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Abstract  

 

The mechanical properties of Al-Si alloys have been investigated. Abrasion wear resistance is 

an important analysis being used in various applications so there are many laboratory testing 

methods to determine it. In this article, we've looked at one of the ways to determine wear 

resistance using a scratch tester as a relatively easy, efficient, and fast test method. Materials 

used in the tests were: Al-Si (Al 94.30; Si 2.24, Fe 0.84) alloy. The coefficient of friction and 

wear of the samples were determined both by the methods of testing the wear and by investigating 

them in correlation with their mechanical properties. 
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Introduction 
 

Deformable Al and Si alloys have about 1% Si and additions of Mg, Mn, Ti to increase 

strength. They are hardy alloys by heat treatment of artificial hardening and ageing, due to the 

formation of the compound Mg2Si with variable solubility. Foundry Al-Si alloys, known as 

silumines, have the best casting properties of Al alloys [1-5].  

They are alloys with 4-18% Si, simple or complex alloys with Cu, Mg, Fe, Ni, Mn. The 

most used are alloys with 11-14% Si. Upon slow cooling of the alloys by about 13% Si, primary 

crystals of Si appear in the structure, coarse eutectic of solid solution α of Si in Al and acicular 

crystals of Si. To finish the granulation, the alloys are poured into the shell (metal moulds), under 

pressure or modified [6-7]. Parts made of metallic materials (metals or alloys), used with the 

greatest weight in the construction of machinery and equipment, are subjected during use 

(operation) to the action of external mechanical loads (forces). 

As a result of the action of external forces, in these parts, the so-called internal forces or 

efforts are created and the parts are deformed. 

Abrasion wear is considered one of the most common types of wear, in most applications 

abrasion wear resistance is considered to be the most important. 

Most wear defects (over 50%) are due to abrasive wear. This situation has become a major 

problem in major industries. In the automotive industry, for example, it can be found in most 

parts such as cylinder, piston, segments, cylinder head, brakes, etc., as well as other types of 

machines operating in various contaminated environments, construction machinery, agricultural 

machinery, wind turbines [8-10]. 

http://www.ejmse.ro/
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A significant part of the company's costs is represented by the prices associated with the 

use of the machines. The wear and tear of equipment is a loss, both in terms of cost and 

performance. 

The fight against wear and tear and the prolongation of the life of specialized equipment 

is an extremely urgent task. 

Physical wear and tear can damage the equipment, increase the risk of damage and 

accidents, and significantly shorten the life of the parts. The occurrence of wear leads to a high 

increase in waste, risk of accidents, but also high production and maintenance costs. 

Investigations of the surfaces of the Al-Si layers subjected to scratch tests are a very 

important parameter, in this situation the load acts between the material used and the tip of the 

indenter. The obtained results are presented after scratching material and show two ways of 

deforming the analysed sample: brittle and ductile [11-15]. 

Aluminium has attractive properties such as ease of manufacture, low density, good 

corrosion resistance, high weight-strength ratio and high breaking hardness. All these properties 

make aluminium one of the most economical materials, with low production costs, and 

structurally the most efficient material used for the construction of various automotive, military, 

technical and commercial equipment [16-20]. 

In this article, we looked at the coefficient of friction under dry conditions and the scratch 

test for an Al-Si-based alloy, which is known as a high wear-resistant alloy. 

We analysed the coefficient of friction and wear of the aluminium-based alloy both with the help 

of abrasion resistance testing methods and in correlation with their mechanical properties. 

 

Materials and Methods 

 
The behaviour of a part to the mechanical stresses produced by external forces depends on 

certain properties specific to the metallic material from which the part is made, called mechanical 

properties. Usually, the mechanical properties of metallic material are determined by mechanical 

tests, consisting of the application of specimens in conditions suitable for highlighting the 

properties sought. 

The part subjected to mechanical stress is a device for discharging water at high pressures 

(fig. 1), type TRAPI, which falls into the class of Al-Si alloys (Al 94.30, Si 2.24, Fe 0.84, Mn 

0.60, Mg 0.50, Ni 0.24 other items). 

 

 
 

Fig. 1. Overall dimensions for pistol TRAPI [13] 
 

With the help of mechanical tests, qualitative results are obtained regarding the behaviour 

of metallic materials under the conditions of demand in terms of these tests but also the values of 

conventional or physical quantities, called mechanical characteristics. 
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The CETR UMT-2 tribometer can be used to analyse the following tribological processes: 

• determination of static and dynamic micro and nanometric scale friction forces and 

coefficients of friction in rotating motion for various combinations of materials; 

• study of stick-slip processes at the micro and nanometric scale; 

• study of adhesion forces at the micro and nanometric scale; 

• study of wear processes at micro and nanometric scale; 

• study of resistance to micro and nano scratching of surface layers; 

• determinations of hardness and modulus of elasticity by micro and nanoindentation. 

The values for the measurable compressive and frictional forces are between 0.1 mN and 

20 N, with a resolution between 1 μN and 1 mN, depending on the measuring range of the force 

sensors. The tribometer covers the following force ranges: 0.1 mN ÷ 10 mN, 5 mN ÷ 500 mN and 

0.2 N ÷ 20 N. 

For the study of the processes of wear, indentation and micro scratching (micro scratch) 

the device is equipped with: 

• a pin and disc wear monitoring system, with an accuracy of 0.25 microns; 

• an indenter with a diamond tip at 120º and a tip radius of 200 microns; 

• a system of linear horizontal displacement (Y direction) with the fixing mass of the 

sample for testing the resistance to micro scratching, with the displacement accuracy of up to 1 

micron, having a stroke of at least 75 mm, with variable speeds between 0.001 mm / s up to 10 

mm / s, with the possibility of developing a displacement force in the process of micro scratching 

up to 1000 N. 

