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Plasticity Analysis of Pure Aluminium Extruded with an RBD Palm Olein Lubricant
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Abstract: In this study, a cold-work plane strain extrusion apparatus was used to perform plasticity analysis
of a work piece that was extruded using RBD palm olein as a cold metal forming lubricant. The experimental
apparatus consists of a set of two taper dies with 45-degree die half angles and a billet (work piece). The
experiments were carried out at room temperature, which was within the range of 28 to 32°C. The testing
lubricant was refined, bleached and deodorized palm olein (RBD palm olein). The billet material was annealed
pure aluminium, A1100. The experimental results focused on the extrusion force, surface roughness of both the
deformation area and the product surface and sliding velocity. The grid lines, which were scribed on the billet,
were used to observe and analyze the plastic flow in the material. The velocity distributions on the experimental
swface of the billet were calculated using a visioplasticity method. Similar experimental and analytical
mvestigations were carried out using additive-free paraffinic mineral oil and were compared to the investigation
with RBD palm olemn. The RBD palm olein showed a reduced extrusion force and a better quality surface
roughness. The work piece that was extruded with RBD palm olein showed better plastic behavior as compared
to those that were extruded with paraffinic mineral oil. Tt was confirmed that RBD palm olein shows satisfactory

lubrication performance as compared to additive-free paraffinic mmeral oil
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INTRODUCTION

The use of vegetable oils mn the mdustrial sector 1s
notanew idea. Tn Ancient Egypt, vegetable oil and animal
fats were used in the construction of monuments
(Nosonovsky, 2007). In the early 16th century, European
sailors made soap from palm oil. In the 19th century, the
people of France and England used palm oil to make
candles. They also used palm oil as a gas for lighting.
Before the development of petroleum, palm oil was
used to grease the axle boxes of railway carriages. In the
tin plate industry, palm oil was initially used to prevent
the oxidation of iron and as a flux before tinning
(Henderson and Osborne, 2000).

In Malaysia, palm oil shows great potential for
production as a lubricant. Palm oil is environmentally
friendly and has a high biodegradability in comparison to
muineral oil. Palm o1l 15 also the most efficient oil-bearing
crop in terms of land utilization and productivity. One
hectare of palm oil could produce almost ten times more
oil than other oilseeds, such as soybean and sunflower.
Palm o1l could produce an average of 3.74 tons of o1l per
hectare every year, compared to 0.38 tons and 0.48 tons of
oil per hectare per year for soybean and sunflower,
respectively (Ming and Chandramohan, 2002). For these
reasons, palm oil could fulfil the demand for a vegetable-

based lubricating cil. Studies on the feasibility of the use
of palm o1l in diesel engines (Bari e al., 2002) and as a
hydraulic fluid (Wan Nik et al., 2000) showed satisfactory
results in comparison to petroleum-based oil.

Plastic flow of metal in the bulk metal forming process
15 influenced by many factors, such as the lubricant’s
condition, friction, die shape and billet temperature
(Li et al., 2008). From the point of view of lubrication, the
plastic flow of a metal m the bulk metal forming process
could be used to predict the lubricant’s performance and
the friction constraint behavior between the tool and work
piece (Kamitani et al., 2008).

In this study, the performance of RBD palm olein as
a lubricant in the cold-work plane strain extrusion process
was investigated. The evaluations focused on the forming
load, surface roughness and plasticity behavior. The
results show that the worl piece that was extruded with
RBD palm olein as a lubricant has a low extrusion force
and better plasticity behavior than those extruded with
additive-free paraffinic mineral oil.

In a previous study by Syahrullail et el (2005) the
plane strain extrusion apparatus consisted of a taper die,
billet and plane plate tool; the billet was not symmetrical.
In the current investigation, a symmetrical billet and a pair
of taper dies were used. The symmetrical billet performs
similarly to the design of the tool in the actual extrusion
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process in the industrial sector. The reduced extrusion
force in the present investigation is obvious when
compared to the previous mvestigation and gives a good
umnpression of the ability of palm o1l when it 1s used as a
metal forming lubricant.

MATERIALS AND METHODS

Experimental apparatus: Figure 1a shows a schematic
sketch of the plane strain extrusion apparatus that was
used in the experiments. The main components are the
container wall, taper die and work piece (billet). The taper
die has a 45-degree die half angle. The taper die is made
from tool steel SKD11 and the necessary heat treatments
were done before the experiments. The experimental
surface of the taper die (surface that contacts the billet)
was polished with an abrasive paper and has a surface
roughness, Ra, of approximately 0.15 pm. A specified
amount of lubricant was applied to this surface before the
experiments. The same type of test lubricant was applied
to the other surfaces of the experimental apparatus. The
taper die has a Vickers hardness of 650 Hyv.

