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Influence of Process Parameters on Ovality in 

Drilling of GFRP Composites using Tungsten 

Carbide Tool 
Uday C. More1    

 

Abstract— GFRP composites have successfully replaced 

traditional materials and are widely used in various 

applications due to their properties such as light weight 

and high strength. Drilling is one of the most common 

manufacturing processes used in order to install 

fasteners for assembly of laminates. Most of the 

problem associated with the hole making operation, 

such as drilling, can be attributed to the cutting 

parameters and the force generated during cutting 

operation. The objective of the present work is to 

optimize process parameters namely, cutting speed, 

feed, in drilling of glass fiber reinforced polymer 

(GFRP) composites using tungsten carbide drill. In this 

work, experiments were carried out as per the Taguchi 

experimental design and L9 orthogonal array was used 

to study the influence of various combinations of 

process parameters on the hole quality. The results 

indicate that feed rate is the most significant factor 

influencing the ovality followed by speed. This work is 

useful in selecting optimum values of various process 

parameters that would minimize the ovality and 

improve the quality of the drilled hole. 

 
I. Introduction 

Composite materials are produced by combining two 

dissimilar materials into a new material that may be better 

suited for a particular application than either of the original 

materials alone.Most of the composite materials are 

composed of two phases: 

1. Matrix, which is continuous & surrounds the other 

phase,  

2. Dispersed phase. 

 

A. Classification of composite materials: 

Composite materials are subdivided into following 

classes on the basis of the form of structural constituents: 

 

Table-1 Classification on the basis of dispersed phase 

1 Fibrous Dispersed phase consists of 

fibres 

2 Flake Dispersed phase consists of 

flat flakes 

3 Laminar Composed of layer or 

laminar components/ 

constituents 

4 Particulate Dispersed phase consists of 

small particles 

 

Fiberglass is a composite consisting of glass fibers, which 

may be continuous or discontinuous and contained with a 

polymer matrix. These are commonly produced in ‘E’ glass 

(E – electrical), because it draws well and has good 

strength and stiffness.Glass fiber reinforced plastic (GFRP) 

composites are most widely used in aerospace, automobile, 

marine, electronic industries, construction of military 

vehicles, machine tools, robots and sports equipment owing 

to their multi potential properties such as high strength to 

weight ratio, high specific stiffness, high damping, high 

fracture toughness, good dimensional stability and 

excellent corrosion resistance [1,2]. Accordingly, the need 

for accurate machining of composites has increased 

enormously. Intricacy in the product design necessitates 

development of the composite product in parts, which are 

finally assembled. The hole making thus becomes an 

integral part of the product development cycle.  

Machining of these structures involves cutting, drilling, or 

contouring GFRP laminates for the assembly into 

composite structures. In fact, drilling is one of the most 

common manufacturing processes used in order to install 

fasteners for assembly of laminates. In machining 

processes, however, the quality of the component is greatly 

influenced by the cutting conditions, tool geometry, tool 

material, machining process, chip formation, work piece 

material, tool wear and vibration during cutting, etc. 

Therefore, a precise machining needs to be performed to 

ensure the dimensional stability and interface quality [7]. 

The literature on the drilling of nonlaminated composite 

materials is scarce. Nonlaminated composites, because of 

its superior properties than the laminated composites, finds 

application in construction of bridges, prefabricated 

walkways and platforms, bus components, ballistic 

applications etc. In ballistic applications mostly thick 

nonlaminated composites with higher percentage of fiber 

weight fraction is used to ensure higher order energy 

absorption. [3] 

Hence the research interest in the present study was to 

investigate the influence of drilling process parameters 

such as feed and spindle speed on ovality (hole diameter 

inaccuracy) of the drilled holes and attaining optimal 

process parameter levels in the selected range for hole 

quality considering minimum ovality of the drilled holes in 

high fiber weight fraction glass/epoxy thick nonlaminated 

composite rods.  

This paper presents the application of Taguchi’s orthogonal 

array and analysis of variance to study the relative 

  International Journal of Advances in Computing and Management, 4(1) January- June 2015, pp. 1-5    

Copyright @ DYPIMCA, Akurdi, Pune (India)                                                             ISSN 2250 - 1975 

 

1 B.V.D.U. College of Engineering, Pune, 

 Pune, B.V.University , India 



 

 

influence of process parameters and analysis of Signal-to-

Noise ratio for attaining optimal parameter levels. If ovality 

of the drilled holes can be minimized, the bearing strength 

of the drilled holes and the service life of the assembled 

components can be substantially increased. 

 

II. EXPERIMENTAL DETAILS 

Specimen material used is a pultruded rod, which 

is a GFRP polymeric (epoxy) nonlaminated composite 

(Fig.1) of 20 mm length and 25 mm diameter. Pultruded 

rod was made using E-CR glass directional roving fibers of 

4800 tex with 82 % fiber weight fraction. In the pultruded 

rod, the orientation of glass fibers is parallel to the axis of 

drill.  

 

 
 

Fig.1: GFRP work piece 

 

The properties of the GFRP material are as given in table-2 

below: 

Table -2:  Properties of GFRP composite material 

Sr.No. Characteristic Specified 

value 

1 Specific gravity 2.1 

2 Glass content 82% 

3 Water absorption 

(%) 

0.01 

3 Tensile strength 11181 Kg/cm2 

4 Compressive 

strength 

4222 Kg/cm2 

5 Impact strength 525 Kg/m2 

6 Barcol Hardness 60/65 

 

Tungsten carbide drills are extremely hard and can drill 

virtually all materials, while holding an edge longer than 

other bits.  

The material is expensive and much more brittle than 

steels; consequently they are mainly used for drill bit tips. 

 

 

 

 

 

Fig.2: Tungsten carbide drill 

  The specifications of tungsten carbide drill (Fig.2) are as 

given in table -3 below: 

 

Table- 3: Details of tungsten carbide drill 

Material  Tungsten carbide 

Drill diameter 10.5 mm 

Shank type Cylindrical, straight  

No. of flutes 02 

Helix angle 150 

Point angle 1350 

Overall length 86 mm 

Finish Coating Tungsten, 7-8  µm 

The experiments for drilling of GFRP components were 

conducted in dry condition at room temperature on VMC 

CNC Dahlih (Taiwan) machine. (Fig.3). The GFRP solid 

round rod was mounted on the fixture, which in turn was 

mounted on the table of CNC machining centre. 

 

 

Fig.3: Experimental setup used for drilling operation 

The vacuum cleaner was used to remove powdery chips 

away from the cutting zone. 
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The ovality of the drilled holes was measured using Brown 

& Sharpe coordinate measuring machine (CMM). 

 

III. PLAN OF EXPERIMENTS 

 

The experiments were conducted with selected cutting 

conditions without using coolant. The process parameters 

and their levels selected for drilling GFRP composite rods 

are presented in Table-4 below. 

Table-4: Process parameters & their levels in drilling 

 

Process 

parameter 

Symbol Level 

1 

 

Level 

2 

 

Level 

3 

 

Feed 

(mm/rev) 

F 0.05 0.10 0.15 

Spindle  

speed 

(rpm) 

S 1000 1250 1500 

The orthogonal array L9 as shown in table – 5 was selected 

for this work. 

This investigation was carried out in nonlaminated 

composite rods to optimize the process parameter levels 

within the selected range to attain minimum drilled hole 

ovality and thereby to attain defect controlled drilling, 

which leads to high hole quality. 

 In Taguchi method, S/N ratio is the measure of 

quality characteristics and deviation from the desired value. 

In this investigation, “smaller the better” characteristic has 

been applied to determine the S/N ratio for average ovality 

as it is to be minimized.  

A higher the value of S/N ratio means the better the fit 

for the combined objective. The ovality was measured the 

entry, middle and exit of the drilled holes and an average 

was taken for analysis. 

IV. RESULTS AND DISCUSSION 

 The influence of process parameters (feed and 

speed) on ovality is discussed below. 

A) Ovality: 

 From Fig.4, it can be realized that the ovality 

decreases with decrease in feed and speed in general. Also 

it is observed that lower ovality of the drilled hole can be 

obtained with medium feed (0.10 mm/rev) and high speed 

(1500 rpm).  
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Fig.4:   Interaction plot for ovality 

From Table 6, it is observed that experiment no. 6 gives 

minimum ovality in pultruded rods. 

 

Table- 6: Ovality values as a function of process 

parameters 

 

Expt. 

No. 

L9 Ovality 

(mm) 
Feed          

(mm/rev ) 

Speed 

(rpm ) 

1 0.05 1000 10.532 

2 0.05 1250 10.536 

3 0.05 1500 10.532 

4 0.10 1000 10.547 

5 0.10 1250 10.536 

6 0.10 1500 10.530 

7 0.15 1000 10.547 

8 0.15 1250 10.544 

9 0.15 1500 10.539 

B) Signal-to-Noise (S/N) ratio: 

The S/N ratio response graph for ovality is shown in Fig. 5 

below: 
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Fig.5:  S/N ratio response graph for ovality 

From the graph, the optimal combination can be concluded 

as 0.05 mm/rev feed and 1500 rpm speed within the 

selected range of experiment, which gives lower drilled 

hole ovality of the order of 10.532 mm. 

Table- 7: Response Table for S/N Ratios for ovality 

(Smaller is better) 

  

Level Feed Speed 

1 -20.45 -20.46 

2 -20.45 -20.46 

3 -20.46 -20.45 

Delta 0.01 0.01 

Rank 1 2 

 

From the response table for S/N ratio, it   shows 

that feed is the parameter, which is  influencing more on 

the ovality of drilled hole. 

V. CONCLUSIONS 

 The research in the present study was to optimize 

the process parameter levels within the range examined 

based on minimum ovalit

y of the drilled hole and thereby attaining high hole 

quality in drilling nonlaminated GFRP composite 

rods using a tungsten carbide drill. Based on the 

experimental results and methodology used, the 

following conclusions can be drawn for drilling 

pultruded GFRP composite rods using 10.5 mm 

tungsten carbide drill. 

1. The influence of feed on ovality of the 

drilled holes was more than  the influence 

of speed 

2. The optimal process parameter levels to 

attain lower ovality of the drilled hole and 

thereby producing high quality holes in 

pultruded GFRP composite rods was 

identified as 0.05 mm/rev feed and 1500 

rpm speed within the range examined. 

This optimal process parameter level 

combination gives ovality of the drilled 

hole in the order of 10.532 mm. 

3. The quality of drilled holes in 

nonlaminated composite rods is not 

dependent on process parameters such as 

speed and feed, whereas it is not the same 

in laminated composites. The probable 

reason for the process parameters not 

being significant in influencing ovality of 

drilled hole in nonlaminated composite 

rods may be due to the orientation of glass 

fibers, which are parallel to the axis of 

drill. (In laminated composites, the 

orientation of glass fibers is perpendicular 

to the axis of drill). 
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Multi Objective Optimization of Cutting 

Parameters in Boring Operation by PCA & 

Taguchi Method 
Gajanan Khaire 1 

 

Abstract— In machining operations, achieving desired 

surface quality features of the machined product, is 

really a challenging job. Because, these quality 

features are highly correlated and are expected to be 

influenced directly or indirectly by the direct effect of 

process parameters or their interactive effects (i.e. on 

process environment). However, the extents of 

significant influence of the process parameters are 

different for different responses. Therefore, 

optimization of surface roughness is a multi-factor, 

multi-objective optimization problem. Therefore, to 

solve such a multi-objective optimization problem, it 

is felt necessary to identify the optimal parametric 

combination, following which all objectives could be 

optimized simultaneously. In this context, it is 

essential to convert all the objective functions into an 

equivalent single objective function or overall 

representative function to meet desired multi-quality 

features of the machined surface.  

