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Abstract
Inverse extrusion of cave parts is increasingly applied in present. In production conditions
the results of this process are conditioned by tools durability, which depends on pressure,
requested by deformation. Friction conditions between workpiece and tools, especially
those with active plate, have a great influence about pressure. To lessen the effect of the
friction force it found that they could be active and contribute to the deformation of the
material if their sense and direction coincide with the sense and direction of flow of
material deformed. This paper presents experimental researches concerning the way in
which using the active effect of friction makes possible the decreasing of pressure
requested by inverse extrusion.
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1. Introduction
At the classic inverse extrusion high friction
forces occur between tools and material [3, 5, 10, 18,
23, 24]. These forces cause increased pressures that
influence in negative way the extrusion process [2, 4,
11, 26, 27]. The uniformity of material flow decreases
and the tool wear increases.
Searching for new methods of diminishing the
extrusion force it has been found out [1, 8, 9, 14, 16,
19, 21, 25] that friction forces can become active
and can contribute to the material's deformation
process if the extrusion is done with a mobile active
plate, fig. 1.

By moving the active plate 1 together with the
extruded wall 2 with the rate vM, the sense and
direction of the friction forces coincide with those of
the displacement of the material that is being
deformed. This way, the friction forces between the
workpiece and the extrusion plate become active they
don't oppose to the flow of material anymore, on the
contrary, they favor its deformation, thus improving
the parameters of the extrusion process.
Active forces are [14, 17, 20] function by value of
ratio:
V
a M
(1)
Vm
where:
vM – active plate speed;
vm– flow speed of extruded wall.
2. Materials and Methods
The difference between total force F (fig. 2) and
external force Fe (that moves active plate) is the force
that action through the punch, Fpm, and which supply
q pressure requested by the extrusion process.
In this case:
Fpm  F  Fe
(2)
and the pressure requested by extrusion is:
Fpm
q
Sp

Fig. 1: Inverse extrusion with moving active plate

where Sp is the punch section.
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(3)

Electric wires in a Wheatstone bridge link these four
transducers.
This force transducer was mounted on the
extrusion device, like is shown in figure 3.
The stand shown in figure 4 was utilized for
experimental determination of pressure applied by
punch on extruded material. Device 1 – described
above – is placed between testing machine’s dies
[13, 15, 22]. During the extrusion process, dial 2
indicates total requested force F, and indication
needle of tensometer 3 – by graduation diagram –
indicates external force Fe requested for moving
active plate.
Fig. 2: Die for invers extrusion using active friction forces

From relations (2) and (3) results that for
determination of pressure requested by inverse
extrusion with active friction forces due to movement
of active plate by an external force Fe, it is important
to know the value of this force (Fe).
At the device shown in figure 3, the rods through
which external force is transmitted was replaced by a
force transducer for experimental determination of
external force requested by active plate movement.
Extrusion takes place under the action of testing
machine’s die 1, which transmitted requested force to
punch 15 through upper plate 1. Other active
elements are contrapunch 13 and active moving
plate 3.

1
2
3

Fig. 4: Stand for experimental determination of forces
requested by inverse extrusion using active friction forces

The tests were performed by extrusion of
workpieces made by Pb99,96, with diameter D=16
mm, height H=12 mm, and deforming degree  =
0,47. Material characteristics are presented in table 1.
Table 1: Material characteristics

Material

Pb 99,96

Fig. 3: Assembly for experimental determination of external
force requested by the movement of active plate

Chemical
composition [%]
Pb
99,96
Bi
0,010
Cu
0,003
Fe
0,003
Sb
0,004
Sn
0,002
Zn
0,002
Other
0,030

Tensile strength
[daN/mm2]

2,5 - 4

3. Results
It was considered the case of classical extrusion
(a=0), and the case of extrusion with active moving
plate having a ratio of speeds a=0,5 and a favorable
one [16, 17, 19] a=0,9. The forces were determined at
different work displacements. The pressure requested
by the process with active moving plate were
obtained using relations (2) and (3), and for the case
of extrusion with fixed active plate with relation:
F
(4)
q
Sp

Active plate 3 is controlled by lever 7 (through
collar 14), which is supported by support 8, with
adjustable position by screw nut 9. In order to move
active plate 3 with the right speed, the ratio between
the arms of lever 7 can be modified by changing the
position of support 4, which is fixed in upper plate by
screws that permits this adjustment.
A force transducer measures external force
requested for moving active plate. This transducer
consists in an elastic jack 5, on which are stocked two
tensometric transducers 6, and a compensating plate
12, made by the same steel like elastic jack. On the
plate are also stocked two tensometric transducers.
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The values obtained for pressure are represented
in table 2 and diagram shown in figure 5.

Tîrgu Mures, Department of Industrial Engineering
and Management, for providing opportunities to use
machines and equipments.

Table 2: The extrusion pressure according to the
different work displacements

hc [mm]
0
2
4
6
8

a=0
9,2
9,3
9,4
9,5
9,7

q [daN/mm2]
a=0,5
8,5
8,65
8,8
9,05
9,15
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Fig. 5: Experimental variation of pressure requested by
inverse extrusion

4. Discussion and Conclusions
Analyzing experimental results concerning
pressure requested by extrusion process that is to
conclude:
 at inverse extrusion with moving active plate, the
pressure requested by the process is considerably
decreased, that is because apart of punch’s loading
are taken by active plate, friction forces between
plate and workpiece having a great contribution in
deforming process;
 in the case on which were performed
experimental determinations, pressure requested
by inverse extrusion with active friction forces,
comparatively with classical extrusion was
reduced with (5…10)% for a=0,5 and with
(15…20)% for a=0,9, important decreasing being
observed on the last portion of the work stroke;
 in this case the durability of tools is increasing
and, due to lower pressure, the danger of dry
friction between tool and material (friction which
causes deficiency in the parts obtained by
classical extrusion) no longer exists;
 due to lower pressure and uniform flow the parts
obtained is better quality [6, 7, 12].
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