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ABSTRACT

Machining processes are a vital part of manufacturing activities in major industries that contributes to the growth of
the economy. They mostly require high amount of electrical energy to power the various support modules installed
on machine tools. Carrying out machining activities with a view to reducing energy consumption will therefore result
in a lowered cost of production for manufactured products. Previous studies on some energy-saving methods adopted
by researchers and the limitations faced in the reduction of energy consumption have been discussed. In this work,
the effect of process parameters in the conservation of energy during machining processes was experimented. Minitab
16 was used to design the experiment and a 9-run orthogonal array was generated. The machining parameters were
cutting speed (80 — 120 m/min), feed (0.05 — 0.07 mm/rev) and depth of cut (0.1 — 0.3 mm). A high carbon steel
bar was machined using high speed steel tool and the energy consumed during the machining process was measured.
Energy (28.67 kw/hr) was consumed during machining at 0.005 mm/rev and 0.3 m. Energy (12.83 kw/hr) was
consumed while machining at 0.07 mm/rev and 0.1 m. The energy consumed changed with machining parameters.
These results showed that much energy could be saved by optimizing parameters before machining.
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1 INTRODUCTION

The manufacturing sector comprises some of the largest energy consumers worldwide [1]. Over 60% of the energy
consumed in the industries is accounted for by manufacturing industries [2]. These industries basically use electric
power for the transformation of materials into products [3]. Hence, they require a large amount of electrical energy
which increases the cost of production for such companies. Therefore, companies have to identify ways to reduce
the energy consumed during manufacturing of a given product so as to continue to produce especially at reduced
cost [4]. The reduction in cost has largely been the driver for recent studies on energy reduction in the manufacturing
sector for the development of more energy-efficient machining processes [5; 6]. Machining is one of the most
fundamental and important manufacturing processes that is widely used in manufacturing industries [1,7]. Machining
is the process of cutting a material into a desired shape and size using a controlled material-removal process [8].
Recent non-conventional machining processes make use of Computer Numerical Control (CNC) machines to fabricate
parts [8]. NC machines control the movements of machine tools through direct insertion of coded instructions into
the system as numbers and letters [9]. It is therefore important to note that NC machining plays an important role in
the metal-cutting industry. However, metal cutting consumes a large amount of energy which can be attributed to
the process of material removal and also to the various components that contributes to the efficient operation of the
machine tool [10]. Energy conservation during machining processes has become of more interest to researchers
recently. This is because the conservation of energy during machining which is a key element of manufacturing
processes will bring about lower costs of products. A reduction in cost of product will result in greater productivity.
There is therefore a need to study the possibility of conservation of energy during machining to ensure an increase
in profit margins of production companies. Energy demand of a machine tool can be categorized into two broad
groups, namely, constant energy components and variable energy components [4]. Where the constant components
(i.e fans, lightings computer system etc.) consume a constant amount of energy which does not depend on the process
parameter selected, the variable components largely depend on the process parameter selected. Some of the studies
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on energy conservation during machining are hereafter discussed. A study on automated monitoring of machine tools
specifically analysing the energy consumption of the machines has been done [11]. It was reported that process control
was a key factor for energy consumption. A study on the possible improvements in energy efficiency of machine
tools with Diamond-Like Carbon (DLC) deposited tools has been carried out [12]. Results showed that the method
was able to reduce the cutting power consumption of the machine by 36%. The optimization of machining processes
from the perspective of energy consumption has also been attempted [13]. It was opined that machining parameters,
cutting tools and workpiece materials influence the rate of energy consumption during machining processes. There is
a need to further consider the possibility of a conservation of energy through the optimization of process parameters.
This work is therefore an attempt to conserve energy by reduction of the energy consumed during machining
processes.

