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ABSTRACT

The present work discusses the influence of friction in metal forming. Experiments were
carried out to determine the coefficient of friction and wear displayed by bearing steel
ball sliding against aluminum (Al) sheet. The steel ball represents the die surface
asperity. Lithium grease was used as lubricant and dispersed by silica (SiO2) nano-
particles and Multiwall carbon nanotubes (MWCNT).

Frictional behavior between the inner tube diameter and expanding punch surfaces was
influenced the exerted load. It was proven that load slightly increased with increasing
the values of friction coefficient. Friction coefficient displayed by the grease dispersed by
MWCNT displayed lower values than that dispersed by silica nanoparticles. Wear
resistance provided by silica nano-particles was superior to that observed for MWCNT.
Grease free of additives showed the roughest surface, while the test specimen lubricated
by grease dispersed by MWCNT showed severely deformed one confirming that
MWCNT effect was insignificant. Surface topography of test specimen lubricated by
grease dispersed by 1.0 wt. % silica nano-particles showed the finest roughness and
waviness due to the rolling action of silica particles.
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INTRODUCTION

Friction between the die/workpiece surfaces influences the forming process. Increase of
friction forces increases the plastic deformation of the workpiece and the work required
to deform the part, [1 - 5]. The friction force generated at the interface between die and
workpiece increased, the energy and forces exerted during forming will increase.
Friction increases forming load, tool wear and deformation, while decreases the
formability. It is different due to the high pressure, [6]. Lubrication of sheet metal
forming is influenced mainly by the lubricant types, [7, 13]. Deformation is accompanied
by the relative movement between the tools and the work-part, where friction is
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generated. Because friction controls the surface quality and sheet formability, it is
necessary to apply the proper lubricant to reduce the drawbacks of increased friction. It
was found that by the use of ring compression test, the dimensional variations of the test
specimen could be used to determine the magnitude of friction coefficient, [14 - 17].
Friction was measured by sensors designed in metal working, [18 — 24]. Friction in
rolling was measured during forming process. It was observed that friction coefficient of
soft material slid on steel decreased depending on the applied normal load, [25]. Soft and
brittle materials were found to be sensitive to the contact pressure. The possibilities to
evaluate friction were discussed, [26 - 31]. Several friction models in cold metal process
were explained.

In the present work, the effect of dispersing the lubricating grease by SiC nano-particles
and MWCNT nano-tubes on friction coefficient and wear by bearing steel ball sliding on
Al sheet simulating the frictional behavior during forming process is investigated.

EXPERIMENTAL WORK

Experiments were carried out to investigate the influence of the tested nano-materials
dispersing lithium grease on friction coefficient and wear of the aluminium sheet that
represented the aluminum tube when a bearing steel ball slid on it. The set-up test rig
consists of a rigid stylus mount to produce a scratch on a flat surface with a single pass,
using a hemispherical shape as shown in Figs. 1 and 2. The loading lever is connected to
the stylus through three-jaw chuck. The balance of the loading lever before test was
made using a counterweight. Weights of 2, 4, 6, 8 and 10 N are vertically applied. The
load cell mounted on the loading lever and connected to the digital screen was used to
measure horizontal scratch resistance force. Manual driving mechanism was used to
move the specimen in a straight direction. The test was conducted under different
lubricated conditions using lithium based grease dispersed by the tested nano-materials
at the ambient temperature. The scratch width was measured by using an optical
microscope with an accuracy of £ 1.0 um.

Counterweight Load cell Display digital monitor Loading lever Testing load

Hemispherical shape

Cross slide

Horizontal base Aluminum sheet

1

Fig. 1 Arrangement of the test rig.
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Fig. 2 Details of the friction test. Fig. 3 photo of friction test.

RESULTS AND DISCUSSION

Finite element (FE) prediction of the load/displacement curves of the tube expansion
process of commercial pure Al tube, was determined by an Elasto-plastic FE simulation,
where the process was achieved by means of the computer program DEFORM 2D and
3D FE software version 11.0. The lower die/punch surfaces were assumed to be perfectly
rigid. Frictional behavior between the inner tube diameter and expanding punch
surfaces was assumed. Figure 3 shows the dependency of the exerted load on friction
coefficient for different deformation values. It is clear that load slightly increased for the
lower deformation and significantly increased for the higher deformation with
increasing the values of friction coefficient. Besides, the figure illustrates that as the
deformation increased the load increased.

