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Abstract

The objective of proposed work is to optimize the process parameters like Cutting speed, Feed rate, point angle and Diameter of

drill bit in drilling EN8 steel, based on key accuracy characteristics of drilled holes like Surface Roughness (Ra).

The various steps involved to achieve the above objective are as follows.

1) Determine the technique used to solve the present problem, i.e., Robust Parameter Design.

2) The objective functions are formed based on Taguchi’s quadratic loss function for each performance characteristics, i.e.,
Surface finish.

3) After the objective functions are formed, control factors and their levels are identified.

4) The values for the control factors are selected based on operators (Drilling operators) experience, literature survey and some
pre-experimental analysis.

5) The matrix experiments are conducted on EN8 steel material.

6) After the experiments are conducted, response variables are tabulated and analysis is conducted.
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I. INTRODUCTION

Manufacturing technology has undergone a lot of drastic changes from 1700’s to the present age and its performance has evolved
from a low technology and limited type of activity to a highly system-oriented high technology and high capability one. The
primary factor behind this magnificent transformation is due to the advent of digital computer in 1950’s and 1960’s, it was well
understood that the digital computer is highly potential in bringing about revolution in the manufacturing technology and this has
resulted in the new concept of Computer Integrated Manufacturing (CIM). Its main focus is on automating manufacturing
activities such as material handling, tool change etc., as far as possible. Among the wide range of benefits that are claimed
through a successful implementation of CIM are faster response to the market, better control of the manufacturing process,
improved yield, reduced lead times and greater return on investment in automation. Some industries are successful in
implementation CIM and they are reaping its inherent benefits.

Drilling is one of the oldest and the most widely used of all machining processes, comprising about one third of all metal -
machining operations. It is used to create or to enlarge a hole in a work piece by the relative motion of a cutting tool, called a
drill or drill bit. Various methods of drilling are in use, such as conventional drilling, deep hole drilling and peck drilling. The
choice of a drilling method depends on the size, tolerance and surface finish needed, as well as the production requirements.

Several factors influence the quality of drilled holes. The most obvious ones are the cutting conditions (cutting speed and feed
rate) and cutting configurations (tool material, diameter, and geometry).

ENB8 Tool Steel is an unalloyed medium carbon steel with good tensile strength. It is suitable for shafts, stressed pins, moulds,
dies, studs and keys. Tensile properties can vary usually between 500-800 N/mma2. It can withstand heat uniformly between 830-
860°C and the hardness is 40HRC.

The quality of the drilled hole depends on the thrust force and torque generated during drilling, which in turn is affected by the
factors such as, cutting speed, feed rate, tool geometry etc. Higher the value of thrust force and torque, higher will be the work
damage and tool wear. The efficient and economic machining of the materials is required for the desired dimensions and surface
finish. Taguchi technique is a powerful tool in experiment design and it provides a simple, efficient and systematic approach for
optimization of process parameters.

The present work is to present an effective approach for the optimization of drilling parameters with multiple performance
characteristics based on the Taguchi’s method. The experimental work consists of drilling an ENS steel plate using high-speed
steel drill bit. The experiment will be carried out by varying the cutting speed, feed rate, point angle of drill bit and diameter of
drill bit

Taguchi’s orthogonal array has been used for the experimentation. The process parameters such as cutting speed, feed rate,
point angle of drill bit and diameter of drill bit are optimized with consideration of multiple performance characteristics, such as
workpiece surface roughness. Response table and response graph are used for the analysis.
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I1. LITERATURE SURVEY

The main goal of this research is to study the effect of cutting speed, feed rate, and point angle of drill bit and diameter of cut on
surface roughness. The research effort and directions related to the present work will be identified through literature survey.

