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Abstract— Conventional methods of machining use the 

drilling, boring and grooving operations to produce parts of 

desired shape to function for specific applications. There is a 

trend to combine two or more operations in-order to save the 

tool setting time and the subsequent loss in the machine idle 

time and labor cost lost incurred as a result of loss in time in 

tool change.  Step drills and form tools are common 

examples of such tool changes adopted with the intention to 

save machine time. In our case the application that requires 

a combination tooling is the development bearing that is 
used in wind operated overhead exhaust fan commonly 

called the wind ventilator. A certain Paramount Industries 

are to develop the bearing for this application in Nylon-6 

material with two different thrust end geometry. The project 

involves the design development and analysis of the tool 

that combines drilling, boring (counter-boring) and grooving 

operation in one tool to be used in the CNC machine with 

automatic tool changer. The theoretical design will be done 

for the cutting forces generated during operation, solid 

modelling will be done using Unigraphix NX-8 and the 

strength analysis will also be done using Ansys Workbench 
-16. 

Keywords: Drilling, Truncated Pivot Thrust Bearing Holder, 

Boring 

I. INTRODUCTION 

A. Overview 

Drilling is a cutting process that uses a drill bit to cut a hole 
of circular cross-section in solid materials. The drill bit is 

usually a rotary cutting tool, often multi-point. The bit is 

pressed against the work-piece and rotated at rates from 

hundreds to thousands of revolutions per minute. 

 
Fig. 1: Basic Drilling Operation with Twisted Drill 

Drilling is a cutting process that uses a drill bit to 

cut a hole of circular cross-section in solid materials. The 

drill bit is usually a rotary cutting tool, often multi-point. 
The bit is pressed against the work-piece and rotated at rates 

from hundreds to thousands of revolutions per minute. This 

forces the cutting edge against the work-piece, cutting off 

chips (swarf) from the hole as it is drilled. 

In rock drilling, the hole is usually not made 

through a circular cutting motion, though the bit is usually 

rotated. Instead, the hole is usually made by hammering a 

drill bit into the hole with quickly repeated short 

movements. The hammering action can be performed from 

outside the hole (top-hammer drill) or within the hole 

(down-the-hole drill, DTH). Drills used for horizontal 
drilling are called drifter drills. 

In rare cases, specially-shaped bits are used to cut 

holes of non-circular cross-section; a square cross-section is 

possible. 

B. Process 

Drilled holes are characterized by their sharp edge on the 

entrance side and the presence of burrs on the exit side 

(unless they have been removed). Also, the inside of the 

hole usually has helical feed marks.[3] 

Drilling may affect the mechanical properties of the 

workpiece by creating low residual stresses around the hole 

opening and a very thin layer of highly stressed and 

disturbed material on the newly formed surface. This causes 

the workpiece to become more susceptible to corrosion and 

crack propagation at the stressed surface. A finish operation 

may be done to avoid these detrimental conditions. For 

fluted drill bits, any chips are removed via the flutes. Chips 
may form long spirals or small flakes, depending on the 

material, and process parameters.[3] The type of chips 

formed can be an indicator of the machinability of the 

material, with long chips suggesting good material 

machinability. 

When possible drilled holes should be located 

perpendicular to the workpiece surface. This minimizes the 

drill bit's tendency to "walk", that is, to be deflected from 

the intended center-line of the bore, causing the hole to be 

misplaced. The higher the length-to-diameter ratio of the 

drill bit, the greater the tendency to walk. The tendency to 
walk is also preempted in various other ways, which 

include: 

Establishing a centering mark or feature before drilling, such 

as by: 

Casting, molding, or forging a mark into the workpiece 

Center punching 

Spot drilling (i.e., center drilling) 

Spot facing, which is machining a certain area on a casting 

or forging to establish an accurately located face on an 

otherwise rough surface. 

Constraining the position of the drill bit using a drill jig with 

drill bushings 
Surface finish produced by drilling may range from 

32 to 500 microinches. Finish cuts will generate surfaces 

near 32 microinches, and roughing will be near 500 

microinches. Cutting fluid is commonly used to cool the 
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drill bit, increase tool life, increase speeds and feeds, 

increase the surface finish, and aid in ejecting chips. 

