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Preface  

In most of the engineering institutions, the laboratory course forms an integral form of the basic  lab at 

undergraduate level. The experiments to be performed in a laboratory should ideally be designed in such a way 

as to reinforce the understanding of the basic principles as well as help the students to visualize the various 

phenomenon encountered in different  conventional machining operations.  

The objective of this manual is to familiarize the students with practical skills, hands on practice of machining 

and interpretation of results. It is intended to make this manual self-contained in all respects, so that it can be 

used as a laboratory manual.  
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LAY OUT OF MACHINE SHOP 

 

 

 

 

Sr. #  Name  

1  White Board  

2  Tool Cabinet  

3  Working Table  

4  Notice Board  

5 to 10  Center Lathe Machines  

11  Material Store Cabinet  

12  Tool Display Board  

13  Milling Machine  

14  Surface Grinding Machine  

15  Shaper Machine  
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16  Vertical Drilling Machine  

17  Bench  Tool Grinder  

18  CNC Turning Center  

19  CNC Milling C enter  

20  Tool Display Board  
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Lab Safety Instructions  

  

 

 

 

 

 

 

 

 

 

  

  

Never eat, drink, or smoke while working in the laboratory.   

  

   

  

  

Use of mobile phone is not allowed in the premises of lab  

  

  
  

  

  

Obtain permission before operating any high voltage equipment.  

  

Do not stand near rotating elements with loose fitting clothes.  

Do not touch any rotating/translating element.  

Do not try to stop energised machine with hand.  
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LIST OF EXPERIMENTS:  

 

 

 
 

  

LAB 

 

1.Introduction & Layout of Lab.   

  

2.To investigate the single-point cutting tool.  

  

3.To investigate the multi-point  cutting tool.  

  

4.To investigate the characteristic features of  Lathe machine   +    (Lab Assignment)  

  

5.To determine the effect of length/diameter ratio on  accuracy of  machining by varying depth  of cut.  

  

6.To determine the effect of length/diameter ratio on accuracy of  machining by varying the diameter of 

workpiece.  

  

7.To determine the variation of power with depth of cut, feed, spindle speed and rake angle               

 

8.To investigate the characteristic features of  Shaper 

9.  10.To investigate the characteristic features of  Milling machine. 

 

10.To machine a spur gear by Milling machine. 
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EVALUATION criteria  

Total = 50 Marks  

  

Lab Assignment                        05Marks  

Lab Performance /Experiment                    10Marks  

Mid -term   Lab Performance                           10Marks  

Final-term. Lab Performance                           10Marks  

Lab Manual                                                      15Marks  

  

 

 

 

 

 

 

 

 

Note to the Students: 

Internal Assessment marks will be based on the performance of the student in the lab and the 

punctuality of the student along with the behavior of the individual. If found not punctual to the 

lab, the shortage of attendance will be coincided severely.Every time the student should bring 

the lab manual cum record to the lab. Students should behave according to the rules and 

procedure of the lab with all conditions.  
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EXPERIMENT # 1  

  

To investigate the single-point cutting tool  

Scope:-   

 

To study the nomenclature, geometry, materials and how to grind the single-point cutting tool of a Lathe 

machine.  

  

Theory:-  

Machining is the process of removing unwanted material from a work piece in the forms of chips. If the 

work piece  
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is metal, the process is often called metal cutting or metal removal .Vast majority of manufactured 

products require  

machining at some stage in their production. There are seven basic chip formation processes which are 

turning,  

milling, drilling, sawing, broaching, shaping and grinding. Among these processes turning and shaping 

use single  

point cutting tool while rest of the processes uses multipoint cutting tool. In this experiment we will study 

single-  

Point cutting tool of a lathe machine.  

1.  Lathe Tool Nomenclature:-  

Cutting tools used on a lathe machine are generally single - point, and although the shape of the tool is 

changed  

for various applications, the same nomenclature applies to all cutting tools.  
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Figure 1.1: Single point cutting tool 



 

 

Shank is that part of the tool bit which is not ground to form cutting edge. Shank is rectangular 

in cross-section and is the portion of the tool bit which is held in the tool holder.  

