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Preface 

 
In most of the engineering institutions, the laboratory course forms an integral form of the basic course in Machine 

Tool and Machining 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 applications.  

The objective of this manual is to familiarize the students with practical skills. It is intended to make this manual 

self-contained in all respects, so that it can be used as a laboratory manual.  In all the experiments, the relevant 

theory and general guidelines for the procedure to be followed have been given.  

 

The students are advised to refer to the relevant text before interpreting the results and writing a permanent 

discussion. The questions provided at the end of each experiment will reinforce the students understanding of the 

subject and also help them to prepare for viva-voce exams. 
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General Instructions To Students 
 

• The purpose of this laboratory is to reinforce and enhance your understanding of the fundamentals of 

Machine Tool and machining. The experiments here are designed to demonstrate the applications of 

the Machining principles and to provide a more intuitive and physical understanding of the theory. 

The main objective is to introduce a variety of classical experimental and diagnostic techniques, and 

the principles behind these techniques. This laboratory exercise also provides practice in making 

engineering judgments, estimates and assessing the reliability of your measurements, skills which are 

very important in all engineering disciplines.  

• Read the lab manual and any background material needed before you come to the lab.  You must be 

prepared for your experiments before coming to the lab. 

• Actively participate in class and don’t hesitate to ask questions. Utilize the teaching assistants. You 

should be well prepared before coming to the laboratory, unannounced questions may be asked at any 

time during the lab.  

• Carelessness in personal conduct or in handling equipment may result in serious injury to the 

individual or the equipment.  Do not run near moving machinery. Always be on the alert for strange 

sounds. Guard against entangling clothes in moving parts of machinery.  

• Students must follow the proper dress code inside the laboratory.  To protect clothing from dirt, wear 

a lab apron. Long hair should be tied back.   

• In performing the experiments, proceed carefully to minimize any water spills, especially on the 

electric circuits and wire.  

• Make your workplace clean before leaving the laboratory. Maintain silence, order and discipline 

inside the lab.  

• Cell phones are not allowed inside the laboratory.  

• Any injury no matter how small must be reported to the instructor immediately.  

• Wish you a nice experience in this lab. 

 

 

 

 



4 

 

 

 

List of Equipment 

 

1. Lathe Machines 

• To perform facing, turning and taper turning operations on lathe 

• To perform Drilling, boring, parting off and knurling operation on lathe 

• To perform Thread cutting on lathe machine 

2. Milling Machines 

• To perform face milling and pocket milling operations on milling machine 

To perform Gear cutting on milling Machine using indexing head 

 

3. Grinding Machines 

• To perform surface grinding on a flat plate. 

 

4. Drilling Machines 

• To drill holes as per the given drawing 

• To drill radial holes on a flat plate 

5. CNC Machining Center 

• To perform Job setting, tool compensation setting and tool changing on CNC Machining Center 

• To develop CNC part program for a given drawing 

 

6. CNC EDM Wire Cut Machine 

• To perform 2D cutting on CNC wire cut machine  

 

7. Spark Erosion Electric Discharge Machine 

• To machine 3D complex pocket on CNC die sinker machine  

8.  Barrons CNC Milling Machine 

To perform CNC milling operation. 

9. CNC Masters Lathe Machine 

To perform different lathe operations on CNC Lathe Machine. 

10.  WABECO  CNC MILLING MACHINE 

To perform CNC milling operation. 

11.  WABECO CNC Lathe Machine 

To perform different lathe operations on CNC Lathe Machine. 
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Experiment No. Description 

Experiment No. 1 To perform  basic  lathe operations (facing, turning) on a given metallic workpiece.  

Experiment No. 2 
To perform  basic  lathe operations (taper turning, drilling)  on a given metallic 

workpiece. 

Experiment No. 3 To perform  basic  lathe operations (boring, parting off) on a given metallic workpiece. 

Experiment No. 4 
To perform  basic  lathe operations (knurling and thread cutting) on a given metallic 

workpiece. 

Experiment No. 5 
To execute basic milling operations (face milling, pocket milling) on a given metallic 

workpiece.    

Experiment No. 6 To perform machining operation on conventional grinding machine 

Experiment No. 7 To perform machining operation on conventional  Drilling machine 

Experiment No. 8 
To perform Job setting, tool compensation setting and tool changing on CNC 

Machining Center  

Experiment No. 9 To develop CNC part program for a given drawing using G codes and M codes. 

