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Abstract— The wear behavior of aluminum matrix composite 

with Ferro-titanium particles as reinforcement were 

investigated using a pin-on-disc wear rig under dry sliding 

conditions. The influence of wear parameters corresponding 

to applied load (N), sliding speed(S), sliding distance (L) and 

percentage of reinforcement (%R), on the wear loss were 

investigated. The specimens were prepared by stir casting 

technique with volume percentage 8% of Ferro-Titanium. 

Design of experiments (DOE) based on the Taguchi 

orthogonal array techniques, were performed to acquire data 

in controlled way. Analysis of variance (ANOVA) were 

developed to investigate the influence of process parameters 

on the wear loss of composites. The results showed that the 

inclusion of Ferro-titanium reinforcements in aluminum 

matrix composite will increases the wear resistance of the 

composite significantly. The testing specimens are prepared 

according to the ASTM G99 standards. 
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I. INTRODUCTION 

Now a days, in the field of engineering automobile and 

aerospace industries aluminum plays a vital role. Aluminum 

Metal Matrix Composites (AMMCs) are popular materials 

for several applications. The foremost benefits of using these 

kind of Al based metal matrix composites materials are 

predominantly due to strength to weight ratio and low 

density. In specific, MMCs have recently originate distinct 

curiosity because of their specific strength and specific 

stiffness at room or elevated temperatures. It is recognized 

that the elastic properties of the metal matrix composite are 

strongly influenced by micro-structural parameters of the 

reinforcement such as shape, size, orientation, distribution 

and volume or weight [1].It has been reported by several 

researchers that the volumetric wear loss of the 

particlereinforced composites decrease with the increasing 

weight percentage of particles. In general sir casting of 

MMCs involves producing a melt of the selected matrix 

material, followed introducingreinforcement material in to 

the melt, obtain a suitable dispersion through stirring. Its 

advantages lie in its simplicity, flexibility and applicability to 

large quantity production. It is also attractive because, in 

principle this method suitable for engineering application in 

terms of production capacity and cost efficiency [3]. 

II. MATERIAL SELECTION 

Al-6061 material were used as a material matrix along with 

Ferro-titanium as reinforcement percentages in the 

preparation of composites specimens. Aluminium-

magnesium alloys are lighter than other aluminium alloys and 

much less flammable than alloys that contain a very high 

percentage of magnesium. Al-6061 Annealed (6061-0 

temper) has maximum tensile strength not more than 125 

MPa, and maximum yield strength not more than 55 Mpa. Al-

6061 has elongation (stretch before ultimate failure) of 25-30 

percent. It is used in the construction of aircraft structures, 

such as wings and fuselages, more commonly used in 

homebuilt aircrafts, Yacht construction, including small 

utility boats, Automotive parts, such as wheel spacers and the 

manufacture of Aluminium cans for the packaging of 

foodstuffs and beverages. Considering all these issues, the 

base matrix selected for this study is Al-6061 alloy procured 

from Fenfeemetallurgical’s, Bangalore. Tested in 

“CENTRAL MANUFACTURING TECHNOLOGY 

INSTITUTE, Bangalore” by Portable Optical Emission 

Spectrometry Method. 

Reinforcement increases the strength, stiffness and 

the temperature resistance capacity and lowers the density of 

MMC’s. In order to achieve these properties the selection 

depends on the type of reinforcement, it’s method of 

production and chemical compatibility with the matrix. 

Considering all these factors, the reinforcement material 

selected for study is “Ferro-titanium” particulates of size 

50μm are procured from Forum Enterprises, Mumbai. 

 
Fig. 1: Ferro-titanium particulates 

Ferro-titanium is a Ferroalloy, consisting of iron 10-

20% and titanium 45-75% sometimes small amount of 

carbon.Alloy is highly reactive with nitrogen, oxygen, carbon 

and sulfur, forming insoluble compounds. It has low density, 

high strength and excellent corrosion resistance. The physical 

properties of Ferro-titanium are density 3845 kg/m3 & 

melting point 1450-1500oC. 

III. DEVELOPMENT OF COMPOSITES 

A Stir casting technique used to development of composite 

materials fabrication, in which a dispersed phase (ceramic 

particles, short fibers) is mixed with a molten matrix metal by 

means of mechanical stirring. 

Al-6061 was reinforced with Ferrotitanium 

concentration of 8% & grit sizes 50 microns. Fabrication of 

MMC’s was carried out by liquid metallurgy technique. The 

specimens are prepared as per the ASTM (G99) standard. 
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Fig. 2: Prepared specimens 

IV. EXPERIMENTATION 

The Pin-on-Disc type Friction and wear monitor (DUCOM 

TL-20) with data acquisition system, which was used to 

evaluate the wear behavior of the composite, against 

hardened ground steel disc (En-32) having hardness of 65 

HRC and surface roughness (Ra) 0.5 microns. It is versatile 

equipment designed to study wear under sliding condition 

only. Sliding generally occurs between a stationary pin and 

rotating disc. The disc rotates with the help of the DC motor, 

having speed of range 0-2000 rpm with wear track of 

diameter 15-160mm which could yield sliding speed 0-

10m/s. Load is to be applied on pin (specimen) by dead 

weight through pulley-string arrangement. The system has a 

maximum loading capacity of 200 N. 

Level Load(N) Speed(m/s) Sliding Distance(m) 

1 20 2 500 

2 40 3 1000 

3 60 4 1500 

Table 1: Process Parameters and Levels 

Taguchi L27 orthogonal array were developed. The 

response for the model is wear rate and coefficient of friction. 