Turgay Kivak, etc. al., [1] have discussed the effect of cutting parameters on the hole quality (circularity and hole diameter)
and tool wear during the drilling of super alloy Inconel 718 with coated and uncoated carbide drills was investigated. Drilling
tests were carried out with uncoated and TiN and TiAIN coated carbide drills of 5mm diameter using a CNC vertical machining
center under dry cutting conditions by drilling blind holes of 8mm depth and employing four different cutting speeds (10, 12.5,
15, 17.5 m/min) and three different feed rates (0.05, 0.075, 0.1 mm/rev). Regarding hole diameters and the circularity
measurements a comparison has been made in terms of the quality of the hole between cutting tools. It was observed that there
was a decrease of tool performance and hole quality at high cutting speed and feed rate combinations. A serious increase in tool
wear was observed when increasing cutting speed. The Utmost wear type was seen in the form of flank wear and chisel edge
wear.

RavindraThamma, [2] proposed that critical quality measure and surface roughness (Ra) in mechanical parts depends on
turning parameters during the turning process. This work is focused on comparing multiple regression models by collecting data
pertaining to depth of cuts, nose radii, feed rates, surface roughness and cutting speeds during the turning operation for an
Aluminium 6061 workpieces. He stated that regression models are valid at a high significance. Therefore, both models can be
reasonably adapted for surface roughness prediction. Cutting speed, feed rate and nose radius have a major impact on surface
roughness. The interactions of the cutting speed, depth of cut, nose radius and feed rate also have a more significant impact on
surface roughness than the individuals.

B. P. Patel et. al studied experimentally the cutting parameters required to optimize the Geometric dimensions and tolerancing
(GD&T) requirements such as perpendicularity. This paper reports an experimental investigation of a full factorial design
performed on EN8 and EN31 materials using HSS drill with point angle 118° and helix angle 30° by varying the drilling
parameters such as spindle speeds, feed and coolant ratio to determine optimum cutting conditions. The work piece Geometric
dimensions and tolerancing (GD&T) requirements analyzed by perpendicularity. Analysis of variance (ANOVA) was carried out
for perpendicularity on EN8 and EN31 materials and their contribution rates was determined. Design of Experiments (DOE)
methodology by full factorial Design was used in the multiple objective optimizations (using Mini Tab 16, software) to find the
optimum cutting conditions for least perpendicularity defect.

J.Patel etc. all have studied the effect of drilling parameter such as spindle speed , feed rate and coolant ratio for obtaining
optimum perpendicularity for materials EN8 ,EN24 &EN31 as a work piece materials using cobalt alloy steel drill with point
angle 135° and helix angle 30°.This study shows that how significant the drilling parameter are for obtaining optimum
perpendicularity . Analysis of variance (ANOVA) was carried out for perpendicularity and their contribution rates determined
optimum cutting conditions for least perpendicularity defect obtained by using design of experiments (DOE) methodology for
achieving optimization using Minitab 16 software.

Ranadhir R Landgel, Dr.Atul B Borade studied about micro-drilling process. Micro drilling is one of the most fundamental
machines technologies and it is moving high precision and high spindle speed application in manufacturing field and increasing
productivity and quality. It is an important machining process having attractive applications like Printed circuit boards, Fuel
injection nozzles, Watch parts, Camera parts, Medical needles, Aeronautics., Mobile phones, Computers etc. This will be
benefited by a comprehensive literature review of drilling processes and optimization. This paper presents a literature review on
micro-drilling processes, optimization of MRR depending upon various parameters for other machining processes through
taguchi method and fuzzy optimization.

