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Abstract— It is demand of present manufacturing system to 

change and improve existing technology and develop a 

product that is economically feasible. In this review paper 

the critical controllable machining parameters for the CNC 

lathe machines like speed, feed, depth of cut, tool geometry, 

cutting environment, tool material, work material etc. which 

affect desired output like material removal rate, surface 

roughness, tool wear etc are studied. Optimization of 

machining parameters and determining which parameters 

are most significant for required output is need to be 

ascertained. One of the techniques widely used for 

optimization of machining parameters is Taguchi and 

ANOVA approach help to determine which parameters are 

most significant. The prime aim of this review paper is to 

study the critical parameters and their effects on various 

responses in turning process through studying research 

paper of various researchers. The present study aimed at 

evaluating the best process environment which could 

simultaneously satisfy requirements of both quality and as 

well as productivity with special emphasis on reduction of 

cutting tool flank wear. Because reduction in flank wear 

ensures increase in tool life. 

Key words: Turning, material removal rate, surface 

roughness, Taguchi Technique. 

I. INTRODUCTION 

Turning is one of the fundamental machining processes, 

especially for the finishing of machined parts. In turning 

process, parameters such as cutting tool geometry and 

materials, number of passes, depth of cut for each pass, feed 

rates, cutting speeds as well as the use of cutting fluids will 

impact the production costs, MRR, tool lives, cutting forces, 

and the machining qualities like the surface roughness, the 

roundness of circular and dimensional deviations of the 

product. The selection of appropriate machining parameters 

is difficult and relies heavily on the operator‟s experience 

and the machining parameters tables provided by the 

machine-tool builder for the target material. Hence, the 

optimization of operating parameters is of great importance 

where the economy and quality of a machined part play a 

key role. 

Speed always refers to the spindle and the work 

piece. When it is stated in revolutions per minute (rpm) it 

tells their rotating speed. It is the product of the rotating 

speed times the circumference of the work piece before the 

cut is started. It is expressed in meter per minute (m/min), 

and it refers only to the work piece. 

Feed always refers to the cutting tool, and it is the 

rate at which the tool advances along its cutting path. On 

most power-fed lathes, the feed rate is directly related to the 

spindle speed and is expressed in mm (of tool advance) per 

revolution (of the spindle), or mm/rev. 

Depth of cut it is practically self-explanatory. It is 

the thickness of the layer being removed (in one pass) from 

the work piece expressed in mm. 

MRR The material removal rate (MRR) in turning 

operations is the volume of material that is removed per unit 

time in mm
3
/min. 

Tool wear it is defined as the amount of volume 

loss of tool material on the contact surface due to the 

interactions between the tool and work piece. Specifically, 

tool wear is described by wear rate (volume loss per unit 

area per unit time) and is strongly determined by 

temperature, stresses, and relative sliding velocity generated 

at the contact interface during operation. 

Taguchi technique it was developed by Dr. Genichi 

Taguchi, a Japanese quality management consultant. 

Taguchi‟s parametric design is an effective tool for robust 

design. It offers a simple and systematic qualitative optimal 

design at a relatively low cost. The method explores the 

concept of quadratic quality loss function and uses a 

statistical measure of performance called Signal-to-Noise 

(S/N) ratio. The S/N ratio takes both the mean and the 

variability into account. The S/N ratio is the ratio of the 

mean (Signal) to the standard deviation (Noise). The ratio 

depends on the quality characteristics of the product/process 

to be optimized. The standard S/N ratios generally used are 

as follows: - Nominal is Best (NB), Lower the Better (LB) 

and Higher the Better (HB). 

II. LITERATURE REVIEW 

P. Madhava Reddy et al. (2014) [1] the paper presented the 

optimization of CNC turning parameters for EN16 steel bar 

using the Grey Taguchi Method. The experiments based on 

Taguchi‟s L‟27 orthogonal array were selected and turning 

experiments were conducted with prefixed cutting 

parameters for EN16 steel bar using tungsten carbide tool. 

The turning parameters were cutting speed, feed rate and 

depth of cut and the responses were surface finish and 

material removal rate. Taguchi‟s signal-to noise (S/N) ratio 

was determined based on their performance characteristics. 

A grey relational grade was obtained by using S/N ratio. 