2 METHODOLOGY

2.1 Machine and Tools

The experiment was carried out on a Colchester Triumph model 2000 conventional lathe machine with a 3-jaw
chuck as shown in Figure 1. The workpiece material was a high carbon steel bar and the tool used for the experiment
was High Speed Steel (HSS). The choice of high carbon steel was informed by the higher difficulty in machining the
steel as compared to other materials (e.g. mild steel) used in fabrication of parts. HSS was selected because it was
cheaper and easily accessible compared to other tools. The surface roughness was measured with a profilometer while
the power consumed was measured using multimeters.

2.2 Experimental Procedure

The workpiece used for this experiment was a high carbon steel material. Table 1 shows the result of the compositional
analysis for the workpiece material. Figure 2 shows the set up for the experimental process carried out on the lathe
machine. The process parameters used for the experiment as given in Table 2 were cutting speed, feed rate and depth
of cut. The process parameters were selected based on literature and machine constraints. A low feed was used to
ensure a longer period of machining to sufficiently measure energy consumed. Taguchi orthogonal array from Minitab
16 software was used to design the experiment resulting in a 9—experimental run mix with the three factors. The
smaller-is-better design option was adopted in the analysis of Signal-to-Noise (SN) ratio for the energy consumed
during machining process as recommended by [14]. The energy consumed during the machining process was
measured with the use of multi-meters connected in series and parallel to capture the current and voltage respectively.
The resulting values where thereafter used to compute the energy consumed using equations 1 and 2.

Power = 3 V1 )
Energy Consumed = Power x Time (2)

Table 1: Chemical composition of High Carbon Steel Sample

S/N Element % Composition
1 Fe 98.07
2 Si 0.510
3 Cr 0.054
4 S 0.045
5 P 0.032
6 Sb 0.0008
7 Nb 0.0013
8 W 0.0032
9 \Y 0.0007

10 Mo 0.022
n Mn 0.65

12 C 0.54

13 Ni 0.024
14 Pb 0.0016
15 Cu 0.060
16 Ti 0.0009
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Figure 1: Colchester Lathe machine and HSS tool

Chips Formed

Figure 2: Experimental Set-up

Table 2: Machining Parameters for Experiments

Factor Level
1 2 3
Speed (m/min) 80 100 120
Feed rate(mm/rev) 0.05 0.06 0.07
Depth of cut (mm) 0.1 0.2 0.3

Table 3: Orthogonal array for machining experiment

Run MACHINING PARAMETRS
SPEED FEED DOC
(m/min) (mm/min) (mm)
1 80 0.05 0.1
2 80 0.06 0.2
3 80 0.07 0.3
4 100 0.05 0.2
5 100 0.06 0.3
6 100 0.07 0.1
7 120 0.05 0.3
8 120 0.06 0.1
9 120 0.07 0.2
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3 RESULTS AND DISCUSSIONS

The result gotten after the machining is as shown in Figure 4. The highest amount of energy was consumed
(28.67kw/Hr) during run 7 at a low feed rate of 0.05mm/min and a high depth of cut of 0.3m. The lowest energy
consumption (12.83kw/Hr) was also recorded at run 6 with feed rate and depth of cut of 0.07mm/min and 0.1mm
respectively. Also, as shown in Figure 6, at values of highest speed of 120m/min and highest feed rate of 0.07mm/min
obtained at run 9 with a MRR of 488,850.82mm?3/min, a very low amount of energy was consumed. These results
agree with [15]. The analysis of the S/N ratio as shown in Figure 5 indicates that at higher values of cutting speed,
the average S/N ratio is higher which is preferable. The analysis also indicates that a higher cutting speed resulted in
a higher energy consumption. However, depth of cut and feed rate did not contribute significantly to the

consumption of energy.
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Figure 5: Signal-to-Noise analysis for parameters.
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Figure 6: MRR and Energy Consumed analysis during machining.
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4 CONCLUSIONS
The aim of this study was to optimize process parameters for conservation of energy. The following conclusions have
been reached from the results and findings after the study.

* At highest machining speed (120m/min), lowest energy is consumed.

*  Depth of cut has no significant effect on rate of consumption of energy during machining.

*  Energy can be conserved by the optimization of process parameters during machining.
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