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Abstract 

Aluminum-Biomass Ash Particulate Composite is a reinforced composite material of aluminum and 

biomass ash particles. The composite offers significant mechanical properties advantage and low-cost 

advantage because of the use of waste as the reinforcement material and as a result, it is gaining increased 

industrial attention because of the many advantages they offer over conventional Aluminium Matrix 

Composites. These materials are mostly accessed on the basis of their mechanical, microstructural and 

chemical properties with very limited interest on their machinability relative to the base material. The 

specific cutting force coefficients and cutting forces of the composite were estimated during CNC turning 

operations and the effects of reinforcement on the machinability responses were studied. In this work, 

power-based force estimation approach was adopted for this purpose for the first time. This approach is less 

expensive compared to the dynamometric approach since it relies on adapting existing equipment developed 

for other purposes. This was done by measuring the electric power of the direct-drive motors of the CNC 

machine during the turning process and the power measurements were analyzed to obtain the force 

coefficients. The cutting force components were observed to decrease as the percentage rice husk ash 

(RHA) reinforcement increased. This agrees with known results for the composite based on the 

dynamometric approach. Since the cutting force components decrease with increase in reinforcement, it can 

be deduced that increasing RHA in the Aluminium might reduce friction at the tool-chip interface and 

extend tool life, in other words, improving machinability. The composite therefore promises to be more 

cost effective than the base material in machinability terms. 
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1 Introduction 

In practice, the cutting forces in the tangential, 

feed and radial directions find relevance in 

determining process accuracy and in calculating 

the resistance of various parts of machine tools. It 

is also useful in calculating the power of electric 

drive motors and in designing fixing devices for 

tools and materials. Moreover, the need for 

estimating the cutting forces arises from a 

number of factors, but perhaps the most important 

is detecting progress of tool wear, machining 

accuracy and machining system stability [1]. 

Accurate and reliable calculation of cutting force 

depends largely on a reasonable assessment of the 

cutting force coefficients. These coefficients rely 

on the cutting process, the cutting conditions 

(cutting feed, speed and depth of cut), the cutting 

tool (cutting edge geometry of the tool, tool 

material, coating, chip breaker, tool wear), the 

cutting fluid and the material of the workpiece 

mailto:emmanuella.emefe.fs08@unn.edu.ng


(chemical composition, heat treatment) [2], [3]. 

Therefore, a single database of coefficients may 

be required in order to obtain a more accurate and 

reliable estimation of the specific cutting force 

coefficient, and this may involve calculating 

for the cutting force coefficient for 

each tool/material combination. Deng et al. [4] 

derived a theoretical formulae for calculating the 

cutting force for a cylindrical turning process 

using C45 carbon steel as the workpiece material 

and novel contact tools that have their chip/tool 

contact length inconstant and restricted. The 

minimal energy theory was used in these 

calculations. The findings of the detailed cutting 

experiments demonstrated that the derived 

theoretical formulae can estimate the cutting 

force during cylindrical turning of C45 carbon 

steel. Tsai et al. [5] studied the cutting forces 

generated during milling of Inconel 718. In order 

to estimate the cutting forces, the 

experimental set-up included a two-phase dry 

cut slot milling. A cutting force model for milling 

Inconel 718 was derived. Miroslav et al. [6] 

carried out an experimental investigation on the 

effects of cutting conditions on cutting forces 

during longitudinal turning of C60E steel. During 

the experiments, the tangential cutting force, the 

feed cutting force and the thrust (radial) cutting 

force were estimated. The feed, width of cut, tool 

cutting-edge angle, depth of cut and thickness of 

cut were found to affect cutting forces. The 

cutting force was also found to be influenced by 

the geometry of the cutting-edge and the material 

of the workpiece.  

Nowadays, reinforced composites are gaining 

increased applications because of their enhanced 

mechanical properties. Thus, they are better 

substitutes for materials that are not reinforced. 

Nevertheless, manufacturing processes such as 

turning, milling drilling and grinding still need to 

be carried out on MMCs so as to obtain the 

required part types and sizes [7]. 