The required multi-quality features may or may not 

be conflicting in nature. The representative single 

objective function, thus calculated, would be 

optimized finally. In the present work, Design of 

Experiment (DOE) with Taguchi L9 Orthogonal 

Array (OA) has been explored to produce 9 

specimens on copper bard by straight turning 

operation. Collected data related to surface roughness 

have been utilized for optimization. Principal 

Component Analysis (PCA) has been applied to 

eliminate correlation among the responses and to 

evaluate independent or uncorrelated quality indices 

called principal components. Based on quality loss of 

individual principal components with respect to the 

ideal condition, CQL (COMBINED QUALITY 

LOSS) has been calculated to serve as the single 

objective function for optimization. Finally, Taguchi 

method has been adopted for searching optimal 

process condition to yield desired surface quality. 

Result of the aforesaid optimization procedure has 

been verified through confirmatory test. The study 

illustrates the detailed methodology of PCA based 

Taguchi method and its effectiveness for multi-

response surface quality optimization in turning 

operation. 

I. INTRODUCTION 

For conducting any successful experiment, there is 

a requirement of rigorous planning and background 

study of the subject. From the understanding of 

basics of manufacturing and literature review of 

past and present research, a problem is clearly 

defined. From the problem definition it is observed 

that, vibration created due to large overhang and 

smaller cross-section of the boring bar the surface 

finish obtained after machining is poor.  

The today’s industry requirement is to achieve 

good surface finish to meet the customers’ quality 

requirements. It is planned to use a passive 

technique of vibration isolation so that much cost 

will not be involved. 

 

II.  EXPERIMENTATION SETUP 

Run No. 1 as given in Table of Orthogonal Array 

states that; 

A1 = Spindle Speed = 100 rpm 

B1 = Feed Rate = 0.02 mm/rev 

C1 = Depth of Cut = 1 mm 

Similarly one can identify the remaining 8 

runs. 

 

Table 1: Test matrix 

Sr. 

No. Parameter 

Level 

Low 

(1) 

Medium 

(2) 

High 

(3) 

1 Spindle 

Speed N 

(rpm) 

A 100 150 200 

2 Feed Rate  

f(mm/rev) 

B 0.02 0.03 0.02 

3 Depth of 

Cut 

t(mm) 

C 1 1.5 2 

 

Table 2: L9 Orthogonal Array 

Test 

No. 

A B C D 

T1 1 1 1 1 

T2 1 2 2 2 

T3 1 3 3 3 

T4 2 1 2 3 

T5 2 2 3 1 

T6 2 3 1 2 

T7 3 1 3 2 

T8 3 2 1 3 

T9 3 3 2 1 
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III.  EXPERIMENTAL ANALYSIS 

Table 3: Result Table 

 

 

Surface 

Roughness 

(µm) 

Vibration 

Level 

(Acceleration) 

m/sec2 

Material 

Removal 

Rate 

(m3/min) 

Test 

No. 

Y1 Y2 Y1 Y1 Y2 

T1 
4.25 4.18 1.68 × 

10-3 

1.67 × 

10-3 
0.4395 

T2 
4.89 5.01 1.67 × 

10-3 

1.68 × 

10-3 
3.762 

T3 
4.11 4.05 1.87 × 

10-3 

1.78 × 

10-3 
4.0128 

T4 
5.32 5.37 2.07 × 

10-3 

2.11 × 

10-3 
1.758 

T5 
3.78 3.72 6.243 

× 10-4 

6.34 × 

10-4 
2.0064 

T6 
2.87 2.68 2.183 

× 10-4 

2.024 

× 10-4 
1.881 

T7 
5.67 5.45 4.687 

× 10-3 

4.786 

× 10-3 
4.2192 

T8 
4.09 4.12 1.867 

× 10-3 

1.768 

× 10-3 
1.254 

T9 
3.45 3.38 2.283 

× 10-4 

2.176 

× 10-4 
1.254 

 

Test 

No. 

S/N Ratio 

Surface 

Roughness 

Vibration 

Level 

Material 

Removal 

T1 -12.4963 55.5197 -7.1408 

T2 -13.8927 55.5197 11.5084 

T3 -12.2134 54.7721 12.0690 

T4 -14.5590 53.5967 4.9004 

T5 -11.4809 64.0247 6.0484 

T6 -8.8703 73.5350 5.4878 

T7 -14.9032 46.4904 12.5046 

T8 -12.2663 54.8073 1.9660 

T9 -10.6683 73.0334 1.9660 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: S/N Ratio for Surface 

Roughness 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:  S/N Ratio for Material Removal Rate 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Probability Plot of Material Removal 

Rate 

Table 5: Full Factorial Results 

Te

st 

N

o. 

Surface 

Roughness 

(µm) 

Vibration 

Level 

(Acceleration

) 

m/sec2 

Material 

Removal 

Rate 

(m3/min) 

Mea

n 

S/N Mean S/N Mea

n 

S/N 

1 4.66

556 

-

13.3

201 

0.002

4861 

50.3

603 

1.49

363 

-

1.95

31 

2 5.53

722 

-

15.1

491 

0.002

5812 

49.7

896 

2.56

013 

4.06

75 

3 5.43

056 

-

14.9

749 

0.003

6487 

44.1

687 

3.71

493 

8.14

99 

4 3.89

389 

-

11.8

805 

0.001

0262 

56.6

086 

1.69

553 

1.13

30 

5 4.76

556 

-

13.7

096 

0.001

1212 

56.0

379 

2.76

203 

7.15

36 

6 4.65

889 

-

13.5

354 

0.002

1888 

50.4

170 

3.91

683 

11.2

360 
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Figure.4 From the contour graph of Feed, Depth of 

Cut vs. Material Removal Rate, it is seen that the 

higher MRR is obtained at higher feed rate and at 

higher depth of cut. 

 

Table6 Contribution of each individual quality 

characteristic for the principal component. 

 

Principal 

Compone

nt 

Eige

n 

Valu

e 

Contributi

on Rate 

(%) 

Cumulativ

e 

Contributi

on Rate 

(%) 

First 2.05

5 

68.512 68.512 

Second  0.74

8 

24.948 93.460 

Third 0.19

6 

6.540 100 
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Quality Improvement of Traction Motor 

through Pareto Analysis 
A. K. Sen1# A. L. Tappu2 

 

Abstract— Quality improvement of a product is 

always a never ending process, and efforts to reduce 

the variability of a process and reduce the production 

of nonconforming items should continue forever. 

Basically quality improvement relates to the detection 

and elimination of causes which force a 

system/product to go out of control. As a result their 

impact on the desired output of the system/product is 

a significant one. In this paper Traction Motor (which 

is used in Railway Electric Engine) quality control 

and its improvement has been addressed by using 

Pareto analysis- a graphical technique used for the 

quality improvement of any processor product. 

 

I. Introduction 

Quality is one of the key elements in surviving 

today’s tough market competition. Basically, 

quality of a product or service is the fitness of that 

product or service for meeting its intended use as 

required by the customer. Now, quality control is 

one of the important areas for corrective action 

measures for improving the service quality of the 

Traction Motor- our product in the current 

discussion.  Quality control helps to remove the 

identifiable factors that cause the performance of a 

system to be unstable or off-target. Once the 

components comprising the product or a system is 

in a state of statistical control, if the output does 

not meet desirable norms, then fundamental 

changes are needed in the process of 

manufacturing the product, the product design, or 

both. Such changes are the focus of quality 

improvement.  In general, graphical methods are a 

viable tool for the analysis of product and process 

data. These methods are useful for understanding 

and receiving the comprehensive information. 

They also provide information on existing product 

or process characteristics and help us to determine 

whether these characteristics are close to the 

desired norm. Graphical techniques are useful in 

identifying the areas of quality improvement 

efforts. Basically, quality control and 

improvement are a never ending process and tools 

of improvement are beneficial to any company or 

designer, regardless of its current level of quality 

achievement.Keeping the abovementioned goals 

in mind, graphical method namely,Pareto Diagram 

has been addressed here in connection with 

traction motor quality control and its 

improvement.  

  

II. Pareto Diagram 

II. Pareto Diagram 

This diagram is an important tool in the quality 

improvement process. The basic philosophy or 

principle of this method is the problems; causing 

the failure of a system or a process is due to few 

causes, even though there are many causes that 

may influence the occurrence of these problems. 

These categories of problems were identified as the 

vital few and the trivial many.The Pareto principle 

lends support to the 80/20 rule, which states that 80 

percent of the problems (nonconformities or 

defects) are created by 20 percent of the causes. 

Pareto diagram help management of any 

organization quickly identify the critical areas 

(those causing most of the problems) which 

deserve immediate attention. They identify the 

important problems, the resolution of which will 

lead to substantial improvements in quality.They 

provide guidance in the allocation of limited 

resources to problem-solving activities. Through 

the use of Pareto diagram, problems may be 

arranged in order of importance. “Importance” may 

refer to the relative number of occurrences of the 

problems or the financial impact of a problem. 

 

2.1 Steps for construction of Pareto Diagram  

The steps for constructing a Pareto diagram as 

described by Mitra[1] are as follows: 

i) Decide on the means of classifying the data- 

by problem causes, type of nonconformity 

(critical, major, minor), or whatever else 

seems appropriate. 

ii) Determine the method of judgement of 

relative importance, that is, whether it 

should be based on associated financial 

values or the frequency of occurrence. 

iii) Rank the categories from most important to 

least important. 

iv) Compute the cumulative frequency of the 

data categories in their chosen order. 

v) Plot a Bar graph, showing the relative 

importance of each problem area in 

descending order. Identify the vital few that 

deserve immediate attention. 

 

2.2 Traction Motor Pareto Diagram:                                                                                                                    

Based on the procedure of construction of Pareto 

Diagram as mentioned above data have been 

gathered regarding the causes of problems in a 

Traction motor from Kharagpur Railway 

Workshop. Table 1 in the following page shows the 

causes of problems along with the percentage and 

frequency of each [2]. The data in Table 1 show 
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that the four most significant failurecauses are 

armature winding, main pole winding, commutator 

winding and spider, which mostly attribute the 

problems in the motor. These four areas comprise 

60 percent of the problems in motor operation. 

Thus, looking critically into these four areas and 

making corresponding improvements could 

potentially result in saving the maintenance and 

repair cost.  Table 1 also shows the cumulative 

percentages of occurrence for the different 

causes.The Pareto diagram is shown in Fig.1 and 

that of cumulative percentage of defects in Fig.2. 

 

 

   

 

 

III. CONCLUSION 

 

Pareto analysis is defined as the study of 

identification of the critical areas of the 

product/system which creates most of the problems 

and deserves immediate attention. The 

Diagram identifies the important problems, the 

resolution of which leads to substantial 

improvements in quality of the product. In this 

paper Pareto analysis is discussed with respect to 

desired performance/quality operation of a Traction 

motor which had become a helpful guide to the 

motor manufacturer and users. 
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Neural Network and Wavelet Transform 

Scheme for Predicting Chaotic Time Series  
T.Thamodara Jegan 1 and Sagar Bhavsar2 

 

 

Abstract— Wavelets form the basis of the wavelet 

transform which “cuts up data of functions or 

operators into different frequency components, and 

then studies each component with a resolution matched 

to its scale” .Fourier Analysis can tell us the 

composition of a given function in terms of sinusoidal 

waves of different frequencies and amplitudes. This is 

perfectly ample when the function we are looking at is 

stationary. However, when the frequency changes over 

time or there are singularities, as is often the case, 

Fourier analysis will break down. It will give us the 

average of the changing frequencies over the whole 

function, which is not of much use. Wavelet analysis 

can tell us how a given function changes from one time 

period to the next. It does this by matching a wavelet 

function, of varying scales and positions, to that 

function. Wavelet analysis is also more flexible, in that 

we can chose a specific wavelet to match the type of 

function we are analyzing, whereas in classical Fourier 

analysis the basis is fixed to be sine or cosine waves. 