Application of these fluids is usually done by flooding the 
workpiece with coolant and lubricant or by applying a spray 

mist. 

In deciding which drill(s) to use it is important to 

consider the task at hand and evaluate which drill would 

best accomplish the task. There are a variety of drill styles 

that each serve a different purpose. The subland drill is 

capable of drilling more than one diameter. The spade drill 

is used to drill larger hole sizes. The indexable drill is useful 

in managing chips. 

C. Spot Drilling 

The purpose of spot drilling is to drill a hole that will act as 

a guide for drilling the final hole. The hole is only drilled 

part way into the workpiece because it is only used to guide 

the beginning of the next drilling process. 

D. Center Drilling 

Center drill is A two-fluted tool consisting of a twist drill 

with a 60° countersink; used to drill countersink center holes 

in a work piece to be mounted between centers for turning 

or grinding. 

E. Deep Hole Drilling 

Blast hole several meters long, drilled in granite 

Deep hole drilling is defined as a hole depth greater than ten 

times the diameter of the hole.[4] These types of holes 

require special equipment to maintain the straightness and 

tolerances. Other considerations are roundness and surface 

finish. 

Deep hole drilling is generally achievable with a 

few tooling methods, usually gun drilling or BTA drilling. 

These are differentiated due to the coolant entry method 
(internal or external) and chip removal method (internal or 

external). Using methods such as a rotating tool and 

counter-rotating workpiece are common techniques to 

achieve required straightness tolerances.[5] Secondary 

tooling methods include trepanning, skiving and burnishing, 

pull boring, or bottle boring. Finally a new kind of drilling 

technology is available to face this issue: vibration drilling. 

This technology breaks up the chips by a small controlled 

axial vibration of the drill. The small chips are easily 

removed by the flutes of the drill. 

A high tech monitoring system is used to control 
force, torque, vibrations, and acoustic emission. Vibration is 

considered a major defect in deep hole drilling which can 

often cause the drill to break. A special coolant is usually 

used to aid in this type of drilling. 

F. Gun Drilling 

Gun drilling was originally developed to drill out gun 
barrels and is used commonly for drilling smaller diameter 

deep holes. The depth-to-diameter ratio can be even greater 

than 300:1. The key feature of gun drilling is that the bits are 

self-centering; this is what allows for such deep accurate 

holes. The bits use a rotary motion similar to a twist drill; 

however, the bits are designed with bearing pads that slide 

along the surface of the hole keeping the drill bit on center. 

Gun drilling is usually done at high speeds and low feed 

rates. 

G. Trepanning 

Trepanning is commonly used for creating larger diameter 

holes (up to 915 mm (36.0 in)) where a standard drill bit is 

not feasible or economical. Trepanning removes the desired 

diameter by cutting out a solid disk similar to the workings 

of a drafting compass. Trepanning is performed on flat 

products such as sheet metal, granite (curling stone), plates, 
or structural members like I-beams. Trepanning can also be 

useful to make grooves for inserting seals, such as O-rings. 

H. Microdrilling 

Microdrilling refers to the drilling of holes less than 0.5 mm 

(0.020 in). Drilling of holes at this small diameter presents 

greater problems since coolant fed drills cannot be used and 
high spindle speeds are required. High spindle speeds that 

exceed 10,000 RPM also require the use of balanced tool 

holders. 

II. MATERIAL 

A. Drilling in Metal 

High speed steel twist bit drilling into aluminium with 

methylated spirits lubricant Under normal usage, swarf is 

carried up and away from the tip of the drill bit by the 

fluting of the drill bit. The cutting edges produce more chips 

which continue the movement of the chips outwards from 

the hole. This is successful until the chips pack too tightly, 

either because of deeper than normal holes or insufficient 

backing off (removing the drill slightly or totally from the 

hole while drilling). Cutting fluid is sometimes used to ease 

this problem and to prolong the tool's life by cooling and 

lubricating the tip and chip flow. Coolant may be introduced 

via holes through the drill shank, which is common when 
using a gun drill. When cutting aluminum in particular, 