As alluded earlier, cutting forces play a major role 

in machining processes as they affect workpiece-

tool deflection [8], part quality and machine tool 

vibration [9], [10]. Accurate force estimation in 

turning is therefore an important factor in process 

optimization, process characterization and 

machining performance enhancement [3]. 

Estimation of cutting forces is necessary to 

estimate the required cutting power of a machine 

tool and to estimate the cutting force on machine 

tool components such as bearings, jigs, and 

fixtures.  

Purushothaman et al [11] investigated on the 

cutting force and surface roughness in machining 

6068 Aluminium alloy. The tangential, feed and 

thrust cutting forces were measured from a lathe 

tool dynamometer. The relationship between the 

cutting parameters (the feed rate, revolution per 

minute (RPM) and depth of cut) and cutting 

forces were established from the results of the 

experiment. From the results of the experiment, 

cutting force increased with increased feed, when 

the depth of cut was kept constant. 

Miroslav et al. [6] carried out an experimental 

investigation on the effects of cutting conditions 

on cutting forces during longitudinal turning of 

C60E steel. During the experiments, the 

tangential, the feed and the radial cutting forces 

were estimated. The feed, tool cutting-edge 

angle, depth of cut and thickness of cut were 

found to affect cutting forces. The cutting force 

was also found to be influenced by the geometry 

of the cutting-edge and the material of the 

workpiece. 

Shoba et al. [12] studied the effects of 

reinforcement on cutting forces. He used 

rice_RHA and 0, 2, 4, 6 and 8 wt. % silicon 

carbide (SiC) particles as the reinforcing material 

and A356.2 Al alloy as the base material. A 

Kistler dynamometer was used for the force 

measurement. From the experimental result, 

during machining of low weight percentage 

reinforced MMCs, built-up edge (BUE) is formed 



during machining at high speed and large depth 

of cut. 

 

2 The Linear Cutting Force Law 

The cutting force, 𝐹 in turning can be expressed 

as a product of the specific cutting force 

coefficient, 𝐾 and the area of cut, 𝐴 [13] as shown 

in the equation (1); 𝐹 = 𝐾𝐴   (1) 

The area of cut is given as 𝐴 = 𝑎𝑝𝑓𝑟 where 𝑎𝑝 is 

the depth of cut and 𝑓𝑟 is the feed (or chip 

thickness for orthogonal cutting). The most 

adopted method of cutting force measurements is 

the use of a dynamometer. The calculations of the 

specific cutting force coefficients are made by 

fitting a function between feed and cutting force 

in any of the tangential, feed and thrust force 

directions [14]. This is expressed as follows; 𝐹𝑡 = 𝐾𝑡𝑐𝑎𝑝𝑓𝑟 + 𝐾𝑡𝑒𝑎𝑝  (2) 𝐹𝑓 = 𝐾𝑎𝑐𝑎𝑝𝑓𝑟 +  𝐾𝑎𝑒𝑎𝑝  (3) 𝐹𝑛 = 𝐾𝑛𝑐𝑎𝑝𝑓𝑟 +  𝐾𝑛𝑒𝑎𝑝  (4) 

where 𝐹𝑡  is the tangential cutting force in N, 𝐹𝑓 is 

the feed cutting force in N, 𝐹𝑛 is the thrust (radial) 

cutting force in N, 𝐾𝑡𝑐 is the tangential cutting 

force coefficient in N/m2, 𝐾𝑡𝑒 is the tangential 

edge force coefficient in N/m, 𝐾𝑓𝑐 is the feed 

cutting force coefficient in N/m2, 𝐾𝑓𝑒 is the feed 

edge force coefficient in N/m, 𝐾𝑛𝑐 is the thrust 

(radial) cutting force coefficient in N/m2; 𝐾𝑛𝑒 is 

the thrust edge force coefficient in N/m. 

 

Qiu [15] modeled the force coefficients in 

cylindrical turning of 5140 steel and cast iron 

based on power measurement. The results from a 

force dynamometer was compared with the result 

based on power measurement. The cutting force 

measurement results based on power 

measurement showed good correlation with the 

results obtained from the force dynamometer. 

The method established in this study is adapted in 

the current research. 

