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Abstract—The project work was carried out within the company 
which deals with manufacturing of solid carbide end mill parts. The 
project work concerned with the selection of diamond wheel grit size 
relative to its grinding operations. Diamond grinding wheels are 
group of composite materials that are composed of diamond grits and 
a bonding matrix. The objectives are achieved by using Design Of 
Experiment (DOE) technique with two factors and three levels and 
the output quality consequences (Surface finish, Cycle time) are 
measured which are dependent on grit size & cutting feed. 
Experiments are conducted according to DOE technique on end mill 
in ANCA TX7+ CNC machine. Based on the experimentation grit size 
is standardized. The effectiveness of the approach is determined by 
factorial method of DOE, normality test and capability analysis with 
Minitab V17 for the individual grinding operations for end mill 
manufacturing. 
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operations; Design of experiment; Minitab software. 

1. INTRODUCTION 

Carbides are primarily used in finishing applications because 
of the its extreme hardness. Carbide also provides better 
rigidity than the other materials which enables the end mill to 
provide a high degree of dimensional accuracy and superior 
surface finishes. An end mill is a type of milling cutter which 
is used in various industrial milling applications. Grinding is 
the process of final finishing components required for smooth 
surfaces and close tolerances. It is widely used in various 
industry, grinding remain perhaps the least understood of all 
machining process[1]. Diamond wheels are grinding wheels 
with industrial diamonds bonded to the periphery. They are 
used for grinding hard materials. Wheel bond, how the wheel 
holds the abrasives, affects finish, and minimum/maximum 
wheel speed. Different wheel bonds available are Vitrified(V), 
Resinoid(B), Silicate(S), Shellac(E), Rubber(R), Metal(M), 
Oxychloride(O). 

Manufacturing of end mill includes different grinding 
operations are Fluting, Gashing, Outer Diameter (OD) finish, 
and End face finish operation are shown in figure. Fluting 

(dark blue), refers to removal of material from a cylindrical 
surface usually creating helical or non-helical grooves. 
Gashing (dark pink), number of required short angular grooves 
ground on the start of flute face. OD finish (light blue), 
number of required axial cutting edges ground on the 
peripheral of fluted outer diameter. End face (yellow & light 
pink), number of required longitudinal cutting edges ground 
on the gashed front face. 

  

Fig. 1: Fluting      Fig. 2: Gashing 

  

Fig. 3: OD finish      Fig. 4: End face finish 

M. Ganesan et al. [1] used Taguchi's design of experiment to 
optimize the cylindrical grinding parameters for surface 
roughness. It is observed that good surface finish is obtained 
during the grinding process with optimum grinding conditions, 
cutting speed, feed rate, and depth of cut plays an important 
role in the cylindrical grinding parameters. Vulc. S et al.[2] 
presents a study of surface roughness carbide blanks 
DK460UF having composition of 91%WC and 9% Co. The 
samples tungsten carbides were machined with diamond 
grinding wheels with different grain size, with different 
cutting parameters, using cutting medium. The results of 
experimental studies have shown that machined surfaces of 
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Fig. 7: ANCA TX7+ CNC machine 

 

Fig. 8: Grinding operation actual setup 

The experiments are conducted as per the Design of 
experiment technique and surface roughness of different 
combinations of parameters was measured using the Mahr 
surface roughness tester as shown below. 

 

Fig. 9: Mahr surface roughness tester 

4. DESIGN OF EXPERIMENT TECHNIQUE 

Design of experiment (DOE) is a statistical tool for improving 
the product design and solving production problems [1]. It 
allows for multiple input factors to be manipulated 
determining their effect on a desired output (response). All 
possible combinations can be investigated (full factorial) or 

only a portion of the possible combinations (fractional 
factorial). DOE enhance the quality of product, process for the 
design and also reduce the cost. 

In order to conduct the experiments different variables are to 
be considered. The variables considered are shown in the table 
below. 

Table 2: List of variables 

List of variables 
Concentration 
Ø of wheel 
Wheel shape 
Wheel Bond 
Bond Type 
Wheel 
Manufacturer 
Cutting speed 
Grit size 
Cutting Feed 

 
Different variables are involved to find the optimal value such 
as wheel concentration, Diameter of wheel, Wheel shape, 
Wheel bond, Bond type, Wheel manufacturer, Cutting speed, 
Grit size and Cutting feed. Brainstorming was done to identify 
key variables that affect the process. By studying all variables, 
finally potential causes were identified they are Grit size and 
Cutting feed that affect the grinding process.  

Table 3: Details of process parameters 

Common Variables - decided to keep as Constant Factors 
Fluting Gashing OD Finish End Face

Concentration 100 100 100 125 
Ø of wheel(mm) 125 125 125 75 
Wheel shape 1V1 1V1 1A1 6A2 

Wheel Bond Metal Metal Metal 
R. 
Polymide 

Bond Type RM501 RM515 CB470 B16 
Wheel Manufacturer Toolgal Toolgal Toolgal ASA 
Cutting speed 16 18 26 26 

 
The output responses Surface finish (Ra), Cycle times (CT) 
are measured and standardized grit size for different grinding 
operations are determined by using Design Of Experiment 
(DOE) quality tool. Factorial method of DOE is used with two 
factors and three levels. Quality of the surface and cycle time 
depends on grit size & cutting feed used. 

Total number of factors 
2  Each at 3 levels 
3  Total operations (Separate DOE) 
4  Total number of experiments= LF*N 36 
 
Where ‘N’ is the total No of operations 
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