V.Balakumaran etc. al investigated that the metal cutting is very essential to try for high metal removing rate and the best
product quality. The major problem in achieving high productivity and best quality is short life span of a tool. To enhance the life
of tool many new materials are developed so has to meet the market demand and competitive price for this there should be
proper control over various cost involved in machining named as material cost labor cost and tooling cost the material cost can
be controlled by using special material which meet all required properties with reduced price. The methodology of Modified
Taguchi optimization method for simultaneous minimization and maximization of Surface roughness (Ra), machining time and
material removal rate of EN31 Alloy steel affect the aesthetical aspect of the final product and hence it is essential to select the
best combination values of the CNC drilling process parameters to minimize as well as maximize the responses. The experiments
were carried out by a CNC lathe, using physical vapor deposition coated Chromium nitride drilling tool bit for the machining of
EN19. The experiments were carried out as per L9 orthogonal array with each experiment performed under different conditions
of such as speed, type of drilling tool, and feed rate. The Taugchi method and analysis of variance (ANOVA) was employed by
using MINITAB-15 software to identify the level of importance of the machining parameters on Surface roughness (Ra),
Machining time and Material Removal Rate (MRR)

I1l1. EXPERIMENTAL SET-UP

The experimental work consists of drilling EN8 steel material using High-Speed Steel drill bit. The machining was carried out in
an automatic drilling machine tool. The available spindle speeds and specifications of the drilling machine are given in the Table
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1 and 2 respectively., surface roughness of the hole is determined using surfcom meter, circularity is measured using Tool
Makers Microscope and cylindricity is also measured using Internal micrometer.

IV. WORK MATERIAL AND TOOL DETAILS

Drilling is done on EN8 steel material plate using High Speed Steel drill bit. The composition of EN8 steel plate are given in
Table 3 and cutting tool specifications is given in Table 4 respectively. Table 1 and 2 gives the details of available speeds and
drilling machine specifications.

Table-1
Available spindle speeds
MOTOR 720 RPM | MOTOR 1440 RPM
340 680
2450 490
180 360
125 250
85 170
Table -2
Drill bit specification
Tool material High speed steel
Diameter of the drill bits used 10mm
Chisel edge angle 120° to 135°
Helix angle or rake angle 300
Point angle 118°
Lip clearance angle 120
Table -3
Automatic drilling machine tool specifications
Description (All dimensions are in mm)
Model P4/38
Drilling capacity in steel 38
Morse taper in spindle 4
Spindle traverse 178
Pillar diameter 139.7
Distance between center of spindle and column front 311
Maximum distance between spindle and Table 555
Maximum distance between spindle and base 1000
Table: Working surface 368 (Dia)
Base: Working surface 368*330
Number of spindle feeds 10
Number of power feeds 3
Range of feeds (mm/rev) 0.095, 0.190 and 0.285
Power of the spindle drive motor 2HP, 960 RPM, 400/440 volt A.C 3phase, 50 cycles
Space occupied (height*width*length) 2000*660*1110
Net weight of the machine 850 kg
Table -4
Chemical Composition and Hardness of EN8 steel
Material Carbon, C | Manganese, Mn | Silicon, Si | Sulphur | Phosphorus
Percentage (%) | 0.35-0.45 0.6-1.0 0.35-0.5 0-0.6 0-0.6
Hardness 201-255 Brinell

V. INSTRUMENTS USED IN PRESENT WORK

A. Surfcom Flex 50-A:

Surfcom FLEX 50-A is a compact, hand-held surface tester, there is no easier way of measuring, evaluating and documenting
surface roughness. Surfcom flex 50-A measures not only flat, horizontal, but also vertical, overhead surfaces and simple
measurement to waviness. In addition, 30 complete data records can be stored in the built-in memory and recalled at any time
additionally USB memory can be connected in Surfcom FLEX to save more data and Mini USB connector is equipped with
Surfcom FLEX and able to connect with PC. The data can be sent to PC and various analysis is available with ACCTee software.
It has the capability to measure roughness average (Ra), average maximum height of the profile (Rz) and maximum roughness
depth (Rmax), etc., It is easy to carry by compact design, it can be use anywhere, it has built in printer so we can take the print
out directly just by inserting the print paper.
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Fig. 1: Surfcom FLEX 50-A

