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     Abstract- In this experimental study, three TiB2/Al metal 

matrix composites (MMCs) with 40 μm in mean size were 

produced using a melt stirring squeeze casting route.  Test was 

carried out to find the parameters influencing surface 

roughness (Ra) and material removal rate (MRR) on machining 

the TiB2 reinforced Al-6063 composite materials. The 

orthogonal array, the signal-to-noise ratio, and analysis of 

variance were employed to study the performance 

characteristics in turning operations of 5 and 10 wt. % TiB2 

particles reinforced aluminum (Al-6063) metal matrix 

composites. Taguchi method was used to find the optimal 

cutting factors for surface roughness (Ra) and material removal 

rate (MRR). The factors considered were weight percentage of 

TiB2, cutting speed, depth of cut and feed rate. The plan for the 

experiments and analysis was based on the Taguchi L27 

orthogonal array with three cutting factors and two carbide 

tools of K10 and K20 type. The optimal parametric combination 

for K10 and K20 carbide insert was found to be feed, speed, 

depth of cut and percentage of TiB2 reinforcement. The 

analysis of variance (ANOVA) results show that feed the most 

significant process parameter on surface roughness followed 

by speed/TiB2 reinforcement for both K10 and K20 carbide 

insert tools. From MRR data also, it is clear that the speed and 

feed are the most significant parameters followed by the TiB2 

filler loading/depth of cut for the two carbide tools. The 

confirmatory test for the optimal condition yields low Ra value 

and high MRR value for the K20 type carbide tool.  

 

     Index Terms- TiB2 reinforced 6063 aluminum composites, 

Taguchi Method, Surface Roughness, Material Removal Rate, 

K10 and K20 type Carbide Tool. 

 

I. INTRODUCTION 

n order to meet the demands of engineering applications, 

rigid ceramic fillers were added to the metal matrix such as 

aluminum and its alloys. Through compound effect, the 

strength, stiffness and wear resistance of metal matrix 

composites (MMCs) were greatly enhanced compared to 

unreinforced alloys. Besides, MMCs also have some 

outstanding properties like low density, high modulus, high 

thermal conductivity and low thermal expansion which make 

them find increasing applications in automobile, aerospace, 

electronics and medical industries [1]. There are manufacturing 

techniques with which it is possible to produce high quality 

MMC components to near-net shape. Unfortunately, for 

reasons as component design and dimensional tolerance 

requirements, the need for machining can not be completely 

eliminated [2]. However, MMCs are difficult to be machined 

to a good surface quality due to their low plasticity, non-

uniformity and high abrasive nature of the ceramic 

reinforcement, which causes rapid tool wear rate and excessive 

machining induced defects [3-5]. 

In-situ composites are multiphase materials where the 

reinforcing phase is synthesized within the matrix during 

composite fabrication. Recently, In-situ techniques have been 

developed to fabricate aluminum-based metal matrix 

composites [6-8], which can lead to better adhesion at the 

interface and hence better mechanical properties. Literature 

review of aluminum-based composites show that this system 

has been widely investigated both in terms of understanding 

the mechanism of formation and property evaluation of 

composites [9-16]; the main dispersoids being SiC and Al2O3. 

Although investigations with varying volume fraction of 

dispersoids have been done, meaningful results have been 

obtained when the dispersoid percentage has been restricted to 

15. As far as ceramic reinforced aluminum matrix composites 

are concerned, the machined surface possesses various flaws 

and damages. Generally, machined under conventional 

methods, four types of Surface/ subsurface damages may be 

produced when machining powder-formed MMCs: cracked 

SiC particles, delaminated matrix–reinforcement interface, 

pulled out/missing particles and work-hardened matrix [14]. 

Crack that initiated from either a fractured SiC particle or a 

delaminated matrix–reinforcement interface was also 

occasionally seen. And for the cast-MMCs, two additional 

types of subsurface defects were identified, i.e. numerous 

cracked SiC particles due to casting and collapsed or halved 

voids due to machining. Using polycrystalline diamond (PCD) 

tools and under high speed turning, Gallab and Sklad[3] 

investigated that the machined surface revealed grooves, voids 

around the SiC particles, pulled-out SiC particles, and fractured 

or crushed SiC particles. They found that the plastic 

deformation due to machining extended to about 60–100 μm 

below the machined surface.  

Mechanical and physical properties are greatly 

influenced by the condition of the work piece surface. Hence, 

the effect of machining on the type of surface defects, as well 

as on their distribution, has a major impact on the performance 

of the machined component. Such machine-induced defects 

could be a concern when using MMCs in a critical or precise 

application. 