Figure 1b shows a schematic sketch of the billets that
were used in the experiments. The billet material 13 pure
aluminium, Al1100. The billet shape was produced using
an NC wire cut electric discharge machining device.
Two similar billets were stacked and used as one billet
unit. One side of the contact surface of the combined
billets was the plastic flow observation plane during plane
strain extrusion. The observation plane is not affected by
the frictional constraint of the parallel side walls. A squre
grid pattern that measures the material flow during the
extrusion process was scribed by the NC milling machine
onto the observation plane of the billet. The grid lines
were V-shaped grooves with a 0.5 mm deep, 0.2 mm wide
and 1.0 mm interval length. The billets were ammealed
before the experiments. The experimental surface of the
billet (surface that contacts the taper die) has a surface
rouglness of approximately 2.5 um. The Vickers hardness
of the billet 1s 38 Hv.

Testing lubricants: The testing lubricant was RBD palm
olein (marked as PO). The RBD is an abbreviation for
Refined, Bleached and Deodorized. Palm oleinis the liquid
fraction that is obtained by the fractionation of palm oil
after crystallization at a controlled temperature. Tn these
experiments, a standard grade of RBD palm olein, which
was meorporated in the Malaysian Standard MS 816:1991,
was used (Pantzaris, 2000). The results obtained from
experiments using RBD palm olein were compared with
those from experiments using additive-free paraffinic
muineral 01l (VG30) (marked as PF). The viscosity properties

Extrusion

direction Observation plane:
Square grid patterns
with fine V-shaped

Expetimental surface

% 459 die half angle of billet. Two billets
T T combined as a set of
] }—=H-End plate workpiece
(a) ()

Fig. 1: (a) A schematic sketch of the plane strain extrusion
apparatus and (b) the combination of the billets

Table 1: Viscosity of RBD palim olein and the paraftinic mineral oil (VG30)

Properties RBD palm olein Paraftin (VG30)
Viscosity index 213 129
Kinematic viscosity at 40°C (cSt) 46 32
Kinematic viscosity at 100°C (cSt) 10 6

for RBD palm olein and the additive-free paraffinic mineral
are shown m Table 1.

Experimental procedure: Lubricants were applied onto
the experimental surface of the taper die. The amount of
lubricant was approximately 25 mg. The
measurement was done with a digital balance that had a
tolerance of 0.1 mg. The billets were cleaned with acetone.
After that, the taper die and the billet were assembled as
shown in Fig. 1. The plane strain extrusion apparatus was
assembled and placed onto the hydraulic press machine.
The load cell and displacement sensor were used to
record the extrusion force and the ram displacement; the
data was saved in a computer. The experiments were
carried out at room temperature. The extrusion was
stopped at a piston stroke of 35 mm, where the extrusion
process 1s 1n a steady-state condition. The ram speed 1s
constant at 0.85 mm sec™'. After the experiment, the
partially-extruded billets were taken out from the plane
strain extrusion apparatus and the combined billets were
separated for the surface roughness measurement and the
plasticity analysis.

Figure 2 shows the pattern of grid lines on the
observation plane of the billet after the experiment.
Horizontal grid lines (straight line parallel to the extrusion
direction) on the observation plane of the billet show the
plastic flow lines that appeared during the steady-state
extrusion process after the experiment The horizontal

mass
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Fig 2: Pictire of the grid line pattern on the observation
plane of the billet after the experiment
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Fig 3: Coordinate system that was used inthe analysis

littes were traced with tracing software, accarding to the
cootdinate systemn that iz shown in Fig 3. After tracing
the digital data were frepared as raw data imgod for the
wisloplasticity andlyais,

Figiwe 3 shows a schematic diagram of the x-y
otthogonal coordinates systerm that was used to analyze
the deform ation zone, the plastic flow lines that appeared
duting the steady-state extrusion condition were used
Figure 3 also shows somme of the wariables that were used
it the analysiz and caloulations and the position that was
established in the same coordinates system in the
ohgervati ofplane of the bill et

The plagtic flow wel ocityinthe deformati on zone, the
effective strain rate and the effective strain were
caleulated using Eg. 1-5. Bince, the analytical caled ation
procedire iz explained in an eatlier publication it is
otnitted here (Syratwdlail of af, 20050

Flow function:

ki (1)

W =X

Velocity component (velocity in the x-direction,
el ocity in the y-direction, +)

na ¥ OV (2
& 0L
Strain rate component (see™):
S S e P e )

Effective strain rate (sec™):

2L 3,
E-EIEE;T,;V (4)

Effectire strain (lime integration value of the effective
sirain rate along the flow line):

5=t (3)

Inthe equations V, isthe welocity of the press ram
in mm sec” and X is the distance in mm from the
coordinate aris (3= 07 of the i-th flow line in the regon
where deformation does not ocour.

