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Abstract - Drilling is a very common machining process being widely used since long to originate straight cylindrical holes 
by using cutting tools. Often drills are used to produce taper holes and to enlarge or finish existing holes. The cutting tool 
used for this purpose is called drill bit. During the course of drilling operation, the tool wear takes place and it is very 
essential to maintain the geometry of tool within the standard limits. It is very important that drills are properly ground. The 
drill point must be in the center of rotation of the drill. The lips should be of equal length and at correct angle with the axis. 
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I. INTRODUCTION 

 

Drill bits have so far been manually grinded in order 

to restore their functionality conforming to specified 

lip angle. Usually drill bits have been grinded 

manually by skilled operators but still imperfections 
may occur in re-sharpening leading to reduced drill 

bit’s efficiency. 

This project aims at developing a fixture which is 

capable of holding drill bit firmly against the grinding 

wheel during re-sharpening process making it less 

susceptible to minor deviations retaining its 

geometry. The fixture developed can also be used for 

light and precision milling of small work pieces. 

 
Fig. (a). Visualizes the typical configuration and salient 

features of taper shank twist drill bit. 

 

II. ELEMENTS OF A TWIST DRILL 

 

 Body: it is the part of the drill that is fluted and 

relieved. 

 Shank: it is the part held in the holding device, 

small drills up to about 12.7mm diameter are 
provided with parallel shanks and the larger size 

drill have tapered shanks. 

 Chisel edge: the chisel edge or dead center of the 

drill is the sharp edge at the extreme tip end of 

the drill, it should always be in the exact center 

of the axis of the drill. 

 Lip or cutting edge: it is formed by the 

intersection of flank and face. Both lips of the 

drill should be of equal length and should be at 

the same angle of inclination with the drill axis. 

This will enable to produce a perfectly round, 
smooth and accurate holes. Unequal lips will 

result in an oversize hole. 

 Flank: flank or land is the surface on a drill point 

which extends behind the lip to the following 

flute. 

 Chisel edge corner: the corner formed by the 

intersection of lip and chisel edge is called chisel 

edge corner. 

 Flutes: The groove in the body of the drill which 

provide lips. 

 

III. TWIST DRILL ANGLES 
 

 Rake angle or helix angle: it is the angle of flute 

in relation to the work. Smaller the rake angle 

greater will be the torque required to drive the 
drill at given speed. Its usual value is 300 

although it may vary up to 450 for different 

materials. 

 Lips clearance angle: it is the angle formed by 

the flank and the plane at right angle to the drill 
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axis. Lip clearance is the relief that is given to 

the cutting edges in order to allow the drill to 
enter the metal without interference. This angle 

generally varies from 90-150. 

 Cutting angle or point angle: it is the angle 

included between the two lips projected upon a 

plane parallel to the drill axis and parallel to the 

two cutting lips. The best point angle is 1180. 

 Chisel edge angle: it is the angle included 

between the chisel edge and the lip as seen from 

the end of the drill. 

 

 Fig. (b). Various twist drill angles 

 

IV. OBJECTIVE 

 

This project aims mainly at developing a fixture 

which is capable of holding drill bits firmly against 

the grinding wheel during re-sharpening by 

considering the parameters like included angle and lip 

clearance angle which generally varies between 118o-

1350 and 90-150 respectively. These angles varies 

upon the size of drill bits. 

 
This work aims at Design and Fabrication of a Multi 

– Purpose 3-Axis Vise for Re-Sharpening of Twist 

Drill and Light Milling Work which allows 3 axis 

rotations to hold drill bits and other work pieces as 

per specified machining geometries. 

 

V. NEED FOR GRINDING 

 

In order to improve the usage of twist drill bits, 

priority should be given on the sharpening angle of 

the bits. It is highly impossible to achieve the drill bit 
geometries through manual grinding, which leads to 

variation in the sizes of drills and which may further 

leads to failure of drill bits. Thus, re sharpening of 

drill bits plays a major role in achieving the 

efficiency of the drill bits. 

The most common problem arising from drill bit re 

sharpening is a condition called negative relief. This 

occurs when the material taken of the trailing edge of 

the bit surface also called as heel, is insufficient, the 

trailing edge is at same level or higher than the 

cutting edge. The sharpening wheel creates a flat 
cutting surface on the point of the bit, but his must be 

trimmed in order for the cutting surface on the bit to 

work correctly. 

