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DEVELOPMENT, MODELLING AND ANALYSIS OF THE NEW COMBINED BOTTOMLESS SLEEVE EXTRUSION PROCESS

OPRACOWANIE, MODELOWANIE I ANALIZA PARAMETROW NOWEGO PROCESU ZL.OZONEGO
WYCISKANIA TULEI BEZ DNA

An intensive industry development assuring high production quality should take place with the rational use of production
machinery and equipment, low material and energy consumption per production unit, and at the maximum efficiency of
processes. High quality of relatively cheap of semi-finished and finished products is achieved as a result of using non-waste
manufacturing methods, which include e.g. the rolling, drawing and extrusion processes. The effective enhancement of pro-
duction quality may be achieved by employing contemporary modelling and optimization methods in the design of new
technological processes. In plastic working processes, during the design and optimization of new technologies, numerical
modelling plays a crucial role. It brings about considerable time and material savings. It enables the determination of the basic
parameters of processes and prediction of any possible gains or losses associated with the implementation of new technological
solutions. The article reports the results of numerical modelling studies on the processes of combined extrusion of sleeves,
where solutions were implemented, which allowed bottomless sleeves to be manufactured by these methods, without having to
use the operation of mechanical cutting off the bottom formed after the extrusion process. In one of the cases, by using working
tools of the appropriate design, a process of non-waste extrusion of a through sleeves was even achieved. The basic advantage of
the proposed solutions is the single-operation nature of processes with a simultaneous reduction of the energy-force parameters
compared to the traditional methods of manufacturing these types of products.
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Intensywny rozwoéj przemysiu, zapewniajacy wysoka jakos$¢ produkcji, powinien odbywac si¢ przy racjonalnym wyko-
rzystaniu maszyn i urzadzen produkcyjnych, niskim zuzyciu materialéw i energii na jednostk¢ produkcji oraz przy maksy-
malnej wydajnosci proceséw. Wysoka jakoS$¢ stosunkowo tanich pétwyrobéw i wyrobdw uzyskuje si¢ w wyniku stosowania
bezodpadowych metod wytwarzania, do ktérych zalicza si¢ m.in. procesy walcowania, ciggnienia i wyciskania. Efektywne
podwyzszenie jako$ci produkcji moze by¢ osiagnigte droga wykorzystania podczas projektowania nowych proceséw techno-
logicznych wspétczesnych metod modelowania i optymalizacji. W procesach przerdbki plastycznej podczas projektowania i
optymalizacji nowych technologii niezwykla role odgrywa modelowanie numeryczne. Zapewnia ono znaczne oszcze¢dnosci
czasowe i materialne. Pozwala na okreslenie podstawowych parametréw proceséw i przewidywanie ewentualnych strat badz
zyskéw w zwiazku z zastosowaniem nowych rozwiazan technologicznych. W niniejszej pracy przedstawiono wyniki badan
modelowania numerycznego proceséw zlozonego wyciskania tulei, gdzie zastosowano rozwigzania pozwalajace na wytwarza-
nie tymi sposobami tulei bez dna, bez konieczno$ci stosowania operacji mechanicznego odcinania powstalego po procesie
wyciskania denka. W jednym z przypadkéw poprzez zastosowanie odpowiedniej konstrukcji narzedzi roboczych osiagnigto
nawet proces bezodpadowego wyciskania tulei przelotowej. Podstawowg zaleta proponowanych rozwigzan jest jednooperacyjny
charakter proceséw przy jednoczesnym spadku parametréw energetyczno — silowych w stosunku do tradycyjnych sposobéw
wytwarzania tego typu wyrobow.