Based on grey relational grade value, optimum levels of 

parameters have been identified by using response Table 

and response graph and the significant contributions of 

controlling parameters were estimated using analysis of 

variances (ANOVA). 

Anand et al. (2014) [2] studied optimization of 

turning parameters for Turning on EN8 Steel. Experiments 

were designed and conducted based on Taguchi‟s L9 

Orthogonal array design. Paper discussed an investigation 

into the use of Taguchi parameter design which optimizes 

the Surface Roughness and Tool tip temperature in turning 

operations using single point carbide Cutting Tool. The 
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Analysis of Variance (ANOVA) was employed to analyze 

the influence of process parameters during turning. 

Kushal et al. (2014) [3] In this paper L18 

orthogonal array based Taguchi optimization technique was 

used to optimize the effect of cutting parameter for surface 

roughness and MRR of EN 9 alloy steel work material 

having diameter of Φ 32mm in turning operation. The 

orthogonal array, the signal to noise ratio and analysis of 

variance were employed to study the performance 

characteristics in dry-wet machining condition of cylindrical 

work pieces using Tin coated tungsten carbide tool on CNC 

lathe. Five machining parameter such as spindle speed, feed 

rate, depth of cut, nose radius and cutting environment (wet 

& dry) were optimized with consideration of surface 

roughness.  

J.S. Dureja et al. (2014) [4]  has studied tool wear 

(flank wear) and surface roughness during finish hard 

turning of AISI D3 steel (58HRC) with coated carbide 

(TisiN-TiAlN coated) cutting tool. Taguchi L9 (3)3 

orthogonal array has been applied for experimental design. 

S/N ratio and ANOVA analyses were performed to identify 

significant parameters influencing tool wear and surface 

roughness. The cutting speed and feed were the most 

significant factors influencing tool wear (flank wear), and 

feed was the most significant factor influencing surface 

roughness (Ra). Desirability function module in Response 

surface methodology  was applied to arrive at the optimal 

setting of input parameters to minimize tool wear and 

surface roughness. The optimal solution provided by 

desirability function optimization was compared with the 

optimal setting of parameters given by Taguchi analysis. 

The optimization results provided by both techniques were 

in close proximity. The Taguchi analysis has suggested 

percentage contribution of input parameters influencing 

flank wear (VB) as: speed 73.65%, feed rate 8.18% and 

DOC 9.28%, signifying the cutting speed to be the most 

contributing factor influencing flank wear. The percentage 

contribution of input parameters influencing surface 

roughness (Ra) was: speed 19.47%, feed rate 52.98% and 

DOC 12.98% signifying the feed rate to be the most 

contributing factor influencing surface roughness.  Jitendra 

J. Thakkar et al. (2014) [5] has optimized the process 

parameters for surface roughness and Material Removal 

Rate (MRR) in turning of SS 410 round bars on CNC 

machine. The experimentation was carried out with PVD-

coated (WNMG) cutting tools; a first order mathematical 

model in terms of machining parameters was developed for 

surface roughness and material removal rate prediction 

using RSM (response surface methodology). The multi 

response optimization problems i.e. Optimization of SR and 

MRR were solved by using Genetic Algorithm (GA). The 

optimization was done using twenty seven experimental 

runs based on L‟27 orthogonal array. Analysis Of Variance 

(ANOVA) was also used to analyze the influence of cutting 

parameters during machining. Result outcomes from the 

ANOVA for surface roughness were that the feed rate has 

found the most significant effect on surface roughness. 

Increase in feed rate, value of surface roughness increases. 

For material removal rate the feed and depth of cut were 

found the most significant effect on material removal rate. 

Increase in feed and depth of cut, value of material removal 

rate increases. Manoj kumar sahoo (2013) [6] discussed the 

optimization of turning process and  effects of machining 

parameters by applying Taguchi methods so as to improve 

the quality of manufactured goods, and engineering 

development of designs for studying variation. There are 

three machining parameters i.e., Spindle speed, Feed rate 

and Depth of cut. Experiments are done by varying one 

parameter and keeping other two fixed so maximum value 

of each parameter was obtained. Taguchi orthogonal array is 

designed with three levels of turning parameters with the 

help of software Minitab 16. In the first run nine 

experiments are performed and material removal rate 

(MRR) is calculated. Taguchi method stresses the 

importance of studying the response variation using the 

signal–to–noise (S/N) ratio, resulting in minimization of 

quality characteristic variation due to uncontrollable 

parameter. The metal removal rate was considered as the 

quality characteristic with the concept of "the larger-the-

better. S/N ratio values are calculated by taking the help of 

software Minitab 16. The MRR values measured from the 

experiments and their optimum value for maximum material 

removal rate. It is also predicted that Taguchi method is a 

good method for optimization of various machining 

parameters as it reduces the number of experiments. 

