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Summary

Magnesium alloys used in the automotive industry because of low density and
the good strength sometimes mate with steel elements. The aim of the research
has been to investigate friction resistance in contact steel-on-AM60
(Mg6AIl0.15Mn) alloy and to find a way to decrease such resistance. Difficult
mating conditions of such elements can be improved by surface treatment, i.e.
plasma or laser modificatiorValues of the friction coefficient have been
decreased with an almost linear mean stress increase. Using a tribotester for
spinning friction, presented in the article, values of friction coefficient
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in contact LH15-on-AM60 (Mg6AI0.15Mn) alloy have been 2.5 times higher
than respective values obtained in the LH15-on-C45 contact zone and can be
twice as high when compared to values obtained in the case of pin-on-disc
tester. This can be because of a higher value of mean surface pressure and mean
sliding speed in the case of a tester for spinning friction.

INTRODUCTION

In the automotive industry there is currently a widespread tendency to reduce
the weight of all vehicle components. One method is based on the use
of lightweight materials in place of steel. Here aluminium alloys are of the
largest share. Magnesium alloys that are of lower density (up to 25%
of aluminium alloys) have not been widely appljed1]. Automotive elements
made of magnesium alloys can be forged or cast under pressure. So far,
magnesium alloy has been used primarily for the manufacture of wheels.
The use of magnesium alloys for the manufacture of the body parts has been
difficult due to the structurally limited cold deformabilityL. 2].
Underdeveloped technology of magnesium is one of the barriers that limits its
use in production. This is despite the high prevalence of magnesium, easy and
safe recycling and despite the well-known cases of execution of magnesium
sheet metal for aerospace components that meet the highest requirements
for durability and surface quality.

Magnesium is suitable for structural components and has a low strength
to weight ratio and stiffness, particularly in bending and buckling Ipady.

Magnesium sheets have many advantages in relation to cast and forged
elements. This is due to its homogeneous and fine structure with a small number
of defects. The result is a higher strength, better ductility from the treatment,
the greater load bearing during operation and greater energy absorption
by the occurrence of deformation under Idad 2]. The latter can be used
in the design of the crumple zone of an automotive body. Currently, there are
methods of manufacturing thin-walled, high-quality surfaces and reproducible
mechanical properties for elements made of magnesium alloys [L. 1-4]

Compared to materials with plastic properties, magnesium alloys have
better temperature properties and can operate at much higher temperatures, and
the thermal expansion is lower and is easier to use as a secondary raw material
[L.1].

Magnesium alloys reduce vibration well and are easily machined. The high
thermal conductivity make them difficult for ignition and burning. Magnesium
alloy’s disadvantage is its susceptibility to corrosion and the need for careful
corrosion protectioflL. 2].

Magnesium alloys have poor formability and limited ductility at room
temperature, which ascribed to their hexagonal close-packed (HCP) crystal
structureg[L. 1].
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Nowadays, AZ31 (MgAI3zZnl]L. 2, 3], and also AZ61 (MgAl6Zn1L. 2, 3],
ZK60 (MgZn6Zr1)[L. 3], AM60 (MgAI6Mn0.15)[L. 4], MA2 (MgAl4Zn1)
[L. 5, 6], AZ91 (MgAI9Znl)[L. 6], and WE43 (Mg-4Y-2.4Nd-3.3RE (heavy
rare earth)-0.55Zr) [L. 3hre commonly used as magnesium wrought alloys.

There some cases when the friction contact takes place between one part
made of steel and the other made of magnesium alloy. One group includes steel
fasteners against bumpers and steel nuts against the rack of steering wheels,
when a high value of friction coefficient is beneficial. In such contacts, fretting
phenomena can take place. The second group, when value of friction coefficient
should be low, includes the following:

— Steel balls against a cage made of magnesium alloy (in high speed roller
bearings lubricated by oil or grease), and

— Steel balls against ball slide made of magnesium alloy (Such slides are low
loaded and can operate in absence of oil, and they can be used in some cases
of sliding parts like ramps, doors, shelves, and chairs especially
in recreational and repair vehicles.),

The aim of the researches presented in this article is to investigate
the friction resistance in contact steel-on-magnesium alloy AM60
(MgAI6Mn0.15) and to find a way to decrease such resistance.

