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ABSTRACT

Purpose: Cutting parameters are often chosen for machining by machine operators in the 
industry. The experience and efficiency of the machine operator in producing a quality product 
are frequently used to decide parameter selection—low productivity results from improper 
parameter selection, inefficient machining, and technological issues. Today's key issues in the 
machining industry are focusing on increasing machining performance on surface roughness 
while minimising coolant usage. The study's objective is to enhance the performance of the 
nozzle lubrication system during the turning operation of an aluminium alloy 319 workpieces 
(Al319) to generate good surface roughness by applying turning parameters such as cutting 
speed, feed rate, and the depth of cut.
Design/methodology/approach: Response Surface Method (RSM) was used to create the 
experimental method for this investigation, carried out using a CNC lathe machine with two 
axial movements and a wet cooling nozzle with a size of 1.0 mm. Synthetic soluble lubricants, 
Al2O3-coated cemented carbide inserts, and Aluminium alloy 319 were utilised as cutting tools 
and workpiece materials.
Findings: To study the influence of cutting parameters on surface roughness, the Analysis of 
Variance (ANOVA) approach was utilised while the response surface method was performed 
to achieve an optimum machining performance (RSM). When comparing dry and wet cooling 
systems, the size of 1.0 mm nozzle shows appropriate surface roughness. According to the 
ANOVA analysis, the key factor impacting the surface roughness as machining performance in 
lubrication technique experiments was the utilisation of 1.0 mm nozzle size.
Research limitations/implications: The findings of combination machining parameters at 
a cutting speed of 270 m/min and a cutting depth of 0.60 mm at a feed rate of 0.08 mm/min 
offered the best results, achieving a surface roughness, Ra of 0.94 µm.
Practical implications: The use of coolant size nozzle 1.0 mm technology combined with the 
use of correct machining parameters can improve machining cuts.
Originality/value: The novel size of 1.0 mm nozzle in this current research is also valuable for 
reducing and increasing productivity in the machining business, as well as reducing dependency 
on machining operators' experience and abilities.
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MANUFACTURING AND PROCESSING

 
 
 
 
 
 
 
 
 
 
 
 
1. Introduction 

 
Recently, green manufacturing globally emphasises on 

sustainable manufacturing, that can be demonstrated by 
sustainability in optimising the turning process cooling 
systems to ensure efficient technique and economic practice 
[1]. Implementing sustainable manufacturing uses materials, 
components, or products but simultaneously reserves natural 
resources and environmental quality for future generations 
[2]. 

The turning process can be operated in either wet or dry 
conditions with varying coolant nozzle orifices. Standard 
CNC machines are equipped with a coolant nozzle orifice 
between 6.0 mm to 12.0 mm, depending on the models of 
the machine [3]. These varying processing conditions can be 
used as monitoring of machining conditions or as an extra 
indicator of surface finish, tool life, tool wear and 
temperature [4]. Many works on CNC turning in recent 
studies have been performed on surface roughness, tool life 
and temperature; however, less work done directly on 1.0 
mm coolant nozzle orifice [5]. Few studies have been done 
on examining surface roughness and the relationship of 
coolant nozzle orifice size 1.0 mm levels with surface 
roughness, tool life, tool wear and temperature during the 
turning process [6]. 

It is well known that using coolant or lubricating cutting 
fluid improves the cutting performance during the 
machining process. Besides, the application of coolant is 
also required to prevent compromising product quality, such 
as surface roughness and cutting tool lifetime [7]. Therefore, 
in this study, wet and dry cooling conditions, as well as a 1.0 
mm (inner diameter) cooling nozzle hole, were employed to 
machine the aluminium alloy Al319.  
 
2. Methodology 
 
2.1. Experimental setup 
 

The experiment is carried out on a Puma 230 Fanuc CNC 
Lathe with two axes at maximum of 4500 rpm and 6.5 kW 

power. The cutting material of aluminium alloy Al319 was 
utilised in the study. The cooling conditions utilised were 
wet and dry. The rotation of aluminium alloy Al319 was 
done with a 1.0 mm (inner diameter) cooling nozzle orifice. 
For each cutting operation, a coated cemented carbide tool 
was used with a range of minimum and maximum levels of 
those three machining parameters, namely feed rate, cutting 
speed, and depth of cut.  