 Again the size of the dispersoids is dependent on/or 

restricted to the processing route adopted. There are different 

routes to synthesize Al–TiB2 composites, but in-situ approach 

is gaining importance due to simplicity of its fabrication. 

Among the reinforcements, TiB2 has emerged as a promising 

candidate for Al-based composites. This is due to the fact that 

TiB2 is stiff, hard and more importantly, does not react with 

I 
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aluminum to form reaction product at the interface of 

reinforcement and matrix. TiB2 is a refractory compound that 

exhibits outstanding features such as high melting point 

(2790°C), high hardness (86 HRA or 960 HV) and high 

modulus characteristics. Its resistance to plastic deformation 

even at high temperatures portrays it to be a good potential 

reinforcing candidate in an aluminum matrix. 

5 and 10 wt. % TiB2 particles reinforced aluminum (Al-6063) 

metal matrix composites produced by using master alloys of 

Al-Ti & B by stir casting process to obtain the material for the 

experiment [6-8,17]. Few researchers have dedicated 

themselves to the study of diamond turning of SiC/Al 

composites [18-21]. Unfortunately, most researchers limited 

their studies to relating the effect of the machining cutting 

parameters and reinforcement to the work piece surface 

roughness. To the best of the authors’ knowledge, no research 

has yet comprehensively demonstrated the type of the 

surface/subsurface defects and the factors that affect them 

when ultra-precision machining SiC/Al composites. Surface 

roughness has become the most significant technical 

requirement and it is an index of product quality. In order to 

improve the tribological properties, fatigue strength, corrosion 

resistance and aesthetic appeal of the product, a reasonably 

good surface finish is desired. Nowadays, the manufacturing 

industries specially are focusing their attention on dimensional 

accuracy and surface finish. In order to obtain optimal cutting 

parameters to achieve the best possible surface finish, 

manufacturing industries have resorted to the use of handbook 

based information and operators’ experience. This traditional 

practice leads to improper surface finish and decrease in the 

productivity due to sub-optimal use of machining capability. 

This causes high manufacturing cost and low product quality 

[18, 22-24]. In addition to the surface finish quality, the 

material removal rate (MRR) is also an important characteristic 

in turning operation and high MRR is always desirable [22, 

24]. Several researchers carried out experiments on machining 

of MMCs. 

Channakesava rao et al. [25] have experimented with 

different cutting tools and reported that, the crater wear is not 

substantial in K10 tools and is having superior wear resistance 

and produce continuous chips. Hoecheng et al. [26] have 

studied the effect of speed, feed, depth of cut, rake angle and 

cutting fluid on the chip form, forces, wear and surface 

roughness. Yuan et al. [27] have studied the effect of 

percentage volume reinforcement, cutting angle, feed rate and 

speed on the surface integrity in ultra precision diamond 

turning of MMCs. 

 The main concerns when machining MMCs is the 

extremely high tool wear due to the abrasive action of the 

ceramic fibers or particles. Therefore, materials of very high 

resistance to abrasive wear are often recommended. The HSS 

tools are inadequate, cemented carbide tools are preferred for 

rough machining and PCD tools for finish machining 

operations [28]. The cost of PCD tools increase the cost of 

production so it is necessary to carryout basic machinability 

studies, in order to find cutting conditions using carbide tools, 

which can result in high productivity at low cost. Most of the 

studies on Al/SiC-MMCs composite machining show that 

minimizing the surface roughness has been very difficult and is 

to be controlled. Taguchi emphasizes on the fact that quality 

provides robustness and immune to the uncontrollable factors 

in the manufacturing state. This approach helps to reduce the 

large number of experimental trials when the number of 

process parameters increases. [29-31]. In the present work, a 

procedure has been introduced to assess and optimize the 

chosen factors to attain minimum surface roughness and 

maximum material removal rate by incorporating response 

table, response graph and analysis of variance (ANOVA) 

technique. 

 

II Experimental Details 

 
A  Materials and method of fabrication 

Aluminium 6063 alloy was selected as the base line material as 

it possesses good formability, weldability, machinability and 

corrosion resistance, with medium strength compared to other 

grades of aluminium alloys. Its nominal chemical composition 

is shown in Table 1. The commercially available Al-6063 

matrix alloy and master alloy are melted in an electric 

resistance furnace. The percentage weight of Al-Ti &B % was 

varied from 0-10 wt % in steps of 5 wt%. The mixture of 

matrix alloy and master alloy were melted in an electric 

resistance furnace at a temperature of 800
0
C and allowed to 

stand for a duration of about 30 min to get melts. The melt was 

degassed using commercially available chlorine based tablets 

(Hexachloroethane) to remove the entrapped gases before 

stirring the melt using stirrer to get in-situ composites of TiB2 

in Al-6063 alloy. The melt is poured into the preheated 

metallic moulds. The different wt% composition (0, 5 and 10) 

of Al6063-TiB2 composites rods are prepared of size Ø 22 mm 

x120 mm length. 