 

Mohamad [16] analyzed energy in turning and 

milling based on power measurement. A clamp 

meter was used to measure the current during 

machining with a CNC lathe machine. The power 

drawn by the three-phase electric motor was 

calculated using equation (5) 𝑃 = 𝑉𝐼√3   (5) 

where 𝑃 is the power drawn by the electric motor, 𝐼 is the electrical current and 𝑉 is the voltage. 

 

3 Power-based Calculation Models of 

Cutting Force Coefficients 

3.1 Calculation Model of Tangential 

Cutting Force Coefficient 

Spindle Cutting Power, 𝑃𝑚𝑠 is a product of 

tangential cutting force, 𝐹𝑡 and cutting speed, 𝑣𝑐 

[17]. Therefore, the spindle cutting power in 

turning the workpiece can therefore be expressed 

as follows; 𝑃𝑚𝑠 =  𝐹𝑡𝑣𝑐 =   𝜋𝐷Ω𝑠60 (𝐾𝑡𝑐𝑓𝑟𝑎𝑝 +  𝐾𝑡𝑒𝑎𝑝)      (6) 

where 𝐹𝑡  is the tangential cutting force in N, 𝑣𝑐 =𝜋𝐷Ω𝑠 60⁄  is the cutting speed in m/s, 𝐷 is the 

diameter of the workpiece in m, Ω𝑠 is the spindle 

speed in rpm. But, Ω𝑠 = Ω𝑚/ 𝑖, where, Ω𝑚 is the 

motor speed and 𝑖 is the ratio of transmission 

from motor to spindle.  𝐾𝑡𝑐 is the tangential 

cutting force coefficient in N/m2, 𝑓𝑟 is the feed in 

m/r, 𝑎𝑝 is the depth of cut in m, 𝐾𝑡𝑒 is the edge 

force coefficient of the tangential cutting force in 

N/m2. 

The power input of the motor spindle, 𝑃𝑚𝑠 is a 

sum of the motor power used for cutting, 𝑃𝑚𝑐 and 

the power loss of motor spindle, 𝑃𝑠0 [15] and can 

be expressed as; 𝑃𝑚𝑠 =  𝑃𝑚𝑐 + 𝑃𝑠0  (7) 



The power loss of motor spindle, 𝑃𝑠0 is 

approximately equal to the idle spindle power.  

The Material Removal Rate in m3/s [18] can be 

expressed as follows;  𝑀𝑅𝑅 = 𝜋𝐷Ω𝑠60 𝑎𝑝𝑓𝑟  (8) 

since cutting speed, 𝑣𝑐 = 𝜋𝐷Ω𝑠60   in m/s. 

Therefore, combining equations (6), (7) and (8), 

the motor spindle power, 𝑃𝑚𝑠 can be further 

written as; 𝑃𝑚𝑠 = 𝐾𝑡𝑐𝑀𝑅𝑅 + 𝐾𝑡𝑒 𝜋𝐷Ω𝑠60 𝑎𝑝 + 𝑃𝑠0 (9) 

This is a linear equation in 𝑀𝑅𝑅 from which 𝐾𝑡𝑐and 𝐾𝑡𝑒 can be extracted.  

Equation (9) can be re-written as; 𝑃𝑚𝑐 = 𝑃𝑚𝑠 − 𝑃𝑠0 = 𝐾𝑡𝑐𝑀𝑅𝑅 + 𝐾𝑡𝑒 𝜋𝐷Ω𝑠60 𝑎𝑝    (10) 

showing that 𝐾𝑡𝑐 is the slope 𝑆𝑥 of 𝑃𝑚𝑐 against 𝑀𝑅𝑅 and 𝐾𝑡𝑒 = 𝐼𝑥 𝜋𝐷Ω𝑠60 𝑎𝑝⁄  where 𝐼𝑥 is the 

intercept. 