 
2.2. Experimental design 
 

The design of the experiment by response surface 
method was performed to achieve an optimum machining 
performance (RSM). Then, the analysis of variance 
(ANOVA) approach was utilised using Design-Expert 9.0 
software. In this experiment, machining parameters are 
varied, including at the high and low values of depth of cut, 
cutting speed and feed rate. The turning operation output is 
indicated by the surface roughness (Ra) [8] using an SJ-210 
profilometer surface roughness tester.  

 
 

3. Results and discussions 
 
3.1. The effect of coolant on surface roughness 
 

Wet and dry cutting processes were performed to analyse 
the influence of the cutting parameters on the performance 
of 1.0 mm nozzles. Surface roughness plots are used to 
evaluate the effect of machining parameter interactions. The 
3D surface view and contour plot were built using three 
distinct components. Empirical models were utilised to 
determine correlations between responses and variables. 
Different responses were compared and optimised. The test 
results were displayed using ANOVA tables. Table 1 shows 
the results of data analysis using ANOVA with a quadratic 
model for surface roughness interaction. According to the 
ANOVA results, The feed rate gives the greatest outcome on 
surface roughness. In order to analyse future data, case 
statistics and ANOVA findings were applied. 
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Table 1. 
ANOVA tabulated data for Ra value 

Surface roughness response Total of  Mean F P-Value  
Source Squares df Squares Value F-value  
Model 4.48 14 4.48 10.82 <0.0001 Significant 

A-Cutting Speed 0.41 1 0.41 12.21 0.00003  
B-Feed Rate 3.556E-004 1 3.556E-004 0.011 0.9192  

C-Depth of Cut 0.47 1 0.47 14.08 <0.0001  
D-Coolant Technique: 

N. Size 1.0 mm (1), Wet (2), Dry (3) 1.34 1 1.34 40.24 <0.0001  

AC 0.90 1 0.90 26.86 0.0001  
AD 0.095 1 0.095 2.83 0.1132  
CD 0.16 1 0.16 4.73 0.0641  
B2 0.86 1 0.86 25.84 0.0001  
C2 0.15  0.15 4.38 0.0535  

Residual 0.50 15 0.033    
Lack of Fit 0.28 10 0.028 1.62 0.7558 Not significant 
Pure Error 0.22 5 0.045    
Cor Total 4.96 29     

a)  

b)  
 
Fig. 1. (a) Normal probability plot (b) residual vs run 

According to the results, the model's F seems to be 10.82, 
indicating that it is significant. Model terms are considered 
significant if their F-values are less than 0.0500 [2,4]. 
Models A, C, D, AC, B2, and C2 are relevant in this situation. 
The model is not significant as the amount is more than 
0.050. The least important model (B, AB, AD, A2, BC, BD, 
CD, D2) was discarded. The mismatch is tolerable because it 
is minimal compared to pure inaccuracy. 

 
Table 2. 
Statistical value for adjusted R-squared and R-squared 

Std Dev. 0.17 R-Squared 0.9099 
Mean 1.45 Adj R-Square 0.8259 
C.V. % 11.68 Pred R-Squared 0.6726 
Press 1.56 Adeq Precision 10.886 

 
As demonstrated in Table 2, Pred R-Squared 0.6726 is in 

reasonable agreement with Adj R-Squared 0.8259. Adeq 
Precision is used to determine the signal-to-noise ratio. It is 
best to have a proportion bigger than four. The signal-to-
noise ratio of 10.886 indicates an excellent signal. This show 
can help you in exploring the world of design. According to 
the probability maps, the estimated value is statistically 
equivalent to the measured value. Figure 1 indicate that the 
balances are mainly straight lines, indicating that the errors 
are distributed regularly. 