 

Table 1. Chemical composition of base alloy Al-6063. 

 

Elem

ent 
Mg Si Fe Cu Mn Zn Ti Cr Al 

Wt.% 
0.45
-0.9 

0.2-
0.6 

0.35 0.1 0.1 0.1 0.1 0.1 
Bala
nce 

 

 

B  Microscopy, Density and Hardness Measurement 

In order to know the dispersion of TiB2 in Al-6063, the 

samples were analyzed by scanning electron microscope 

(SEM). The density of the composites was obtained by the 

Archimedes’s principle of weighing small pieces cut from the 

composite disc first in air and then in water. Then, theoretical 

density of composite and its alloy was calculated from the 

chemical analysis data. The porosity of the composites was 

also determined. The hardness of the composites and matrix 

alloy were measured after polishing to a 3 mm finish. The 

magnification of the images was 500x. Hardness of all samples 

was measured by Brinell hardness tester and mean of at least 

five readings was taken to represent the sample.  

 

C  Cutting conditions 

The experiments were carried with four factors at three levels 

each as shown in Table 2. The factorial design used is a 

standard L27 (3
13

) orthogonal array. This orthogonal array is 

chosen due to its capability to check the interactions among 
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factors. The turning trials were carried out on the CNC turning 

center (MITSUBISHI-EZ Motion NC E60) in dry machining 

condition shown in Figure 1. The insert used is of K10 type 

carbide tool (SANDVIK: DNMG 3005 TOOL: K5 – K20) and 

K20 type carbide tool (SANDVIK: DNMG 3215 TOOL: K15 – 

K35) shown in Figure 2 (a) and 2(b) respectively. The material 

used is 0, 5 and 10wt % TiB2 reinforced Al-6063 composite 

material  cut into the of size Φ20 mm x 60 mm length as 

shown in Figure 3. 

The surface roughness (Ra) of the machined surface 

was measured using HANDYSURF E-35A instrument shown 

in Figure 4 and the MRR is calculated using the following 

equation [18]. 

 

MRR (mm
3
/min) =   

(min)  timeMachining x )(gms/mmDensity 

] work(gms) theof Weight Final -  work(gms) theof weight Intial[
3

 

 

 

Figure 1: CNC turning center. (MITSUBISHI-EZ Motion 

NC E60) 

 

   

 

Figure 2: (a) SANDVIK: DNMG 3005 Tool (K10) 

  
  (b)SANDVIK: DNMG 3215 Tool (K20) 

                
 

Figure 3: Composite Material 0, 5 & 10 wt%TiB2 

Reinforced with Al-6063. 

 

Table 2: Factors (process parameters) and Levels  

Used in the Experiments 

 

Process Factors 
Levels 

1 2 3 

A-Cutting Speed (m/min) 

 

 

 

 

 

 

 

 

 

37.69 75.39 113.07 

B-Feed rate (mm/min) 0.05 0.10 0.15 

C- Depth of Cut (mm) 0.25 0.50 0.75 

D- Material (Al6063 + wt%TiB2) 0 5 10 

 

 
 
   Figure 4. HANDYSURF E-35A, Surface Roughness 

Measuring Instrument. 

 
III Results and Discussion 

 

A  Microstructure, Density and Hardness of 

TiB2/Al-6063 Composites 

 

The properties of the MMCs depend not only on the 

matrix, particle, and the volume fraction, but also on 

distribution of reinforcing particles and interface bonding 

between the particle and matrix. In practical way, to achieve a 

homogenous distribution is difficult. The photomicrographs of 

the aluminum composite reinforced with 5 and10 wt. % of 

TiB2 are shown in Fig. 5(a) and (b) respectively. The particles, 

with the average particle size of 25 µm, mainly formed in the 

surface showed a character of homogenous distribution. 
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Figure 5. Photomicrographs of Al-6063 composites  

(a) 5 wt% TiB2 and (b) 10 wt% TiB2. 
 