 

3.2 Calculation Model of Feed Cutting 

Force Coefficient 

The following equations can be useful in 

calculating for the feed cutting force coefficients 

[15]. 𝑃𝑚𝑧 =  𝑃𝑧𝑐 + 𝑃𝑧0  (11) 

   𝐹𝑓 = 60 𝑃𝑧𝑐Ω𝑠𝑓𝑟   (12) 

where 𝑃𝑚𝑧 is the power input of the axial feed 

motor, 𝑃𝑧𝑐 is the feed axis cutting motor power, 𝑃𝑧0 is the feed axis motor power loss  𝐹𝑓 is the 

feed axis cutting force in N. 

Inserting equations (3) and (12), the power input 

can be further expressed as; 𝑃𝑚𝑧 =  𝐾𝑎𝑐𝑎𝑝Ω𝑠60 𝑓𝑟2 +  𝐾𝑎𝑒𝑎𝑝Ω𝑠60 𝑓𝑟 + 𝑃𝑧0 (13) 

Equation (13) can be re-written as; 𝑃𝑧𝑐𝑓𝑟 =  𝑃𝑚𝑧−𝑃𝑧0𝑓𝑟 =  𝐾𝑎𝑐𝑎𝑝Ω𝑠60 𝑓𝑟 +  𝐾𝑎𝑒𝑎𝑝Ω𝑠60    (14) 

showing that 𝐾𝑎𝑐 = 𝑆𝑧 𝑎𝑝Ω𝑠60⁄  and  𝐾𝑎𝑒 = 𝐼𝑧 𝑎𝑝Ω𝑠60⁄   

where 𝑆𝑧 and 𝐼𝑧 are the slope and intercept of the 

graph of  
𝑃𝑧𝑐 𝑓𝑟   against 𝑓𝑟 . 

 

3.3 Calculation Model of Radial Cutting 

Force Coefficients 

 During orthogonal machining operation, the 

thrust force can be expressed as follows [15]; 𝐹𝑛 =  𝐹𝑡tan (𝛽 − 𝛼)  (15)  

Hence, the coefficients of the radial cutting force 

can be expressed as; 𝐾𝑛𝑐 =  𝐾𝑡𝑐tan (𝛽 − 𝛼)  (16) 𝐾𝑛𝑒 =  𝐾𝑡𝑒tan (𝛽 − 𝛼)  (17) 

where 𝐹𝑛 is the thrust force in N, 𝐹𝑡 is the 

tangential cutting force in N; 𝐾𝑛𝑐  is the thrust 

cutting force coefficient in N/m2, 𝐾𝑛𝑒 is edge 

thrust force coefficient in N/m2, 𝛽 is the chip 

friction angle, 𝛼 is the rake angle. 

The chip friction angle can be calculated from 

force measurement by statistical analysis of the 

data of experiment. The empirical formulae for 

the determination of chip friction angle [15] is 

shown below; 𝛽 = arctan (𝐹𝑝𝑖𝐹𝑡𝑖) + 𝛼  (18) 

where 𝐹𝑝𝑖 is the average thrust force in N and 𝐹𝑡𝑖 
is the average tangential cutting force in N. 

 

 

4 Experimental Method and Procedure 

4.1 Workpiece Material Composition 

The workpiece material includes a control 

material of Aluminium without 

reinforcement and Aluminium with 3%, 6%, 

9% and 12% rice-husk reinforcements. The 

Aluminium was sourced from Cutix Plc. The 



chemical composition of the Aluminium 

material as provided by the company is 

shown in Table 1. The chemical composition 

of the rice-husk is shown in Table 2.

 

Table 1 – Aluminium Chemical Composition 

Constituent Si Cu Mg Fe Mn Cr Zn V Ti B Ga Al 

Percentage 

(wt%) 

0.10 0.05 0.03 0.40 0.01 0.01 0.05 0.02 0.02 0.05 0.03 99.5 

 

Table 2 – Rice-Husk Ash Chemical Composition [19] 

Constituent SiO2 

 

Fe2O3 Al2O3 MgO CaO K2O N2O LOI 

Percentage 

(wt%) 

94.04 

 

0.136 

 

0.249 

 

0.442 

 

0.622 

 

2.49 

 

0.023 

 

3.52 

 

4.2 Experimental procedure 

Turning operation was carried out on the 

workpiece material using a CNC machine. The 

experimental procedure was carried out at the 

Nigerian Liquefied Natural Gas (NLNG) 

laboratory, University of Nigeria, Nsukka 

(UNN), Nigeria using the 250PCi Boxford CNC 

lathe machine manufactured by Boxford holdings 

ltd, England with spindle motor rating of 2.9hp. 