To monitor the processes of friction and wear by acoustic emission (AE) the tribometer 

has: 

• equipment for AE monitoring of the friction and wear processes from the pin / ball-

disc contacts, with the possibility of storing and analysing the signal in correlation with the 

friction and wear diagrams; 

• sensor frequency range: 0.2 MHz ÷ 5 MHz; 

• the degree of amplification of the AE signal: maximum 60 dB. 
To monitor interruptions of film or deposited layers, the device has: 

• equipment for monitoring the electrical resistance of the contact between pin/ball and 

disc; 

• range of electrical resistances of the contacts: from 5 MOhm to 1 MOhm. 

The tribometer is equipped with sensors for normal force and friction force for the 

following working ranges: 0.1 mN ÷ 10 mN, 5 mN ÷ 500 mN and 0.2 N ÷ 20 N with the 

measurement accuracy of 1 μN, 10 μN and 1 mN. 

The indentation test consists of two main steps: an initial preload step with a force of up 

to 10% of the maximum test force and a loading step with a force of up to 450 N, depending on 

the force range of the force sensor. on which the indentation test is performed. 

 
Results and Discussion 

 

Determination of coefficient of friction in dry conditions 

The microtribometer was used directly to measure the friction force. The friction force Ff 

acts on the elastic blade of the sensor and the acquisition of data from the force sensor is done 

with a Vishay P3 voltage indicator and the recording is done on the computer, using appropriate 

software. The measuring system was calibrated using loads ranging from 0.5 grams to 5 grams 

(5 mN to 50 mN). During the experiment, the friction force Ff is determined directly, and the 

coefficient of friction is determined as the ratio between Ff and the normal load G. 
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Fig. 2. Variation of the coefficient of friction in relation to time 

 

Figure 2 shows the variation of the coefficient of friction in relation to the time for the 

sliding speed v = 10 mm / s, steel pin, for the normal load of 10 N. The duration of the test was 

about 1 minute, and the coefficient of friction is in this interval a nonlinear variation, starting 

from the lowest value 0.16 to a value of 1.28. The variation of the friction coefficient is justified 

by the fact that the non-uniformity of the surface determines the probe to pass through smooth 

areas and rough areas with a relatively high alternation. 

 

Scratch test used to evaluate mechanical properties 

The scratch test is based on ASTM C 1624 and is used to determine substrate adhesion 

strength and breaking modes, from the substrate. 

 

 
 

Fig. 3. The graph generated during the scratch test, the variation of 

the coefficient of friction as a function of the applied force 

 

Using the data in the graph shown in figure 3, it was calculated that the footprint started 

to occur in 10 seconds, corresponding to a force of 10 N. On the same graph there are large 

variations in the coefficient of friction from 0.16 to 1.60, caused by the porosity of the layer, 

subsequently remaining around these values. 

The Al-Si alloy under investigation was not visibly affected by the adhesion test (fig. 4). 
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Fig. 4. Image of secondary electrons of the “scratch” in the case of the Al-Si test: 

a) the initial zone, b) the intermediate zone and c) the final zone 
 

Following the graph generated during the test by the variation of the coefficient of friction 

depending on the applied force, three areas of the ―scratch were presented: the initiation zone 

(corresponding to the application of a force from 0 N to 3 N), an intermediate zone (3 - 6 N) and 

the final area (6 - 10 N) in order to be able to observe the behaviour of the Al-Si alloy. SEM 

micrographs confirm that the Al-Si alloy does not show visible damage. 
 

Conclusions 

 

Wear is "a progressive loss of material on the surface of a solid body due to mechanical 

action, which is in contact and in relative motion with another solid body, liquid or gas." The 

phenomenon of wear is a rather difficult subject to understand because there are many factors 

involved (such as the contact temperature, the geometry of the contact the chemical and physical 

properties of the materials of the bodies in contact, etc.). 

Wear as a process is usually ignored in the design of mechanical systems, which in many 

cases leads to significant maintenance costs, which lead to extremely high costs. Thus, durability 

design without regard to local effects, wear and corrosion leads to premature and unexpected 

failures in many technical applications. 

The variation of the coefficient of friction in relation to time (approximately 1 minute) 

shows a non-linear variation, starting from the lowest value of 0.16 to a value of 1.28. The 

variation of the friction coefficient is justified by the fact that the non-uniformity of the surface 

determines the probe to pass through smooth areas and rough areas with a relatively high 

alternation. 

The scratch test analysis provides indications on the surface properties of the studied 

sample, namely the friction characteristics and the resistance to contact pressure. The sample 

analysed from Al-Si has a relatively low coefficient of friction and high resistance to point 

contact. 

Due to the malleable properties of aluminium, the scratch test penetrator forms a pressure 

channel with smooth edges, without adhesions and microcracks on the entire contact area. Scratch 

test indicates that Al-Si alloy is a high resilience material, which is recommended in the use of 

parts with direct contact and medium force actuation. 
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