 

I. Introduction 

Wavelets were developed in the 80’s and 90’s as an 

alternative to Fourier analysis of signals. Wavelets 

are particularly useful for signal analysis, signal 

compression, and signal de-noising. However, they 

are also of use to 1) geologists, for analyzing 

seismic data, 2)FBI, for analyzing voice data 3) the 

image processing community. The JPEG 2000 

standard uses wavelets, replacing the discrete 

cosine transform, the film industry, for animation 

(e.g. “A Bug’s Life”). Wavelets are ideal for 

representing changes in an image with as little data 

as possible, so a sequence of frames in an 

animation can be stored more efficiently, the CFD 

community, for solving PDE.  

 Research History: 

McCulloch and Pitts (1943) are generally 

recognized as the designers of the first neural 

network. They combined many simple processing 

units together that could lead to an overall increase 

in computational power.  

They suggested many ideas like: a neuron has a 

threshold level and once that level is reached the 

neuron fires. It is still the fundamental way in 

which ANNs operate. The McCulloch and Pitts's 

network had a fixed set of weights. Hebb (1949) 

developed the first learning rule that is if two 

neurons are active at the same time then the 

strength between them should be increased. In the 

1950 and 60's, many researchers (Block, Minsky, 

Papert, and  Rosenblatt worked on Perceptron. The 

neural network model could be proved to converge 

to the correct weights that will solve the problem. 

The weight adjustment (learning algorithm) used in 

the Perceptron was found more powerful than the 

learning rules used by Hebb. Perceptron model was 

thought to produce programs that could think.  

Minsky & Papert (1969) showed that Perceptron 

could not learn those functions which are not 

linearly separable. 

The neural networks  research declined throughout 

the 1970 and until mid  80's because the Perceptron 

could not learn certain important functions.  Neural 

network regained importance  in 1985-86. The 

researchers, Parker and LeCun discovered a 

learning algorithm for multi-layer networks called 

back propagation that could solve problems that 

were not linearly separable.  

     

     

 Fig.1.1 McCulloch-Pitts neuron model 

 

In this McCulloch-Pitts neuron model, the missing 

features are:  

Non-binary input and output, Non-linear 

summation, Smooth thresholding, Stochastic, and 

Temporal information processing.   

Artificial Neuron - Basic Elements Neuron consists 

of three basic components - weights, thresholds, 

and a single activation function. 

 

1.2 Limitations of Fourier analysis: 

Fourier Transform: 

Some information of signal are not available 

through time domain so we need frequency domain 

of signal. Fourier transform provide frequency 

amplitude plot of signal that say what portion of  
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Fig 1.2 Time and Frequency Domain Analysis. 

each frequency exists. Fourier transform maps the 

signal to some complex trigonometric basis. 

The problems with Fourier analysis arise with non-

stationary signals. The frequency components in 

signals can be found with Fourier techniques. But 

these techniques does not tell us at what times these 

frequency components occur. This is not a problem 

in stationary signals (signals whose frequency 

content do not change in time are called stationary 

signals). Because the answer is simply at all times. 

In non stationary signals we can use short time 

Fourier transforms but it has a time-frequency 

resolution problem. Location information is stored  

         Fig.2 Neural Network Architectures 

 

 

in phases and difficult to extract. 

At this point wavelet transform solve our problem.  

 

a. CWT(Continiuos Wavelet Transform) 

In mathematics, a continuous wavelet transform 

(CWT) is used to divide a continuous-time function 

into wavelets. Unlike Fourier transform, the 

continuous wavelet transform possesses the ability 

to construct a time-frequency representation of a 

signal that offers very good time and frequency 

localization. 

 

b. DWT(Discrete Wavelet Transform) 

In numerical analysis and functional analysis, a 

discrete wavelet transform (DWT) is any wavelet 

transform for which the wavelets are discretely 

sampled. As with other wavelet transforms, a key 

advantage it has over Fourier transforms is 

temporal resolution: it captures both frequency and 

location information (location in time). 

 

II. Neural Network 

A neural network is representation of the human 

brain that tries to stimulate its learning process. An 

Artificial Neural Network (ANN) is often called a 

“Neural Network” or simply Neural Net. 

Traditionally, the word neural network is referred 

to a network of biological neurons in the nervous 

system that process and transmit information. 

Artificial neural network is an interconnected 

group of  artificial neurons That uses a 

mathematical model or computational model for 

information processing based on a connectionist 

approach to computation. Artificial Neural network 

is a network of simple processing elements 

(neurons) which can exhibit complex global 

behavior, determined by the  connections between 

the processing elements and element parameters 

Neural Computing is an  information processing 

paradigm , inspired by biological system, 

composed of a large number of highly 

interconnected  processing elements (neurons) 

working in unison to solve specific problems.  

Artificial Neural Networks (ANNs), like people, 

learn by example. An ANN is configured for a 

specific application, such as pattern recognition or 

data classification, through a learning process. 

Learning in biological systems involves 

adjustments to the synaptic connections that exist 

between the neurons. This is true of ANNs as well. 

The graph given below will give an idea of various 

Learning Algorithms which could be used to solve 

the problem mentioned above using neural 

network. 

Fig 3 Vertices and Edges in Neural Network 

      

An Artificial Neural Network (ANN) is a data 

processing system, consisting large number of 

simple  

highly interconnected processing elements as  

artificial neuron in a network structure that can be 

represented using a  directed graph G, an ordered 

2-tuple (V, E), consisting a set Vof vertices and a 

set E of edges.  

The vertices may represent neurons (input/output) 

and The edges may represent synaptic links

 labeled by the weights attach as .  

Vertices V = { v1,, v2 , v3 , v4, v5}  

Edges E = { e1, e2 , e3 , e4, e}  
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Fig 

2.1 

SingleLayer Feedforwad Network 

 

 

Fig 2.2 MultiLayered FeedForward Network 

 

2.1 Single Layered Feed Forward Network:  

 

The Single Layer Feed-forward Network consists 

of a single layer of weights , where the inputs are 

directly connected to the outputs, via a  series of 

weights. The synaptic links 

Carrying weights connect every input to every 

output, but not other way.  This way it is 

considered a network of feed-forward type. The 

sum of the products of the weights and the inputs is 

calculated in each neuron node, and if the value is 

above some threshold (typically 0) the neuron fires 

and takes the activated value (typically 1); 

otherwise it takes the deactivated value (typically -

1) 

      

2.2 Multilayer Feed Forward Networking 

The name suggests, it consists of multiple layers. 

The architecture of  this class of network, besides 

having the  

input and the output layers, also have one or more 

intermediary layers called hidden layers The  

computational units of the hidden layer are known 

as  hidden  neurons. 

 

2.3 Back-Propagation Neural Network 

Back-Propagation was created by generalizing the 

Widrow-Hoff learning rule to multiple layer 

networks and nonlinear differentiable transfer 

functions. Input vectors and the corresponding 

target vectors are used to train a network until it 

can approximate a function, associate input vectors 

with specific output vectors. Networks with a 

sigmoid layer, and a linear output layer are capable 

of approximating any function with a finite number 

of discontinuities. Standard back-propagation is a 

gradient descent algorithm, as is the Widrow-Hoff 

learning rule, in which the network weights are 

moved along the negative of the gradient of the 

performance function. The term back-propagation 

refers to the manner in which the gradient is 

computed for nonlinear multilayer networks. 

 

III. WAVENETS 

The term wavelet as it implies means a little wave. 

This little wave must have at least a minimum 

oscillation and a fast decay to zero, in both the 

positive and negative directions, of its amplitude. 

This property is analogous to an admissibility 

condition of a function that is required for the 

wavelet transform sets of wavelets are employed to 

approximate a signal and the goal is to find a set of 

daughter wavelets constructed by a dilated and 

translated original wavelets or mother wavelets that 

best represent the signal. The daughter wavelets are 

generated from a single mother wavelet h(t) by 

dilation and translation: 

Where a > 0 is the dilation factor, b is the 

translation factor and c is correction factor. 

Wavelet neural networks employing wavelets as 

the activation functions recently have been 

researched as an alternative approach to the neural 

networks with sigmoid activation functions. The 

combination of wavelet theory and neural networks 

has lead to the development of wavelet networks. 

Wavelet networks are feed-forward neural 

networks using wavelets as activation function. In 

wavelet networks, both the position and the dilation 

of the wavelets are optimized besides the weights. 

Wavenet is another term to describe wavelet 

networks. Originally, wavenets did refer to neural 

networks using wavelets. In wavenets, the position 

and dilation of the wavelets are fixed and the 

weights are optimized. The combination of wavelet 

theory and neural networks has lead to the 

development of wavelet networks. Wavelet 

networks are feed-forward neural networks using 

wavelets as activation function. In wavelet 

networks, both the position and the dilation of the 

wavelets are optimized besides the weights. 

      

3.1 Wavelet Transforms: 

A great amount of interest in wavelet transforms, 

especially after the discovery of the discrete 

wavelet transform (DWT) by Mallat. The DWT 

can be viewed as a multiresolution decomposition 

of signal. This means that it decomposes a signal 

into its components in different frequency bands. 

The Inverse DWT (IDWT) dose exactly the 

opposite, i.e., it reconstruct a signal from its band 

component. The applications of this transform are 

numerous, ranging from image and speech 

compression to solving partial differential 

equations Wavelet transform is widely used in 

many field of signal processing, especially image 

compression, speech processing, computer vision. 

For radar signal processing, it has been used to 

detect moving targets [4] The wavelet transform 
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has become a useful computational tool for a 

variety of signal and image processing applications. 

Wavelet transforms a signal into components of 

different frequencies, allowing to study each 

component separately. The basic idea of wavelet 

transform like other transforms is mapping the 

signal from one basis to another. These basis 

function that called baby wavelet are dilated 

transferred versions of a function called mother 

wavelet. 

     For non-stationary signals, we can use wavenets 

to analyze the frequency at different time zones. So 

the problem with Fourier Transforms of Time 

Frequency resolution is overcome here. 

 

IV. CONCLUSION 

This Wavelet Network adjusts its wavelet 

coefficients by learning from a set of training data. 

Thus by using Neural Network , we can overcome 

Time Frequency resolution problem, which is not 

possible in Fourier Analysis. 
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Multi-objective Optimization of Surface 

Roughness and Slope Error in Diamond 

Turning of Germanium Lens using Taguchi 

Grey Relational Analysis 
 

Prasad B Pawase1, Prakash K Brahmankarand2 , Raju S Pawade1 

 

Abstract— This paper presents the detailed 

experimental investigation on diamond turning of 

Germanium Lens using Monocrystaline diamond 

tool. Experiments were carried out on Diamond 

turning machine. A plan of experiments, based on the 

techniques of Taguchi, was performed. Analysis of 

variance (ANOVA) is used to investigate the 

machining characteristics of germanium Lens. The 

objective was to establish a correlation between 

cutting speed, feed, depth of cut and coolant 

application method to the surface finish and slope 

error on germanium lens. The optimum machining 

parameters were 1200 rpm spindle speed, 1 mm/min 

feed rate, 3 µm depth of cut and flood method of 

coolant application obtained by Grey relational 

analysis. 

