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Effect of different extrusion temperature
and speed on extrusion welds

1. Introduction

S. Bingol *, M.S. Keskin
Mechanical Engineering Department, Dicle University, 21280 Diyarbakir, Turkey
* Corresponding author: E-mail address: sbingol@dicle.edu.tr

Received 18.04.2007; published in revised form 01.08.2007

ABSTRACT

Purpose: In this study, it is aimed to investigate the structure of seam weld and transverse weld sections
comparatively. To achieve this, it is studied on an extrusion profile type which has seam weld and transverse
weld regions.

Design/methodology/approach: Producing extrusion profile has been performed by a press, which has a
capacity of 1460 tones, in a real producing and carried out by changing the exit temperature and ram speed,
which are the important parameters. Exit temperature Ty, is chosen as 440, 475, 500, 520 and 560 °C. Extrusion
speed is also taken in the base of ram speed Vp, and production is carried out at the speeds of 2, 4, 6, 10 and 15
mm/s. Therefore the effects of extrusion parameters on macrostructure properties have been investigated.
Findings: It is seen clearly that some differences are occurred from the viewpoint of structural features between
the regions, when the experimental results are observed without regarding the extrusion parameters. In addition,
it was observed commonly the structure of the material had a change through re-crystallization with increasing
temperatures. This situation decreases the significance of seam weld regions. But insignificancy of seam weld
region is designed as possible as can be from the viewpoint of decorative. However, when the macro structural
figures have been investigated as the ram speed increases more significance on seam welds occurs.

Research limitations/implications: Also some macrostructural differences in extrusion welds may occur for
between having the other important extrusion parameters such as pressure and extrusion ratio. Therefore, effect
of the other parameters can be investigated in future.

Practical implications: In application, extrusion welds occur on both solid and hollow profiles. Moreover,
extrusion temperature and speed often changes. This study shows that these parameters effect to macrostructure
of extrusion welds.

Originality/value: In this study, it is seen that different macrostructural properties take place due to the process
parameters variations and natural of extrusion method in the extrusion production.

Keywords: Mechanical properties; Extrusion welds; Extrusion temperature; Extrusion speed; Seam weld;
Transverse weld

streams by the die ports. Divided metal streams exit from the die

In application, aluminum profiles are frequently produced [1-3].
Producing of the profiles which have hollows by the porthole dies,
containing mandrel and welding chamber [4-11]. Hollow profiles

after joining in the welding chamber which is behind of the
mandrel. These joins are called as seam welds [11, 12]. Therefore,
profile production which has longitudinal welds is implemented
even for only a billet stroke. Also being extruded of consecutive
billets, the joint occurs among the profiles resulting from each

production can be summarized briefly in following; extrusion stroke. This joint is called as transverse weld [13].
_ Billet in the container is pressed toward the die by the stam, In literature, Akaret [14] concluded that the weakest link of
fairly pressed billet to surface of the die, is divided into metal the extrusion weld is the transverse weld regions. Material flow in
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extrusion dies and solid state bonding immediately after the
mandrel supports were well investigated by Valberg [15]. To
determine the mechanical properties of seam weld region, tensile
specimens were prepared with the weld located at 0°, 45° and 90°
to the tensile axis by Loukus ef a/ [16]. The specimens with 45°-
weld exhibited the lowest tensile strength, followed by 90°-weld,
no weld and 0°-weld specimens.

2. Experimental works

The profiles for investigations, containing the transverse weld,
used in the study, are obtained from the real manufacturing
process. However, the company has not allowed publishing
dimensions of the profile section.

2.1. Material

The AA6063 alloy type was used for the experiments, which
is commonly used and the preferred one, among the aluminum
alloys. This alloy makes it possible to obtain profiles with
complex geometry as its properties are very advantageous for
plastic forming.

2.2.Production

Production of experimental profile has been carried out in the
MEIUREY modeled press, which has the capacity of 1460 tones.

Table 1.
The composition of the solution for macrostructure etching
HCI HNO; HF (%48) Water
(concentrate) (concentrate)
60 30 5 5

2.3. Macrostructure Tab

For the etching process of macro structure specimens, parallel
surfaces have been provided between cross sectional surfaces of
specimens by planer the surfaces before specimens are subjected
to etched process. Implementing this process is important for
equal abrasion at all sectional surface regions.

Fig. 1. The specimens with only seam welds (without transverse
weld): a)Tp=430°C, Vg=10mm/s, Tp=475°C;  b)Tp=430°C,
Vr=10mm/s, Tg=440°C; ¢)Tp=450°C, Vp=15mm/s, Tr=475°C;
d)Tp=430°C, Vp=15 mmy/s, Tg=475°C
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The specimens are consecutively subjected to 120, 180, 240,
600, 1200 grit abrasives for Poulton [17] solution (Table 1),
which has given the best results among several etched, with 10
seconds period. The etching process was gone on till the best view
has been obtained. Generally, this time has been between 30 and
60 seconds.

3. Experimental results and
discussion

When the macrostructures and their parameters in Fig. 1 is
examined, it is seen that there is a little difference among
parameter values. The billet temperatures, profile exit
temperatures, and ram speeds are at 430 °C, and 450 °C, at 440
°C, and 475 °C, and at 10, and 15 mm/s respectively. These
temperature values are low temperatures for the extrusion
process. Also the ram speeds have high values for these
profiles, which has extrusion rate (Ag/A;) as 5. Thus it is has
been seen that there aren’t any significant differences for the
created macro structures. Where, Ag is billet section area, and
A\ is profile section area.