Point or Tool Tip is end of the tool, which is shaped to produce the cutting edges and face.   

Base is the bottom surface of tool and takes the tangential pressure of the cut.  

Face is that surface against which the chip slides.  

Flank: The flanks are the surfaces below and adjacent to the cutting edges. These are the 

surfaces of the tool facing the work.  

Cutting Edge: It is the edge on face of the tool which removes the material from work piece. 

The cutting edge usually comprises the nose radius, the side cutting edge, and the end cutting 

edge.  

The Side (Primary) Cutting Edge: This is the edge formed by intersection of the tool face and 

side flank. It is mainly responsible for shearing of the work material during cutting. The End 

(Auxiliary) Cutting Edge: This is the edge formed by intersection of the tool face and end 

flank.  

Nose: The nose of a tool is the conjunction of the side and end cutting edges Heel: It is 

the intersection of the flank and the base of the tool.  

2.  Lathe Tool Angles and Clearances:-  

Proper tool bit performance depends on the clearances and angles, which must be ground on the 

tool bit. Although these angles vary for different materials, the nomenclature is same for all tool 

bits.  

The side cutting edge angle is the angle the cutting edge forms with the side of the tool shank. 

Side cutting edge angles for general purpose lathe cutting tool may vary from 10° to 20° 

depending on the material to be cut. If the angle is too large (over 30°) the tool will tend to 

chatter.  

The end cutting edge angle is the angle formed by the end cutting edge and a line at right angle 

to the centerline of the tool bit. The angle may vary from 5° to 30°, depending upon the type of 

the cut and the finish desired. An angle of 5° to 15° is satisfactory for roughing cuts and angles 

15° to 30° are used for general purpose turning tools.  

The side relief (clearance) angle is the angle ground on the side flank of the tool below the side 

cutting edge. This angle is generally 6° to 10°. The side clearance on the tool bit permits the 



 

  

  

  

 

cutting tool to advance lengthwise into the rotating work and prevents the flank from rubbing 

against the work piece.  

The end relief (clearance) angle is the angle ground on the end flank below the end cutting 

edge and it permits the cutting tool to be fed into the work. It is generally 10° to 15° for general 

purpose tools. The end relief angle varies with the hardness and the type of material and the type 

of cut. The end relief angle is smaller for harder materials, providing support under the cutting 

edge.  

The side rake angle is the angle at which the face is ground away from the side cutting edge. 

For general purpose tool bits, the side rake is generally 14°. Side rake creates a keener cutting 

edge and allows the chips to flow away quickly. For softer materials, the side rake angle is 

generally increased. Side rake angle may be either positive or negative, depending on the 

material being cut.  

The back rake angle is the backward slope of the tool face away from the nose. The back rake 

angle is generally about 20°. Back rake permits the chips to flow away from the point of cutting 

tool.  

The angle of keenness is the included angle produced by grinding side rake and side clearance 

on a tool bit. This angle may be altered; depending on the type of material machined, and will be 

greater (closer to 90°) for harder materials.  

Types of Rake Angles:-  

Rake angle (side and back) may be either positive, negative or zero.  

Positive rake angle is when the cutting edge contacts the metal first and the chip moves down 

the face of the tool bit. Positive rake angle is considered best for the efficient removal of metal. It 

reduces friction, heat and power consumption and allows the chip to flow freely along the chip- 

tool interface. Positive rakeïangle cutting tools are generally used for continuous cuts on ductile 

materials that are not too hard or abrasive. Positive rake-angle tools are not suitable for hard 

materials as the large stresses on the cutting edge will cause the cutting edge to break.  



 

  

  

  

 

Negative rake angle is when the face of the cutting tool contacts the metal first and the chip is 

forced up the face of the tool bit. Negative rake angle causes less heat, friction and power loss. 

Since the cutting operation is performed by the face of the tool , the forces are distributed over an 

area (contrary to positive rake ïangle cutting tools in which the forces are distributed over cutting 

edge) causing less stresses on the face of negative rake-angle tools as compared to stresses on 

cutting edge in positive rake-angle tools. As a result it is used for interrupted cuts and when the 

metal is hard, tough or abrasive.  