Table -6
Specification of Surfcom FLEX 50-A
Measurement Method Skid/Skidless Measurement
X-axis 50mm (Tracing driver
Measurement Range 7-Axis (Vert(i{: al) J_rA?OOpm )
Measurement Speed 0.15 to 1.5 mm/Sec
Parameters Ra, Rt, Rsm, Rz , Rzmax
Resolution Z-Axis(Vertical) 0.00016um/ +4pum 0.016um/+400um
Evaluation length 0.1 50mm(unit:0.1mm)
Cut-off values 4¢:0.08,0.25,0.8,2.5,8,25mm
Evaluation Length 0.1 to 50mm(unit:0.1mm)
Movement System Small genuine type
Sensing method Differential transducer method
Measuring force 0.75mN or less
Stylus 60° cone, 2umR , Diamond
FLEX(Amplifier):132(W)x58(D)x214(H)mm | FLEX(Amplifier):132(W)x58(D)x214(H)mm

VI. EXPERIMENTAL PROCEDURE

The experiments were conducted on EN8 steel material for different cutting speeds, feed rates, point angle and diameter of drill
bit combinations. The cutting speeds considered are 360 rpm, 490 rpm and 680 rpm. Feed rate considered are 0.095 mm/rev,
0.190 mm/rev and 0.285 mm/rev. Diameter of drill bit considered are 6mm, 8mm and 10mm. In all the cutting conditions for
each hole surface roughness is measured using Surfcom meter. Experimental set-up is as shown in the Fig. 2.

Fig. 2: Experimental set-up
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VII.METHODOLOGY

1) Step 1: Identifies the main function, side effects and failure modes.

2) Step 2: Identify noise factors and testing conditions for evaluating the quality loss.

3) Step 3: Identify the quality characteristic to be observed and the objective function to be optimized.

4) Step 4: ldentify the control factors and their alternate levels.

5) Step 5: Design the matrix experiment and define the data analysis procedure.

6) Step 6: Conduct the matrix experiment.

7) Step 7: Analyze the data, determine optimum levels for the control factors, and predict performance under these levels.
8) Step 8: Conduct the verification (confirmation) experiment and plan future actions.

VIIl. RESULT
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Referring from the above graph we conclude that optimum value of surface roughness is obtained for respective value of speed,
feed and drill diameter.

Speed-360 RPM

Feed-0.095 mm

Drill diameter-6 mm

IX. CONCLUSION

The experimental investigation on EN8 Steel would yield data, which be useful for design of components made out of this

material.

The methodology described here is expected to be highly beneficial to manufacturing industries, and also other areas such as

automobile and tool making industries. Optimized parameters can be used to achieve a good surface finish. The measurement of

Surface Roughness can help in achieving components exhibiting superior characteristics which finally favor manufacturing

industries.

Experimental results demonstrate that the optimal condition of the responses cannot be achieved simultaneously with a particular

combination of control parameters settings because the optimum condition of the Drilling process is concerned with minimizing

surface roughness. For instance, the optimum Ra is obtained at highest level of cutting speed. To acquire a minimal surface

finish of workpiece, cutting speed should be set as high as possible and the feed rate should be set as low as possible. The

important conclusions drawn from the present work are summarized as follows:

1) Surface roughness increases with increase in feed, increase in depth of hole while with spindle speed, surface roughness
initially decreases as the spindle speed increases from 360 RPM to 490 RPM, afterward, and surface roughness increases
with increase in spindle speed from 490 RPM to 680 RPM.
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2) The minimum surface roughness has been obtained at spindle speed 360 RPM, drill diameter 6mm, and feed 0.095 mm/rev.

3) All the three independent parameters (spindle speed, feed and depth of hole) seem to be the influential drilling parameters
that affect the surface roughness.

4) The mathematical prediction models between surface roughness and drilling parameters, has been developed. The predicted
results are in good agreement with the measured ones. These relationships are applicable within the ranges of tested
parameters.

5) The surface roughness prediction model clearly shows that the feed seems to be the most significant factor that affects the
surface roughness.
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