1. Introduction with a punch [2]. The waste size is dependent on the geome-
try of the die being used. Another method for manufacturing
tube semi-finished and finished products, which is known and
used in practice, is the indirect extrusion process [1,2]. To
obtain finished product in the form of a through sleeves or
semi-finished products to be further processed, e.g. by rolling
[9], forcing through [11] or rotational extrusion [2] of tubes,
it is necessary to employ mechanical cutting to remove the
bottom of the sleeves. This creates the need for performing

Although popularly called non-waste, plastic working
processes not always yield a final product that does not leave
a production waste. A classic example is the section or tube
direct extrusion process, where the final process phase leaves
in the die a waste in the form of the so called "butt” [1,2]. In
order to remove the waste, mechanical cutting off with a saw
is used, and then the waste is taken away from the contained
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an additional technological operation, using additional tools,
whereby the productivity and profitability is reduced.

At present, when designing manufacturing processes,
great emphasis is placed on production economics in addition
to the good quality of products manufactured. The degree of
material yield and energy intensity of the process have a major
effect on the manufacturing costs [10,12,13].

It the conception of process of extrusion in present work
was introduced was complex sleeve during which it thanks
to use of additional tool in of funnel cutting in final stage
figure sets the process of cutting off bottom and removing
him from container. Use of such solution will permit on elim-
ination the necessity of mechanical applying of cutting off
bottom and moreover the suitable selection of geometry of
tools makes possible receiving waste about smaller mass. It
investigations were subjected was process applying variables
parameters: value the given deformation, initial temperature of
batch, speed the move forward of tools and results were passed
across them statistical composition. The analyses were com-
pared with primitive process extrusion from bottom without
applying cutting funnel.

2. Processes developed for the purposes of manufacturing
through blanks

References [2,3,4] report concepts and studies concern-
ing new methods for extruding bottomed sleeves, where in-
vestigation results are achieved which show that by applying
those technologies the energy-force parameters of the extru-
sion process could be reduced by 40% compared to the tradi-
tional indirect and direct extrusion methods.

Investigations were carried out into the extrusion of deep
hollows, i.e. ones whose overall height is more than 2.5 times
the internal diameter of the product. Studies were also done
on manufacturing axially symmetrical through hollows and
bottomed hollows of complex shapes (Fig. 1).

He
Fig. 1. A model of an extruded through hollow
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For testing the process of extruding through hollows, as
shown in Fig. 1, the double-sided extrusion method was used
[6], with the difference that a ring was used, whose purpose
was to minimize or eliminate the production waste. This solu-
tion is the subject of the Patent Application P. 397758, while
the initial concept was based on the Patent P 206467.

The model of the tool for carrying out the complex ex-
trusion method is shown in Fig. 2.

o) d)

!
Fig. 2. The tool model and the method for double-sided extrusion
a) stage I, b) stage II, c) stage III, d) finished product [8] 1.upper
punch with pressure plate, 2. die forging, 3. container, 4. perform, 5.
bottom punch, 6. ring

Based on the numerical analysis of the extrusion process
it was found that it was possible to manufacture bottomed
sleeves and flanged through sleeves by using a single-operation
double-sided complex extrusion method.
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Fig. 3. Numerical modelling of the process of extrusion of a flanged
through sleeve; a) double-sided sleeve, b) thick-walled sleeve reduc-
tion and extrusion, ¢) bottom cutting off
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The tests were carried out using the AZ31 model mater-
ial that was deformed at a temperature of 400°C at a velocity
of 50 mm/s. During the numerical analysis of the problem,
computer simulations of the process of extrusion of similar
sleeves products were performed to compare the energy-force
parameters. The diagrams of the dependence of extrusion force
on ram path were compared.
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Fig. 4. The diagrams of the relationship of extrusion force versus

ram path: a) double-side complex extrusion; b) indirect extrusion

The numerical modelling showed that employing an ex-
trusion process of a specific strain scheme, that is double-sided
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complex extrusion, yielded effects in the form of a potential
for manufacturing axially symmetrical flanged hollow blanks
and reducing the force-energy parameters compared to indirect
forming of similar blanks by the indirect extrusion method, as
shown in Fig 4. When developing the deep bottomed hollow
extrusion processes it was disclosed based on numerical and
experimental studies [2,3,4] that the developed technology of
complex sleeves extrusion using a movable ring [5] brought
about much better results in terms of force parameters than
the developed double-sided complex extrusion method [6] did.
Both the maximum extrusion forces and the mean values from
the entire process were lower, and the behaviour of the curve
of the relationship of extrusion force versus ram path indicat-
ed that the tools were considerably less loaded in individual
process stages. Therefore, an idea arose to develop on this
basis an alternative method for producing bottomless hollows.