Zero Rake Angle has properties between that of positive rake angle and negative rake angle.  

 

                             Figure 1.2: Types of rake angles  

3. Tool Materials:-  

The selection of proper tool material depends on the type of service to which the tool will 

be subjected. No one material is superior in all respects, but rather each has certain 

characteristics which limits its field of applications. In general the material of cutting tool 

must have the following characteristics to do the cutting operations properly.  

1. High hardness  

2. High Hot hardness  

3. High toughness  

4. High modulus of elasticity  

5. Resistance to abrasion, wear due to severe sliding friction  

6. Good chemical stability  

Brief description of materials that are used to make lathe tool bits is given below. These 

materials include Carbon Steels, Medium Alloy Steels, High Speed Steels, Stellites,  



 

  

  

  

 

Cemented Carbides, Ceramics, Cermetôs and Diamonds.  

Carbon Steels:-  

Carbon steels contain carbon in amounts ranging from 0.80 to 1.50%. A disadvantage of 

carbon tool steel is their comparatively low-heat and wear resistant. They lose their 

required hardness at temperatures from 200° to 250° Celsius. Therefore they may only be 

used in manufacture of tools operating at low cutting speeds (about 12m/min) and for 

hand operated tools. But they are comparatively cheap, easy to forge and easy to harden.  

Medium Alloy Steel:-  

The high carbon medium alloy steels have carbon content akin to plain carbon steels but in 

addition there is, say, up to 5% alloy content consisting of tungsten, molybdenum, chromium and 

vanadium. Some additions of one or more of these elements improves the performance of carbon 

steels in respect of hot hardness, wear resistance, shock ,impact resistance and resistance to 

distortion during heat treatment. The alloy carbon steel, therefore, broadly occupy a midway 

performance position between plain carbon steel and high speed steel. They lose their required 

hardness at temperatures from 250 to 350° Celsius. High Speed Steels:-  

High Speed Steel (HSS) is a general purpose metal for low and medium cutting speeds owing to 

its superior hot hardness and resistance to wear. High speed steels operate at cutting speeds 2- 3 

times higher than for carbon steels and retain their hardness up to about 900° Celsius. There are 

generally 3 types of high speed steels; high tungsten, high molybdenum and high cobalt. 

Tungsten in HSS provides hot hardness and form stability, molybdenum and vanadium maintains 

keenness of the cutting edge, while addition of cobalt improves hot hardness and makes the 

cutting tool more wear resistant.  

Stellites:-  

Stellite is the trade name of a non-ferrous cast alloy composed of cobalt, chromium and tungsten. 

The range of elements in these alloys is 40-48% cobalt, 30-35% chromium and 12-19% tungsten. 

In addition to one or more carbide forming elements, carbon is added in amounts of 1.8-2.5%. 

They cannot be forged to shape, but may be deposited directly on the tool shank in an 

oxyacetylene flame; alternately, small tips of cast satellite can be brazed into place. Stellite 

preserves hardness up to 1000° Celsius and can be operated on steel at cutting speeds 2 times 



 

  

  

  

 

higher than for high speed steel. These materials are not widely used for metal cutting since they 

are very brittle. They are mostly used in some non-metal cutting applications such as rubber and 

plastics.  

Cemented Carbide:-  

Cemented Carbides are so named because they are composed principally of carbon mixed with 

other elements. The basic ingredients of most cemented carbides are tungsten carbide which is 

extremely hard. Boron, Titanium and Tantalum are also used to form carbides.  

The amount of Cobalt used will regulate the toughness of tool. A typical analysis of carbide 

suitable for steel machining is 82 % tungsten carbide, 10 % titanium carbide and 8 % cobalt. 

Carbide tools are made by brazing or silver soldering. The most important properties of 

cemented carbides are their very high red hardness, heat resistance and wear resistance. 

Cemented carbide tool tips can machine metals even when their cutting elements are heated to a 

temperature of 1000° Celsius. They can withstand cutting speed 6 or more than 6 times higher 

than those of tools of high speed steels. Cemented carbide is the hardest manufactured material 

and has extremely high compressive strengths. However it is very brittle has low resistance to 

shock and must be very rigidly supported to prevent cracking. The two types of cemented 

carbides that are used are tungsten type cemented carbide and tungsten titanium type cemented 

carbide.  