Dr. C. J. Rao et al. (2013) [7] This research 

reported the significance of influence of speed, feed and 

depth of cut on cutting forces and surface roughness while 

working with tool made of ceramic with an Al2O3+TiC 

matrix (KY1615) and the work material of AISI 1050 steel 

(hardness of 484 HV). Experiments were conducted using 

Johnford TC35 Industrial type of CNC lathe. Taguchi 

method (L27 design with 3 levels and 3 factors) was used 

for the experiments. Analysis of variance with adjusted 

approach has been adopted. Krishankant et al (2012) [8] has 

investigated  in an optimization of turning process by the 

effects of machining parameters by applying Taguchi 

methods to improve the quality of manufactured goods, and 

engineering development of designs for studying variation. 

EN24 steel was used as the work piece material for carrying 

out the experimentation to optimize the Material Removal 

Rate. The bars used were of diameter 44mm and length 

60mm. There were three machining parameters i.e. Spindle 

speed, Feed rate, Depth of cut. Different experiments were 

done by varying one parameter and keeping other two fixed 

so that maximum value of each parameter can be obtained. 

Orthogonal array was designed with three levels of turning 

parameters with the help of software Minitab 15. In the first 

run nine experiments were performed and material removal 

rate (MRR) was calculated. When experiments were 

repeated in second run again MRR was calculated. 

Ajay Mishra et al. (2012) [9] used Taguchi 

techniques to find out the optimum tool flank wear width in 

turning operation of AISI 1045 Steel. L9 orthogonal array, 

S/N ratios and ANOVA were used to study the performance 

characteristics of cutting speed, feed rate and depth of cut as 

turning parameters with tool flank wear width as response 

variable. The result of the analysis indicated that the 

selected machining parameters affect significantly the tool 

flank wear width of Tungsten Carbide cutting tool while 

machining AISI 1045 steel and also indicate that the cutting 

speed was the most influencing parameter out of the three 

parameters under study.  
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Upinder Kumar Yadav et al. (2012) [10] have optimized the 

machining parameters for surface roughness in CNC 

Turning by Taguchi method. Medium Carbon Steel (AISI 

1045) of Ø: 28 mm, length 17 mm were used for the turning 

experiments in the present study. AISI 1045 has a variety of 

applications in vehicle component parts & machine building 

industry. Surface roughness was the main quality function in 

high speed turning of medium carbon steel in dry 

conditions. In this study, the effect and optimization of 

machining parameters (cutting speed, feed rate and depth of 

cut) on surface roughness was investigated. L‟27 orthogonal 

array, analysis of variance (ANOVA) and the signal-to-

noise (S/N) ratio were used in this study. Three levels of 

machining parameters were used and experiments were done 

on STALLION-100 HS CNC lathe.  

Kamal Hassan et al. (2012) [11] investigated the 

effects of process parameters on Material Removal Rate 

(MRR) in turning of C34000.The effect of parameters i.e. 

Cutting speed, feed rate and depth of cut and some of their 

interactions were evaluated using  L‟27  orthogonal array of 

Taguchi method ANOVA analysis with the help of  

MINITAB 16 software. It has been concluded that the 

material removal rate was mainly affected by cutting speed 

and feed rate. 

Mahendra Korat et al. (2012) [12]  has investigated  

the effects of cutting parameters on surface finish and MRR 

of EN24/AISI4340 work material by employing Taguchi 

techniques. The orthogonal array, signal to noise ratio and 

analysis of variance were employed to study the 

performance characteristics in turning operation. Five 

parameters were chosen as process variables: Speed, Feed, 

Depth of cut, Nose radius, Cutting environment (wet and 

dry). The experimentation plan was designed using 

Taguchi‟s L18 Orthogonal Array (OA) and Minitab 16 

statistical software was used. 