cutting fluid helps ensure a smooth and accurate hole while 

preventing the metal from grabbing the drill bit in the 

process of drilling the hole. When cutting brass, and other 

soft metals that can grab the drill bit and causes "chatter", a 

face of approx. 1-2 millimeters can be ground on the cutting 

edge to create an obtuse angle of 91 to 93 degrees. This 

prevents "chatter" during which the drill tears rather than 

cuts the metal. However, with that shape of bit cutting edge, 

the drill is pushing the metal away, rather than grabbing the 

metal. This creates high friction and very hot swarf. 
Orbital Drilling is created by combining three 

motions - feed, spindle rotation and orbital rotation - 

resulting in a helical movement of the tool through the 

material. Hence, the cutting tool is always smaller than the 

hole diameter leading to a drilling process that generates less 

heat and a far smaller axial force. The end result is virtually 

burrless and delamination free holes of the highest quality 

requiring minimal rework.     

Enhanced hole quality together with a significantly 

decreased total cycle time can increase your company's 

productivity and profitability. a screw snugly and securely. 
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III. BORING OPERATION 

Boring is a process of producing circular internal profiles on 

a hole made by drilling or another process. It uses single 

point cutting tool called a boring bar. In boring, the boring 

bar can be rotated, or the work part can be rotated. Machine 

tools which rotate the boring bar against a stationary work 

piece are called boring machines (also boring mills). Boring 

can be accomplished on a turning machine with a stationary 

boring bar positioned in the tool post and rotating work 

piece held in the lathe chuck as illustrated in the figure. In 

this section, we will consider only boring on boring 
machines. 

 
Fig. 2: Boring Operation on Lathe 

 
Fig. 3: Set up for Boring Operation 

A. Boring Machines 

Boring machines can be horizontal or vertical according to 

the orientation of the axis of rotation of the machine spindle. 

In horizontal boring operation, boring bar is mounted in a 

tool slide, which position is adjusted relative to the spindle 
face plate to machine different diameters. The boring bar 

must be supported on the other end when boring long and 

small-diameter holes. 

 
Fig. 4: Horizontal Boring Machine 

A vertical boring mill is used for large, heavy 

workparts with diameters up to 12 m. The typical boring 

mill can position and feed several cutting tools 

simultaneously. The workpart is mounted on a rotating 

worktable 

B. Cutting tool for boring 

The typical boring bar is shown in the figure. When boring 

with a rotating tool, size is controlled by changing the radial 

position of the tool slide, which hold the boring bar, with 

respect to the spindle axis of rotation. For finishing 

machining, the boring bar is additionally mounted in an 
adjustable boring head for more precise control of the bar 

radial position. 

 
Fig. 5: Tolls for Boring operation 

In machining, boring is the process of enlarging a 

hole that has already been drilled (or cast) by means of a 
single-point cutting tool (or of a boring head containing 

several such tools), such as in boring a gun barrel or an 

engine cylinder. Boring is used to achieve greater accuracy 

of the diameter of a hole, and can be used to cut a tapered 

hole. Boring can be viewed as the internal-diameter 

counterpart to turning, which cuts external diameters. 

There are various types of boring. The boring bar 

may be supported on both ends (which only works if the 

existing hole is a through hole), or it may be supported at 

one end (which works for both through holes and blind 

holes). Lineboring (line boring, line-boring) implies the 

former. Backboring (back boring, back-boring) is the 
process of reaching through an existing hole and then boring 

on the "back" side of the workpiece (relative to the machine 

headstock). 
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C. Cutting Forces 

On engagement, the tangential force and the radial cutting 

force will attempt to push the tool away from the workpiece, 

which results in the deflections. 

The tangential force will try to force the tool 

downward and away from the centerline. Because of the 

curving of the internal hole diameter the clearance angle will 

also be reduced. Therefore, with small diameter holes, it is 

particularly important that the clearance angle of the insert 
be sufficient to avoid contact between the tool and the wall 

of the hole. 

The radial deflection will reduce the cutting depth. 

In addition to the diametrical accuracy being affected, the 

chip thickness will change with the varying size of the 

cutting forces. This causes vibration, which is transferred 

from the cutting edge to the toolholder. The stability of the 

tool and clamping will be the factor that determines the 

magnitude of the vibration and whether it is amplified or 

dampened. 

D. Insert Geometry 

The geometry of the insert has a decisive influence on the 

cutting process. A positive insert has a positive rake angle. 