Friction coefficient displayed by the grease dispersed by silica nano-particles, Fig. 4,
slightly decreases down to the minimum value then slightly increased with increasing
silica nano-particles content. The minimum values of friction coefficient were observed
at 0.1 and 0.3 wt. % silica content. Further increase of the content of silica nano-
particles increased wear due to the increased abrasiveness of the silica. They act as ball
bearings rolling and separating the two contact surfaces, where metal to metal contact is
prevented. They are environmentally friend and economic. The drawback is their
crushing when the load is increased so that the rolling action is retarded, [32 - 38].
Besides, SiO2 nanoparticles are more dispersive and stable than diamond nanoparticles
in oil. The lubrication mechanism of the dispersion is shown in Fig. 5, where the rolling
action is dominating.
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Fig. 4 Friction coefficient displayed by the grease dispersed by silica nanoparticles.
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Fig. 5 Mechanism of action of silica nanoparticles.
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Fig. 6 Friction coefficient displayed by the grease dispersed by MWCNT.
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Fig. 7 Mechanism of action of MWCNT.
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Fig. 8 Wear displayed by grease dispersed by nanoparticles.

18



Fig. 10 Surface topography of test specimen lubricated by grease dispersed by 1.0 wt.
% silica nanoparticles.
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Fig. 11 Surface topography of test specimen lubricated by grease
dispersed by MWCNT.

Friction coefficient displayed by the grease dispersed by MWCNT had the same trend
observed for silica nanoparticles, Fig. 6, where minimum values were detected at 1.0 wt.
% MWCNT content. Higher MWCNT content increased friction coefficient. It is
clearly shown that MWCNT caused significant decrease in friction coefficient compared
to oil free of additives and oil dispersed with silica nano-particles. This behavior might
be attributed to the fact that MWCNT is quite good solid lubricant. The lubrication
mechanism of MWCNT depends on their nature as cylinders. Their nano-size enables
them to enter into and adsorbing on the asperities of the rubbing surfaces, Fig. 7. In this
condition, friction is influenced by the rolling action of the nano-cylinders. It was proven
that the carbon nature of MWCNT caused significant reduction in friction, where the
carbon formed on the contact surface provided the surface by a low shear strength film
that protected the rubbing surfaces from further friction and wear, Fig. 7. Wear of the
test specimen measured by the wear scar width is shown in Fig. 8, where minimum wear
was displayed by grease dispersed by 1.0 wt. % silica nanoparticles. Further increase in
silica caused significant wear increase. MWCNT showed no influence on wear values.

The surface topography of the test specimen is shown in Figs. 9 — 11. Grease free of
additives showed the roughest surface, Fig. 9. Longitudinal striations are shown with
relatively deep valleys. Surface ridges are deformed due to the interaction of the
asperities of the steel ball. The thickness of the test specimen was not uniform along the
deformation direction. Surface topography of test specimen lubricated by grease
dispersed by 1.0 wt. % silica nano-particles showed finer roughness and waviness, Fig.
10, due to the rolling action of silica particles. Test specimen lubricated by grease
dispersed by MWCNT showed severely deformed surface, confirming that MWCNT
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effect was insignificant, Fig. 11. The microscopic inspection confirmed the data shown
by wear.
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Fig. 12 Experimental load/displacement curves at different friction conditions.

Effect of different friction conditions of the load/displacement curve of tube expansion
process with 30° semi-die of conical punch shape, 3.25 mm tube thickness, and
aluminum tube material with grease free of additives, grease dispersed by 1.0 wt.%
silica nano-particles and grease dispersed by 1.0 wt.% (MWCNT) carbon nano-tube
were carried out as shown in Fig. 12. It is observed that, the values of the
load/displacement curve with silica nano-particles and MWCNT additives were lower
than that displayed by grease free of additives. In addition, the formability in the term
of expansion ratio of the process increased by using these additives.

CONCLUSIONS

1. The load depends on the friction coefficient and the deformation.

2. Friction coefficient displayed by the grease dispersed by silica nano-particles slightly
decreased down to minimum at the range of 0.1 and 0.3 wt. % content.

3. Friction coefficient displayed by the grease dispersed by MWCNT had the same trend
with lower friction values.

4. Minimum wear observed for the test specimen was displayed by grease dispersed by
1.0 wt. % silica nano-particles. Further increase in silica caused significant wear
increase. MWCNT showed no influence on wear values.

5. The surface topography with grease free of additives showed the roughest surface,
while the test specimen lubricated by grease dispersed by 1.0 wt. % silica nano-particles
showed finer roughness and waviness. Test specimen lubricated by grease dispersed by
MWCNT showed severely deformed surface. The microscopic inspection confirmed the
data shown by wear.

6. Silica nano-particles and MWCNT additives has great effect on the forming load and
formability of the expansion process.
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