 

I. Introduction 

Infrared radiation is emitted by all objects based on 

their temperatures. Humans and other living things 

or hot spots in mechanical and electrical systems 

are visible at color backgrounds with the help of 

thermal imagining systems. It detects radiation in 

the infrared range of electromagnetic spectrum [1]. 

There are a wide range of applications that these 

systems are used such as medical, predictive 

maintenance, security, military and other civil 

applications. Optics is one of the vital parts of 

thermal imaging systems. Producing infrared optics 

with desired dimensional tolerance and surface 

quality is crucial. Therefore, related studies are 

continuously performed to decrease the cost 

considering the high production rate. 

Single point diamond turning (SPDT) is an 

established ultra- precision manufacturing method 

used to produce optics on a variety of classical 

engineering materials using a single point diamond 

cutting tool [2]. Germanium has highest 

transmissivity of infrared range hence it is highly 

preferable material for thermal imagining system. 

Germanium is crystalline material hence need to 

carefully select the machining parameters to carry 

out machining in ductile mode. Germanium is one 

of the diamond turnable materials. Therefore, 

SPDT of Germanium is of significant technological 

interest and economic advantage for various 

industrial applications. The aim of this work is to 

analyse critical machining parameters which are 

responsible for dimensional and quality of the 

lenses. 

Blake and Scattergood [3] had made a study about 

ductile regime machining of germanium and 

silicon. Lower surface roughness on germanium 

and higher surface roughness on silicon ware 

observed due to difference in tool ware rate. 

Jasinevicius et al. [4] performed a study on 

machining of mono-crystalline silicon with (111) 

orientation by single point diamond turning 

machine. Changing feed rate lower to higher 

machining mode get altered from ductile to brittle 

and surface finish value decreases. Morris et al. [5] 

studied phase transformation in semiconductors, 

the high pressure over 10 GPa under cutting tool 

causes phase transformation from diamond cubic to 

metallic phase and the ductility of metallic phase 

provides the necessary plasticity to semiconductors 

for ductile mode machining. Kumler J.J. and 

Caldwell J. B. [6] studied measurement of slope 

error in aspheric surface and observed that slope 

error was result of improper contact of tool surface 

with optical surface. 

The main objective of the present work is to 

investigate the influence of different cutting 

parameters on surface finish and slope error. The 

Taguchi design approach is utilized for 

experimental planning during diamond turning of 

germanium lens. The results are analyzed to 

achieve optimal surface roughness and slope error. 

Grey relational analysis was performed to combine 

the multiple responses in to one numerical score 

and determine the optimal machine parameter 

settings.  

II.Experimental Work 

Monocrystalline diamond tool was used of 0.75 

mm tool nose radius. Single Crystal optical grade 

germanium lens of 30mm diameter and 5 mm thick 
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was used as a work piece material. Convex surface 

of Germanium lens was mounted on fixture. This 

combine assembly was mounted on vacuum chuck. 

Concave surface was working surface on which 

aspheric shape was machined.  Machine slide 

moves in z axis direction and vacuum chuck moves 

in x axis direction. Combine movement of both 

axis results machining of component. 

 

  
Fig. 1 Diamond Tool and Machining 

Taguchi method is a systematic application of 

design and analysis of experiments for the purpose 

of designing and improving product quality.  

Arrangement of L9 and replica of L9 array 

combination form L18 orthogonal array. Using L18 

orthogonal array, four machining parameters were 

considered as controlling factors (cutting speed, 

feed rate, depth of cut and coolant application 

method) and each parameter has three levels. Table 

1 shows the cutting parameters and their levels as 

considered for experimentation. 

Table 1 Machining parameter and their levels 

 

Machinin

g 

parameters 

units 
Level 

1 

Level 

2 

Level 

3 

Spindle 

speed (N) 
rpm 1000 1200 1400 

Feed rate 

(F) 
mm/min 1 2 3 

Depth of 

cut (DOC) 
µm 2 3 4 

Coolant 

application 

method 

 Air Mist Flood 

 

2.1 Grey relational Analysis 

 

The theory of grey analysis was developed and 

presented by Deng in 1982. According to grey 

system theory, an actual system is considered 

"grey", meaning that some information can be 

known while some may not be known precisely or 

at all. This theory converts a multiple response 

process optimization problem into a single 

response optimization situation with the objective 

function of overall grey relational grade [7]. The 

grey system theory has been successfully used in 

various fields, including industry, agriculture, 

economics and civil engineering. This method can 

effectively solve problems that are uncertain or 

incomplete or which involve systems with 

incomplete information, using system relational 

analysis, model construction and forecasting and 

decision analysis [8]. 

Grey analysis has been applied in evaluating the 

performance of a complex project with meager 

information. In the grey relational analysis, data 

preprocessing is first performed in order to 

normalize the raw data for the analysis. In the 

present study, a linear normalization of the 

experimental results for surface roughness and 

slope error as shown in Table 2 were performed in 

the range between zero and one, which is also 

called grey relational generating.  

Table 2 L18 orthogonal array and response 

values 

Sr.

No 
N F DOC COOLANT RMS 

SLO

PE 

1 3 2 1 3 81.14 1.631 

2 3 2 1 3 85.2 1.42 

3 2 1 2 3 73.88 1.401 

4 2 1 2 3 82.15 1.174 

5 1 3 3 3 134.3 2.816 

6 1 3 3 3 113.3 2.72 

7 3 1 3 2 87.22 1.32 

8 3 1 3 2 90.36 1.46 

9 2 3 1 2 178.9 3 

10 2 3 1 2 175.6 3.189 

11 1 2 2 2 161.4 2.9 

12 1 2 2 2 159.7 2.832 

13 1 1 1 1 145.2 2.366 

14 1 1 1 1 117.4 2.133

6 15 3 3 2 1 97.21 1.922 

16 3 3 2 1 90.67 1.787 

17 2 2 3 1 78.29 1.55 

18 2 2 3 1 88.4 1.66 

2. Experimental Result and Discussion 

In this work grey relational analysis was applied to 

get optimum process parameter and ANOVA was 

performed to determine significant process 

parameters 

2.1.1. Methodology of Grey Analysis 

The stepwise procedure of Taguchi-GRA 

optimization is given below 
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 Fig. 2 Flow chart of Taguchi grey analysis  

 

The first three steps were performing as per the 

Taguchi analysis and the experimental results were 

considered for the grey relational analysis. The 

subsequent steps used in GRA are described in 

detail as below: 

Step 4: Normalization of response variables 

The normalization of the response variables was 

performed to prepare raw data for analysis where 

the original sequence is transferred to a 

comparablesequence. Linear normalization is 

usuallyrequired since the range and unit in one 

datasequence may differ from the others. The 

process of linear normalization of the original 

sequence is a problem of ‘smaller-the-better’ type 

[9]. Hence, ‘the smaller-the-better’ normalization 

formula was used to transfer original sequence to 

comparable sequence and is given below.  
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   (1.1)                                                                                                                  

Step 5: Determination of deviation Sequences, Δ0i 

(k) 

The deviation sequence, Δ0i (k) is the absolute 

difference between the reference sequence x0∗(k) 

and the comparability sequence xi∗(k) after 

normalization. The value of x0∗ (k) was considered 

as 1. It is determined using Eq. (1.2) as given 

below.  

Δ0i(k) = |x0∗(k) − xi∗(k)| (1.2)                                   

Step 6: Calculation of grey relational 

coefficient, GRC 

Grey relational coefficients (GRC) for all the 

sequences express the relationship between the 

ideal (best) and actual normalized response 

variables. If the two sequences agree at all points, 

then their grey relational coefficient is one. The 

grey relational coefficient can be expressed by Eq. 

(1.3).  
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xi*(k) is the normalized comparability sequence 

and  is the distinguishing coefficient. The value of 

(ζ) is 0.5 for all response variables and is 

substituted in Eq. (1.3). The GRC for all the 

experimental runs are calculated [9]. 

Step 7: Determination of grey relational grade, 

GRG 

The overall evaluation of the multiple performance 

characteristics is based on the grey relational grade. 

The grey relational grade is an average sum of the 

grey relational coefficient, which is defined as 

follows: 

   )(),(
1

, 0

1

0 kxkx
m

xx i

m

i

i  


  (1.5) 

Where  ixx ,0 the grey relational grade for the jth 

experiment and m is the number of performance 

characteristics. The grey relational grade 

 ixx ,0 represents the level of correlation 

between the reference sequence and the 

comparability sequence. If the two sequences agree 

at all points, then their grey relational coefficient is 

1 everywhere, and therefore, their grey relational 

grade is equal to 1. The grey relational grade was 

determined by Eq. (1.4) and is shown in Table 6. A 

higher grey relational grade in Table 6 indicates 

that the corresponding condition is optimum. It is 

observed that the experiment 4 has the highest grey 

relational grade [9]. 

Step 8: Determination of optimum parameters 

The grey relational grade calculated for each 

sequence is taken as response for the further 

analysis. The larger-the-better quality characteristic 

was used for analyzing the GRG since larger value 

indicates the better performance of the process [9].  

Step 9: Prediction of grey relational grade under 

optimum parameters setting 

After evaluating the optimal parameter settings, 

the next step is to predict and verify the 

improvement of quality characteristics using the 

optimal parametric combination. The estimated 

grey relational grade using the optimal level of the 

machining parameters is calculated [9]. 
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2.1.2 Grey Relational Calculation 

Using Eq (1.1) xi*(k) of surface roughness Ra 

is to be calculated. Also using Eq. (1.2) Δ0i(k) is to 

be calculated. Then from Eq. (1.3) GRC is to be 

calculated. 

 

Table 3 GRC values of surface roughness 

 

Expt. 

No. 
RMS xi*(k) Δ0i GRC 

1 81.14 0.93087 0.06912969 0.878534 

2 85.2 0.892211 0.107788993 0.822654 

3 73.88 1 0 1 

4 82.15 0.921253 0.078746905 0.863936 

5 134.3 0.424681 0.575318987 0.464978 

6 113.3 0.624643 0.375357075 0.571195 

7 87.22 0.872977 0.127023424 0.797418 

8 90.36 0.843078 0.156922491 0.761125 

9 178.9 0 1 0.333333 

10 175.6 0.031423 0.968577414 0.340466 

11 161.4 0.166635 0.833365073 0.374991 

12 159.7 0.182822 0.81717768 0.3796 

13 145.2 0.320891 0.679108741 0.424049 

14 117.4 0.585603 0.414397258 0.546808 

15 97.21 0.777852 0.222148162 0.692379 

16 90.67 0.840126 0.15987431 0.75772 

17 78.29 0.958008 0.041992002 0.922523 

18 88.4 0.861741 0.138259379 0.783381 

 

Table 4 GRC values for Slope error 
 

Expt. 
No. 