The insert's edge angle and clearance angle together will 

equal less than 90 degrees. A positive rake angle means a 

lower tangential cutting force. However, a positive rake 

angle is obtained at the cost of the clearance angle or the 
edge angle. If the clearance angle is small there is a risk of 

abrasion between the tool and workpiece, and friction can 

give rise to vibration. In those cases where the rake angle is 

large and the edge angle is small, a sharper cutting edge is 

obtained. The sharp cutting edge penetrates the material 

more easily, but it is also more easily changed or damaged 

by edge or other uneven wear. 

Edge wear means that the geometry of the insert is 

changed, resulting in a reduction in the clearance angle. 

Therefore, with finish machining it is the required surface 

finish of the workpiece that determines when the insert must 

be changed. Generally, the edge wear should be between 
0.004 and 0.012 in. for finishing and between 0.012 and 

0.040 in. for rough machining. 

E. Lead angle 

The lead angle affects the axial and radial directions of the 

cutting forces. A small lead angle produces a large axial 
cutting force component while a large lead angle results in a 

larger cutting force in the radial direction. The axial cutting 

force has a minimal negative effect on the operation since 

the force is directed along the boring bar. To avoid 

vibrations, it is consequently advantageous to choose a small 

lead angle but, since the lead angle also affects other factors 

such as the chip thickness and the direction of the chip flow, 

a compromise often has to be made. 

The main disadvantage of a small lead angle is that 

the cutting forces are distributed over a shorter section of the 

cutting edge than with a large lead angle. Furthermore, the 

cutting edge is exposed to abrupt loading and unloading 
when the edge enters and leaves the workpiece. Since boring 

is generally done in a pre-machined hole and is designated 

as light machining, small lead angles generally do not cause 

a problem. Lead angles of 15 degrees or less are normally 

recommended. However, at a lead angle of 15 degrees the 

radial cutting force will be virtually double that of the 

cutting force with a 0 degree lead angle. A typical indexable 
insert boring bar with a 0-degree lead angle is shown on the 

previous page. 

F. Nose radius  

The nose radius of the insert also affects the distribution of 

cutting forces. The greater the nose radius, the greater the 

radial and tangential cutting force- and the emergence of 
vibration. However, this is not the case with radial cutting 

forces. The deflection of the tool in a radial direction is 

instead affected by the relationship between the cutting 

depth and the size of the nose radius. If the cutting depth is 

smaller than the nose radius, the radial cutting forces will 

increase with increased cutting depth. If the cutting depth is 

equal to or greater than the size of the nose radius, the radial 

deflection will be determined by the lead angle. Thus, it's a 

good idea to choose a nose radius that is somewhat smaller 

than the cutting depth. In this way the radial cutting forces 

can be kept to a minimum, while utilizing the advantages of 
the largest possible nose radius, leading to a stronger cutting 

edge, better surface finish and more even pressure on the 

cutting edge. 

G. Chip Breaking and Evacuation 

Obtaining relatively short, spiral shaped chips is the goal in 

internal turning. These are easy to evacuate and do not place 
such large stresses on the cutting edge when chip breaking 

occurs. Hard breaking of the chips-- this is, when short chips 

are obtained-demands power and can increase vibration in 

the boring bar. However, this is preferred over having long 

chips, which can make chip evacuation more difficult. Chip 

breaking is affected by a number of factors such as the insert 

geometry, nose radius, lead angle, cutting depth, feed and 

cutting speed. Generally, reduced feed and/or increased 

cutting speed results in longer chips. The shape of the chip 

breaker affects the radius of the chip, where any built-up 

edge or crater wear can also act as chip breaker. The 

direction in which the chips flow and the way that they turn 
in the spiral, is affected by the lead angle or the combination 

of cutting depth and nose radius. 

The parameters that affect chip control also affect 

the direction and size of the cutting force. Therefore, it is 

necessary to choose a grade and insert geometry that, 

together with the selected machining parameters, fulfill the 

requirements for good chip control. At the same time, the 

machine, boring bar and tool clamping must provide 

sufficient stability in order to resist the cutting forces that 

arise. 

During boring operations the chip flow can be 
critical, particularly when deep holes are being machined. 

The centrifugal force presses the chips outward. With 

boring, this means that the chips remain in the workpiece. 