The variations of density and hardness of the composites 

are shown in Figure 6. The density and hardness of the MMCs 

increased more or less linearly with the weight fraction of 

particles in the alloy matrix due to the increasing ceramic 

phase of the matrix alloy. A significant increase in both density 

and hardness was found in 10 wt. % TiB2 into aluminum 

composite. The increase in density indicates that particle 

breakage may not have any significant influence on the 

composites. It is believed to achieve an improvement of the 

bonding between the particle and matrix. The porosities of 

composites were evaluated from the difference between the 

expected and the observed density of each sample. The 

variations of porosity level in these composites are 1.3 and 1.5 

% for 5 and 10 wt. % TiB2 in aluminum composites 

respectively. The porosity level increased, since the contact 

surface area was increased.  

 

 

Figure 6. Density and hardness of TiB2/Al MMCs. 

 

B Analysis of Variance of Surface Roughness  

   and Material Removal Rate 

 

Assessing the factors and its effects on surface roughness 

(Ra) and material removal rate (MMR) of TiB2/ Al-MMC 

machining process has been carried out through response table, 

response graph and analysis of variance (ANOVA) technique. 

The influence of machining parameters on Ra and MMR has 

been performed using response table. Response tables are used 

to simplify the calculations needed to analyze the experimental 

data. The complete response table for a three level, four factors 

using L27 orthogonal array is shown in Table 3.  

 

C Surface Roughness 

 

The response data recorded in Table 3, for surface 

roughness subjected to ANOVA for finding the significant 

factors at above 85% confidence levels and the result of 

ANOVA for these response parameters are presented in the 

Tables 4, 5 and 6 respectively for both type of carbide tool. For 

MRR subjected to ANOVA for finding the significant factors, 

at above 95% confidence levels and the result of ANOVA for 

these response parameters are presented in the Tables 7, 8and 9 

respectively for both type of tool. Average S/N ration for each 

level of experiment and the different values of S/N ration 

between maximum and minimum are shown in Table 4 for 

surface roughness. The feed rate and cutting speed are two 

factors that have highest different values of 8.34 and 4.75 

respectively for K10 type tool & the feed rate and TiB2 

reinforcement are two factors that have highest different values 

of 6.12 and 3.61 respectively for K20 type tool. Based on the 

Taguchi prediction that the bigger different values of S/N ratio 

will give more effect or more significant. Increase in the feed 

rate will increase the surface roughness significantly. 

 

The results of analysis of variance for surface 

roughness are shown in Table 5. DF (degree of freedom), SS 

(sum of squares), MS (mean of squares), F (variance ratio), P 

(Significant factor) and percentage contribution of each level 

[30-34]. 

 

Table 5. Shows that the feed rate and the cutting 

speed have more influence on the surface roughness value. The 

significant factor (P) values for both are 0.000 and 0.005 

respectively for K10 tool. In statistical analysis of Taguchi 

method, the smallest P value gives more significant effect on 

responded surface roughness parameters. The values for the 

feed rate and the cutting speed are significant. The 

contributions are 60.29% and 17.29% respectively for K10 type 

tool. The type of work material contributes about 8.18%, where 

as the contribution of the depth of cut and the interactions are 

insignificant.  

 

Table 6. provides values for  K20 tool, the  feed 

rate(0.024) and TiB2 reinforcement o (0.158) are significant 

followed by the speed of about 0.238. The values for the feed 

rate and reinforced material are significant. Their contributions 

are 38.52% and 13.22% respectively for K20 type tool. The 

cutting speed contributes about 9.53%, where as the 

contribution of interaction, speed and material is significant 

and contribute about 11.20%, the depth of cut and the other 

interactions are insignificant.  

 

The most significant factor, which affects the surface 

roughness measured in turning the 5 and 10wt % TiB2 

reinforced with Al-6063 composite material, is the feed rate for 

both type of tool and therefore the surface roughness can be 

controlled with a suitable feed rate value.  Previous researchers 

suggest the similar results. They claimed that the surface 

roughness strongly depends on the feed rate followed by the 

cutting speed or the reinforced material.[32-34]. 
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Table 3.  Factor Settings, Surface Roughness Data and MRR Data. 