Slope 
Error 

xi*(k) Δ0i GRC 

1 1.631 0.773200993 0.226799007 0.687948105 

2 1.42 0.877915633 0.122084367 0.803749501 

3 1.401 0.887344913 0.112655087 0.816119887 

4 1.174 1 0 1 

5 2.816 0.185111663 0.814888337 0.380260426 

6 2.72 0.232754342 0.767245658 0.394556491 

7 1.32 0.927543424 0.072456576 0.873428695 

8 1.46 0.858064516 0.141935484 0.778894472 

9 3 0.093796526 0.906203474 0.35556732 

10 3.189 0 1 0.333333333 

11 2.9 0.143424318 0.856575682 0.368575087 

12 2.832 0.177171216 0.822828784 0.377977865 

13 2.366 0.408436725 0.591563275 0.45805865 

14 2.1336 0.523771712 0.476228288 0.512175283 

15 1.922 0.628784119 0.371215881 0.573910567 

16 1.787 0.695781638 0.304218362 0.621721691 

17 1.55 0.813399504 0.186600496 0.728225515 

18 1.66 0.758808933 0.241191067 0.67458989 

 

2.2 Calculation of Gray Relational Grade 

Using Eq. (1.4) and GRC values of surface 

roughness and slope error (see Table 3 to 4) gray 

relational grade (GRG) is to Table 4 the Response 

Table for Grey Relational Grade be calculated. The 

GRG values for all eighteen experiments are show 

in Table 5. 

According to the experiment design, it is 

clearly observed from Table 5 that the Diamond 

turning of aspheric germanium lens is carried out 

different cutting conditions. The process 

parameters setting of experiment number 4 has the 

highest grey relational grade. Therefore, 

experiment number 4 i.e. the flood method of 

coolant application and optimal process parameters  

is optimum setting for minimum  Surface 

roughness (RMS) and slope error (SE) 

simultaneously (i.e. the best multi-performance 

characteristics) among the eighteen  experiments. 

In other words, the optimum condition for 

Diamond turning of aspheric germanium lens in 

different cutting environment the performance for 

Surface roughness, and slope error was found for 

1200 rpm spindle speed (level 2), 1 mm/min feed 

rate (level 1), 3 µm depth of cut (level 2), and flood 

method of coolant application (level 3). 

 

Table 5 GRG Calculations 

 

Sr. No. GRC of RMS GRC of SE GRG 

1 0.878534 0.687948 0.783241 

2 0.822654 0.80375 0.813202 

3 1 0.81612 0.90806 

4 0.863936 1 0.931968 

5 0.464978 0.38026 0.422619 

6 0.571195 0.394556 0.482876 

7 0.797418 0.873429 0.835423 

8 0.761125 0.778894 0.77001 

9 0.333333 0.355567 0.34445 

10 0.340466 0.333333 0.3369 

11 0.374991 0.368575 0.371783 

12 0.3796 0.377978 0.378789 

13 0.424049 0.458059 0.441054 

14 0.546808 0.512175 0.529492 

15 0.692379 0.573911 0.633145 

16 0.75772 0.621722 0.689721 

17 0.922523 0.728226 0.825374 

18 0.783381 0.67459 0.728985 

The most significant factor affecting 

performance characteristics is determined by 

comparing these values. This comparison will give 

19                             International Journal of Advances in Computing and Management 

 



 

 

M
e

a
n

 o
f 

G
R

G

140012001000

0.8

0.7

0.6

0.5

0.4

321

432

0.8

0.7

0.6

0.5

0.4

FloodMistAir

speed feed

Doc coolant

Main Effects Plot (data means) for GRG

the level of significance of the input factors over 

the multi-performance characteristics. The most 

effective controllable factor was the maximum of 

these values. Here, the maximum value is 

0.085772. The value indicates that the Feed Rate 

has the strongest effect on the multi-performance 

characteristics among the other machining 

parameters. On the other hand, the significance of 

role that every input factors plays over the multi-

performance characteristics can be obtained by 

examining these values.  

The order of importance of the controllable 

factors to the multi-performance characteristics in 

the diamond turning process, in sequence can be 

listed as: feed rate coolant Application method, 

Spindle speed and Depth of cut (i.e. 

0.085772>0.081869>0.074834>0.025304). The 

factor Feed rate (0.085772) was the most effective 

factor to the performance of the diamond turning 

process. This indicates that the Diamond Turning 

performance was strongly affected by the Feed 

rate. 

2.3 Analysis of Variance of Gray Relational Grade 

(GRG) 

Fig. 2 Main Effects Plots for Grey Relational Grade 

(GRG) 

The ANOVA is performed to determine which 

factor significantly affects the multi-performance 

characteristics in Diamond turning of aspheric 

germanium lens in different cutting environment. 

The results of ANOVA for grey relational grade 

values with contribution percentage and F-value 

and their interactions are shown in Table 6.The 

analysis of variance (ANOVA) of gray relational 

grade is show in Table 5. It is observed from the 

ANOVA that the all control parameters are 

statistically significant at 95% CI effect on the 

variability of the performance characteristics of 

diamond turning of aspheric germanium lens in 

different cutting environment. 

 

 

 

Table 6 ANOVA for Grey Relational Grade (GRG) 

 

III . CONCLUSION 

 

In this study, we attempted to find the optimal 

machining conditions for diamond turning of a 

germanium lens. The Taguchi method was 

employed to determine the relations between the 

machining parameters and the process 

characteristics. The machining parameters affecting 

the lens quality were revealed by executing 18 

experiments. It was found that the all control 

parameters (spindle speed, feed, depth of cut and 

coolant application method) have a significant 

effect on the surface finish and slope error of 

germanium lens. To determine the machining 

parameters affecting the electrode wear and the 

entrance and exit clearances, Grey relational 

analysis was used. The feed rate and the 

capacitance were found to be the most significant 

controlling parameters. The obtained optimal 

machining condition were spindle speed 1200 rpm, 

feed rate 1mm/min, Depth of cut 3 µm and flood 

method of coolant. Under these conditions, a 

surface roughness of 82.15 nm and slope error 

1.1740 could be achieved. 
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Performance Measurement and Improvement 

of an Industry: A Case Study on Textiles 
SR Shaikh1#, and SR Dulange2 

  

 

Abstract— there is the potential to improve the 

performance of small to medium-sized companies 

(SMEs) particularly in the power loom textile 

industry; a sector of the economy that has a little 

exposure to activity-based costing. Data collected 

through questionnaire survey was used to test the 

theoretical model through regression analysis using 

SPSS software. The results of the analysis show the 

impact of resources on operational performance 

which in turn affect the organizational performance. 

The paper takes an existing well-known financial tool 

and examines its use in an area of the economy by 

undertaking a case study that would be useful to 

academia, managers in SMEs in the power loom 

industry looking for ways to increase profitability for 

textile firms. The case study showed that there are 

opportunities to improve the profitability of SMEs if 

the findings were transposed to other similar 

businesses willing to invest the time and effort into 

setting up an ABC system. 
 

 

I. Introduction 

The decentralised powerloom sector is one of 

themost important segments of the Textile Industry 

which provides employment to 57.44 Lakh persons 

and contributes 62 percent to total cloth production 

in Country. There are approximately 5.24 Lakh 

Powerloom Units with 23.24 Lakh Power looms as 

on 30.09.2012. It is estimated that more than 75% 

of the shuttle looms are obsolete and outdated with 

a vintage of more than 15 years and have virtually 

no process or quality control devices / attachments 

as mentioned in the Annual Report (2013), Textile 

Ministry, India. The present research deals with the 

existing performance and towards improving the 

operational performance by understanding the 

factors affecting the operational and organizational 

performance of power looms and attempts to use 

the available resources efficiently and effectively. 

II.  Conceptual model 

Figure 1 illustrates the conceptual model with the 

hypothesized relationships between the constructs. 

These relationships deal with four sets of 

hypotheses 

H1: Tangible assets have a direct and positive 

effect on operational performance. 

H2: Intangible assets have a direct and positive 

effect on operational performance. 

H3: Capabilities have a direct and positive effect 

on operational performance. 

H4: Operational performance has a direct effect on 

organizational performance. 

 

 

 

 

 

 

 

 

H 1 

 

 

 H 2   H 4 

 

 

 

 H 3 

 

 

 

Tangible 

assets 

Capabilities 

Intangible 

assets 

 

Operational 

performance 

 

Organizational 

performance 

Primary 

measures 

Secondary 

measures 

 
Fig. 1 Conceptual model 

 

Resource  Examples 

Tangible  

Assets 

physical technology used in 

the firm, firm’s plant, firm’s 

equipment, geographic 

location, access to raw 

material, financial assets 

Intangible 

 Assets 

intellectual property rights 

(trademarks, patents, 

copyright, registered 

designs), brand names, 

contracts and licenses, trade 

secrets, company reputation, 

customer loyalty, long-term 

customer relationships, 

distribution channels, 

company networks, know-

how of employees, suppliers 

and distributors, 

organizational culture, 

company databases, formal 

reporting structure, formal 

and informal planning, 

controlling and coordinating 

systems, norms, procedures 

and guidelines, internal 

organizational structures 

Capabilities low cost, high quality 

production, high level of 

innovations, lean 

manufacturing, fast product 
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development, supplier chain, 

managerial judgment, 

teamwork, trust between 

management and workers, 

superior engineering skills, 

superior technical skills, 

market sensing, customer 

linking, channel bonding, 

technology monitoring, 

financial management, cost 

control, technology 

development, integrated 

logistics, manufacturing 

processes, human resources 

management, environment 

health and safety, customer 

order fulfilment, pricing, 

purchasing, customer service 

delivery, new product/service 

development, strategy 

development 

Source: Kapelko (2006) 

Table 2: Measures of construct’s reliability 

Constructs Number  

of items 

Cronbach 

 alpha (α) 

CSFs affecting OP 18 0.815 

Operational 

performance 

03 0.790 

Organizational 

 Performance 

05 0.868 

 

III.  Data examination 

Factor analysis was carried out in order to reduce 

the factors. The Kaiser-Meyer-Olkin (KMO) and 

Bartlett’s test results indicate the suitability of the 

data for factor analysis. KMO measure of 

sampling adequacy is 0.614 for CSFs affecting 

operational performance which is greater than 0.5. 

This indicates that a factor analysis will be useful 

with the data. The value of significance level is 

0.000, which is less than 0.05. So there is a 

significant relationship among the variables. 

 

Table 3: Factor loading and grouping of the 

CSFs affecting performance 

 

Variable Factor loading 

 Intangible 

Assets 

Tangible    

Assets 

Capabiliti

es 

(CWF)  .639   

(OC)  .756   

(RD)  .664   

(IS)  .776   

(OP) .851   

(OIS) .761   

(OES) .752   

(EM)    .836  

(IM)  .685  

(FP)   .721  

(TA)   .528  

(PIA)     .630 

(PQT)     .755 

(LS)   .767 

(LTR)   .768 

(MFI)     .653 

Nos. of 

variables  

associated 

 

07 
04 05 

Cumulativ

e variance 

explained 

in 

percentage 

 

 

32.999 

49.514 60.957 

Table 3 shows the factor loading and 

cumulative variance shared by the 

identified three factors that is more than 

60% of the total variance. Hence, the three 

constructs of CSFs affecting power loom 

SMEs are been identified as: Intangible assets, 

Tangible assets and capabilities. 

IV. Hypothesis testing: 
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In statistics, linear regression is an approach for 

modeling the relationship between a scalar variable 

y or dependent variable or endogenous variable and 

one or more explanatory variables or independent 

variables or exogenous variables denoted with x. 

The case of one explanatory variable is called 

simple regression. Simple regression analysis was 

performed taking tangible assets as independent 

variables set against each of the variable of 

operational performance as a dependent variable 

thus comprising three different models of 

improving flexibility, quality of product and cost 

reduction respectively. Same regression was 

carried out by changing the independent variables 

set by intangible assets and capabilities. Finally 

operational performance variables, treating as an 

impendent variable were regressed to 

organizational performance variables. 