The remaining chips could get pressed into the machined 

surface or get jammed and damage the tool, As with internal 

turning, tools with an internal cutting fluid supply are 

recommended. The chips will then be flushed out of the hole 

effectively. Compressed air can be used instead of cutting 

fluid and with trough holes; the chips can be blown through 

the spindle and collected in a container. 
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IV. BORING RIGIDITY 

Part geometries can have external turning operations as well 

as internal operations. Internal single point turning is 

referred to as boring, and can be utilized for either a 

roughing or finishing operation. Single point boring tools 

consist of a round shaft with one insert pocket designed to 

reach into a part hole or cavity to remove internal stock in 

one or several machine passes. 

The key to productivity in boring operations is the 

tool's rigidity. Boring bars are often required to reach long 

distances into parts to remove stock, as shown below. 
Hence, the rigidity of the machining operation is 

compromised because the diameter of the tool is restricted 

by the hole size and the need for added clearance to 

evacuate chips. The practical overhang limits for steel 

boring bars is four times their shank diameter. When the tool 

overhang exceeds this limit, the metal removal rate of the 

boring operation is compromised significantly because of 

lack of rigidity and the increased possibility of vibration. 

A. Boring bar deflection 

The size of the boring bar's deflection is dependent on the 

bar material, the diameter, the overhang and size of the 

radial and tangential cutting forces. Boring bar deflection 

can be calculated, but such calculations are beyond our 

intended scope here. 

Increasing the diameter of the tool to create an 

increased moment of inertia can counteract this deflection. 

Choosing a boring bar made of a material that has a higher 
coefficient of elasticity can also counteract deflection. Since 

steel has a lower coefficient of elasticity than cemented 

carbide, cemented carbide boring bars are better for large 

overhangs. 

Compensating for deflection: Even with the best 

tool clamping, some vibration tendency will occur in boring. 

Radial deflection affects the machined diameter. Tangential 

deflection means that the insert tip is moved in a downward 

direction away from the centerline. In both cases the size 

and direction of the cutting forces are affected by changes in 

the relationship between the chip thicknesses and insert 
geometry. 

If the exact size of the deflection of the insert tip is 

known in advance, then the problem can be avoided. By 

positioning the insert tip distance above the centerline, the 

insert under the effect of the tangential force, will take up 

the correct position during machining. In the same way, 

setting the machine at a cutting depth that is greater than the 

desired cutting depth compensates for the radial deflection. 

When cutting begins, the radial cutting force reduces the 

cutting depth. 

Even if the approximate deflection can be 

calculated, the practical outcome will be somewhat different 
because the clamping is never absolutely rigid and because 

it is impossible to calculate the cutting force exactly. 

B. Boring bar clamping 

The slightest amount of mobility in the fixed end of the 

boring bar will lead to deflection of the tool. The best 

stability is obtained with a holder that completely encases 
the bar. As the illustration above shows, this type of holder 

is available in two styles: a rigid or flange mounted bar (a), 

or a divided block that clamps when tightened (b). With a 

rigidly mounted bar, the bar is either preshrunk into the 

holder and/or welded in. With flange mounting, a flange 
with a through hole is normally used. The flange is usually 

glued onto the shank of the bar at a distance that gives the 

required overhang. The bar is then fed into the holder and 

clamped by means of a screw connection or by being held in 

the turret. 

Less efficient are those tool-- clamping methods in 

which the screw clamps onto the bar. This form generally 

results in vibration and is not recommended. Above all, this 

method must not be used for the clamping of cemented 

carbide bars. Cemented carbide is more brittle than steel and 

cracks will occur as a result of vibration, which in turn may 

result in breakage. 

C. Boring Bars 

Boring bars are made in a wide variety of styles. Single-

point boring bars are easily ground but difficult to adjust 

when they are used in turret and automatic lathes and 

machining centers, unless they are held in an adjustable 
holder. (See illustrations below.) 

More expensive boring bars are provided with 

easily adjustable inserts. These bars are made in standard 

sizes, with a range of 0.25 to 0.5 in. on the diameter. A fine 

adjustment is included in increments of 0.001 in., or in some 

cases 0.0001 in. They are standard up to about 6 in. in 

diameter. A boring bar with adjustments is shown below. 

Many times it may be economical to order special bars with 

two or more preset diameters, set at the proper distance 

apart. These special bars cost more and are generally only 

used when large quantities make their use economical. 