3. The concept behind the process

The idea behind the implementation of the new solution is
to manufacture either simple or complex axially symmetrical
long through sleeves, i.e. ones in which the overall height H,
is 2.5 times greater than the internal diameter D,, (Fig. 1).
For developing this extrusion method, the original approach
of complex extrusion of deep bottomed sleeves using a mov-
able pilot sleeve was utilized, for which the background and
theoretical and experimental studies are reported in references
[3,7]. A model of the tool for carrying out the complex bot-
tomless sleeve extrusion process is shown in Fig. 5.

a) b) c) d)

Fig. 5. A model of the tool and the method for complex extrusion of
a bottomless sleeve: -description in text

The tool for carrying out the complex bottomless sleeves
extrusion process consists of upper punch 1, container 2, cut-
ting sleeve 3, movable ring 4 and knockout 5.

The bottomless sleeve extrusion concept, illustrated in
Fig. 5, consists initially in complex (indirect and direct) ex-
trusion. After making a hollow with a stem, the movable ring
together with the cutting sleeve move downwards and, simi-
larly as in the method [3,5], a deep bottomed hollow is made.
After the appropriate distance between the upper ram and the
mandrel has been reached, the cutting sleeve becomes locked
and the ram with the ring pass through the cutting sleeve
opening. At the same time, the side surface of the upper ram
cuts the bottom off and removes it from the container. In the
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ram return cycle, the lower mandrel, by acting on the cut-
ting sleeve, removes the product from the container with the
movable ring.

In this process, a wholly new functional element that per-
forms the function of the tool cutting the bottom off the body
is the cutting sleeve 1, in which pilot ring 2 is mounted. The
connection of the cutting sleeve with the movable ring and the
lock, and the use of the fixed lock, is shown on the detail in
Fig. 6.
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Fig. 6. The scheme of applied solution - the combined of cutting
sleeve from movable ring and from blockade as well as the use
of immovable blockade: 1-punch, 2-contanier, 3-perform, 4-movable
ring, S-cutting sleeve, 6-movable blocking,, 7-immovable blocking,
8-knock-out

4. Calculation assumptions and numerical modelling

The theoretical analysis of the complex bottomless
sleeves extrusion process was made using Forge®, a commer-
cial Finite Element Method-relying software program. Due to
the axially symmetrical nature of the processes, the examina-
tion was carried out in the plane state of strain.

The Forge®2D program used does not provide the pos-
sibility of modelling processes in such a manner that whilst
one tool is moving, the other tool could be activated at any
moment during the process. Therefore, the modelling utilized
multistep function, which enables data (results) from the last
computational step of Stage I to be transferred to the first
computational step of Stage II, owing to which it was possible
to take into account the initial process conditions in further
computations.

During the numerical simulation of the process of deep
sleeve extrusion in a container with a movable ring, the fol-
lowing variable parameters were used:

e movable ring inner diameter, D, =44, 40, 35, 30 and 20

mm,

e initial stock temperature, Ty =850, 950, 1050 and 1150
0C; and
e the speed of the working tools (upper and lower rams),

v=25, 100, 200 and 300 mm/s.

By varying the ring inner diameters, different metal deforma-
tion values were obtained. The ram head diameter was fixed,
being equal to Dy; =40 mm.
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To describe the investigation results more clearly, instead
of the movable ring inner diameter D), & strain values were
used, namely: € =0.25 — D, = 44 mm, &£ =0.35 —» D, = 40
mm, &£ =0.5 - D, = 35 mm, £ =0.6 - D, = 30 mm, & =0.8
— D, = 20 mm, while calculating the & from the relationship:

Aws - At
Aws

where, A, — the cross-sectional area of the stem formed in the
ring channel,

A, — the cross-sectional area of the preform,

D, — ring diameter

Figure 7 illustrates the modelling of the process in its
respective stages.