L B abhang et al. (2012) [13] has done 

experimental work by turning EN31 steel alloy by using 

tungsten carbide inserts. Main purpose of this study was to 

find out the optimal combination of process parameters 

based on S/N ratio and to know the significance of each 

parameter by performing ANOVA analysis and to find out 

the effect of lubricant temperature in steel turning process 

on the response i.e. surface roughness. The cutting 

parameters namely feed rate, depth of cut, and lubricant 

temperature were varied to observe the effect on responses.  

Raju Shrihari Pawade et al. (2011) [14] performed 

experiment for Multi-objective optimization of surface 

roughness and cutting forces in high-speed turning of 

Inconel 718 using Taguchi grey relational analysis (TGRA).  

A TGRA was proposed to study the optimization of high 

speed turning process parameters. Cutting force components 

and the surface roughness of the machined components were 

selected as quality targets. Twenty-seven experimental runs 

based on orthogonal arrays were performed.  

Hyun Wook Lee et al. (2010) [15] has investigated 

from the Taguchi method to determine the rough region 

first, followed by RSM (response surface methodology) 

technique to determine the exact optimum value for turning 

parameters like Cutting speed in m/min, Feed in mm/rev and 

Depth of Cut in mm. Commercial inserts of P20 (tungsten 

carbide insert) and AB30 (Ceramic insert) with the 

specification of SNGN120408 were used for turning the 

work materials, SM45C (AISI45) and SCM440. To achieve 

the goal, the result from the Taguchi method has been fed to 

train the artificial neural network (ANN).  

Hari singh (2008) [16] obtained an optimal setting 

of turning process parameters –cutting speed, feed and depth 

of cut, which might result in optimizing tool life of TiC 

coated carbide inserts while turning En24 steel (0.4 % C ). 

The effects of the selected process parameters on the tool 

life and the subsequent optimal settings of the parameters 

have been accomplished using Taguchi‟s r design of 

experiments approach. The results indicate that the selected 

process parameters significantly affect the mean and 

variance of the tool life of the carbide inserts. 

 Ahmet et al. (2008) [17] studied the effect and 

optimization of machining parameters on surface roughness 

and tool life in a turning operation by using the Taguchi 

method. The experimental studies were conducted under 

varying cutting speeds, feed rates, and depths of cut. An 

orthogonal array, the signal-to-noise (S/N) ratio, and the 

analysis of variance (ANOVA) were employed to the study 

the performance characteristics in the turning of commercial 

Ti-6Al-4V alloy using CNMG 120408-883 insert cutting 

tools. The conclusions revealed that the feed rate and cutting 

speed were the most influential factors on the surface 

roughness and tool life, respectively. The surface roughness 

was primarily related to the cutting speed, whereas axial 

depth of cut had the greatest effect on tool life. 

Tian-Syung Lan et  al. (2008) [18] this research 

paper has  selected the L9 ( 3
4
) orthogonal array of a 

Taguchi experiment for four parameters  i.e. cutting depth, 

feed rate, speed, and tool nose runoff  with three levels low, 

medium, and high  in optimizing the finish turning 

parameters on an ECOCA-3807 CNC lathe. The surface 

roughness (Ra) and tool wear ratio (mm
-2

) were primarily 

observed as independent objectives for developing two 

combinations of optimum single-objective cutting 

parameters. Additionally, the levels of competitive 

orthogonal array were then proposed between the two 

parameter sets. The surface roughness of each work piece 

was measured four times at three different sections of 40 

mm, 80 mm, and 120 mm from the face. The mean effects 

for S/N ratios were drawn by MINITAB 14.  

S. Thamizhmanii et al. (2007) [19] the purpose of 

this research paper was focused on the analysis of optimum 

cutting conditions to get lowest surface roughness in turning 

SCM 440 alloy steel by Taguchi method. Experiment was 

designed using Taguchi method and 18 experiments were 

designed by this process and conducted. The results were 

analyzed using analysis of variance (ANOVA) method.  

III. RESULT ANALYSIS 

P. Madhava Reddy et al. (2014) [1] concluded that the 

optimal „process parameters‟ based on grey relational 

analysis for the turning of EN16 steel include a 200 m/min 

cutting speed, 0.1 mm/rev feed rate and 0.6mm depth of cut. 

