: Journal of Matsridrocessing Technology, Vol. 209,
20009, Iss. 3, p. 1550-1564, DOI: 10.1016/j.jmatpecdi2008.04.013

[8] N. El Mahallawy et al.: Materials Science and Eegiring A, Vol. 527, 2010, No. 6, p.
1404-1410, DOI: 10.1016/j.msea.2009.10.032

[9] R. Kacisko, T. Kvakaj, J. Bidulska, M. Molnarova: Acta Metallurgicdo®aca, Vol. 15,
2009, No. 4, p. 228-233

[10]M. Besterci, K. Silleiova, T. Kwkaj: Kovove Materialy, Vol. 46, 2008, No. 5, pp.8811

[11]J. Bidulsk&, T. Kvékaj, R. Bidulsky, M. Actis Grande: Acta Physica &uta A, Vol. 122,
2012, No. 3, p. 553-556

[12]A. Kovasova et al.: Acta Metallurgica Slovaca, Vol. 16, @0MNo. 2, p. 91-96

[13]M. Janeek, S. Yi, R. Kral, J. Vratna, K.U. Kainer: Jourrail Materials Science, Vol. 45,
2010, p. 4665-4671, DOI: 10.1007/s10853-010-4675-1

[14]T. Kvackaj et al.: Archives of Metallurgy and MaterialspV58, 2013, No. 2, p. 407-412,
DOI: 10.2478/amm-2013-0008

[15]Ya.Y. Beygelzimer et al.: High Pressure Physicd @achnology, Vol. 9, 1999, No. 3, p.
109

[16]Y. Beygelzimer, V. Varyukhin, S. Synkov, D. OrldMaterials Science and Engineering A,
Vol. 503, 2009, No. 1-2, p. 14-17, DOI: 10.1016¢ea.2007.12.055

[17]S. Firstov, M. Brodnikovsky, M. Danilenko, Y. Podey: Reviews on Advanced Materials
Science, Vol. 4, 2003, No. 2, p. 155-162

[18]W. Bochniak, A. Korbel: Journal of Materials Prosieg Technology, Vol.134, 2003, p.
120-134, DOI: 10.1016/S0924-0136(02)01033-6

[19]W. Bochniak, K. Marszowski, A. Korbel: Journal ofakérials Processing Technology, Vol
169, 2005, p. 44-53, DOI: 10.1016/j.jmatprotec.20@3258

[20]T. Ying, M. Zheng, , X. Hu, K. Wu: Transactions bnferrous Metals Society of China,
Vol. 20, 2010, p. s604-s607, DOI: 10.1016/S10036682)60547-X

[21]A.E. Tekkaya et al.: Journal of Materials Procegsiechnology, Vol. 209, 2009, p. 3343—
3350, DOI: 10.1016/j.jmatprotec.2008.07.047

[22]F. Djavanroodi, M. Ebrahimi: Materials Science aadgineering A, Vol. 527, 2010, p.
7593-7599, DOI: 10.1016/j.msea.2010.08.022

DOI 10.12776/ams.v20i3.366 p-ISSN 138532
e-ISSN 1338-1156



Acta Metallurgica Slovaca, Vol. 20, 2014, No. 33p2-308 308

Acknowledgements

This work was realized within the frame of the @penal Program Research and
Development: “The centre of competence for indakteésearch and development in the field of
light metals and composites”, project code ITMS226220154 and "Possibilty of light metals
based composite materials extrusion within the eoaton between Sapa Profily a.s. and SAV",
project code ITMS: 26220220069 (activity 2.1. Redean design and lifetime of extrusion

tools suitable for extrusion of composites) andicially supported by a European Regional
Development Fund.

DOI 10.12776/ams.v20i3.366 p-ISSN 138532
e-ISSN 1338-1156