3. METHODS IMPROVING THE WEAR RESISTANCE
OF WROUGHT MAGNESIUM ALLOYS

The behaviour of magnesium alloys for forming in friction contact is not
sufficiently investigated. The results frofh. 7] can be cited, which were
obtained during tests for a step in the modification of the surface layer for the
AZ31 (MgAI3Znl) alloy as a result of the friction process in the contact with
chlorine-sulfonated polyethylene, plasticized polyvinyl chloride, ebonite,
sulphur vulcanizate of styrene-butadiene rubber, and polysulphide rubber and
polysulfone. There has been a modification of the surface layer of the AZ31
(MgAI3znl) alloy, occurring as a result of the transfer of S, CI- ions, and
fragments of polymer chains containing such ions. Oxides and unidentified
compounds of carbon and hydrogen have also been observed. The influence
of tribochemical modification on the tribological characteristics of joints metal-
-on-polymer has been shown.

Some of technological difficulties arise in the implementation of sliding
contacts for elements made of magnesium alloys with the elements made
of steel. Such difficulties can be overcome by the use of surface treatments
for magnesium alloys.

Some new surface treatment technologies of magnesium alloys have been
reported, such as plasma electrolytic oxidaflar8], microarc oxidation [L. 9]
electronic beam, and laser modificatjan 10-12], ion beam assisted evapora-
tion deposition[L. 13], and chemical platinfl-. 14]. Among them, the normal
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plasma beam has many advantages: similar power density to laser beam, simple
plasma generator, favourable environment, non-limitation to specimen size, and
the designed structure of plasma generator according to part shapes and pro-
cessing conditionfl.. 15]. A plasma bearfL. 16] can be used as an alternative

for a laser beam [L. 16—17The plasma melting process can be used to improve
the wear resistance of AM60 (MgAI6Mn0.15) alloy. This process can be attri-
buted to the decrease in the amount of porosity, grain size, and the strengthe-
ning of the produce solid solution. After plasma melting, grain size is decreased
less than 1pm due to the quick cooling rate @uhdigi7Ali2 is well distributed

in the melted layer. The plasma melting is a simple and cheap surface modifica-
tion method for AM60 (MgAI6MnO0.15]L. 16].

MECHANICAL PROPERTIES OF AM60 (MgAI6Mn0.15) ALLOY

The mechanical properties of AM60 (MgAI6MnO0.1d)oy have investigated at
different strain rates and are describedLin18]. The impact energy of this
alloy increased nonlinearly with temperature increase.

The tensile test have indicated that the mechapicglerties have not been
sensitive to the strain rates applied (3.3%@1), and the plastic deformation
was dominated by twining mediated slip. The impact energy is not very
sensitive to the environmental temperatjlrel8]. It is equal to 5.35 J at room
temperature. The plane strain fracture toughness and fatigue limit were
evaluated and the average values were 7.6 MPa.m1/2 and 25 MPa, respectively
[L. 18].

Friction force in the contact steel-on-AM60 (MgAI6RIA5) alloy have
been investigated and the results have been presentgd. ih9]. The
morphology of AM60 (MgAI6Mn0.15) alloy has been composedad¥ig
matrix and irregulap —precipitation along grain boundaries (Mg17AI12). For
AM60 (MgAI6Mn0.15) alloy, the reduction of aluminium has been
accompanied by greatly decreasingqfhase [L. 19]

Wear tests have been conducted using a pin-on-disc type apparatus. In
these tests, a sample made of AM60 (MgAI6Mn0.15) alloy was mated with the
rotating disc made of steel 5CrNiMo with a hardness of HRC = 55. The
experiments were carried out under dry friction conditions in an environment of
25°C. The speed of the disc employed was 0.628 m-s-1. The AMG60
(MgAI6MnN0.15) sample had dimensions of @6 mm x 12 mm, and the steel disc
had dimensions of @70 mm x 10 mm. The range of loads was 20-110 N [L. 19]

The surface of the wear test samples were polished to obtain surface
roughness, Ra, up to Qudn. The disc and specimen were cleaned with acetone
to remove any possible traces of grease and other surface contaminants. Based
on data from [L. 19]the dependence of the friction coefficient on the calculated
mean surface pressure was determined and presentéduire 1. Rhombus
mean of original data is frofi.. 19]. This dependence is of a decreasing power
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series shape, and it allows the rough estimation of values of the friction
coefficient for the case of values of the mean surface pressurdigher than

500 MPa, which are closer to those obtained from the tester for spinning
friction.
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Fig. 1. Friction coefficientp against mean surface pressurémean
Rys. 1. Wspotczynnik tarciaw funkcji sredniego nacisku powierzchniowego w styku.

