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APPLICATION OF THE CONVEX DIE DURING
EXTRUSION OF THE BI-MATERIAL

In this work experimental studies of metal flowtle co-extrusion of two different
materials of core-sleeve system have been preseftedinfluence of the initial
billet geometry (components arrangement and volwaties) of core-sleeve sys-
tem (using soft lead, hard lead alloy as model ris$eand set of the convex dies)
on final effect of simultaneous deformation of lege composite has been investi-
gated. Basing on the analysis of the grid distortiange of the deformation zones,
extrusion load and relative velocity distributionthe plastic zone and orifice re-
gion, the best convex die geometry in comparisah wthers has been proposed.
It can be selected taking into account relativehals plastic zone, more uniform
deformation and relatively small extrusion load. &h®en the experimental study
of the extrusion load using convex dies, the deproe of maximal load on the
angle of the die have been determined.
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Introduction

One of the important advantages of extrusion pethat the final shape
of the product can be obtained in a single oparatidh large change of shape
and there is possibility of influencing the defotiba zone by changing the
shape of the die. Material flow during extrusioongess strongly depends on the
die design. Choice of adequate die geometry guegantontrolling metal flow
under conditions of plastic deformation. Traditibdées for extrusion of bars
and rods are conical dies and flat face dies. #e ad the extrusion of layered
composite (e.g. of sleeve — core system) typeasv ff the core and the sleeve
can be completely different. It is necessary talle to determine the conditions
for sound flow, which is more complicated in theward extrusion of various
metals in comparison with monomaterial extrusiofd]1 Basing on the results
of the experimental works the flow of single maikm extrusion using a con-
vex die it has been found that such tool may cduetter, more regular flow
[5+6]. The use of the convex die gives a possibilit obtain advantageous
change of the character of layered composite flovthe plastic zone and in-
crease of extrudate velocity in the orifice of the.
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Experimental procedure

The experiments were performed on a vertical hyldrquess. A set of flat
and convex dies leading to the various extrusitiogg\ = 3, = 12) were used
in forward extrusion without lubrication (Fig. Jomposite material consisting
of the following materials: soft lead and hard Id@b been used for testing.
Selected features of materials used for testingpegsented in Table 1. Compo-
site billets have been prepared in concentric layoure with circular section —
sleeve in hard core-soft sleeve configuration aice versa with various volu-
metric fraction of the core: MdVcomposie = 0.08, ViordV composie = 0.31 and
V cord V composie= 0.60 (Fig. 2). Basic parameters of performedusitm tests are
presented in Table 2.
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Fig. 1. Flat die (a) and convex die (b) used ingkiusion process
Rys. 1. Matryca ptaska (a) oraz wypukia (b) stosewa procesie wyciskania

CORE

Fig. 2. The view of the billet of core-
sleeve system with various volume
fractions of the components

Rys. 2. Widok prébek typu rdae
powloka z régnym udzialem olgjo-
SLEEVE sciowym komponentoéw

Material characteristics describing relationshipween strese and true
straine for soft lead and hard lead (Fig. 3) have beerrddghed based on un-
iaxial compression test. The extrusion load hasbeeasured to confirm the
best mode of composite flow. Investigations of tlee during extrusion were
carried out using grid distortion method. In alses the process was stopped
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after 50% of the initial billet length was extrude&fter extrusion billets were
pushed out of the container and split. The gridodi®n was recorded and ana-
lyzed.

Table 1. Some features of materials used in inyatins
Tabela 1. Charakterystyka materiatow stosowanycladabiach

. . . Brinell
Material Chemlcalocomposmon Yield stress Hardness
(%] [MPa] B
Hard lead | 2.5-3.5 Si8,.015 As; 0.04 Cu; 0.012 Fe; 0.01 Bi 10 8.7
Soft lead 99.98 Pb; 0.002 Ag; 0.001 As; 0.001 Sb; 0.001Sn; 5 53
0.002 Cu; 0.002 Fe; 0.001 Zn; 0.005 Bi )
Table 2. Process parameters used in experiment&l wo
Tabela 2. Parametry procesu stosowane w eksperyenenc
Parameter Unit Value
Temperature of extrusion °C 20
Billet diameter mm 36
Billet height mm 72
Extrusion ratio\ = Dy?/d? (Dy— diameter of billet, d — diameter - 3;12
after extrusion)
Extrusion speed (ram speed) mm/s 1