Experiment No. 10 To perform job setting and 2D cutting on CNC wire cut machine 

Experiment No. 11 To perform job setting  and to cut 3D complex pocket on CNC die sinker machine 

Experiment No. 12 To demonstrate the milling operations on CNC Milling Machine (Barons + Wabeco) 

Experiment No. 13 To demonstrate the different Lathe operations on CNC Lathe Machine (Wabeco) 
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1. Lab Session 1,2,3 and 4 
 

To perform  basic  lathe operations (facing, turning and taper turning, drilling, boring, parting off, 

knurling and thread cutting) on a given metallic workpiece. 

 

A machine which rotates a part against a tool whose position it controls for cutting is called the 

lathe machine. 

Fig. 1.1: Lathe Machine 

1.1 History of Lathe Machines: 

• Lathes were developed as early as the 15th century and were known as "bow" Lathes. The 

operator rotated the work piece by drawing a bow back and forth, either by hand or with the use 

of a foot treadle. Next came Bassoons lathe in 1568, which was driven by a cord passing over a 

pulley above the machine. This in turn drove two other pulleys on the same shaft which rotated 

the Work piece and a crude, wooden lead screw, which in turn allowed the operator to remove 

metal from the piece being machined. 

• The screw cutting lathe originates in the 17th century. Development and advancements have 

continued and today we have sophisticated computerized controlled lathes. 

• Lathes have allowed man to reshape, machine and manufacture many precision cylindrical 

components made of various types of metal, wood, plastics, and other materials. Without the 

lathe, man would still be trying to produce cylindrical components in some crude fashion or 

another. However, because of advanced technology, the lathe has allowed man to become an 

important asset in developing and machining many precision components needed to operate and 
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function in many areas of our industrial complex. 
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1.2 Uses of Lathe Machines: 

The lathe is a machine tool used principally for shaping articles of metal, wood, or other material. 

All lathes, except the vertical turret type, have one thing in common for all usual machining operations; 

the work piece is held and rotated around a horizontal axis while being formed to size and shape by a 

cutting tool. The cutter bit is held either by hand or by a mechanical holder, and then applied to the 

work piece. Principal capabilities of the lathe are forming straight, tapered, or irregularly out lined 

cylinders, facing or radial turning cylindrical sections, cutting screw threads, and boring or enlarging 

internal diameters. The typical lathe provides a variety of rotating speeds and suitable manual and 

automatic controls for moving the cutting tool. 

 

1.3 Difference between metal working lathe machine and wood working lathe machine: 

 

1.3.1 Metal working Lathe: 

 

In a metalworking lathe, metal is removed from the  work  piece  using  a  hardened cutting tool, 

which is usually fixed to a solid moveable mounting, called a tool- post or a turret, which is then moved 

against the work piece using hand wheels or computer controlled motors. 

The basic difference between metal working lathe machine and wood working lathe machine is that in 

metal working tool is mounted on tool post but in wood working lathe, tool is operated from hand. The 

tool-post is operated by lead-screws that can accurately position the tool in a variety of planes. 

 

 

Fig. 1.2: Metal Working Lathe 

 

 

1.3.2 Wood working Lathe: 

Wood working lathes are the oldest variety. All other varieties are oreginated from these simple 

lathes. In wood working lathe machine, an adjustable horizontal metal rail (the tool rest) between the 

material and the operator accommodates the positioning of shaping tools, which are usually hand-held. 

http://en.wikipedia.org/wiki/Lathe_(metal)
http://en.wikipedia.org/wiki/Tool_bit
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In wood working lathe machine grinding can also be done on the lathe. It is common practice to press 

and slide sandpaper against the still-spinning object after shaping to smooth the surface made with the 

metal shaping tools. 

 

Fig. 1.3: Wood Working Lathe 

1.4 Classification of Lathe Machines: 

Lathes can be conveniently classified as general purpose lathe machine, turret lathes, and CNC 

lathe machines. All engine lathes and most turret and special purpose lathes have horizontal spindles 

and, for that reason, are sometimes referred to as horizontal lathes. The smaller lathes in all classes 

may be classified as bench lathes or floor or pedestal lathes, the reference in this case being to the 

means of support. 

 

b. Types of Lathe Machines: 

 

1.5.1 General Purpose Lathe Machines: 

General purpose lathe machine are also called engine lathe machine and is the usual lathe found in 

the machine shop. The engine lathe may be bench or floor mounted; it may be referred to as a tool 

room-type lathe, or a sliding-gap or extension-type lathe. 