Sometimes this may be the only way to hold the required 
tolerances and concentricity. 

Other special boring bars, sometimes called boring 

heads, are designed with replaceable cartridges. 

D. Boring bar types 

Boring bars are available in steel, solid carbide, and carbide-

reinforced steel. The capacity to resist deflection increases 
as the coefficient of elasticity increases. Since the elasticity 

coefficient of carbide is three times larger than that of steel, 

carbide bars are preferred for large overhangs. The 

disadvantage of carbide is its poor ability to withstand 

tensile stress. For carbide-reinforced bars, the carbide 

sleeves are prestressed to prevent tensile stresses. 

Boring bars can be equipped with ducts for internal 

cooling, which is preferred for internal turning. An internal 

coolant supply provides efficient cooling of the cutting edge, 

plus better chip breaking and chip evacuation. In this way a 

longer tool life is obtained and quality problems, which 
often arise because of chip jamming, are avoided. 

E. Boring bar choice 

When planning production, it is very important to minimize 

cutting forces and to create conditions where the greatest 

possible stability is achieved so that the tool can withstand 

the stresses that always arise. The length and diameter of the 
boring bar will be of great significance to the stability of the 

tool. Since the appearance of the workpiece is the decisive 

factor when selecting the minimum overhang and maximum 



Review & Design Analysis of Combination Tool Head for Truncated Pivot Thrust Bearing Holder 

 (IJSRD/Vol. 8/Issue 2/2020/012) 

 

 All rights reserved by www.ijsrd.com 50 

tool diameter that can be used, it is important to choose the 

tool, tool clamping and cutting data which minimize, as 

much as possible, the cutting forces which arise during the 
operation. 

The following recommendations should be 

followed to obtain the best possible stability:  

 Choose the largest possible bar diameter, but at the 

same time ensure that there is enough room for chip 

evacuation.  

 Choose the smallest possible overhang but, at the same 

time, ensure that the length of the bar allows the 

recommended clamping lengths to be achieved.  

 A 0-degree lead angle should be used. The lead angle 

should, under no circumstances be more than 15 
degrees.  

 The indexable inserts should be positive rake that 

results in lower cutting forces.  

 The carbide grade should be tougher than for external 

turning in order to withstand the stresses to which the 

insert is exposed when chip jamming and vibration 

occur.  

 Choose a nose radius that is smaller than the cutting 

depth. 

Modern boring bars are designed to take into 

account the demands that must apply because the operation 
is performed internally and the dimensions of the tool are 

determined by the hole depth and the hole diameter. With a 

positive rake insert geometry, less material deformation and 

low cutting forces are obtained. The tool should offer good 

stability to resist the cutting forces that arise and also to 

reduce deflection and vibration as much as possible. 

Because of space requirements, satisfactory chip control and 

good accessibility are also properties of greater importance 

than with external turning. 

F. Cutting tools 

Cutting tools are held in the rotating spindle by a tapered 

hole and a drawbar. To speed up the process of tool 

changing, either or both of two things are done:  

 The drawbar (which pulls the tapered tool holder tightly 

into the spindle hole) can be power operated. Thus, the 

holder is pulled tight or ejected very quickly.  

G. Counter bore 

A counter bore (symbol: ⌴) is a cylindrical flat-bottomed 

hole that enlarges another coaxial hole, or the tool used to 

create that feature. A counter bore hole is typically used 

when a fastener, such as a socket head cap screw, is required 

to sit flush with or below the level of a work piece's surface. 
Whereas a counter bore is a flat-bottomed enlargement of a 

smaller coaxial hole, a countersink is a conical enlargement 

of such. A spot face often takes the form of a very shallow 

counter bore. As mentioned above, the cutters that produce 

counter bores are often also called counter bores; 

sometimes, to avoid ambiguity, the term counter bore cutter 

is used instead. 

 
Fig. 6: Comparison of countersunk and counter bored holes. 

 
Fig. 7: Counter bore cutter marked 'E 

A counter bore hole is usually used when the head 
of a fastener, such as a hex head or socket head caps crew, is 

required to be flush with or below the level of a work 

piece’s surface. 