The cutting parameters used during the 

experimental procedure are as follows: Feed: 

0.015, 0.03, 0.045, 0.060, 0.075mm/rev; Depth of 

cut: 0.5mm; Spindle Speed: 100rpm. The spindle 

and feed motor currents were measured and 

recorded during the experimental testing. The 

idle spindle and feed motor currents were also 

measured and recorded using a digital clamp 

meter. The voltage was also measured to be 220V 

using a custom-made power meter.  Equation (5) 

was used to calculate the spindle and feed powers 

drawn by the electric motors. The experimental 

setup is shown in figure 1 and the tool material 

used is cemented carbide insert whose 

geometry and specification is shown in Table 

3.  

 

 
Figure 1 – Experimental set-up 



Table 3 – Cutting Tool Specification  

Cutting tool type Cemented carbide  

Tool holder CTANR 2525-M16 

Specification  SNMG 120408  

Geometry of tool 0-10-6-6-8-75-1 mm  

Condition of Cutting Dry 

 

5 Results and Discussion 

5.1 Specific Cutting Force Coefficient 

The specific cutting force coefficient in the tangential and feed directions were calculated using equations 

(10) and (14) respectively. The slope and intercept were used to obtain the specific cutting and edge force 

coefficients in the tangential and feed directions respectively. The thrust specific cutting and edge force 

coefficients were obtained from equation (16) and (17) respectively. The estimated force coefficients are 

summarized in Table 4. 

Table 4 – Calculated specific Cutting and Edge Force Coefficients from Slope and Intercept 

% 

Rein-

force

ment 

𝑆𝑥  𝐼𝑥  𝐾𝑡𝑐= 𝑆𝑥 𝐾𝑡𝑒= 𝐼𝑥 𝜋𝐷Ω𝑠60 𝑎𝑝⁄ 𝑆𝑧  𝐼𝑧 𝐾𝑎𝑐 = 𝑆𝑧 𝑎𝑝Ω𝑠60⁄  
𝐾𝑎𝑒= 𝐼𝑧 𝑎𝑝Ω𝑠60⁄  

 

0 782940802.04 4.815 782940802.04 91947.80 327079 38.421 392494872.9 46105.37951 

3 920432845.32 4.033 920432845.32 77014.64 425299 27.201 510358872.9 32641.41951 

6 855506047.10 3.834 855506047.10 73214.51 435079 20.468 522094872.9 24561.37951 

9 822406110.76 3.29 822406110.76 62826.23 397746 15.774 477294872.9 18929.37951 

12 831317632.08 2.973 831317632.08 56772.76 307079 12.84 368494872.9 15409.37951 

 

These specific force coefficients were inserted 

into power models i.e., equations (9) and (13). 

The predicted values from the model equations 

were plotted against the measured values and an 

acceptable R2 values of 99.86% and 90.46% were 

obtained for the plot of spindle and feed power 

respectively. The very high R2 values show that 

the calibrated force coefficients are accurate.  

Figures 2a and b, 3a and b and 4a and b shows the 

graph of the specific cutting forces in the 

tangential (𝐾𝑡𝑐, 𝐾𝑡𝑒), feed (𝐾𝑎𝑐 , 𝐾𝑎𝑒)  and thrust 

directions (𝐾𝑛𝑐 , 𝐾𝑛𝑒) respectively with respect to 

the percentage reinforcement. From figures (2a 

and b), the specific cutting force in the tangential 

direction increased and fell and the turning point 

is in the range of the 3% - 6% reinforcements. The 

edge cutting force coefficients decreased as 

percentage reinforcement increased. From 

figures 3a and b and 4a and b, the specific cutting 

force in the feed and thrust directions increased 

and then decreased with increase in 

reinforcement, and the turning point is in the 

range of the 3% - 6% reinforcements. The edge 

cutting force decreased as percentage 

reinforcement increased. The decrease in edge 

force coefficients as percentage reinforcement 



increased might be as a result of the dislocation 

densities formed from the thermal difference 

between the matrix and the reinforcement [12]. 