The objective of model is to minimize wear rate and 

coefficient of friction. The Signal to Noise ratio (S/N), which 

condenses the multiple data points within a trial, depends on 

the type of characteristic being evaluated. [6] 

V. RESULTS & DISCUSSION 

For Al 6061 Reinforced with 8% Ferro-Titanium (α) table 

shows the Orthogonal array L27  

Sl.no 
Load 

(N) 

Sliding 

speed 

(m/s) 

Sliding 

Distance 

(m) 

Weight 

loss 

(gm) 

1 20 2 500 0.0030 

2 20 2 1000 0.0040 

3 20 2 1500 0.0108 

4 20 3 500 0.0016 

5 20 3 1000 0.0171 

6 20 3 1500 0.0126 

7 20 4 500 0.0013 

8 20 4 1000 0.0033 

9 20 4 1500 0.0071 

10 40 2 500 0.0418 

11 40 2 1000 0.0157 

12 40 2 1500 0.0359 

13 40 3 500 0.0111 

14 40 3 1000 0.0213 

15 40 3 1500 0.0392 

16 40 4 500 0.1366 

17 40 4 1000 0.1676 

18 40 4 1500 0.0311 

19 60 2 500 0.2040 

20 60 2 1000 0.0394 

21 60 2 1500 0.0404 

22 60 3 500 0.1656 

23 60 3 1000 0.0163 

24 60 3 1500 0.3280 

25 60 4 500 0.1067 

26 60 4 1000 0.1705 

27 60 4 1500 0.1609 

Table 2: Orthogonal array L27 

A. Analysis of Variance (ANOVA): 

Source 
D

F 

Seq 

SS 

Adj 

SS 

Adj 

MS 
F P P% 

Load (N) 2 
0.077

759 

0.077

759 

0.038

880 

8.

74 

0.0

10 

48.

25 

Speed 

(m/s) 
2 

0.008

493 

0.008

493 

0.004

246 

0.

95 

0.4

25 

5.2

7 

Distance 

(m) 
2 

0.003

383 

0.003

383 

0.001

692 

0.

38 

0.6

95 

2.0

9 

Load*Sp

eed 
4 

0.014

754 

0.014

754 

0.003

688 

0.

83 

0.5

43 

9.1

5 

Load*Dis

tance 
4 

0.016

068 

0.016

068 

0.004

017 

0.

90 

0.5

06 

9.9

7 

Speed*Di

stance 
4 

0.025

081 

0.025

081 

0.006

270 

1.

41 

0.3

14 

15.

56 

Residual 

Error 
8 

0.015

596 

0.015

596 

0.000

194 
  

9.6

7 

Total 
2

6 

0.161

133 
     

Table 3. ANOVA results for α composite  

The experimental results were analyzed with 

Analysis of Variance (ANOVA) which is used to investigate 

the influence of the considered wear parameters namely 

Load, Sliding Speed and Sliding Distance that significantly 

affect the performance measures.By performing ANOVA, it 

can be decided which independent factor dominates over the 

other and the percentage of contribution of that particular 

independent variable. This analysis is carried out  for a 

significant level of α=0.05, that is for a confidence level of 

95% sources with a p-value less than 0.05 were considered to 

have a statistical contribution to the performance measures. 

It can be observed from the table 3,That the applied 

load has highest influence (P=48.25%) on wear loss. Hence 

load is an important control factor to be taken in to 

consideration during the wear phenomenon followed by 

sliding speed (P=5.27%) and the sliding distance (P=2.09%) 

are not influencing effectively in the wear loss. The 

interaction between load and speed is 9.15%, the interaction 

between load and distance is 9.97% and the interaction 

between speed and distance is 15.56%. The error associated 

in the ANOVA is 9.67%. This shows clearly as the applied 

load and sliding speed increases the wear loss increases. This 

is because, whenever applied load increases the friction at the 

contact surface of the material of rotating disc increases. The 

speed and distance interaction also have second highest 
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influence (15.56%) on wear loss due to delamination of the 

oxide layer in high speed and long distance. From the analysis 

of ANOVA table 5. It reveals that load has the major 

contribution for the wear loss compared to other parameters.   
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Fig. 3: Main Effects Plot for means of weight loss (Al+8% 

Ferro-titanium) 

Fig.3 of the main effects plot for means shows the 

influence of the various testing parameters on wear loss of the 

composite. In main effect plot, if the line for a particular 

parameter is near horizontal, then the parameter has no 

significant effect. In contrast, a parameter for which the line 

has the highest inclination has the most significant effect. It 

is clear from the main effect plot that, the Load parameter is 

the most significant parameter, while speed and distance 

parameters has relatively less influence.  

 
Fig. 4: Interaction Plot for means of weight loss (Al+8% 

Ferro-titanium) 

VI. CONCLUSIONS 

The composites were successfully fabricated using liquid stir 

casting method. Load (48.25%) has the highest influence on 

wear loss followed by sliding speed (5.27%) and sliding 

distance (2.09%) for Al-6061+8% Ferro-titanium. Optimum 

wear loss was obtained from the experiment using Taguchi’s 

method. The incorporation of the Ferro-Titanium particles as 

reinforcement in metal matrix increases the wear resistance 

of the composite. Design of experiments approach by 

Taguchi’s method enables us to analyze successfully the wear 

behavior of the composites, with Load, Sliding Speed and 

Sliding Distance as test variables. 
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