Exp 

No 
 

Cutting 

Speed 

(m/min) 

Feed 

(mm/min) 

Depth 

of cut 

(mm) 

wt% 

TiB2 

For K10 Tool For K20 Tool 

Material 

Removal 

Rate 

(mm
3)

/min) 

Surface 
Roughness 

(Ra) μm 

 

Material 

Removal 

Rate 

(mm
3)

/min) 

 

 

Surface 
Roughness 
(Ra) μm 

1 37.69 0.05 0.25 0 0.136 0.40 0.152 0.40 

2 37.69 0.05 0.50 5 0.380 0.67 0.276 0.73 

3 37.69 0.05 0.75 10 0.236 0.83 0.099 1.90 

4 37.69 0.10 0.25 5 0.360 1.03 0.282 1.47 

5 37.69 0.10 0.50 10 0.321 1.37 0.719 1.73 

6 37.69 0.10 0.75 0 0.470 0.67 0.590 0.57 

7 37.69 0.15 0.25 10 0.395 1.70 0.325 1.70 

8 37.69 0.15 0.50 0 0.683 1.97 0.724 1.87 

9 37.69 0.15 0.75 5 0.909 2.13 1.066 1.95 

10 75.39 0.05 0.25 5 0.302 1.87 0.339 0.60 

11 75.39 0.05 0.50 10 0.180 0.90 0.553 0.90 

12 75.39 0.05 0.75 0 0.599 1.10 0.793 1.00 

13 75.39 0.10 0.25 10 0.488 1.23 0.367 1.10 

14 75.39 0.10 0.50 0 2.269 1.20 1.653 0.87 

15 75.39 0.10 0.75 5 1.522 1.13 1.616 1.20 

16 75.39 0.15 0.25 0 2.559 2.33 0.925 1.73 

17 75.39 0.15 0.50 5 2.016 3.10 2.678 2.32 

18 75.39 0.15 0.75 10 1.209 1.97 1.396 1.57 

19 113.07 0.05 0.25 10 0.312 0.53 0.504 0.63 

20 113.07 0.05 0.5 0 0.585 0.47 0.717 0.60 

21 113.07 0.05 0.75 5 0.791 0.63 0.727 0.87 

22 113.07 0.10 0.25 0 1.856 0.57 1.037 0.67 

23 113.07 0.10 0.50 5 2.316 1.23 2.397 1.67 

24 113.07 0.10 0.75 10 1.775 0.80 1.925 0.83 

25 113.07 0.15 0.25 5 2.005 2.07 1.525 1.50 

26 113.07 0.15 0.50 10 2.150 1.43 2.865 1.37 

27 113.07 0.15 0.75 0 3.022 1.22 3.032 0.70 
 

Surface roughness plays an important role in many 

areas and is a factor of great importance in the evaluation of 

machining accuracy. Although many factors affect the surface 

condition of a machined part, machining parameters such as 

cutting speed, feed rate and depth of cut have a significant 

influence on the surface roughness for a given machine tool 

and work piece set-up. 

 

The studies on machining characteristics of 

TiB2/6063Al MMCs acquire more importance due to the 

presence of abrasive phase in metal matrix. The presence of 

TiB2 in metal matrix is reported to increase the hardness, 

tensile strength and heat resistance. The rate of change in these 

properties is dependent on the weight fraction of TiB2 added to 

the matrix alloy. The cutting speed plays an important role in 

deciding the surface roughness. At high cutting speeds, the 

surface roughness decreases. At low speeds, the built-up edge 

(BUE) is formed and also the chip fracture readily producing 

the rough surface [35]. As the speed increases, the BUE 

vanishes, chip fracture decreases, and hence the roughness 

decreases. 
 

The increase in depth of cut results in high normal 

pressure and seizure on the rake face and promotes the BUE 

formation. Hence, the surface roughness increases along with 

increase in depth of cut. The increase in feed rate, increases the 

surface roughness linearly upto 0.15 mm/rev.  At feed rates 

between 0.15 and 0.05 mm/rev, the BUE forms readily and is 

accomplished by feed marks resulting in increased roughness. 

 

The results shown prove that the surface roughness of 

TiB2/Al-6063 composite is highly influenced by the feed rate, 

cutting speed and % weight fraction of TiB2 particles in the 

work piece. The depth of cut also plays a significant role on 

composite machining process in deciding the surface 

roughness. 
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Table 4. Average for S/N Ratio and Main Effect of Surface Roughness. 