Ceramics:-  

Ceramic is a heat resistant material produced without a metallic bonding agent such as cobalt. 

Aluminum oxide is the most popular material used to make ceramic cutting tools. Titanium 

oxide or titanium carbide may be used as an additive, depending on the cutting tool application. 

Ceramic tools permit higher cutting speeds, increased tool life and better surface finish than 

carbide tools. Furthermore they have low heat conductivity and high compressive strength. 

However they are brittle and much weaker than the carbide or coated carbide tools and must be 

used in shock free or low shock situations.  

Cermets:-  



 

  

  

  

 

Cermet is a cutting tool insert composed of ceramics and metal. Most cermets are made from 

aluminum oxide, titanium carbide and zirconium oxide compacted and compressed under intense 

heat. The advantages of cermet tools are that they exceed the equivalent tool life of coated and 

uncoated carbides, they can be used for machining at high temperatures, they produce an 

improved surface finish which eliminates the need for grinding and provides greater dimensional 

control and they may be used to machine steel of up to 45 Rockwell hardness.  

Diamond:-  

Diamond is the hardest known material and can be run at cutting speeds 50 times greater than 

HSS tools and at temperatures up to 1650° Celsius. In addition to its hardness, diamond is 

incompressible, is of large grain structure, readily conducts heat and has a low coefficient of 

friction. Diamonds tools are used mainly to machine nonferrous metals, glass, plastics, ceramics 

and abrasive materials for producing fine finishes.  

4. Grinding Lathe Tools:-  

            We will use a simple four-step procedure to make our cutting tool   

1. Grind the end relief   

2. Grind the left side relief   

3. Grind the top rake   

4. Round the tip   

             

  

   Grinding the End Relief:-  

First we will grind the end of the tool blank. Use the coarse wheel of your bench grinder and 

hold the tool blank angled downwards from the tip to the rear and with the tip pointing to the left 

about 10-15 degrees.. The tip of the tool blank should be a little below the center line of the 

wheel. Remember to use a wheel-dressing tool from time to time to freshen up the surface of the 

grinder wheels. Doing so will make the job of tool grinding go more  

http://www.mini-lathe.com/Grinder/Grinder.htm#Dressing_tool
http://www.mini-lathe.com/Grinder/Grinder.htm#Dressing_tool


 

  

  

  

 

 

Grinding causes the tool blank to get quite hot so you will need to dip the end of the tool into a 

water bath every 15 seconds or so during the grinding operation. When you see the tip of the tool 

start to discolor from the heat itôs a good time to make a cooling dip. Fortunately, HSS does not 

conduct the heat to your fingers very fast, but you can get burned if you go too long between 

cooling dips.  

My water cup was cut from the end of a plastic bottle. Here's a picture of the tool after grinding 

the end:  

 

Grinding the Left Side Relief:-  

Now we'll grind the left side of the tool. The procedure is essentially the same except that  

quickly and with a better result?   

               
                            Figure 1.3:  Grinding the end relief angle   

  



 

  

  

  

 

 

Grinding the Top Rake:-  

Now we grind the top surface to form the rake. Be careful during this operation not  

to grind down the cutting edge or you will end up with a tool whose tip is below the 

center line of the lathe. If this happens, the tool will leave a little nub at the center of the 

work piece when you make a facing cut. The usual remedy is to use a thin piece of shim 

stock or feeler gages under the tool to bring it back up to the center line. A much nicer 

solution is an adjustable-height tool holder.  

  

 

 After this operation we have a working tool with a very sharp tip.    This tool is useful asis for 

operations that need a sharp tip to turn down to an interior edge such as a shoulder.  Rounding 

the Tip:-  

We will round the tip to form a tool that is useful for facing and turning. Hold the tool so the tip 

touches the wheel and with the tool tilted downward. Rotate the tool gently against the wheel to 

round the tip to about a 1/32" to 1/16" radius.   

we hold the tool with the side at about a 10 degree angle to the grinding wheel.    