RESULTS AND DISCUSSION

Extrusion foree: Figure 4 show s the extiusion force with
the piston stroke curves. Figare 4 shows that the
exttusionn force reached a constant level during the
process and that the extrusion process became a steady
state condition at apiston stroke of more than 30 mm. The
extrusion force difference at steady state conditions (at a
piston stroke of 35 mm is shout kN, & comparison of the
extrusion forcesinthe presence of these lubricants shows
that the extrusion force was lower for FBD palm dleir, as
cotmpared to the paraffinic mineral cil (VG300 This is
because the fatty acids in the palm ol recuced the
frictional constraint bebtween the tool and billet sufaces.
Presaous tesearch also shows that the palm ol has a low
friction coefficient (Abdul quadir and A desremmid, 2008

Surface roughness: The walues of the arithmetic mean
sutface roughness, Fa dong the experimertal suface of
the billet were measwed with a hlitatoyo Formtracer
profilometer  dewice. The measared direction is
perpendioular tothe extrusion direction. The experimental
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Fig 4 Estrusion force-piston stroke curves

2 4 6 & -0 -z -4 -16
X-uxin (mrm)
Fig 5 Burface ronghness (Fa) of the experimental surface
of the billet

surface of the billet iz the surface of the billet that
contacts the taper dieand the container. The experimental
suwface of the billet iz labelled az the X-amis The
distningion ofthe anthmetic mean surface roughness, Fa,
is shown in Fig. 5. Az a result, the surface roughness for
the product area of the billet that was estruded with ERBD
palm olein is smaller as commpared to those that were
extruded with paraffinic mineral oil (WG30)., The
experimental surface of the billet at the location X = -8 tmm
is connected to the taper die surface. When the
experitnental surface of the billet slides on this area, the
wedge effect starts to ocour and creates a thin layer of
lubricant [ Seiji, 2002). The condition between the material
and the tool constituted mixed ubrication by a thin
lubricant fili (houndary lubrication), the adsomption of
fatty acids from the palm oil played the role of maintaining
thethin lubticart (Bowden and Tabor, 20013, This would

Fig &: CCD pictures of the product suwface condition at
thelocation X =4 mm

reduce the ratio of'metal-to-metal contact between the tool
and hillet surface for RBD palm olein (as compared to the
paraffinic mineral ofl (VG300 and reduce the extrusion
force. Bince, the lubdcant thickness iz very thin, the
product will reflect the surface roughness of the tool and
make the billet’s swiface product of FBD palm olein
straller in conpanson to the billet that was extruded with
paraffinic mineral oil (W G300,

Figure 6 a and b show CCD pictures of the product
surface condition at the location = 4 mum with 85 times
magnification. From the observed surface of the
eszperitnental billet, we can confinm that there is no severe
wear, Both of the lubricants show sati sfactory lubtication
performances. In application, both of the lubricants could
be used, howewer, EBD palm olein shows a reduction in
the formming load, which could =awve the energy
consumption.

Velocity at the experimental surface of thebillet: From
the digital tacing data, the welocity component of the
hillet that slides on the taper die’s surface was calculated
using the visioplasticity method, seeEq 2. A comparison
of the ¥- (horizontal) and u-cotmponents (wertical) of the
plastic low velocity along the experimental surface of the
hillet (the welocity condition of the billet sliding on the
taper die’s suface) are showm in Fig 7 and 8,
respectively.  The results show that the welocity
distibution in the hillet that was extruded with RBD palm
olein is cleady different in comparison to those that were
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Fig. 7: Distribution of the v-component (horizontal) of the
velocity along the experimental surface of the billet
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Fig. 8: Distribution of the u-component (vertical) of
the velocity along the experimental surface of the

billet

extruded with the paraffinic mineral oil (VG30). The
reduced extrusion force of RBD palm olemn shows a
reduced friction between the taper die and the billets. Due
to the low value of RBD palm olein friction coefficient and
the RBD palm olein’s capability to stick very well onto the
taper die’s swrface, which makes the metal-to-metal
contact ratio decrease, the sliding velocity on the taper
die of the billet that was extruded with RBD palm olein is
higher in comparison to those that were extruded with the
paraffinic mineral o1l (VG30).

X; {xis Taper die and container

Extrugion
direction

PF

0 Taper die and comainer

Fig. 9: Mutual comparisons of the horizontal flowlimes in
the deformation area

Flow lines observation: From the digital tracing data, the
flow lines (horizontal grid lines) of the billet, which was
extruded with RBD palm olein, were compared with the
billet that was extruded with the paraffinic mineral oil. For
a better comparison of the results, the digital tracing data
were recalculated and repositioned at a constant distance
of X, (Fig. 3) for both of the lubrication conditions.
Figure 9 shows a mutual comparison of the horizontal grid
lines. A comparisen of the flow lines of the billets show
the plasticity flow behavior of the billet, while it was
extruded through the taper die at a steady-state condition
during the extrusion process. For the billet that was
extruded with RBD palm olein, due to the low friction
condition between the tool (taper die) and ballet, the flow
lines (plasticity flow) are slightly influenced in comparison
to those that were extruded with the paraffinic mineral oil
(VG30).

CONCLUSION

The plastic flow in pure alumimum was evaluated
with RBD palm olein as a lubricant n a plane strain
extrusion apparatus. The results of the experiment and the
analysis show that RBD palm olein could reduce the
extrusion force, lower the value of the surface roughness,
Ra and increase the sliding velocity in comparison to the
paraffinic mineral oil (VG30). From the results, we confirm
that RBD palm olein showed a satisfactory lubrication
performance in comparison to the paraffinic mineral oil
(VG30).
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