W
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Flow stress o [MPa]

0 0.1 0.2 03 0.4
True strain €

Fig. 3. Stress-strain curves for soft lead and kead alloy

Rys. 3. Krzywe napgenie-odksztatcenie dla skikiego oraz
twardego stopu otowiu

Results and discussion
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The analysis of flow of layered metal composit¢hi@ extrusion process re-
flects the change in character of plastic flow ofposite material dependently
on the kind of used die. Basing on the analysigriof distortion observed on the
longitudinal section of the billet and extrudate (e the grid distortion method)
the identification of plastic and dead zones amtrithution of relative velocities
of particles have been done (Fig. 4). The improvamoé flow characteristics of
layered composite in extrusion with use of convess dhas been found. It was
found that the radial flow of material of sleevepaars (Fig. 5) — there is no such
phenomenon for extrusion using flat dies. Such Wiehaf composed material
can lead to equalization of velocities of partialethe region of the die orifice.

Die geometry has a significant effect on particidoeity distribution in
a die opening. In case of extrusion through flasdivelocity gradient decreases,
both for a single layer and the whole composités ktill significant enough to
lead to product defect, resulting in lack of profmrer bonding or cracking of
one of the components: core or sleeve. The mostrdée type of extrusion
considering the most uniform particle flow for edealyer is extrusion through
convex dies with properly selected angle of the Aimalysis of extrusion effect
using all kinds of dies demonstrates that usingverrdie with die angle of
a = 95+100° causes reduction of difference of plartielocity. It suggests that
increase of working cone angle over 90° reducegosite layers outflow, espe-
cially sleeve material, resulting in better comliora of composite components.
It is also confirmed by macrostructure tests. Baseidmages of macrostructures
of partly extruded ingot it is possible to obsechange of metal flow to the die
opening through convex die compared to standard Idiecase of extrusion
through convex die, shape and volume of dead zoebanged and particles of
sleeve material flow to the die opening with sigi@ift share of component of
radial particle velocity. It has a special sigrafice in case of extrusion of two
different materials. For such system, sleeve nwltenay be slowed down and
pressed down to core material, and as a resutg thay be a better leveling of
velocity of outflowing layers, providing durable rabination of components.
Outflow of metal particles through flat die mayderslip effect or lack of com-
bination of composite layers.

Flat die Convex die Convex die Convex die
o=90° o=95° o=100° o=105°

Fig. 4. Grid distortion and configuration of plastiones in the cross-section of the billet during
extrusion of layered composites, extrusion rato 3

Rys. 4. Znieksztatcenie siatki oraz ksztalt stygifystycznej na przekroju wyciskanej probki kom-
pozytowej, wspotczynnik odksztatcenia= 3
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Field of radial
flow

Fig. 5. The field of radial metal flow, which is
unique for convex dies

Rys. 5. Obszar promieniowego phycia mate-
riatu charakterystyczny dla matryc wypuktych

Introduction of two different materials into a siegplastic deformation
zone causes its shaping dependent on materialrésatund extrusion process
parameters. It is especially important to defineecand sleeve zone of flow
volume. According to calculation results, die gebmndias a significant influ-
ence on those volumes (Fig. 6). In case of extqudiard core — soft sleeve
composite with extrusion ratio af= 3, some minimum zone volume for the die
with cone angle equal td = 95° can be observed. Extruding composite with
extrusion ratio oA = 12 is related to higher diversity in volume, eeging on
used die.