This decrease also may have contributed to the 

decrease in cutting force, since the force 

coefficients are used to obtain the cutting forces. 

 

 

Figure 2a – Plot of Specific Cutting 

Force in the Tangential Direction 

with respect to the Percentage 

Reinforcement 

 

 

Figure 3a – Plot of Specific Cutting 

Force in the Feed Direction with 

respect to the Percentage 

Reinforcement 

 

Figure 2b – Plot of Specific Edge 

Force in the Tangential Direction 

with respect to the Percentage 

Reinforcement 

 

 

Figure 3b – Plot of Specific Edge 

Force in the Feed Direction with 

respect to the Percentage 

Reinforcement
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Figure 4a – Plot of Specific Cutting Force 

in the Thrust Direction with respect to the 

Percentage Reinforcement 

 

Figure 4b – Plot of Specific Edge Force in 

the Thrust Direction with respect to the 

Percentage Reinforcement

5.2 Cutting Forces 

The cutting forces in the tangential, feed and 

thrust directions were estimated using equations 

(2), (3) and (4) respectively. The graphs of the 

cutting force in the tangential, feed and thrust 

directions with respect to the feed are shown in 

figures 5a, 5b and 5c respectively. Cutting forces 

are seen to rise with feed because of force 

proportionality with undeformed chip cross-

sectional area. From figures 5a, 5b and 5c, the 

cutting force components are observed to 

decrease as the percentage reinforcement 

increases. This agrees with the research of Shoba 

[12] whose study was on A356.2 Aluminium 

Alloy reinforced with RHA using a 

dynamometric force measurement approach. 

From his study, the cutting force components are 

lower for the reinforced composites than 

unreinforced alloy and this was as a result of the 

dislocation densities formed from the thermal 

difference between the matrix and the 

reinforcement. From figures 5a, 5b and 5c, it can 

be deduced that increasing RHA in the 

Aluminium might reduce friction at the tool chip 

interface and extend tool life. In other words, 

improving machinability. 

 

Figure 5a –Plot of 𝑭𝒕 against 𝒇𝒓  
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Figure 5b – Plot of 𝑭𝒇 against 𝒇𝒓  

 

Figure 5c –Plot of 𝑭𝒏 against 𝒇𝒓  

 

4.8 Calculation of Cutting Force 

Table 5 shows the developed empirical equations 

for calculating the cutting force in the tangential 

(𝐹𝑡), feed (𝐹𝑓) and thrust (𝐹𝑛) directions. These 

force models were derived from the specific 

cutting force coefficients obtained during 

machining of the studied Aluminium rice-husk 

reinforced composites. These force models are 

considered very accurate because of the very high 

R2 values between the measured and predicted 

cutting powers. The developed force models can 

be used in further analysis like chatter [20], 

tribological and deflection analysis of the turning 

processes of the composites. 
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Table 5 – Cutting Force Model 