 

VI. TWIST DRILL GRINDING 

 

During the course of drilling operation, the tool wear 

takes place and it is very essential to maintain the 

geometry of tool within the standard limits. It is very 

important that drills are properly ground. The drill 

point must be in the Centre of rotation of the drill. 

The lips should be of equal length and at correct 
angle with the axis. 

After sufficient wear due to use the worn out /dull 

cutting edges of drills are re-sharpened. The 

commonly used grinding methods are, 

 Flat grinding 

 Helical grinding 

 Conical grinding 

 With apex(grinding cone) up 

 With apex down 

Conical grinding with apex up is widely practiced as 

this method provides a favorable pattern of 
distribution of the clearance angle along the cutting 

edges. 

 
Fig. (c). Setting for conical grinding of a drill point 

 

Fig. (c) Shows the setting and motions of taper shank 
twist drill against a rotating grinding wheel for re-

sharpening. The drill bit is clamped in a V-block, 

keeping one cutting edge along the grinding surface 

as indicated. The fixture holding the drill is oscillated 

manually by a handle about the axis of imaginary 

cone as shown in the figure. Axis of the imaginary 

cone is offset from the drill axis by a small distance. 

After grinding one flank, the drill bit is indexed by 

1800 for the other flank. The cycle is repeated with a 

little axial feed of the drill. Because of this method 

the flank surfaces become conical-helical and the 

cutting edges attain the desired clearance angles. 
 

VII. GRINDING ANGLE CALCULATION 

 

Flat plane grinding of clearance surface of a twist 

drill can be carried out in one or two planes. Single 
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plane grinding is used for small drills up to 3 mm in 

diameter. Larger drill is ground by the two plane 
method. In order to obtain the required relief angle , 

αn at the periphery of the drill and the chisel edge 

angle Ψ, each lip is ground on two plane surfaces,  πR 

and πF as shown in figure (d). 

 

 
Fig.(d). Grinding surfaces 

 
Fig. (e). 3-dimensional grinding attachment 

 

Grinding surface R 

ɵc = 0 

tanɵB = 𝑡𝑎𝑛ɵ 𝑡𝑎𝑛𝜀 

tanɵA= 𝑡𝑎𝑛𝜀 cosɵB 

In the above relationship 

𝑡𝑎𝑛ɵ = 𝑡𝑎𝑛𝛼 𝑡𝑎𝑛𝛷 − 𝑠𝑖𝑛𝜇 /cos𝜇 

𝜀=90o-Φ, Where Φ=lip clearance at the periphery, 
Φ=1/2(point angle) 

𝜇=sin-1(dw/Do), 

dw=chisel edge diameter, 

Do =nominal drill diameter. 

 

VIII. BLACKENING 

 

Black oxide or blackening is a conversion coating for 

ferrous materials, stainless steel, copper and copper-

based alloys, zinc, powdered metals, and silver 

solder. It is used to add mild corrosion resistance, for 
appearance and to minimize light reflection. Black 

oxide imparts a deep, black, lustrous appearance to 

the parts being coated, and replicates the surface 

finish of the part. Although black oxide provides mild 

corrosion protection to the treated parts, it is 

primarily used because of its aesthetic properties. 

 

IX. FIXTURE 

 

Fig. (f). Assembly of the Fixture 

 

X. WORKING 

 

Drill bit which has to be grinded is fitted in the angle 

(V shaped) by means of the allen key. The required 

helix angle for the particular drill bit will be noted 

down. Then the swiveling block is loosened by means 

of the allen key, such that it can be rotated.The 

required grinding angles are set as mentioned above. 

Now the drill bit is brought in contact with the 

grinding surface and the drill bit is rotated about its 

own axis. The feed is provided either by using cross 

feed of universal grinder or by using feed screw 
provided in the fixture. The drill bit is indexed by 180 

degree to grind the other end. 

 

 
Fig. (g) Final Assembly Clamped to Universal Grinder 
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VIII. RESULTS AND CONCLUSION 

 

 
Fig, (h) Drill Bit of Diameter 13mm before and after Grinding 

 

The fixture developed under this project is going to 

remove negative relief in drill bits by forming 

conical-helical flank and can able to maintain the 

included angle and equal length of cutting lips by 

grinding. Thus, perfect drilled holes can be produced 

and drill bit geometry is retained. 
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