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Abstract 

Metal – carbon nanotube (CNT) composites are developing materials with 

superior tribological behavior. A new dual matrix Al-CNT composite structure 

design manufactured by mechanical milling is investigated and characterized. A 

pin on disk wear test is conducted according to L27OA fractional factorial 

Taguchi orthogonal array. Wear behavior is investigated with different CNT 

wt.% content in reinforcement particles and different mixing ratio between 

reinforcement particles to AL matrix under different conditions of sliding speed, 

applied load and covered distance.  

Statistical analysis (ANOVA of signal to noise ratio) and regression mathematical 

model of wear rate are conducted to study significance and effect of each 

parameter. Sequential quadratic programming approach is used to optimize 

single objective functions to minimize the wear rate and maximize the 

hardness. On the other hand, genetic algorithm is applied to the multi objective 

function to obtain parameters optimum values that minimize the wear rate and 

maximize the hardness of the composite material. An independent set of 

experiments is used to validate the optimization results. 

Results show that increasing CNT wt.% and mixing ratio between reinforcement 

particles to soft Al particles lead to increase the hardness. Mixing ratio of 

reinforcement particles to soft Al matrix, sliding speed, and applied load are 

found to be the most significant parameters affecting on the wear rate. 

Experimental results show that lowest wear rate occurs at 3 CNT wt.%, mixing 

ratio 50%, covered distance 1.4Km, applied load of 8N,and sliding 

velocity1.5m/s. The optimized multi objective model show that optimal values 

of minimum wear and maximum hardness occurs at 5 CNT wt.%, mixing ratio 

56%, covered distance 6.6km, applied load of 8N,and sliding velocity0.8m/s. 
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Chapter 1 Introduction 
This chapter covers an introduction about wear mechanisms in metals and lubrication techniques. 

Metal matrix composites‟ properties are discussed and their production using powder metallurgy 

method. Finally response surface methodology including statistical design using Taguchi approach 

optimization algorithms is reviewed and thesis objective statement and thesis organization are 

presented.        

1.1. Wear 

Wear is the removal of material from solid surfaces in a solid-state contact where wear rate is the 

amount of material removed concerning time or distance. In this thesis wear rate is defined as mass 

loss per unit time. Wear resistivity is a measure of the resistivity of a body to lose material by wear, 

the reciprocal of wear rate. 

1.1.1. Wear Mechanisms 

a. Adhesive  

When two solid materials are in rubbing contact, adhesion takes place in the mating faces, and debris 

are pulled off from one face to stick to the other. These debris may fall off the face on which they are 

stuck and either be relocated to the original face or be loose wear particles as shown in Figure  1-1 [1] 

 
Figure  1-1: Sketch showing deformation at the points of real contact [1] 

If two similar materials are in friction, both faces will be roughened, the asperities on both surfaces 

scratch the other, so fast wear will take place. But if two unlike materials are rubbing each other, shear 

will be subjected, and fine fragments of the ductile material will be pulled off and stick to the surface 

of the harder material. Accordingly, damage will be mainly restricted to the ductile surface, so that if 

adhesion is the leading friction mechanism, it is preferable to slide dissimilar materials together 

mainly if they are soft materials.[2] 

b. Abrasive 

Abrasive wear occurs due to hard asperities enforced against and sliding along a surface. 

Figure  1-2Error! Reference source not found.. Shows that the asperities may either be surrounded in 

the counter surface (two-body mechanism), or gone within the rubbing region (three-body 

mechanism).[3] 