% 

Reinforcement 

Force Model Feed, 

mm/r 
𝐹𝑡 , 𝑁 

𝐹𝑓 , 𝑁 

𝐹𝑛, 𝑁 

0%   𝐹𝑡 = 782940802.04𝑎𝑝𝑓𝑟 +  91947.80𝑎𝑝 

 𝐹𝑓 = 392494872.9𝑎𝑝𝑓𝑟 + 46105.3795𝑎𝑝 

 𝐹𝑛 = 184607924.6𝑎𝑝𝑓𝑟 +  21680.1746𝑎𝑝 

0.015 51.85 25.996 12.225 

0.030 57.72 28.940 13.605 

0.045 63.59 31.884 14.990 

0.060 69.46 34.828 16.374 

0.075 75.33 37.771 17.758 

3%  𝐹𝑡 = 920432845.32𝑎𝑝𝑓𝑟 +  77014.64𝑎𝑝 

 𝐹𝑓 = 510358872.9𝑎𝑝𝑓𝑟 +  32641.4195𝑎𝑝 

 𝐹𝑛 = 216965199.2𝑎𝑝𝑓𝑟 +  18153.9554𝑎𝑝 

0.015 45.41 20.148 10.704 

0.030 52.31 23.976 12.331 

0.045 59.22 27.804 13.959 

0.060 66.12 31.631 15.586 

0.075 73.02 35.459 17.213 

6%  𝐹𝑡 = 855506047.10𝑎𝑝𝑓𝑟 +  73214.51𝑎𝑝 

 𝐹𝑓 = 522094872.9𝑎𝑝𝑓𝑟 +  24561.3795𝑎𝑝 

 𝐹𝑛 = 201660600.1𝑎𝑝𝑓𝑟 +  17258.1862𝑎𝑝 

0.015 43.02 16.196 10.142 

0.030 49.44 20.112 11.654 

0.045 55.86 24.028 13.166 

0.060 62.27 27.944 14.679 

0.075 68.69 31.859 16.191 

9%  𝐹𝑡 = 822406110.76𝑎𝑝𝑓𝑟 +  62826.23𝑎𝑝 

 𝐹𝑓 = 477294872.9𝑎𝑝𝑓𝑟 +  18929.3795𝑎𝑝 

 𝐹𝑛 = 193858255.5𝑎𝑝𝑓𝑟 +  14809.4503𝑎𝑝 

0.015 37.58 13.044 8.859 

0.030 43.75 16.624 10.313 

0.045 49.92 20.204 11.767 

0.060 56.09 23.784 13.220 

0.075 62.25 27.363 14.674 

12%  𝐹𝑡 = 831317632.08𝑎𝑝𝑓𝑟 +  56772.76𝑎𝑝 

  𝐹𝑓 = 368 494872.9𝑎𝑝𝑓𝑟 + 15409.3795𝑎𝑝 

 𝐹𝑛 = 195958886.78𝑎𝑝𝑓𝑟 +  13382.5215𝑎𝑝 

0.015 34.62 10.468 8.161 

0.030 40.86 13.232 9.631 

0.045 47.09 15.996 11.100 

0.060 53.33 18.760 12.570 

0.075 59.56 21.523 14.040 

 



6 Conclusion and Recommendations 

6.1 Conclusion 

The specific cutting force coefficients and the 

cutting forces during machining of Aluminium 

rice husk ash reinforced-composite were obtained 

using the power-based method of force 

estimation. The edge force coefficients decreased 

with increase in reinforcement. The decrease in 

edge force coefficients might be as a result of the 

dislocation densities formed from the thermal 

difference between the matrix and the 

reinforcement [12] and the fact that addition of 

the harder ash particles makes the composite 

harder relative to the base material, therefore 

reducing rubbing surface area at the rake and 

flank. This manifested as decrease in the edge 

force coefficients with increasing reinforcement. 

The cutting force components are observed to 

decrease as the percentage reinforcement 

increases. This agrees with the research of Shoba 

[12] whose study was on A356.2 Aluminium 

Alloy reinforced with RHA using a 

dynamometric approach. From his study, the 

cutting force components are lower for the 

reinforced composites than unreinforced alloy. 

Since the cutting force components decrease with 

increase in reinforcement, it can be deduced that 

increasing RHA in the Aluminium might reduce 

friction at the tool-chip interface and extend tool 

life. In other words, improving machinability. 

Cutting forces and specific cutting force 

coefficients are very important criteria when it 

comes to machinability. The specific cutting 

force coefficient and the cutting force have direct 

influence on the energy needed for machining. 

The studied composite is therefore more cost 

effective than the unreinforced Aluminium in 

terms of machinability. There is also a possible 

tool life improvement for the reinforced 

composite compared to the unreinforced 

composite. 

6.2 Recommendations 

The implications of reinforcing Aluminium with 

rice husk ash should be analyzed further for 

sustainability and energy-based economics 

effectiveness. 

The effect of rice husk ash reinforcement of 

Aluminium on the tool life and tool wear can also 

be studied. 

The developed cutting force coefficients can be 

used in further analysis like chatter, tribological 

and deflection analysis of the turning processes of 

the composites.
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