 

Process parameters 
Design

ation 

For K10 Tool For K20 Tool 

Levels 

 1           2            3 

Max-

Min 
Rank 

Levels 

   1           2            3 

Max-

Min 
Rank 

Cutting Speed (m/min) A -0.39     -3.65   - 1.10 4.75 2 -1.55     -1.32       0.79   2.34 3 

Feed rate (mm/min) B  2.64       0.11   -5.69 8.34 1 2.24      -0.42      -3.89   6.12 1 

Depth of cut (mm) 

 

 

C -0.82     -1.55    -0.55 0.99 4 0.31      -1.71      -0.67  2.03 4 

Wt% TiB2 material 

 

 

D 0.61      -2.64    -0.90 3.25 3 1.65      -1.96      -1.76 3.61 2 
 

Table 5. ANOVA Analysis of S/N Ratio for Surface Finish of K10 Tool 

 

Process parameters 
Designa

tion  
DF     SS MS F P SS (%) 

Cutting Speed (m/min) 

 

A 2 2.01 1.01 14.00 0.005 17.29 

Feed rate (mm/min) B 2 7.02 3.51 48.80 0.000 60.29 

Depth of cut (mm) C 2 0.20 0.10 1.39 0.319 01.70 

%TiB2 material D 2 0.95 0.48 6.63 0.030 08.18 

Speed*Feed A*B 4 0.35 0.09 1.21 0.396 02.99 

Speed * DOC A*C 4 0.27 0.07 0.94 0.500 02.32 

Speed * %TiB2 A*D 4 0.40 0.10 1.40 0.338 03.46 

Error  6 0.43 0.07   03.77 

Total  26 11.64    100.00 

          R-Sq = 96.29% 

 

Table 6. ANOVA Analysis of S/N Ratio for Surface Finish of K20 Tool 

 

Process Parameters 
Desig 

nation 
DF SS MS F P 

SS 

 (%) 

Cutting Speed (m/min) A 2 0.71   0.36   1.84   0.238 09.53 

Feed rate (mm/min) B 2 2.87  1.43  7.43   0.024 38.52 

Depth of cut (mm) C 2 0.29  0.15 0.76   0.509 03.89 

wt%TiB2 material D 2 0.98   0.49   2.55   0.158 13.22 

Speed*Feed A*B 4 0.41  0.10  0.53   0.722 05.50 

Speed * DOC A*C 4 0.19  0.05  0.25   0.900 02.68 

Speed * %TiB2 A*D 4 0.84  0.21 1.08   0.443 11.20 

Error  6 1.16   0.19   15.55 

Total  26 7.45    100.0 

R-Sq=84.45%    
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Figure 7(a) and (b) Main Effect Plots for S/N Ratio of process parameters on Surface Roughness. 
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Figure 7(a) shows that the S/N ratio of surface finish for K10 

tool, the B1 (low level of feed) is at the maximum value with 

2.64 of S/N ratio, decrease dramatically to B2 (0.11) and then 

to B3 (-5.69). S/N ratio for B2 and B3 decreased, due to 

increase in the feed rate. The parameter A1 (low level speed) is 

at the minimum value at -0.39 and it increased to a value of 

1.10 as the speed increases. The material composition is at the 

maximum value of 0.61 and decreased to -2.64 as the inclusion 

of TiB2 reinforcement increases [36].   

 

The signal to noise ratio are shown in Figure 7(b) for 

the process factors on surface roughness for K20 tool. The 

value B1 (low level of feed) is at the maximum value with 

2.24, decrease dramatically to B2 (-0.42) and then to B3 (-

3.89). S/N ratio for B2 and B3 decreased, due to increase in the 

feed rate. The parameter D1 (low level of material 

reinforcement) is at the maximum value at 1.65 and it 

decreased to a value of -1.76 as the feed increases. The cutting 

speed is at the minimum value of -1.55 and increased to 

0.79[37] 

  

From the above S/N ratio results for feed variation 

values, the K20 tool provides low values compared to K10 tool. 

From the analysis, the optimal machining parameters for the 

TiB2/Al MMCs machining process are achieved for the 

maximum surface finish. The optimal conditions arrived are:(i) 

Cutting speed (113.07 m/min),(ii) % weight fraction of TiB2 

(0),(iii) Depth of cut (0.25 mm) and (iv) Feed rate (0.05 

mm/rev) shown in Table 7. 

 

 

 

D   Material Removal Rate 

 

    In machining operation, maximizing the material 

removal rate (MRR) is an important criterion. Experimental 

results of the MMR for turning 5 and 10 wt% TiB2 reinforced 

with Al6063 composites with various cutting parameters are 

shown in Table 7, which also gives the S/N ratio for the 

material removal rate. The feed rate and the cutting speed are 

the most significant factor that influences the MRR with the 

value of 12.31 and 10.99 respectively for k10 tool and for K20 

tool the speed and feed are significant with 11.39 and 10.78 

respectively. 
 