For a spot face, material is removed from a surface 

to make it flat and smooth, usually for a fastener or a 

bearing. Spot facing is usually required on work pieces that 

are forged or cast. A tool referred to as a counter bore is 

typically used to cut the spot face, although an endmillmay 

also be used. Only enough material is removed to make the 

surface flat.[1] 

A counterbore is also used to create a perpendicular 

surface for a fastener head on a non-perpendicular surface. 
If this is not feasible then a self-aligning nut may be 

required. 

By comparison, a countersink makes a conical hole 

and is used to seat a flathead screw. 

Standards exist for the sizes of counterbores, 

especially for fastener head seating areas. These standards 

can vary between corporations and between standards 

organizations. For example, in Boeing Design Manual 

BDM-1327 section 3.5, the nominal diameter of the 

spotfaced surface is the same as the nominal size of the 

cutter, and is equal to the flat seat diameter plus twice the 
fillet radius. This is in contrast to the ASME Y14.5-2009 

definition of a spotface, which is equal to the flat seat 

diameter 

V. COMBINATION TOOLS 

A. Drill Countersink 

Of course we are all familiar with a Center Drill for lathe 
work, which is nothing but a combination drill and 

countersink.  There are many more combinations and sizes 

available, however.  Here is a drive matic drill and 

countersink: 
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Fig. 8:  Drive matic & Countersink tool 

These are most commonly used in through-hole 

applications.  You can also get countersink collars for 
regular twist drills that let you set the depth of the 

countersink relative to the point of the twist drill. 

 
Fig. 9: Combination bearing developed for Wind ventilator 

 
Fig. 10: 

The holder used for the bearing is as below 

 
Fig. 11: 3D image of Holder used for Bearing 

 
Fig. 12: Sectional View of Bearing holder 

Thus from the observation of the bearing holder above it 

requires basically three operations: 
1) Drilling with 120 degree tip angle ---for pivot 

2) Boring (Counter boring) diameter 25 mm --- Needle 

roller bearing 

3) Radius Grooving ---Thrust bearing 

VI. DESIGN OBJECTIVES 

A. Objectives 

 Design and Development of Multi operation cutting 

tool to develop desired geometry profile 

 Theoretical analysis of Cutting forces and subsequent 

strength analysis of tool 

B. Design & Analysis of Tool:  

Part-I:  Cutting force calculation and Insert selection 

Cutting force Calculation in Drilling: 
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Fig. 13: 

C. Cutting Force Calculation in Boring 

 

 

 
Fig. 14: 

D. Insert Selection for Boring  

 

 

 
Fig. 15: 

E. Design of Tool holder considering the plain drilling and 
boring operation under action of maximum torque 
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Fig. 16: 

MATERIAL SELECTION: -Ref: - PSG (1.10 & 1.12) + 

(1.17) 

 
    fs max   =  uts/fos = 600/2 = 300  N/mm2 

This is the allowable valve of shear stress that can 

be induced in the shaft material for safe operation. 

Assuming 100 % efficiency of transmission  

 T design = 8.743  N-m 

CONSIDERING THE TORION FAILURE OF THE 

HOLLOW PORTION OF THE COUPLING SHAFT 

Td = /16 x fs act x( D4- d4) /D 

 
diameter of  Shank for cutting tool  = 23 mm 

Inside diameter of  drum boss =14 mm 

 
 fs act  = 4.24 N/mm2 

As  fs act < fs all 

Tool shank is safe under torsional load. 

VII. CONCLUSION 

A new design for the Truncated Pivot Thrust Bearing Holder 
is introduced. The new design adds an extra boundary 

condition represented by a Combination Cutting Tool. 

Ballbearings are costly, require special casing for mounting 

that increases space requirement and weight. The ball 

bearings alone do not suffice the requirements of the 

balancing at the top end of the ventilator it also requires a 

thrust bearing. This design is analyzed both analytically for 

static stiffness and numerically using FE for static and 

dynamic properties.  

The following conclusions can be attained:  

 The proposed combination tool head for truncated pivot 
thrust bearing holder   by using pivot, needle roller & 

thrust bearing in a single bearing reduces the cost by 

50%. 

 The proposed boring bar is predicted to have higher 

chatter resistance owing to the increased stiffness in the 

direction of chip thickness variation.  

 The service life of the bearing is expected to increase by 

two times. 
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