Generally, the size of general purpose lathe machine is determined by the following measurements 

 The diameter of the work piece will swing over the bed. 

 It will swing over the cross-slide. 

 The length of the bed. 

 The maximum distance between centers. 
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Fig. 1.4: Simple Lathe Machine 

1.5.2 Turret Lathe Machine: 

The turret lathe is a lathe used extensively for the high speed production of duplicate parts. The 

turret lathe is so named because it has a hexagonal turret, or multiple tool holder, in place of the tail 

stock found on the engine lathe. Most turret lathes are equipped with a pump and basin for the 

automatic application of a coolant or cutting oil to the work piece. 

 

Fig. 1.5: Turret Lathe Machine 

 

1.5.3 CNC Lathe Machine: 

 

Computer numerical controlled (CNC) lathes are also called CNC turning machines. These are 

rapidly replacing the older production lathes due to their ease of setting,  operation,  repeatability  

and  accuracy.  They   are   designed   to   use modern carbide tooling and fully use modern 

processes. 

http://en.wikipedia.org/wiki/Computer_numerical_control
http://en.wikipedia.org/wiki/Tungsten_carbide
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The   part   may   be   designed   and    the   tool    paths    programmed    by the CAD/CAM 

software or manually by the programmer, and the resulting file is uploaded to the machine. After 

this the machine will continue to turn out parts under the occasional supervision of an operator. 

 

 

 

Fig. 1.6: CNC Lathe Machine 

 

1.6 Parts of the Lathe Machine: 

 

To learn the operation of the lathe, one must first be familiar with the names and functions of the 

principal parts. 

 
Fig. 1.7: Parts of Lathe Machine 
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http://en.wikipedia.org/wiki/Computer-aided_technologies
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1.6.1 Bed and Ways: 

The bed is the base for the working parts of the lathe. The main feature of the bed is the ways 

which are formed on the bed's upper surface and which run the full length of the lathe. The tailstock 

and carriage slide on the ways in alignment with the headstock. The headstock is normally 

permanently bolted at one end (at the operator's left). 

Fig. 1.8: Bed and Ways 

 

1.6.2 Headstock: 

The headstock carries the head spindle and the mechanism for driving it. In the belt- driven type 

headstock, the driving mechanism consists merely of a cone pulley that drives the spindle. Thus two 

speeds are available with each position of the belt on the cone; if the cone pulley has four steps, eight 

spindle speeds are available. Head stock  also carries the live center. 

Fig. 1.9: Headstock 

1.6.3 Tailstock: 

The primary purpose of the tailstock is to hold the dead center to support one end of the job being 

machined between centers. However, it can also be used to hold live centers, tapered shank drills, 

reamers, and drill chucks. The tailstock moves on the ways along the length of the bed to accommodate 

work of varying lengths.  
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Fig. 1.10: Simple Lathe Machine 

1.6.4 Lathe Bed: 

Bed is the foundation of any machine. Lathe machine contains upper threaded rod which is called 

Lead screw. The rod on which carriage moves is called Feed screw. Lathe has holes on its bed for the 

removal of the chips. It is made from the heavy rugged casting material because cast iron has property 

to absorb the jerks and vibrations. 

Fig. 1.11:  Lathe Bed 

1.6.5 Carriage: 

The carriage carries the cross feed slide and the compound rest which in turn carries the cutting tool 

in the tool post. The carriage slides on the ways along the bed. The  wings of the H-shaped saddle 

contain the bearing surfaces which are fitted to the V ways of the bed. The micrometer dial on the cross 

feed handle is graduated to permit accurate feed. Depending on the manufacturer of the lathe, the dial 

may be graduated so that each division represents a 1 to 1 ratio. The compound rest is mounted on top 

of the cross feed slide. 

Fig. 1.12: Carriage 
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1.6.6 Apron: 

The apron is attached to the front of the carriage. It contains the mechanism that controls the 

movement of the carriage for longitudinal feed and thread cutting. It  controls the lateral movement of 

the cross-slide. In general, a lathe apron contains the following mechanical parts: 

 

1.6.7 Feed Rod: 

The feed rod transmits power to the apron to drive the longitudinal feed and cross feed mechanisms. 