A=3 ——a1=8% —®—2a2=31% —e—a3=60%
A=12  --aA--a1=8% --0--a2=31% --0--a3=60%

Relative volume of the deformation
zone, V,/V,

90 95 100 105
Die angle a, degree

Fig. 6. Effect of die angle on the relative volumk deformation zone
for hard core—soft sleeve system

Rys. 6. Wplyw lita matrycy na olkjos¢ wzgledna strefy odksztatcenia
dla uktadu twardy rdze-migkka powtoka

Increase of die angle over 9@duces composite layers outflow, especially
sleeve material, resulting in better combinatiorcomposite components. It is
also confirmed by macrostructure tests. Based @y@® of macrostructures of
partly extruded billet it is possible to observe thange of metal flow to the die
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opening through convex die compared to the standigrdin case of extrusion
through convex die, shape and volume of dead zohanged and patrticles of
sleeve material flow to the die opening with sigi@ift share of component of
radial particle velocity (Fig. 7). It has a speaanificance in case of extrusion
of two different materials. For such system, slemegerial may be slowed down
and pressed down to core material, and as a réseile may be a better leveling
of velocity of outflowing layers, providing durabmbination of components
(Fig. 7b). Outflow of metal particles through ftéie may force slip effect or lack
of combination of composite layers (Fig. 7a).

a)

Delamination at the interface

by

Fig. 7. Metal flow during extrusion of the compo-
site using of flat (a) and (b) convex die

Rys. 7. Plynicie metalu podczas wyciskania kom-
Sticking at the interface pozytu przez matryce ptaskie (a) oraz wypukie (b)

The greater volume of deformation zone causes aser®f the extrusion
load. It depends on the applied die angle. Figsi@ws dependence of maxi-
mum extrusion force on die angle for tested materiBor hard core — soft
sleeve composite with extrusion rafic= 3 there is some minimum value of
force in case of extrusion through convex die angte95°. It concerns all con-
sidered volume ratios of core. The largest valuextfusion force for this confi-
guration have been recorded for composite extrutdezligh flat die with vo-
lume ratio of core equal tg & 60% (Vcore/Vcomp. = 0.60). During increase of
extrusion ratio fronh = 3 toA = 12, causes observed minimum value to move in
the direction of the die with higher die angle, ae= 100°. The largest extrusion
force for extrusion ratio ok = 3 is obtained during extrusion of composite with
higher considered core volumetric share (throughdie).
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Conclusions

Performed experimental tests concerning layer caitga@xtrusion using

dies with various geometry allowed the followingclusions:

* Using convex dies with specific geometry selected dpecific layer
composite causes better leveling of particle viyaai die opening area,
justifying their use for extrusion process.

« During extrusion through convex dies there is angeaof flow com-
pared to standard dies. Effect of forced partiaialaflow (mostly
sleeve) favors forcing more favorable flow type dmtter combination
of composite layers, providing better quality ofrexled composite.

e Extrusion of layer composites through convex dessls to decrease of
maximum extrusion force for convex die angle fran¥ 95+100° and
extrusion load from tested ranje= 3+12.
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ZASTOSOWANIE MATRYCY WYPUKLEJ W WYCISKANIU BI-MATER  IALU

W pracy zaprezentowano wyniki badaksperymentalnych dotygzych plastycznego
ptyniecia dwoch rénych materiatéw o uktadzie rdzg@owtoka w procesie wyciskania. Przeanali-
zowano wptyw ranych parametréw procesu wyciskania kompozytow wanstych na plastyczne
plyniccie, ze szczegbinym uwzglnieniem zastosowania matrycy wypuktej. Badano wpkpn-
figuracji wlewka (udziat olgjtosciowy i ararzacja sktadnikow w materiale wsadowym) naéo-
wy efekt jednoczesnego odksztalcenia materiatow gamytowych, stosap metaliczne ma-
teriaty wsadowe: otéw makki, twardy stop otowiu z wykorzystaniem kompletwatnyc wypu-
ktych. Na podstawie analizy zdeformowanej siatkisigu stref plastycznych, sity wyciskania
i rozktadu wzgédnych pedkosci czastek w obszarze otworu matrycy zaproponowano regep
geometrg matrycy wypuktej dla danego kompozytu warstwowelgioyac pod uwag wzglednie
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mak strek plastycza, bardziej jednorodne odksztatcenie i stosunkowdnreide wyciskania. Na
podstawie pomiaréw sity dokonanych podczas wycigkagwrzez matryce wypukie oldleno
zaleznos¢é maksymalnej sity wyciskania odiia matrycy.

Stowa kluczowe:wyciskanie, matryca wypukia, materiaty kompozytowe
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