As the macro structural pictures of the mentioned figures
are examined, it is seen that an important component which
attracts the attention, is that the seam weld zones are really
distinctive. To understand the reason of this situation, the
production phases of an empty profile with porthole die should
be thought. In the extrusion process, billet is divided to
various metal streams by the die ports and at least it becomes a
profile by being jointed in the welding chamber, behind the
mandrel support. Also the effect of the speed differences of
the joining material in the welding chamber on the seam weld
should be understood. The extrusion process starts in a
specific ram speed and at the beginning the billet has this ram
speed. By dividing the billet to various metal streams by the
die ports, each metal stream has a different and a new speed
value. The speed in here is more than the ram speed, of which
the billet has at the beginning. The metal streams with
different speeds, move to the welding chamber as narrowing in
the width, and increase in their speed. Here, they are welded in
a new volume and they enter to the die bearing. The speeds in
the welding chamber and also in the die bearing are new and
different. Finally, the material which passes through the die
bearing comes out from the die, as being a profile and with a
new speed value (this speed is named as the profile exit
speed).

Fig. 2. The specimen with both seam welds and transverse weld;
Tp=470°C, Vg=10 mm/s, Tg=500°C
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Fig. 3. The specimen with both seam welds and transverse weld;
Tp=490°C, Vx=10 mm/s, Tz=500°C

Fig. 4. The specimen with both seam welds and transverse weld;
Tp=490°C, Vg=15 mmy/s, Tz=520°C

Fig. 5. The specimen with both seam welds and transverse weld,
Tp=490°C, Vp=6 mm/s, Tg=520°C

Fig. 6. The specimen with both seam welds and transverse weld,;
Tp =510°C, Vg=15 mm/s, Tg=520°C

Fig. 7. The specimen with both seam welds and transverse weld;
T =510°C, Vr=4 mm/s, Tg=560°C
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Fig. 8. The specimen with both seam welds and transverse weld;
Tp=510°C, Vg=10 mm/s, Tg=560°C.

Fig. 9. The specimen with both seam welds and transverse weld;
Tp=490°C, Vx=10 mm/s, T=520°C

After explaining the forming process of the seam weld, and
the speed case of the extrusion process, it would be easier to
explain the effects of the extrusion speed on seam weld.

e [f the ram speed is high, the speed of metal streams of the
ports will also be high.

o If the speeds of the metal streams are high, the speeds of the
welding metal streams in the welding chamber will also be
high.

This situation decreases the time that the metal streams will
have to be welded. Therefore, the welding phenomena which has
to become stable in the die bearing, results by not being realized
as wished because of the high speed, and the decrease of the time.
That’s why, to work with high extrusion speeds, badly effects the
seam welds.

Another reason of the seam welds differences, which are
presented in these figures, is the billet temperature Ty and the
profile exit temperature Tg are low. The fact that the temperature
is low (with the high speed) has played a decreasing role in the
engagement of the welding surfaces.

When the Figs. 2 and 3 are investigated, it is seen that the
billet temperature values are close to each others, and these
values are 470 °C and 490 °C in the situation of same extrusion
speeds ant exit temperature. The macro structural pictures that
are shown in these figures have some structural differences Fig.
1 but they don’t have serious distinctive structural differences
among each other.

It is observed in Figs. 2 and 3 that the existence of connection
zones becomes a matter of interest. These specimens are taken
from the near zones in spite of being taken from the joint of
formed extruded billets they have transverse weld. The structures
of the transverse weld zones are similar to each other and there is
no serious difference between them.

In Figs. 4 and 5, structures with coarse grain are seen. There is
transverse weld in each figure. Also the Fig. 3 has the transverse
weld but it is small compared to the welding zones of the Figs. 4
and 5, which is a little smaller than the welding zone of the Fig. 4
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but it is more distinctive than the Fig. 5. The reason for being less
significant of transverse weld in Fig. 3, than of the Fig. 4, is that
its billet temperature has a higher value. On the other hand the
distinction of the transverse weld of the Fig. 6 from the Fig. 5, is
because of the higher difference in their speed value. Even if the
billet temperature is higher when compared to the Fig 5, its
welding zones are more distinctive.

In Fig. 7, there is a structure with coarse grain which covers
the entire structure. When the billet temperature and the profile
exit temperature are tested, it is seen that the two of them have the
highest billet temperature values. Therefore, low ram speed has
decreased the distinction of the seam weld zones.

Also a structure with coarse grain is seen in Fig 8. As the
shape of this structure is compared with Fig. 7, it is seen that the
seam weld are less distinctive. The reason of this is that the ram
speed in Fig. 7 is higher than in Fig. 8.

When the values of the parameters of the Fig. 9 are examined,
it is seen that it has the same value of ram speed with the Fig. 8.
But, the billet temperature and the profile exit temperature of the
Fig. 8 have lower values. When the structural differences between
the two figures are examined, it is seen that the welding zones of
the Fig. 9 are more distinctive. This situation shows that the
profile center didn’t reach the necessary temperature level.

4.Conclusions

As the results of the macro structural specimens are examined
by considering the production parameters, the following
observational conclusions are obtained:

e In the situation of the billet temperature (Tg) and the profile
temperature (Tg) increase, in one hand a structure with coarse
grain is occurred and on the other hand the distinction of the
welding zones is decreased.

e  While the ram speed (V) increases, a structure with no coarse
grain is occurred, and the distinction of the welding zones is
increased.
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