The feed rod is driven by the spindle through a train of gears, and the ratio of its speed to that of the 

spindle can be varied by changing gears to produce various rates of feed. The rotating feed rod drives 

the gears in the apron. These gears in turn drive the longitudinal feed and cross feed mechanisms 

through friction clutches. 

 

1.6.8 Lead Screw: 

The lead screw is used for thread cutting. Along its length are accurately cut Acme threads which 

engage the threads of the half-nuts in the apron when the half-nuts are clamped over it. When the lead 

screw turns inside the closed half-nuts, the carriage moves along the ways a distance equal to the lead 

of the thread in each revolution of the lead screw. Since the lead screw is connected to the spindle 

through a gear train, the lead screw rotates with the spindle. Whenever the half-nuts are engaged, the 

longitudinal movement of the carriage is directly controlled by the spindle rotation. The cutting tool  is 

moved a definite distance along the work for each revolution of the spindle. 

 

1.6.9 Quick-Change Gear Mechanism: 

The quick-change gear box mechanism consists of a cone-shaped group of change gears. One can 

instantly connect any single gear in the gear train by a sliding tumbler gear controlled by a lever. The 

cone of gears is keyed to a shaft which drives the lead screw (or feed rod) directly or through an 

intermediate shaft. Each gear in the cluster has a different number of teeth and hence produces a 

different ratio when connected in the train. Sliding gears also produce other changes in the gear train to 

increase the number of different ratios one can get with the cone of change gears. All changes are made 

by shifting the appropriate levers or knobs. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.13 : Quick change gear Mechanism 
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1.6.10 Compound Rest: 

The compound rest provides a rigid adjustable mounting for the cutting Tool. 

 

1.6.11 Tool Posts: 

Three popular types of tool posts are the standard, castle, and the quick change. The sole purpose of  

the tool post is to provide a rigid support for the tool holder. 

The standard tool post is mounted in the T-slot of the compound rest top 

 

1.7 List of Operations of Lathe Machine: 

 

1.7.1 Facing: 

Facing is when you remove metal from a cylindrical work piece. This 

creates a smooth surface. However, if you use a chuck you can face 

rectangular, square or other unusual-shaped pieces. When facing, begin with 

a slower speed and gradually increase to a faster speed. Also, the work piece 

should not extend farther out of the lathe than around three times its own 

size. When facing, gouges, parting and chisel tools can be used to create the 

desired results. 

 

                                                                                                            Fig. 1.14: Facing 

 

1.7.2 Turning: 

 

Turning is when a turning tool is applied to the work piece to create groves, 

ridges and indents in the work piece. Turning creates metal as the piece 

turns on the lathe. The work piece spins between two end points to hold it 

in place. The speed can be adjusted as necessary depending on the size of 

the work piece and the desired results. 

 

 

 

 

Fig. 1.15: Turning 

 

1.7.2.1Types of Turning: 

1. Rough turning. 

2. Finish turning. 

3. Shoulder turning. 

1.7.2.2 Methods of Turning: 

1. Concentric turning 

2. Acentric turning. 
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1.7.3 Boring: 

 

Boring is enlarging an existing hole. The hole can be a drilled, molded, cast 

or a forged hole. The work piece is placed in the lathe chuck and will be 

spinning while the boring tool is slowly driven into the opening. Boring 

tools are cylindrical in shape and will have a cutting tool protruding from 

them. Two different boring tools can be mounted together to make two 

different cuts at one time. 

Fig. 1.16: Boring 
 

1.7.4 Drilling 

 

It is used to remove material from the inside of a work piece. This process 

utilizes standard drill bits held stationary in the tail stock  or tool turret of the 

lathe. 

 

 

Fig. 1.17: Drilling 

1.7.5 Knurling: 
 

The cutting of a serrated pattern onto the surface of a part to use as a 

hand grip using a special purpose knurling tool.
.
 

 

 

Fig. 1.18: Knurling 

 

1.7.6 Parting: 

 

This process is used to create deep grooves which will remove a completed or part-

complete component from its parent stock. 

 

 

 

 

                                                                                                                                              Fig. 1.19: Parting



17 

 

1.7.7 Grooving: 

 

It is like parting, except that grooves are cut to a specific depth by a form tool instead of a severing a 

complete component from the stock. Grooving can be performed on internal and external surfaces, as 

well as on the face of the part. 

 

1.7.8 Reaming: 

 

It is a light finishing operation performed with a multi-edge tool giving high-precision holes. Very good 

surface finish and close dimensional tolerance are achieved at high penetration rates. The pre-machined 

hole needs to be within close limits and the radial depth of cut is small. 