 

4.1Examination of H 1 

In table4 and model 4.1, through the use of 

regression analysis, Hypothesis One (H1), which 

argues that the Tangible assets have a direct and 

positive effect on operational performance, was 

analyzed. The model of improving flexibility was 

significant (R2 = 0.332, F =11.51, and p = 

0.000).The model of quality of product was 

significant (R2=0.340, F=12.50, p=0.000). The 

model of cost reduction was significant (R2=0.170, 

F=4.96, p=0.000). The findings show that 

Equipment Maintenance has a positive impact on 

operational performance (B = 0.387, p = 0.000), 

(B=.490, p=0.000), (B=0.359, p=0.002) for 

improving flexibility, quality and cost reduction. 

All the three sets of model are found to be 

significant and hence the hypothesis One (H1) is 

confirmed 

Table 4: Impact of Tangible, Intangible assets and 

capabilities on Operational performance 

 Dependent variable 

Independent variables 

 Multiple regression 

 Operational performance 

 Flexibility Quality Cost 

reduction 

 B Sig B Sig B Sig 

4.1 Tangible assets 

 2.79 .000 1.97 .000 -2.40 .000 

5 8 

EM .387 .000

* 

.490 .000

* 

.359 .002

* 

IM -.106 .028

* 

-.030 .670 -.096 .275 

FP .039 .428 .070 .336 .119 .027

* 

TA -.261 .000

* 

-.500 .000

* 

-.294 .009

* 

F 11.51 12.50 4.96 

R2 .332 .340 .170 

Sig .000 .000 .000 

4.2 Intangible assets 

 1.69

5 

.000 1.08

9 

.008 1.59

0 

.000 

C

WF 

.273 .000

* 

.138 .219 -.546 .000

* 

OC -.058 .414 -.011 .935 .284 .012

* 

RD -.117 .036

* 

.060 .564 .354 .000

* 

IS -.283 .000

* 

-.129 .346 .080 .475 

OP .445 .000

* 

.544 .000

* 

.386 .001

* 

OI

S 

-.007 .940 -.173 .249 .505 .000

* 

OE

S 

.071 .336 -.262 .049

* 

-.967 .000

* 

F 15.745 4.887 19.323 

R2 .540 .267 .590 

Sig .000 .000 .000 

4.3 Capabilities 

 2.33

3 

.000 2.46

2 

.000 2.03

4 

.000 
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PI

A 

-.117 .003

* 

-.196 .050

* 

.146 .207 

PQ

T 

.258 .001

* 

.098 .435 .464 .002

* 

LS -.130 .095 -.203 .127 -.355 .021

* 

LT

R 

.293 .000

* 

.418 .001

* 

-.033 .805 

MF

I 

-.023 .679 -.292 .003

* 

.001 .992 

F 13.15 5.731 3.654 

R2 .407 .230 .160 

Sig .000 .000 .000 

 

n=102. Significance level : *p<0.05(two tailed test) 

4.2 Examination of H 2 

In table 4 and model 4.2, through the use of 

regression analysis, Hypothesis Two (H2), which 

argues that the Intangible assets have an influence 

on operational performance, was analyzed. The 

model of improving flexibility was significant 

(R2=0.540, F=15.745, p=0.000). The model of 

quality of product was significant (R2=0.267, 

F=4.887, p=0.000). The model of cost reduction 

was significant (R2=0.590, F=19.323, p=0.000). 

The findings show that organizational procedures 

has a positive impact on operational performance 

(β=.445, p=0.000), (β=.544, p=0.000), (β=.386, 

p=0.001) for improving flexibility, quality and cost 

reduction. Also in cost reduction model 

Organizational Culture (β=.284, p=0.012), 

Research and Development (β=.354, p=0.000), 

Operational procedures (β=.386, p=0.001) and OIS 

(β=.505, p=0.000) have a positive impact on 

Operational performance. All the three sets of 

model are found to be significant and hence the 

hypothesis two (H2) is confirmed. 

Table 5: Impact of operational performance on 

organizational performance 

 

In table 4 and model 4.3, through the use of 

regression analysis, Hypothesis Three (H3), that 

argues capabilities have a direct effect on 

operational performance, is analyzed. The model of 

improving flexibility was significant (R2=0.407, 

F=13.15, p=0.000). The model of quality of 

product was significant (R2=0.230, F=5.731, 

p=0.000). The model of cost reduction was 

significant (R2=0.160, F=3.654, p=0.000). 

The findings show that Product Quality 

improvement Techniques (β=.258, p=0.001), 

(β=.464, p=0.002) has a positive impact on 

improving flexibility and cost reduction of product. 

Also Lead Time Reductions (β=.293, p=0.000), 

(β=.418, p=0.001) has a positive impact on 

improving flexibility and quality of product. All the 

three sets of model were found to be significant and 

hence hypothesis three (H3) is confirmed. 

 

4.4 Examination of H 4 

In table 5, through the use of regression analysis, 

Hypothesis four (H4) Operational performances 

has a direct effect on organizational performance, 

was analyzed. The model of net profit was 

significant (R2=0.313, F=14.868, p=0.000). The 

model of ROA was significant (R2=0.340, 

F=16.860, p=0.000). The model of Revenue growth 

was significant (R2=0.449, F=26.646, p=0.000). 

The model of Competitive profile was significant 

(R2=0.350, F=17.564, p=0.000). The model of 

customer satisfaction was significant (R2=0.333, 

F=16.321, p=0.000). The findings show that quality 

of product (β=.398, p=0.002), (β=.436, p=0.000), 

(β=.868, p=0.000), (β=.618, p=0.000), (β=.433, 

p=0.000) has  

a positive impact on organizational performance, 

four models are significant and hence hypothesis  

four (H4) is confirmed. 

4.5 Result of hypothesis testing 

All the hypotheses are accepted. The study reveals 

that equipment maintenance, organizational 

procedures and skill of owner/manager are 

important factors which influence the operational 

performance which in turn affect the organizational 

performance of power loom textiles. Also cost 

reduction of the product and improvement in 

quality has a strong positive impact on 

organizational performance. 

 

V. Case study 

Based on the results of statistical analysis, further 

study was carried out in order to increase the 

profitabi 

lity of the firm. Gunasekaran (1999) showed thatfor 

an SME to compete effectively in the global 

market, the cost of a product should be reduced by 

increasing productivity, i.e. the relationship 

between total output and total input or by reducing 

manufacturing costs at the production floor. 

 

5.1 Activity based costing: 

Under Traditional management accounting systems 

(TMAS) indirect costs are absorbed into the 

product by, for example,  

allocation on a Rs per direct labour hour or, a Rs 

per machine  
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hour or, a per cent of prime cost or, per cent of 

direct material and so on. These allocation methods 

became the cost drivers. Herein lies the problem. 

As Pieper (1999) noted that volume cost drivers 

fail to account for product diversity in the form of 

size or complexity. Similarly there is not a direct 

relationship between production volume and cost 

consumption.  

 

ABC however, traces cost to the activities that the 

company is involved with. Take for example, in 

Tables 6 and 7, a case of a power loom industry 

manufacturing terry towels and napkins. It 

produces four product –towels of size 27x54 and 

30x60 inches and also napkins of size 12x12 and 

14x21 inches. The costs have been allocated using 

both TMAS and ABC methodologies. We can see 

the difference between the cost of all the four 

products using TMAS and ABC methodology. The 

differences are highlighted in Figures 2 and 3. 

Table 6 Cost using TMAS 

 

Table 7 Cost using ABC 

 T(27 

x54) 

T(30 

x60) 

N(1

2 

x12

) 

N(14 

x21) 

Total 

Proce

ssing 

8259

.4 

3412.

8 

360 288 12320.

2 

Mater 1044 5805 154 2167. 19972.

ial 9 8 2 2 

Doubl

ing 

121.

5 

66.6 30 25.2 243.2 

Dying 162 90 40 33.6 325.6 

Windi

ng 

324 18 80 67.2 489.2 

Warpi

ng 

324 18 80 67.2 489.2 

Weavi

ng 

1012

.5 

540 232 168 1952.5 

Cuttin

g & 

Stichi

ng 

270 126 100 84 580 

Insp 

& 

packi

ng 

243 135 80 67.2 525.2 

Deliv

ery 

1116 536.6 240 192 2082.6 

Total 2228

1.4 

1074

9 

279

0 

3159.

6 

38980 

 

 

Fig. 2 Cost allocated by TMAS 

 

 

Fig. 3 Cost allocated by ABC 

 T(27 

x54) 

T(30 

x60) 

N(12 

x12) 

N(14 

x21) 

Tot

al 

Direct 

Wages 

2520 1080 600 540 474

0 

Direct 

material 

1044

9 

5805 1548 2167.

2 

199

72.

2 

Indirect 

overhea

d 

9531 3915 652 172.8 142

67.

8 

Total 2250

0 

1080

0 

2800 2880 389

80 

Performance Measurement and Improvement of an Industry: A Case Study on Textiles           26                              



 

 

The possible reasons for the difference could be 

that there is variation in weaving wages as per the 

size of the product. Also cutting and stitching 

wages vary accordingly. 

In Table 8, we can see how all the products are 

profitable under TMAS. Whereas in Table 9, ABC 

cost tracing indicates that napkins of size 14x21 are 

unprofitable. These differences are highlighted in 

Figures 4 and 5.   

Table 8 Profit (loss) using TMAS 

 T(27 

x54) 

T(30 

x60) 

N(12 

x12) 

N(14 

x21) 

Units 

produced 

450 180 400 240 

Selling 

price/unit 

75 100 08 12.5 

Revenue 33750 18000 3200 3000 

Cost 22500 10800 2800 2880 

Profit 

(loss) 

11250 7200 400 120 

Cost/unit 50 60 07 12 

Profit 

(loss)/unit 

25 40 01 0.5 

 

Table 9 Profit (loss) using ABC 

 T(27 

x54) 

T(30 

x60) 

N(12 

x12) 

N(14 

x21) 

Units 

produc

ed 

450 180 400 240 

Selling 

price/u

nit 

75 100 08 12.5 

Revenu

e 

33756.4 18003 3200 3000 

Cost 22281.4 10749 2790 3159

.6 

Profit 11475 7254 410 -

159.

(loss) 6 

Cost/u

nit 

49.5 59.7 6.975 13.1

65 

Profit 

(loss)/u

nit 

25.5 40.3 1.025 -

0.66

5 

 

 

Fig. 4 Profit (loss) using TMAS 

Fig. 5 Profit (loss) using ABC 

VI.  Conclusion 

Using this valuable cost information the company 

can focus on the management of activities to 

improve performance. By centring on its activities 

as the prime drivers of cost, it will have a more 

realistic understanding of what overheads are 

consumed by different product lines. Gunasekaran 

(1999) clearly indicates that the  outcome of the 

ABC process allows managers to: 

(1) Target cost reduction, identify and promote 

good practices; 

(2) Measure performance and so increase 

efficiency; 

(3) Make informed decisions about product pricing 

and profitability; and 

(4) Manage and control budgets. 
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ABC Information, by itself, does not invoke 

actions and decisions leading to improved profits 

and operating performance. Management must 

institute a conscious process of organisational 

change and implementation if the organisation is to 

receive benefits from the improved insights 

resulting from an ABC analysis (Cooper, 1996). In 

the present study ABC is used to decide which 

product to produce in order to maximize the profits. 