Table 8. Shows the feed rate and the cutting speed 

values for K10 tool are significant with the factor (P) value for 

both are 0.000 in percentage. The contribution of the feed rate 

and the cutting speed are 37.62 and 34.00 respectively. The 

type of work material contribute about 7.54% and the 

interaction parameter between the cutting speed and feed rate 

(A * B) is significant with a factor of 0.016, and its 

contribution is 10.15%. The other interactions are insignificant 

[36] 

 

Table 9. Shows the cutting speed and the feed rate 

values are significant with the factor (P) value for both are 

0.001 and 0.002 respectively. The contribution of the cutting 

speed and the feed rate are 32.28 and 31.86. The depth of cut 

contributed about 16.64% and the interaction parameter 

between the cutting speed and feed rate (A * B) is significant 

with a factor of 0.158, and its contribution is 6.75%. The other 

interactions are insignificant [37].

Table 7. Average for S/N Ratio and Main Effect of MRR. 
 

Process 

parameters 

Design

ation 

For K10 Tool For K20 Tool 

Levels 

 1           2            3 

Max-

Min 

 

Rank Levels 

   1           2            3 

Max-

Min 
Rank 

Cutting 

Speed 

(m/min) 

A -8.42     -1.03      2.57 10.99 2 -8.66     -0.66      2.71 11.39   1 

Feed rate 

(mm/min) 

B -9.42     -0.34      2.88 12.31 1 -8.42     -0.56      2.36 10.78    2 

Depth of cut 

(mm) 

 

 

C -4.60     -1.55    -0.72 3.87 4 -6.43      0.53     -0.72    06.96   3 

Wt% TiB2 

Material 

 

 

D -0.67     -0.82    -5.38 4.71 3 1.67      -1.09     -3.87 02.78 4 
 

Table 8. ANOVA Analysis of S/N Ratio for MRR of K10 Tool 
 

Process parameters 
Desig 

nation 
DF SS MS F P SS (%) 

Cutting Speed (m/min) A 2 6.87 3.43 40.13 0.000 34.00 

Feed rate (mm/min) B 2 7.59 3.79 44.39 0.000 37.62 

Depth of cut (mm) C 2 0.40 0.20 2.34 0.177 01.98 

%TiB2 material D 2 1.52 0.76 8.90 0.016 07.54 

Speed*Feed A*B 4 2.05 0.51 5.98 0.027 10.15 

Speed * DOC A*C 4 0.31 0.08 0.91 0.513 01.55 

Speed * %TiB2 A*D 4 0.93 0.23 2.72 0.132 04.62 

Error  6 0.51 0.09   02.54 

Total  26 20.19  

 
  100.00 

 R-Sq = 97.46%



International Journal of Scientific and Research Publications, Volume 3, Issue 4, April 2013      8 

ISSN 2250-3153  
 

www.ijsrp.org 

 

Table 9. ANOVA Analysis of S/N Ratio for MRR of K20 Tool 

Process parameters 
Desig 

nation 
DF SS MS F P SS (%) 

Cutting Speed (m/min) A 2 6.17 3.09 23.37 0.001 32.28 

Feed rate (mm/min) B 2 6.09 3.05 23.08 0.002 31.85 

Depth of cut (mm) C 2 3.19 1.59 12.07 0.008 16.64 

Wt %TiB2 material D 2 0.26 0.13 0.99 0.426 01.35 

Speed * Feed A*B 4 1.29 0.32 2.44 0.158 06.75 

Speed * DOC A*C 4 0.57 0.14 1.08 0.444 02.98 

Speed * %TiB2 A*D 4 0.75 0.19 1.43 0.332 03.92 

Error  6 0.79 0.13   04.13 

Total  26 19.12    100.00 

R-Sq=95.86%    
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(a)  K10 tool         (b) K20 tool 

Figure 8(a) and (b) Main Effect Plots for S/N ratio of process parameters on MRR.  

Figure 8 (a) shows that the S/N ratio of material 

removal rate for K10 tool, the A1 (low cutting speed) is the 

minimum value with -8.42 of S/N ratio, and increase 

dramatically to B2 (-1.03) and then to B3 (2.57). The main 

effect plot for the feed and depth of cut have same trend 

lines but the TiB2 reinforced Al6063 composite work 

material shows inverse trend as wt% of TiB2 increases the 

MRR decreases [36]. 

 

Figure 8(b) shows that the signal to noise ratio of 

material removal rate for K20 tool. The A1 (low cutting 

speed) is at minimum value with -8.66 of S/N ratio, and it 

increases dramatically to A2 (-0.66) and then to A3 (2.71). 

The main effect plot for the feed, and depth of cut have 

same trend lines but the TiB2 reinforced Al6063 composite 

work material shows inverse trend as wt% of TiB2 increases 

the MRR decreases[37]. 