The friction coefficient is reduced with an increase in the applied load and
tends to be steady and gradual. Load affects wear behaviour by contact area and
deformation. In the sliding process, the metal surface is in an elastic-plastic state
and the real contacting area is not linearly related to the load, leading to the
decrease of the friction coefficient with the increase of load.

DETERMINATION FOR VALUES OF THE FRICTION
COEFFICIENT IN THE CONTACT BALL-ON-PLANE DISC

It has been assumed that the values of surface pressure in the contact zone ball-
on-disc can be calculated from Hertz equations.

The friction moment Mbetween the ball and rotating disc can be calculated
from Equation (1]JL. 20]

M, = 01875gFr, D
Where: F — the force loading contact zone ball-on-disc in the tesgter,the
friction coefficient.

The radius ¢4 of contact zone between the ball and rotating disc has been
calculated from Equation (2).. 20]

1o, 2 2
= St 1) (lzvi  1-v, )
4 n n E E,




60 TRIBOLOGIA 4-2013

Where:r,= 0.004 [m] — radius of the balt, =« [m] — curvature radius of the
plate, E, — the Young’s modulus of the ball material,— the Poisson’s
ratio of the ball material,E,— the Young's modulus of the disc
material,v,— the Poisson’s ratio of the disc material

From Equations (1) and (2) the friction coefficigmtcan be estimated.

EXPERIMENTAL RESEARCH

The research was carried out on the tribotester for measuring the contact
resistance in a concentrated contact ball-on-disc in conditions of spinning
friction. The scheme of the tribotester is presentelidgure 2. No additional

oil lubrication was used in the contact zone, so technically dry friction
conditions took place there. Such conditions take place during the operation of
the ball slide. Estimated loading of the slide was up to 20 N. The estimated
rotational speed of the balls was lower than 40 rpm.

During tests, the ball was fixed and the disc rotated with a speed of 36 rpm.
The loading of the ball increased in stepwise manner from 7 — 16.9 N. The step
of the load increase depended on the added weights (six pieces).

The threshold of the friction moment measured in the tester was
0.0005 Nm.

Tests were realized at room temperature and in a constant humidity of 40%.

The following two sets wer considered:

1. A ball made of LH15 steel and a disc made of AM60 (MgAI6Mn0.15) alloy,
2. A ball made of the LH15 steel and a disc made of C45 steel.

For each value of load F, the value
of friction momentM; between the ball and ||
disc were measured during test. On the basis | !

of these measurements, the progression c| |

M(F) was obtained. ‘ '
w
6 — contact zoneM, — the measured friction
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Rys. 2. Schemat tribotesteru; 1 — abniki, 2 — tazy- 4
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Fig. 2. The scheme of tribotester; 1 — weights,
2 — air bearing, 3 — stem, 4 — ball, 5 — disc,
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The researched ball and the sample (disc) were weighted before and after
the measurement of the friction moméftto estimate the amount of their mass
wear. The resolution of the balance scale was equal 0.2 g.

RESULTS OF RESEARCH

The values of the friction coefficient were calculated based on mean value
of the friction moment measured in the tribotester for six values of loading.
The observed deviation of measured values from the mean values was 0.001
Nm. It corresponds to the deviation of calculated values of the friction
coefficient 0.05.

The obtained dependences of friction coefficient on mean surface pressure
are presented ifigure 3 for contact LH15 steel-on-AM60 (MgAI6Mn0.15)
alloy, and in Figure 4 for contact LH15-on-C45.

Values of the calculated friction coefficient decreased with the mean stress
increase almost linearly. As observed in both cases of contact, the ball made
of LH15 steel on a disc made of AM60 (MgAI6Mn0.15) alloy and between
the ball made of LH15 steel on the disc made of C45 steel, the values of the
friction coefficient in contact LH15-on-AM60 (MgAI6Mn0.15) were 2.5 times
higher than respective values obtained in the LH15-on-C45 contact zone.
Calculated from Equations (1)-(2), the values of friction coefficient in contact
steel-on-AM60 (MgAI6Mn0.15) alloy, in the case of the tester for spinning
friction, were nearly twice as high as the values obtained in the case of pin-on-
-disc tester. This can be because of the higher value of mean surface pressure
and mean sliding speed in the case of the tester for spinning friction.
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Fig. 3. The friction coefficientp vs. mean surface pressureea, in contact of LH15-AM60
(MgAI6Mn0.15)