  
Figure 1.4:  Grinding the left side relief   

  
Figure 1.5:  Grinding the top rake   

http://www.mini-lathe.com/Mini_lathe/Accessories/accessories.htm#Feeler_Gages
http://www.mini-lathe.com/Mini_lathe/Accessories/accessories.htm#Feeler_Gages
http://www.mini-lathe.com/Mini_lathe/Reviews/TS_QCTP/ts_qctp.htm
http://www.mini-lathe.com/Mini_lathe/Reviews/TS_QCTP/ts_qctp.htm


 

  

  

  

 

 

            Here's the finished tool in action making a finishing cut on a facing operation.  

1. PRACTICE EXERCISE: -  

Grind the single point lathe cutting tool whose tool signature  is given below and also 

draw three orthogonal views (in the space provided below). For ease of drawing, take the 

cross section of the shank as a square of side 5cm.  

  

Back rake angle  8°  

Side  rake angle  14°  

End relief angle  6°  

Side relief angle  6°  

End cutting edge angle  20°  

Side cutting edge angle  15°  

Nose radius  4mm  

  

  

Lathe Tool Notation:-                        

              
Figure 1.6:  Rounding the tip   



 

  

  

  

 

 

  

 

 

 

 

 

 

 

 



 

  

  

  

 

EXPERIMENT # 2   

To investigate the multi-point cutti ng tool  

Scope:-  

To study the nomenclature and geometry of multi-point cutting tools of milling 

machine and drill machine.           Theory:-  

  

1. Milling cutters: -  

The Milling cutters are revolving tools having one or several cutting edges of identical form 

equally spaced on the circumference of the cutter. The cutting elements are called teeth which 

intermittently engage the work piece and remove material by relative movement of the work 

piece and the cutter. We will discuss three types of horizontal milling cutters and also one 

type of vertical milling cutter in this experiment.   

  
1. Plain Milling  cutters   

2. Side   Milling  cutters         

3. Angle Milling cutters   

1. End Mills  

  

Plain milling cutters: -  

The plain milling cutters are cylindrical in shape and have 

teeth on the circumferential face only. The cutters are 

intended for the production of flat surfaces parallel to the axis 

of rotation of the spindle. The cutter teeth may be straight or 

helical according to the size of the cutter.  Figure on the right 

illustrates a helical teeth plain milling cutters. Very wide plain 

milling cutters are termed as slabbing cutters. These cutters 

have nicked teeth. The nicks are uniformly distributed on the 
Figure 2.1    

Plain Milling Cutter    



 

  

  

  

 

entire periphery of the cutter. The object of the nicks is to break 

up the chips and enable the cutter to take a coarse feed.  

  

  

Side milling cutters:-  

The side milling cutters have teeth on its periphery and also on one or both of its sides. The side 

milling cutters are intended for removing material from side of a work. Figure on the right 

illustrates a side milling cutter.  
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Angle milling cutters:-  

The angle milling cutters are made as single or double angle 

cutters and are used to machine angles other than 90°. The 

cutting edges are formed at conical surface around the 

periphery of the cutter. They can be either single angle milling 

cutter or double angle milling cutter. The single angle milling 

cutters have teeth on the conical or angular face of the cutter 

and also on the large flat side. The angle of the cutter is 

designated by the included angle between the conical face and 

the large flat face of the cutter. The double angle milling cutter 

has V shaped teeth with both conical surfaces at an angle to 

Figure 2.2  Side 

Milling Cutter   



 

  

  

  

 

their end faces. The angle of teeth may not be symmetrical with respect to a plane at right angles 

to the cutter axis.  Single angle milling cutters and double angle milling cutters are shown in the 

figure.      

  

  

  

End mills:-  

The end mills have cutting teeth on the end as well as on the periphery of the cutter. The 

peripheral teeth may be straight or helical and the helix may be right handed or left handed. The 

end mills are used for light milling operations like cutting slots, machining accurate holes, 

producing narrow flat surfaces and for profile milling   operations.  The figure on the right 

illustrates a number of end mills.   