 

From the above S/N ratio results for MRR, the 

cutting speed variation values, the K20 tool provides high 

values compared to K10 tool. From the analysis, the 

optimum parameters for the TiB2/Al-6063 MMCs 

machining process are achieved for maximizing MRR. The 

optimal conditions arrived are:(i) Cutting speed (113.07 

m/min),(ii) % weight fraction of TiB2 (0),(iii) Depth of cut 

(0.75 mm) and (iv) Feed rate  (0.15 mm/rev) shown in  

Table 7. 

 

 

Table 7. Factors with optimum levels for Surface Roughness and MRR for both K10 and K20 type tools.

Process parameters 

Optimum 

Level for 

Surface 

Roughness 

Optimum 

values for 

Surface 

Roughness 

Optimum 

Level  for 

MRR 

Optimum 

values for 

MRR 

Cutting Speed (m/min) A3 113.07 A3 113.07 

Feed rate (mm/min) B1 0.05 B3 0.15 

Depth of cut (mm) C1 0.25 C3 0.75 

wt%TiB2 + Al-6063 material D1 0% D1 0% 
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Table 8. Conformation Tests with optimum levels for Surface Roughness and MRR using K10 and K20 type tools. 

 

 

 

 
 

 

 
 

 

 

 

 

  

 

 

E  Conformation Test of Optimum Levels for Surface 

Roughness (Ra) and MRR 

 

Table 8.Lists the results of the conformation test with 

optimal levels using two types of carbide Tools. For the 

surface roughness test optimum level are A3 (113.07 

m/min), B1 (0.05 mm/min), C1 (0.25 mm) and D1 (Al-6063 

matrix alloy) are adopted and the result show that the Ra 

values are 0.376 and 0.353 microns respectively for K10 and 

K20 carbide tool. For MRR the optimum level A3 (113.07 

m/min), B3 (0.15 mm/min), C3 (0.75 mm) and D1 (Al-6063 

matrix alloy) are adopted and the result show that the MRR 

values are 3.028 and 3.037 mm
3
/min respectively for K10 

and K20 carbide tool. 

   

From the above result it shows that the K20 type carbide 

tool gives better machining conditions than the K10 type 

carbide tool. The low surface roughness value for the 

material Al-6063 matrix alloy (Ra) of about 0.353 microns 

and maximum MRR value of 3.037 mm
3
/min. 

 

IV Conclusions 

 

1. Using Taguchi’s experimental design, the 

parameters, which are having influence on surface 

Roughness and material removal rate on the 

machining of TiB2/Al-6063 composites have been 

assessed. 

 

2. Micro-structural examination showed that the TiB2 

distributions are more or less homogeneous and 

lower interface porosity could be observed. 

 

3. Hardness of the aluminum alloy improved 

significantly by adding up of TiB2 particles into it, 

while density of the composite also increased 

almost linearly with the weight fraction of 

particles.. 

 

4. The significant factors in turning 5 and 10 wt. % 

TiB2/Al-6063 MMCs on surface roughness are feed 

rate and the cutting speed, with contributions 

60.2% and 17.29 % respectively for K10 tool and 

for K20 tool the feed rate and the type of work  

 

 

material, with contribution about 38.52% and 

13.22% respectively. 

 

 

5. For material removal rate the feed rate and cutting 

speed are most significant factors, with 

contribution of 37.62% and 34.00 % respectively 

and the TiB2 loading is contributed about 10.15% 

for K10 tool and for K20 tool the cutting speed and 

the feed rate are most significant factors, with 

contribution of 32.28% and 31.85% respectively. 

The depth of cut is contributed about 16.64%.  

 

6. The optimal conditions of machining parameters 

for low surface finish for TiB2/Al-6063 composites 

are; speed of 113.07m/min; feed 0.05 mm/min, 

depth of cut of 0.25mm. 

 

7. The optimal conditions of machining parameters 

for higher MRR for TiB2/Al-6063 composites are; 

speed of 113.07m/min; feed 0.15 mm/min, depth of 

cut of 0.75mm. 

 

8. The optimal conditions for surface roughness and 

the MRR for TiB2/Al-6063 composites are shown 

in Table 7 and are same for two types of carbide 

tool. 

 

9. The conformation test results with optimal 

machining conditions for surface roughness and the 

MRR are shown in Table 8 for both tools 

 

10. The K20 type carbide tool gives better cutting 

conditions than the K10 type carbide tool with low 

surface roughness value of (Ra) 0.353 microns and 

maximum MRR value of 3.037 mm
3
/min. 
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