Rys. 3. Wspoifczynnik tarcian w funkcji sredniego dnienia 6pean W Styku tH15-AM60
(MgAI6Mn0.15)
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Fig. 4. The friction coefficientp vs. mean surface pressurépmean, in contact of LH15-C45
Rys. 4. Wspoiczynnik tarciaw funkcji sredniego dinieniaceanW styku £tH15-C45

The obtained amounts of mass wear for tested balls and samples were
lower than the resolution of the balance scale. In addition, there were obvious
signs of wear on the surfaces of tested balls and on the steel sample. More
obvious signs of wear were obtained for the sample made of AMG60
(MgAI6Mn0.15) alloy.Figure 5 presents signs of wear on the sample made of
AM60 (MgAI6Mn0.15) alloy after the measurement of the friction moment M

Fig. 5. The signs of wear on the sample made of AM60 (MgAI6Mn0.15) alloy after meas-
urement of friction moment M, in contact of LH15-AM60 (MgAI6Mn0.15); 1 — thin
steel ring, 2 — cured epoxy resin, 3 — sample made of AM60 (MgAI6Mn0.15) alloy,
4 — signs of wear

Rys. 5. Slady zwycia na plytce wykonanej ze stopu AM60 (MgAI6Mn0.15) po zmierzeniu
momentu tarciav; w styku £H15-AM60 (MgAI6Mn0.15); 1 — cienki pi&sien stalowy,

2 — utwardzonazywica epoksydowa, 3 — probka ze stopu AM60 (MgAI6Mn0.15),
4 —$lady zuycia
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in contact of LH15-AM60 (MgAI6Mn0.15) with forcE loading of the contact
zone equal to 16.9 N. Radiusof wear zone was 0.57 mm, and the depth

of wear zone was 3.67 mm. The arBaof contact zone was 1.01 fm
The obtained amounts of wear were low because of the short time for
the measurement of the friction moment M

CONCLUSIONS

Values of the calculated friction coefficient decreased with the mean surface
pressure increase almost linearly. This was observed in both cases of contact:
ball made of LH15 steel-on-disc made of AM60 (MgAI6Mn0.15) alloy and ball
made of LH15 steel-on-disc made of C45 steel. Values of friction coefficient
in contact LH15-on-AM60 (MgAI6Mn0.15) were 2.5 times greater than
respective values obtained in the LH15-on-C45 contact zone.

Estimated values of friction coefficient in contact steel-on-AM60
(MgAI6Mn0.15) alloy, in the case of tester for spinning friction, can be twice
greater than values obtained in the case of pin-on-disc tester. This may be due to
the greater value of the mean surface pressure and mean sliding speed in the
case of tester for spinning friction.

High values of the friction coefficient in contact steel-on-AM60
(MgAI6Mn0.15) suggest the necessity of a surface treatment of AM60
(MgAI6Mn0.15) alloy to obtain higher wear resistance. The review
of the literature suggests that it can be done by plasma or laser treatment.
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Streszczenie

Stopy aluminium wykorzystywane w przemyse samochodowym z powodu
ich matej gestosci i dobrej wytrzymatosci czasem wspotpracuy z elemen-
tami stalowymi. Celem badanbyto zmierzenie oporéw ruchu w styku stali
po stopie magnezu AM60 (Mg6AI0.15Mn) oraz znalezienie sposobu na
zmniejszenie tych oporow. Trudne warunki wspétpracy takich elementow
moga by poprawione poprzez cieplg obrobke powierzchniowa, na przy-
klad powierzchniowe przetapianie plazmowe Ilub laserowe. Warta$
wspotczynnika tarcia zmniejszaj sie niemal liniowo wraz ze wzrostem
sredniego nacisku powierzchniowego w styku. Uzyskane na pokazanym
w artykule tribotesterze do tarcia wierthnego warto&i wspotczynnika tarcia

w styku stal £tH15 po stopie AM60 (Mg6AI0.15Mn) moga by 2.5 razy
wieksze w porownaniu z odpowiednimi warto§iami w styku stali
£H15-C45 i moga byé dwa razy wieksze od wartdgci uzyskanych na tribo-
testerze trzpiaa po tarczy. To moz byé spowodowane wgkszymi warto-
sciami $redniego nacisku powierzchniowego w strefie styku kredniej
predkosci poslizgu w przypadku testera do tarcia wiertnego.