The numerical computation has shown, on the example of
the cross-sectional temperature distribution, that it is possible
to produce bottomless hollows by employing the combined
extrusion process. The fields of maximum temperatures in the
final process phase occur in the location of the bottom join-
ing the hollow body, whereby the bottom notching process is
facilitated owing to the high metal plasticity.
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Fig. 7. Modelling of the combined bottomless hollow extrusion
process — the temperature distribution: a) stemmed hollow extrusion,
b) a stemmed hollow, ¢) combined extrusion, d) bottomed hollow, e)
bottom cut-off, f) bottom removal: for £ = 0.6. T, = 1050°C

Figure 8 shows the graphs of the relationship of force ver-
sus ram path for the temperature of 1050°C, ram displacement
velocity of v=50 mm/s and the strain value of € = 0.6.

500

| stage Il stage 11l stage

450
400
350
300
250

200

Extrusion force [kN]

150

100

50

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Punch patch [mm]
Fig. 8. Diagram of the relationship of extrusion force versus punch
path for Ty = 1050°C, v=50 mm/s and & = 0.6

www.czasopisma.pan.pl P N www.journals.pan.pl

When examining the graph of the relationship of extru-
sion force versus punch path is can be noticed that at stage
I of the process during stemmed sleeves extrusion the force
rapidly increases. This is the effect of the bilateral metal flow
and hardening. At stage II of the process, where a bottomed
sleeves with a stem is extruded, the force decreases and then
stabilizes until the end of stage II. The obtained temperature
effect in the sleeves bottom and body connection zone allows
the bottom to be cut off with a simultaneous decrease in the
force (Fig. 8).

Figure 9 shows the graph of the relationship of extru-
sion force versus punch path for the combined forward and
backward extrusion process examined in study [8].
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Fig. 9. Diagram of the relationship of extrusion force versus punch
path for Ty = 1050°C, v = 50 mm/s and D, = 30. [8]

From the comparison of the graphs (Fig. 8 and Fig. 9) it
can be found that the maximum force of stage I and stage II
for the process of combined bottomless hollow extrusion in a
container with a ring and a cutting sleeve is by approx. 20%
smaller compared with the combined forward and backward
tube extrusion process. The temperature and velocity para-
meters and the dimensions of the feedstock and the obtained
products were in both cases similar Figure 10. represents the
statistical summary of the effect of the preset deformation on
the magnitude of the average extrusion force in the process.
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Fig. 10. The effect of the true strain £ on the magnitude of the average
extrusion force for: Ty = 1050°C

The diagram indicates that the optimum strain for all of
the velocities examined is & =0.6, as the extrusion force for
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this deformation variant is the smallest. This is an analogy to
the process case examined in studies [2,3].

5. Conclusions

The numerical examination performed in the study can
be summarized as follows:
A new single-operation tube extrusion process has been
proposed in the paper.
In the tool model, an element in the form of a cutting
sleeve is proposed, which provides the capability to cut
off the hollow bottom at the last stage of the process and
then to remove the waste from the container.
The process is distinguished by lower process parame-
ters compared to the forward and backward tube extrusion
process. The extrusion force is, on the average, lower by

20%.

The numerical modelling has shown that, as a result of
high temperatures formed in the hollow bottom and body
connection zone due to the high deformation energy, the
cutting off process does not cause an increase in force.
The statistical summary of the results has shown that the
use of a strain of £ =0.6 is optimal for the energy and
force parameters of the process.

The next stage of the investigation will include the selec-
tion of tool shapes by means of numerical analysis to optimize
the waste formed. After achieving the minimum volume, the
process will be subjected to experimental testing.
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