  

Elements of milling cutters  

Figure 2.3  Angle 

Millin g Cutters   



 

  

  

  

 

For this experiment, plain milling cutters has been chosen for the study of the elements 

and geometry. Refer to the figures below to study the nomenclature, elements and 

geometry of plain milling cutters the teeth are attached.  

  

  

    

Figure 2.4  End 

Milling Cutters   



 

  

  

  

 

 



 

  

  

  

 

  Figure 2.517     

Elements of a Milling Cutter  

  

  

  

Body of cutter: The part of the cutter left after exclusion of the teeth.   

Cutting edge: The edge formed by the intersection of the face and the land, or the 

surface left after grinding relief angle.   

Face: The forward facing surface of the tooth adjacent to the cutting edge on which 

the chip impinges as it is cut from the work.   

Gash: The chip clearance between the back of one tooth and the face of the next tooth.  

Fillet: The curved surface at the bottom of gash which joins the face of one tooth to 

the back of the tooth immediately ahead.   

Land: The part of the back of tooth adjacent to the cutting edge which is relieved 

to avoid interference between the surface being machined and the cutter.  

Lead: The axial advance of the helix of the cutting edge in one complete revolution of 

the cutter.   

Outside diameter: The diameter of the circle passing through the peripheral cutting 

edge.   

Root diameter: The diameter of the circle passing through the bottom of the fillet. 

Relief angle: The angle in a plane perpendicular to the axis, which is the angle 

between the land of a tooth and the tangent to the outside diameter of cutter at the 

cutting edge of the tooth.   

Primary clearance angle: The angle formed by the primary clearance surface of the 

tooth with a line drawn tangent to the periphery of the cutter at the cutting edge.   



 

  

  

  

 

Secondary clearance angle: The angle formed by the secondary clearance surface of 

the tooth with a line drawn tangent to the periphery of the cutter at the cutting edge.  

Rake angle (Radial): The angle measured in the diametric plane between the face of 

the tooth and a radial line passing through the tooth cutting edge. The rake angle may 

be positive, negative or zero.   

Positive rake: if the tooth face is tilted so that the face and the tooth body are on the 

same side of the radial line, then the rake angle contained by the radial line and the 

tooth face is positive.  

Negative rake: If the tooth face is tilted so that the face and the tooth body are on the 

opposite side of the radial line, then the rake angle contained by the radial line and the 

tooth dace is negative.   

Zero rake: If the radial line and tooth face coincide in the diametric plane, the rake 

angle is zero.  

Axial rake angle (for helical teeth):  The angle between the line of peripheral cutting 

edge and the axis of the cutter when looking radially at the point of  
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intersection.   

Lip angle: The included angle between the land and the face of the tooth, or 

alternatively the angle between the tangent to the back at the cutting edge and the face 

of the tooth.  

Helix angle: The cutting edge angle which a helical cutting edge makes with a plain 

containing the axis of a cylindrical cutter   

These definitions of different tooth elements are applied to side milling cutters also. 

The cutting edges on the periphery are called peripheral cutting edges and those on the 

face of the cutter are called face cutting edges. The side milling cutters have relief 

angles, clearance angles, and rake angles on the periphery as well as on the face of the 

cutters.   

  

2.  Drills    

A drill is a fluted cutting tool used to originate or enlarge a hole in a solid material. 

The most common type of drill in use today is the twist drill. It was originally 

manufactured by twisting a flat piece of tool steel longitudinally for several 

revolutions, then grinding the diameter and the point. The present day twist drills are 

made by machining two spiral flutes or grooves that run lengthwise around the body of 

the drill.   

Elements of twist drill    

The elements and geometry of a twist drill is given below.   

Refer to the figure below while studying the elements and the geometry.  
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Axis: The longitudinal centerline of the drill  

Shank: The part of the drill by which it is held and driven  

Neck: The diametrically undercut portion between the body and the shank of the drill 

Body: The portion of the drill extending from the shank or neck to the outer corners of 

the cutting lips  

  

  

  

  

  

  

  

  

  

  

Figure 2.6   

  Elements of a Twist Drill   