It was found that the company suffered a loss in 

producing napkins of 14x21 inch size as shown in 

Fig 5. Therefore the company should focus on 

napkin production activities and take appropriate 

actions in order to produce the best mix of product 

to achieve maximum profit. 
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 Dependent variable 

Independent variables 

Multiple regression 

Organizational performance 

 Net  profit ROA Revenue  

 Growth 

Competitive 

 Profile 

Customer  

Satisfaction 

Operational performance 

 B Sig B Sig B Sig B Sig B Sig 

 1.175 .003 1.68 .000 2.683 .000 1.558 .000 1.343 .001 

IF -.084 .623 -.157 .288 -.319 .024* -.001 .997 -.133 .416 

Q .398 .002* .436 .000* .868 .000* .618 .000* .433 .000* 

CR .266 .016* .025 .031* -.254 .005* .034 .756 .253 .017* 

F 14.868 16.860 26.646 17.564 16.321 

R2 .313 .340 .449 .350 .333 

Sig .000 .000 .000 .000 .000 
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Pareto Analysis for Quality Excellence in 

Cemented Carbide Products with Employees 

Empowerment 
Amey Sawalkar1# 

 

 

Abstract— An achievement of Quality objectives of 

the organization by empowering employees to 

demonstrate their competence in usage of different 

tools of LEAN manufacturing. For e.g. - Pareto 

analysis, Multiple Regression analysis, Design of 

Experiment to excel in global market. 

The case study will explain different angles of 

problem solving with CFT (Cross Functional Team) 

and implementation of sustainable improvements 

done by the peoples. 

 

I. INTRODUCTION 

Cemented carbides are a range of composite 

materials consisting of hard particles bonded by a 

metallic binder and used as an inserts in cutting 

tools. Tungsten carbide (WC) (70-97%) with cobalt 

(Co) as binder phase forms basic structure of 

carbide. Burr, blister, chipping are the some 

common quality issues in production of cemented 

carbide inserts. The rejection due to burr problem 

should be minimum as it affects the quality and in 

long term, brand value of the product. 

A pareto analysis is one of the statistical tool of 

the quality control along with pareto charts. The 

purpose of this is to prioritize the problems and key 

issues of the manufacturing process which affects 

the quality of product.Employee’s empowerment 

explore their capabilities for improvement in 

quality of the product implemented by the cross 

functional team (CFT). 

II.  PROBLEM DEFINATION 

Excessive powder particles sintered on to the 

surface of the inserts separated from blisters by a 

more rough profile is called “Burr”. The rejection 

due to burr problem should be minimum as it 

affects the quality, cutting performance, tool life, 

MRR, improper mounting and the brand value of 

the product.It also affects the morality & the 

mentality of the employees.  

 
Fig 1 Microscopic image of Burr on insert. 

 
 

AVG. OF REJECTION due to burr UP TO 

JULY’2012: 0.23% 

2.1 Pareto Analysis 

The Pareto concept was developed by the Italian 

economist Vilfredo Pareto (1897) describing the 

frequency distribution of any given characteristic 

of a population. Pareto analysis is based on the 

principle of 80-20 i.e. 20% of problems cause 80% 

of trouble. 

2.2 Empowerment 

Empowerment is a strategy dialogue with 

Employees by understanding their needs & the 

knowledge they have & exploring the capabilities 

for Improvement to achieve Profitability for 

Organizational growth. 

Empowerment starts from Cross Functional Team 

(CFT) along with continues dialog with employees 

which are made of the members from different 

functions or parts with complementary skills like 

effective communication for improvement.    
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2.3 Experiment 

 A pareto analysis along with the Cause-effect 

diagram followed by why-why analysis gives the 

overall solution & the root causes to overcome the 

problem. By eliminating the causes & the errors 

obtained from pareto analysis with the help of 

employees empowerment improves quality of the 

product. A pareto chart shows Simple observations 

& causes taken from 38 case studies by the Cross 

Functional Team (CFT) in 30 days. 

 

 

Fig. 2 Pareto chart. 

Cause-effect diagram & why-why analysis. 

               

     

  Fig. 3 Cause and Effect Diagram. 

     

 

 
 

Fig.4 Why why analysis. 

III.  RESULTS AND DISCUSSION 

The validation of results along with multiple 

solutions obtained from Pareto analysis and Cause 

effect diagram should be done by Cross Functional 

Team. From above solutions an Action plan is 

prepared & implemented by CFD which is 

followed by the Employees for continuous 

improvement.  

Sustainability of improvements through external 

audits, surprise visits, weekly meeting and 

monitoring results is necessary for continuous 

improvement (Kaizen) and elimination of burr 

rejection problem. 

    Action implemented for elimination of Burr 

through Employees Empowerment: 

1. 100% inspection in pressing for identified grades 

  & articles for burr.     

2. Standardizing of the blowing parameters on fette  

Pressing machine. 

Sr 

No 
Cause Repeat 

total 

Contr. 

Contri in 

eliminating. 

1 
Brushing & 

air blowing 
24 46.15 46.15 

2 
Flash 

setting 
17 32.69 78.85 

3 

Powder 

spread 

around 

4 7.69 86.54 

4 
Incorrect 

gripper 
3 5.77 92.31 

5 
Press tool 

problem 
2 3.85 96.15 

6 
Improper 

brushing 
1 1.92 98.08 

7 

Multiple 

tray 

brushing 

1 1.92 100.00 
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3. Monitoring for identified grades and articles. 

4. Extra air Blowing provision on the pressing 

  Machine. 

5. Closure tolerance for the press tool for identified 

  Articles. 

6. Increased frequency of air blowing after 

  

 Brushing. 

7. Educating and increasing awareness of air 

  Blowing of the people towards quality.  

 

 

 

IV.  CONCLUSION 

The effect of quality improvement tools like Pareto 

analysis, Cause effect diagram & kaizen can 

demonstrate better results with Enhancement of 

Employees Empowerment to excel in global 

market. 

Eliminating burr rejection from 0.23% to 0.16% by 

using pareto analysis & Empowerment of 

employees. 
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Month Percentage 

Avg. Up to July 2012 0.23% 

Aug’2012 0.26% 

Sep’2012 0.14% 

Oct’2012 0.13% 

Nov’2012 0.14% 

Dec’2012 0.13% 

Aver. Aug - Dec’12 0.16% 
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Comparative Analytical Study of Synthetic Oil 

and Mineral Oil on the Basis of Physical 

Characteristics and Performance on V.C.R. 

Engine 
SV Pandit1, and SJ Kadam2 

 

 

Abstract— This paper includes comparative study of 

four samples of lubricating oil in which two synthetic 

oils and two petroleum oils at different conditions 

are analyzed. As petroleum oils are insufficient in 

lubricating our Internal Combustion engines since 

they are made of refined substance, in which some of 

the chemicals present in conventional petroleum oil 

break down at temperatures within the normal 

range usually around 250 to 325 degree Fahrenheit 

so we cannot use this oil after certain kilometers. 

Synthetic Oil gives better performance then 

petroleum oil in every aspect, but the best benefit we 

can derived from continuous use of synthetic oil is 

the extended life of your vehicle. Synthetic oil will 

make your engine last longer that petroleum oil 

through its continuous use. So these benefits extend 

life of synthetic lubricant. 

I. Introduction 

Throughout its history, the I.C. engine has been 

the subject of a great deal of research and 

development. This work has focused on improving 

emissions and fuel economy and more recently on 

finding appropriate lubricating oil. However, since 

the oil crisis of the 1970s, research interest has 

expanded in the area of alternative lubrication 

which proved high efficiency with higher 

operating temperature and great lubricating 

properties .So these needs are make our attention 

towards invention and analysis of best use of 

alternative synthetic lubricating oil for higher 

efficiency of diesel engine[1]. 

The perfect lubricant would have less friction, 

allow very low wear and be able to operate at very 

high or very lower temperature range for any 

length of time without any change in its physical 

properties. The place for synthetics is somewhere 

between the finite limitations of mineral oils and 

perfection. To be commercially, a synthetic 

product must require,meeting a need which a 

mineral oil cannot and shows an economic benefit 

in operation. 

Our research is improving our understanding of the 

relationship between these benefits of synthetic oil 

and change in the physical and chemical properties 

of the synthetics after using it for certain 

kilometers. As well as  research is mainly 

concentrated on loss of performance characteristics 

of oil when it is used around  certain kilometers 

and also prove that synthetic oil is even best for 

use. 

II. PERFORMANCECHARACTERISTICS 

WITH SYNTHETICS 

In order to be commercially comparing a mineral 

oil with, a synthetic must be able to give a 

reasonable return for the additional investment. 

Principal benefits in the review were labor and 

material savings, reduction in power requirements, 

reduced failure rates and elimination of cold 

weather starting problems. The benefits of various 

types of synthetics in industrial applications were 

also recently reviewed by Miller (1984).  In the 

introduction to the current paper, four general areas 

of performance benefit for synthetics were listed 

with suitable test. These areas will be discussed in 

more detail in the following subsections, with 

emphasis on the property differences which give 

the benefit. 

Four oil samples as mentioned bellow are collected 

for Comparative analysis of the physical properties 
of the synthetic and petroleum oils. We are going to 

conduct some tests that deal with the character tics 

and physical properties of the oil. This test  

conclude about the reliability, friction reducing 

tendency ,cold working ability, alkalify  level, wide 

temperature range, flow ability of oil of both oils 

and behavior of both oils with certain kilometers 

used conditions. So we will come out to know 

about at which worst condition the oil can be still 

used and able to perform satisfactorily. 

For that purpose we collected four samples of oils 

with the same grade of 10W40 as follows 

1. Fresh Pure petroleum oil 

2. 3000 km used petroleum oil 

3. Fresh pure synthetic oil 

4. 15000 km used synthetic oil 
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Fig.1 – Collected samples 

The used oil samples are collected because as the 

oil is used for certain kilometers it start  loses its 

ability to lubricate an engine and the performance 

reduces. Our aim is to show that  15000 KM used 

synthetic oil shows better results than 3000 KM 

used petroleum oil so the comparative data will 

analyses through following tests which carried out 

others four samples   

1. Total Base Number test 

2. Noack volatility test. 

3. Pour point test. 

4. Flash point test. 

5. V.C.R. engine test 

A. Wider Operating  Temperature  Range 

Four factors  contribute  to a wider operating 

temperature range for certain  synthetics  compared 

with mineral  oils; lower pour point, higher VI 

,better flash  and  fire point and lower volatility 

.The optimum  lubricant  viscosity  grade for any 

application  is the one which gives the minimum 

acceptable  hydrodynamic  or EHL film at the 

highest operating temperature to be encountered. 

The upper temperature limit of mineral oils is 

determined not by the lack of availability of 

sufficient viscosity but by their oxidative stability 

limit. Where a low viscosity is needed at a 

temperature below the oxidation limit for mineral 

oils, volatility is the next barrier. Volatility is a 

function of molecular structure and size. The wide 

distribution of structures and sizes in a mineral oil 

means there are more volatile components than in a 

similar viscosity (40) synthetic composed of either 

a smaller number of structures with lower volatility 

1) Flash and  Fire point test 

Aim of this test is to determine the Flash and Fire 

point of Four oil samples of oil. It is important to 

know flash point and fire point of oils samples to 

know relationship between wider operating 

temperature range oil and change in flash point 

after use of oil for certain kilometers. Many times 

the flash point and fire point of ignitable liquids 

(like oil) is a key consideration in fire case 

litigations, I.C. engine. The litigation in fire or 

explosion incident cases is often a matter of the 

relative flammability of the oils involved. Result- 

The results for 100ml of each sample are given in 

table I.  

liquids (like oil) is a key consideration in fire case 

litigations, I.C. engine. The litigation in fire or 

explosion incident cases is often a matter of the 

relative flammability of the oils involved. Result- 

The results for 100ml of each sample are given in  

  

III. FLASH AND FIRE POINT TEST  

From the above test results we are concluded that 

the Synthetic oil has large flash and fire point than 

conventional petroleum oil which proof that 

synthetic oil can be chemically stable up to 300 

degree cell and the rate of vaporization of this oil is 

very low. As well as we compare flash point and 

fire point of used oil which also indicate that  15000 

kilometers used synthetic oil have still more flash 

point then 3000 km used petroleum oil.This test is 

ultimately conclude about rate of ignition of  15000 

km used synthetic oil is even higher and will not 

contributes to any hazards and fire condition of I.C. 

engine. So the synthetic oil can be used at worst 

engine condition and higher engine temperature. 