According to Design-Expert software, the reaction 
variable Ra, is the reaction surface equation. The acquired 
data was used to generate the final equation in terms of coded 
values. The Designer software created a mathematical model 
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of the surface roughness response equation for the Ra 
response variable. The acquired data was used to generate 
the final equation in terms of coded values. The following 
mathematical model was used to calculate surface roughness:  

 

Surface roughness 𝟏𝟏

� 1.58 � 0.14A � 0.017B � 0.15C
� 0.29D � 0.039AB � 0.22AC
� 0.063AD � 0.021BC
� 1.25 � 10��BD � 0.085CD � 0.17A�
� 0.58B� � 0.23C� � 0.051D� 

 

Figure 2 illustrates the main impact plot for surface 
roughness, which has the greatest influence on feed rate in 
dry turning operation. The Ra line vs feed rate revealed when 
the feed rate rise 0.08 mm/rev to the value of 0.24 mm/rev, 
the Ra value increased significantly (Fig. 2a). While the 
speed was increased to 150, 210, or 270 m/min, the surface 
roughness did not alter considerably (b). Cutting speed 

influenced the Ra value, following through the depth of cut 
(Fig. 2c). As a result, the coolant system is an important 
component that determines the surface roughness value [3], 
and feed rate is the primary parameter affecting aluminium 
alloy Al319 turnings. 

The most effective interaction items for machining with 
coolant system conditions for surface roughness are depicted 
in 3D reaction graphs (Fig. 3b). It is proportional to the feed 
rate, increasing as the cutting feed rate increases. Surface 
roughness, on the other hand, has an inverse relationship at 
the time that the cutting speed rise, it decreases. The 
combination of the high level of feed rate and cutting speed 
produces maximum surface roughness. A surface plot of the 
feed rate versus the cutting speed is provided. Figure 3c 
shows that surface roughness was lowered when the feed 
rate and cutting speed were adjusted to their lowest values. 
Cutting speed and feed rate were determined to have 
significant reciprocal correlations [7,9]. 

 
a)  b)  c) 

   
 

Fig. 2. Interaction effect plots of surface roughness (a) feed rate and cutting speed, (b) depth of cut and cutting speed, and (c) 
nozzle coolant technique and cutting speed 

 
a)  b)  c) 

  
 

Fig. 3. Surface roughness interaction with turning parameters (a) Cutting speed and feed rate, (b) Cutting speed and depth of 
cut, (c) Cutting speed and coolant system 
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The plot displays a nearly straight correlation between 
cutting speed and surface roughness as well as cutting depth. 
Differences in cutting speed result in negligible changes in 
surface roughness, but variations in cutting depth result in a 
quicker rate of surface roughness development. The slice 
depth has a stronger impact on interaction. The large cutting 
depth and higher cutting speed affect the surface finish. 

Surface roughness increased roughly linearly with the 
coolant system but curvilinearly with cutting speed, as 
shown in Figure 3c. Modifications to the cooling system 
substantially impacted surface roughness and these findings 
are comparable to previous studies [10, 11]. 

At 0.30 mm flank wear, severe worsening in machined 
surface roughness was found. When turning with a worn 
insert, On the surface component, a behaviour similar to the 
coolant method effect (1.0 mm nozzle size and dry and wet 
coolant) occurred gradually.  

 
3.2. Morphology of the workpiece 

 
A 25 mm metallographic sample was removed from 

utilising worn and sharp inserts on the surface and was then 
examined using SEM micrographs [8,9]. Figure 4 shows a 
coolant cutting procedure using machining settings as a role 
in the occurrence of the observed phenomena. The cutting 
speed rises, the volume of material clinging to the machine 
surface and the cutting edge increases, resulting in high 
cutting temperatures [12]. Following the completion of the 
investigation, all workpieces were evaluated for burr 
formation. 

 

 
 
Fig. 4. The machined surface observation via SEM for (a) 
1.0 mm nozzle orifice, (b) wet coolant, and (c) dry coolant 
 
 
4. Conclusions 
 

The need for a more cost-effective production process 
has driven the development of new refrigeration system 

technologies. The surface roughness was studied in this 
study using 30 trials on a CNC lathe using a tungsten carbide 
cutting tool to produce aluminium alloy Al319 alloy. This 
research evaluated the machining optimisation performance 
standards for aluminium alloy Al319 alloy CNC turning 
industrial machines and wet and dry system machining 
procedures with 1.0 mm cooling nozzles. The process 
prediction model generated during the research is used as a 
planning aid for future processes. In multi-objective 
optimisation, designers use optimisation techniques to 
generate a collection of acceptable experimental designs for 
future reference. The cutting settings have been changed to 
produce the least surface roughness while maintaining the 
maximum acceptable level of abrasion. 
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