From ANOVA, it was identified that the interaction 

parameter between cutting speed and feed rate (60.71%) 

influences more on turning of EN16 steel followed by depth 

of cut (20.04%) and feed rate (10.49%). Anand et al. (2014) 

[2] emphasis on two points (1) for surface roughness 

optimum combination of speed (4.133 RPM) and depth of 

cut (6.239mm) was obtained. (2) for tool tip temperature 
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optimum combination of speed (41.55 RPM ) and depth of 

cut (40.66mm) was obtained. 

Kushal et al. (2014) [3] Results of the study 

indicated for optimal cutting parameter were wet cutting 

environment, cutting speed (350rpm), feed (0.6mm/rev), 

depth of cut (0.9mm), and nose radius (0.8mm) for 

minimum surface roughness (SR) and dry cutting 

environment, cutting speed (700rpm), feed (0.6mm), depth 

of cut (1.2mm), and nose radius (0.4mm) was optimum 

setting for material removal rate and this developed model 

can be used to increase the machine utilization at low 

production cost in manufacturing environment. 

J.S. Dureja et al. (2014) [4]  found that the optimal 

machining conditions for minimizing tool wear (VB) as per 

Taguchi analysis cutting speed was 130 m/min, feed 0.10 

mm/rev, depth of cut 0.40 mm with an estimated flank wear 

of 96 μm. The optimized machining conditions for 

minimizing surface roughness as per Taguchi analysis 

cutting speed was 155 m/min, feed 0.10 mm/ rev., depth of 

cut 0.25 mm with an estimated surface roughness of 0.57 

μm. 

Jitendra J. Thakkar et al. (2014) [5] concluded that 

for surface roughness the percentage contribution of cutting 

speed was 12.01 %, feed of 78.45 % and depth of cut of 2.04 

% on surface roughness for straight turning operation.  In 

multi response optimization the optimum cutting parameter 

combination was meeting with parameter combination value 

was 0.200 mm depth of cut, 209.99 m/min cutting speed and 

0.14 mm/rev feed rate surface roughness was 

0.7429609811393024 μm. For material removal rate the 

percentage contribution of cutting speed was 14.67 %, feed 

of 18.14 % and depth of cut of 58.57 % on material removal 

rate for turning operation. In multi response optimization the 

optimum cutting parameter combination was meeting with 

parameter  combination value was 1.0 mm depth of cut, 

209.99 m/min cutting speed and 0.30 mm/rev feed rate 

surface roughness was 59271.39999580036 mm3/min. 

Dr. C. J. Rao et al. (2013) [7] The results have 

indicated that  feed rate has significant influence both on 

cutting force as well as surface roughness. Depth of cut has 

a significant influence on cutting force, but has an 

insignificant influence on surface roughness. The interaction 

of feed and depth of cut and the interaction of all the three 

cutting parameters have significant influence on cutting 

force, whereas, none of the interaction effects were having 

significant influence on the surface roughness produced. 

They found that optimization of turning process with respect 

to power consumption, the focus should be on choosing an 

appropriate combination of feed rate (< 0.06 mm/rev) and 

depth of cut (<0.15 mm). 

Krishankant et al (2012) [8] found that the effect of 

spindle speed increases with increase in spindle speed up to 

347 RPM, beyond that it was decreasing. So the optimum 

spindle speed was 347 RPM. The effect of feed rate 

increased with increase in feed rate. So the optimum feed 

rate was found 0.458 mm/rev. The effect of depth of cut 

increased with increase in depth of cut. So the optimum 

depth of cut was found 0.458 mm/rev. 

Ajay Mishra et al. (2012) [9]  found that the tool 

flank wear width, surface roughness and roundness were 

improved by 12.17 %, 16.39 % and 8.83 % respectively.  

The optimum parameter values in the given operating 

condition were cutting speed = 110 m/min., feed rate = 0.15 

mm/rev. and depth of cut = 0.20 mm.  

Upinder Kumar Yadav et al. (2012) [10] concluded 

that feed rate was the most significant factor affecting 

surface roughness followed by depth of cut. Cutting speed 

was the least significant factor affecting surface roughness. 

Kamal Hassan et al. (2012) [11] concluded that with the 

increase in cutting speed the material removal rate was 

increases & as the feed rate increases the material removal 

rate increases. The best setting of input process parameters 

for defect free turning with in selected range was (1) cutting 

speed 55m/min .(2) feed rate 0.35mm/rev.(3) depth of cut 

0.2mm. 