And synthetic oil will not lose its chemical 

properties up to 150. 

1) Pouring test 

Sr. 

No 

Sample Flash 

point 

test 

Fire point 

test 

1. Synthetic oil 280 300 

2. Synthetic oil 

(15000 

kilometers used) 

205 200 

3. Petroleum oil 266 275 

4. Petroleum oil 

(3000 kilometers 

used) 

175 190 

15000 km used 
synthetic oil

Fresh Pure 
petroleum oil

3000 km used 
petroleum oilFresh pure 

synthetic oil

Collection of sample
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Aim of this test is to determine the pouring capacity 

of oil at very lower temperatures, and analysing 

behaviour of it. 

In petroleum products, the lowest temperature at 

which movement of the test specimen is observed 

under prescribed conditions of test. The Pour Point 

is the lowest temperature at which the oil can still 

be poured out of a container. 

Pour point is important in order to find out the 

properties of oil at lower temperature and chemical 

behaviour oil at certain low temperature. This 

properties will ensure the worst lower working 

condition of I.C. engine like faster cranking for 

easy start up, stain on battery, faster flow for engine 

start up etc. we use deep freezer having the capacity 

produce -35ºc temperature which is used to produce 

step reduction of temperature for this experiment. 

The100 ml each sample is taking for the 

examination after 2hr of frizzing at different 

temperature which is given in following tables. 

 

TABLE II 

At the 0° temperature 

Sr. 

No 

Sample ml of oil flow 

out after 6 min 

1 Synthetic oil 100 

2 Synthetic oil (15000 

kilometers used) 

98 

3 Petroleum oil 98 

4 Petroleum oil (3000 

kilometers used) 

98 

TABLE III 

At the -20° temperature 

Sr. 

No 

Sample ml of oil flow 

out after 6 min 

1  Synthetic oil  90 

2 Synthetic oil (15000 

kilometers used)  

84 

3 Petroleum oil  52 

4 Petroleum oil (3000 

kilometers used)  

47 

TABLE IV 

At the -35° temperature 

Sr. 

No 

Sample ml of oil flow 

out after 6 min 

1 Synthetic oil 70 

2 Synthetic oil (15000 

kilometers used) 

60 

3 Petroleum oil 23 

4 Petroleum oil (3000 

kilometers used) 

15 

Fig. 3Samples vs. ml of oil flow ou 

 

     

     

   

 

 

Fig. 4Test conducted at regular time interval 

 

This test  will concluded that at very lower temp 

like 0°,-20°,-35° the synthetic oil still pour and 

convectional oil can’t keep down . This will 

alternately conclude that synthetic oil can perform 

better at extreme low temp condition. 

1) Noack Volatility test 

Aim of this test is to determine the noack volatility 

of oil samples     

   

From the result obtained in this investigation the 

following conclusions have been drawn as,  

By using pure diesel as a fuel and mineral oil as 

lubricant gives the break thermal efficiency of 

23.84%  at the compression ratio 18. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

By using as a pure diesel fuel and Synthetic oil as 

lubricant gives the break thermal efficiency of 

28.13%   at the compression ratio 18.These 

comparative results are shows that synthetic oil 

give the better efficiency than mineral oil. 

Efficiency of V.C.R. ENGINE is increases by 

4.293%.  

 

 

 

 

 

 

0
2
4
6
8

10
12

Fresh Pure

petroleum

oil

3000 km

used

petroleum

oil

Fresh pure

synthetic

oil

15000 km

used

synthetic

oil

Comparative Analytical Study of Synthetic Oil and Mineral Oil on the Basis of Physical Characteristics and 

Performance on V.C.R.Characteristics and Performance on V.C.R.  Engine             34 



 

 

REFERENCES 

[1] Beerbower,  A. “Environmental  capabilities  of 

liquid  lubricants”, Solid and Liquid  Lubricants  

forExtreme  Environments,   ASLE Special  Pub. SP-

15, 58-69,  2001. 

[2] Whitby David, “Defining Synthetic Lubricants,” 

Tribological and Lubrication Technology, Society of 

Tribologists and Lubrication Engineers, 2010. 

 

 
 

 

 

35                             International Journal of Advances in Computing and Management 

 



 

 

International Journal of Advances in Computing and Management 

Subscription Form 
 

 

To  

The Editor 

IJACM 

Padmashree Dr D Y Patil Institute of Master of Computer Applications 

Sector No. 29, Akurdi, 

Pune 411 044 

 

 

Please accept my / our subscription for the year ______________________ 
 

 

           Payment enclosed Rs. / $ _____________________ 
 

          Demand Draft / Cheque Number: _________________________ Dated ___/___/_______ 
 

           Please invoice me 

 
 

 

Name: ________________________________________________________________________ 

Instt / Univ.: ___________________________________________________________________ 

Address:  _____________________________________________________________________          

                 _____________________________________________________________________ 

                 _____________________________________________________________________ 

Pincode: ______________________________________________________________________ 

Email: ___________________________________________ Cell No: _____________________ 

 

                                                                             Signature _______________________________ 

                                                                             Date ___________________________________ 

 

Annual Subscription:             Rs. 1000.00                                       Rs. 1200.00*                                                         $ 75.00* 

                                                                                                                                      (*Inclusive of Postage Charges) 

 

 
 

Note: 1. Please make your Cheques / Demand Drafts payable to ‘Padmashree Dr. D. Y. Patil Institute of MCA’,    

              Payable at Pimpri, Pune-18 

1. For outstation cheques, please add Rs. 50.00 towards bank charges, for foreign cheques please add $10.00 



 

 

Instructions to Authors 

 

Paper Format: 

1. All papers submitted for publication in the journal must be ‘original’ and in English 

language. 

2. The manuscript must be based on the theme or sub-theme decided for the specific issue 

of the journal. 

3. The manuscript should   start with Title, Author name(s), Authors affiliations and email 

addresses, Abstract, Keywords, Main Body, Acknowledgements, and References. 

4. Previous presentation at conference, or publication in another language, should be 

disclosed.  

5. The manuscript must strictly adhere to the following formatting style: 

- Use double column style with single line spacing 

- Title: 24 fonts in Times New Roman 

- Authors Name: 11 fonts in Times New Roman 

- Affiliations: Italics, 11 fonts in Times New Roman 

- Email Id: 9 fonts in Courier 

- Keyword and Abstract word: Bold, Italics, 9 fonts in Times New Roman 

- Body of Keywords and Abstract : Bold,  9 fonts in Times New Roman 

- Level1 heading: 10 fonts in Times New Roman, Capital 

- Level2 heading: 10 fonts in Times New Roman, sentence case 

- Body: 10 fonts in Times New Roman 

- Table Name: 8 fonts in Times New Roman, Capital, Top and center alignment 

- Figure: 8 fonts in Times New Roman, sentence case, bottom and center alignment 

6. The paper should start with an abstract of approximately 150 words and end with a 

conclusion summarizing the findings of the paper. 

7. Manuscripts should not exceed 8000 words/ 6 pages with single line spacing. Word count 

includes everything: title, abstract, text, endnotes, references, tables, figures and 

appendices. 

8. All illustrations should be suitable for printing in black and white, and are numbered 

sequentially. 

9. The use of capitalization should be kept to the minimum, except in the case of proper 

nouns and should be followed consistently.  

10. A   short bio sketch must accompany each submission along with the author’s 

institutional affiliation. This must not exceed 50 words. 

 

References: 

11. References should appear in a separate bibliography at the end of the paper. Place 

references in the order of appearance. It should contain all the works referred to in the 

text. Web URLs should be there for website references with accessed date. 



 

 

How to submit: 

12. Authors are invited to submit three hard copies of their manuscript plus the file by e-mail 

in pdf format to dypimcaij@gmail.com. To defray the cost of mailing, manuscripts 

submitted for publication will not be returned to the authors. 

 

Review and Evaluation Criteria: 

13. Correspondence and proofs for correction, if required, will be sent to the first named 

author, unless otherwise indicated. Corrected proofs should be returned within a week. 

14.  Each submission will be reviewed by at least two members of the Program Committee. 

Submission will be evaluated on the basis of originality, importance of contribution, 

soundness, evaluation, quality of presentation, and appropriate comparison to related 

work. 

15. Submission of paper will be taken to imply that the paper contains an original work not    

      previously published, or being considered elsewhere for publication.   

16. Upon acceptance of an article, copyright in the article shall be transferred to the publisher     

 in order to ensure the widest possible dissemination of information. 

18. The author will receive one copy of the Journal free of charge, soon after its submission. 

19. Unaccepted manuscripts will not be returned. However, after the completion of the    

       review process and if the manuscript is not selected, the author(s) is/are free to submit it  

       elsewhere. 

 

     Pay charge policy and Reprints: 

   20. Authors of all accepted manuscripts from outside India are required to pay page charge 

of US$ 40 per printed page to the Journal Publisher, beyond six printed Journal pages, 

either from their institutions, or their own research Grants. However, authors from India 

are required to pay INR 300 per printed page, beyond six printed Journal pages. For the 

purchase of reprints of their papers, the authors should directly get in touch with the 

Journal Publisher. 

 

  
 
 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

About Publisher: 

Padmashree Dr.  D. Y. Patil Group has over 150 institutes across Mumbai, Pune & Kolhapur in 

Maharashtra, India, which are renowned for their educational excellence in the field of Engineering, 

Computer Applications, Business Management and other disciplines at undergraduate & post 

graduate levels. 
 

The group has established Padmashree Dr. D. Y. Patil Institute of Master of Computer Applications 

in 2002. The institute is recognized by the All India Council of Technical Education (AICTE), 

Government of India, New Delhi and approved by the Directorate of Technical Education (DTE), 

Government of Maharashtra, Mumbai and affiliated to University of Pune, Maharashtra state, India. 



 

 

 

 
 

 

 
 

 

 
 

 

 
  

 
 

Dr. D. Y. Patil Pratishthan’s 
PADMASHREE DR. D. Y. PATIL INSTITUTE OF MASTER OF COMPUTER APPLICATIONS 

Sector No. 29, Akurdi, Pune, Maharashtra, India. 
 

               Pin Code     : 411 044           

         Tel.  No.              : +91 20 27640998, 25126793 

                                                                              Fax No.     : +91 20 27652794 

                                                                              E-mail     :  dypimcaij@gmail.com, enquiry@dypimca.org 

                                                                              Website     :  www.dypimca.org 

 

 
Concept and Design: Mrs. Jasmine Beulah, Asst. Prof, Padmashree Dr. D. Y. Patil Institute of Master of 

Computer Applications, India 

mailto:enquiry@dypimca.org

	Table 3: Result Table
	Table 5: Full Factorial Results
	2.2 Traction Motor Pareto Diagram:
	Based on the procedure of construction of Pareto Diagram as mentioned above data have been gathered regarding the causes of problems in a Traction motor from Kharagpur Railway Workshop. Table 1 in the following page shows the causes of problems along ...
	REFERENCES