Mahendra Korat et al. (2012) [12] Optimal cutting 

parameters for, minimum surface roughness (SR) and 

maximum material removal rate were obtained. optimal 

cutting parameter were wet cutting environment, cutting 

speed (260m/min), feed (0.2mm/rev), depth of cut  (1.5mm), 

and nose radius (1.2mm) for minimum surface roughness 

(SR) and wet cutting environment, cutting speed 

(260m/min), feed (0.3mm), depth of cut (1.75mm), and nose 

radius (1.4mm) was optimum setting for material removal. 

L B abhang et al. (2012) [13] found that surface roughness 

is better if cooled lubricant is applied. Also feed rate and 

lubricant temperature are main parameters among the three 

factors (feed rate, depth of cut, and lubricant temperature) 

that affect the surface roughness. 

Raju Shrihari Pawade et al. (2011) [14] conclude 

that recommended levels of high-speed turning parameters 

when both the cutting force components and the surface 

roughness were simultaneously considered were  Vc (475 

m/min), f (0.10 mm/rev), depth of cut (0.50 mm) with CW2 

edge geometry insert. Among the tested parameters, the feed 

rate showed the strongest correlation to cutting forces and 

surface roughness. An increase in the value of predicted 

weighted GRG from 0.1660 to 0.2071 confirmed the 

improvement in the performance of high-speed turning 

process using optimal values of process parameters. The 

machined surfaces show more alterations (micro particle 

deposits, debris, smeared layer, and micro-chip fragments) 

at lower cutting speed. However, majority of the alterations 

wiped out at higher cutting speeds. 

Hyun Wook Lee et al. (2010) [15] obtained cutting 

condition from RSM gives a better result than that from the 

Taguchi method. 

Hari singh (2008) [16] found the optimal setting of 

process parameters for optimal tool life were cutting speed 

(250m/min), feed (0.14mm/rev), and depth of cut (0.70mm). 

The percent contributions of parameters as quantified in the 

S/N pooled ANOVA envisage that the relative power of 

feed (8.78 %) in controlling variation and mean tool life was 

significantly smaller than that of the cutting speed (34.89 %) 

and depth of cut (25.80 %). The predicted optimum tool life 

was 20.19 min.  

Ahmet et al. (2008) [17] found that the cutting 

speed was the most significant cutting parameter for 

affecting the tool life (73.69%). The feed rate affects the 

tool life by 14.42% and axial depth of cut has an 

insignificant effect on tool life (7.91%). Based on the signal-

to noise ratio results they concluded that the (V=90 m/min, 

f=0.15 mm/rev, DOC=0.5 mm) and (V=30 m/min, f=0.15 

mm/rev, DOC=2 mm) settings were the optimal machining 
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parameters for surface roughness and tool life, respectively. 

The improvement of the surface roughness from the initial 

machining parameters to the optimal machining parameters 

was found about 244%, whereas the tool life was improved 

by 335%. 

Tian-Syung Lan et  al. (2008) [18] obtained the 

optimum single objective turning parameters for surface 

roughness was found to be cutting speed (250 m/min), 

cutting depth (1 mm), feed rate (0.2 mm/rev), and tool nose 

radius  (±0.03 mm).  

S. Thamizhmanii et al. (2007) [19] found that the 

depth of cut is the only significant factor which contributes 

to the surface roughness. i. e. 14.467 % contributed by the 

depth of cut for  surface roughness. The second factor which 

contributes to surface roughness is the feed having 9.764 %. 

They recommended that depth of cut of 1 to 1.5 mm can be 

used to get lowest surface roughness. 

IV. CONCLUSION 

From the above research paper  we found that most of the 

researchers had taken speed, feed, depth of cut as input 

parameter and in some cases nose radius, cutting 

environment (dry or wet ) and tool tip temperature whereas 

material removal rate, surface roughness, and tool wear as 

output variable. By studying the above literature we 

concluded that for material removal rate the most significant 

parameters are depth of cut, feed rate, and speed. Least 

significant parameter is nose radius. We found that feed rate 

is most significant factor affecting the surface roughness 

followed by depth of cut. For tool flank wear speed, depth of 

cut and feed are significant factors. We also found that 

Taguchi gives systematic simple approach and efficient 

method for the optimum operating conditions. 
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