 

1.7.9 Threading: 

 

Threading operation on lathe is performed with the help of a single point cutting tool. Lathes that have 

auto feed carriages can be made to perform threading so such a lathe will be provided with a set of 

change gears or a built in, lever operated gear box to allow easy setting of gear train combinations for 

any thread pitch to be cut. 

Fig. 1.20: Threading 

 

While cutting right hand threads, cutting tool is moved towards the spindle and for left hand threads, 

the direction of feed is reversed. Internal threads are cut in the same manner but the tool is a bit 

different. 



18 

 

1.7.10 Tapper Turning: 

Taper: 

To reduce the diameter of a work piece gradually and uniformly from one end to the other is called 

taper. The amount of taper is described in taper/foot, taper/meter, taper/inch, or in degree, minute or 

seconds. 

Taper Turning: 

In tapper turning, the diameter of the work piece is reduced at an angle.it is performed with the help of 

cross slide and carriage. 

 

Fig. 1.21: Taper Turning 

 

Methods of cutting tapers: 

1. By the compound rest slide. 

2. Tailstock offset method. 

3. Taper attachment method. 

4. By using taper reamer. 
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1.7.11 Drilling: 

 

Drilling is the operation of marking a hole with the help of drill bits. In this operation the job is rotated at 

the turning speed on lathe axis and the drilling tool fitted on tail stock. 

Fig. 1.22: Drilling operation on Lathe Machine 

 

Following are different types of drilling: 

1. Spot Drilling. 

2. Centre Drilling. 

3. Deep Hole Drilling. 

4. Gun Drilling. 

 

1.7.12 Boring: 

 

Boring is the operation of enlarging a hole previously made by drilling, casting or some other means. 

Usually a single point tool is used to remove the stock as it is fed against  the revolving work. Holes are 

bored to make them accurate in size. Tapered holes may be bored by adjusting the compound slide or 

the taper attachment in the same manner as for taper turning. 

 

Fig. 1.23: Boring on Lather Machine 
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1.7.13 Reaming: 
 

It is a finishing operation performed after drilling or boring. The tool used for reaming is a multi-edge 

tool giving high-precision holes. Very good surface finish and close dimensional tolerance are obtained 

at after reaming. The hole should be within the close limits of tool used. 

 

 

1.7.14 Parting off: 
 

Parting off is a lathe operation in which unwanted part of work piece is cut off. Parting uses a blade-

like cutting tool put directly on the work piece to cut off the work piece at a specific length. 

Following are the two main purposes of parting off: 

1. It is normally used to remove the finished end of a work piece from the bar stock that is 

clamped in the chuck. 

2. Other uses include things such as cutting the head off a bolt. 

 

 

 

1.7.15 Knurling: 
 

Knurling is the process of rolling depressions of indentations of various shapes into metal by the use of 

revolving hardened-steel wheels passed against the work, the  design 
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on the knurl will be reproduced on the work. Knurling is done to provide a grip on handles, screw 

heads and other cylindrical parts to be gripped by hand. 

Following are the two types of knurling: 

1. Fine Diamond Pattern Knurling. 

2. Fine Straight Pattern Knurling. 
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1.8 To perform the Threading Operation On Lathe 
 

1.8.1 Threading: 
 

The process of cutting helical grooves on cylindrical bars is known as threading. 

 

       Fig. 1.24: Threading 

 

 

1.8.2 Types of Threads: 
 

Depending on the shape of threads: 

 

1.8.2.1 Square Threads: 

These threads are square shaped and are used to 

transfer power. 

 

 

 

 

 

Fig. 1.25: Square Threads 

 

 

 

 

1.8.2.2 V Threads: 
 

These threads are v shaped and are used to fasten two and for 

adjustment. 

 

 

Fig. 1.26: V Threads 
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Depending on the location of threads. 

 

1.8.2.3 External Threads: 
 

These are the threads which are cut on external surface of 

cylinder. 

Fig. 1.27: Simple Lathe Machine 

 

 

1.8.2.4 Internal Threads: 
 

These are the threads which are produced on inside of cylinder. 

Depending on the application of thread: 

 

 

 

Fig. 1.4: Internal Threads 

 

 

1.8.2.5 Right-Hand Thread: 
 

Helical ridge of uniform cross section onto which nut is threaded in clockwise 

direction are called right hand threads. When cut on lathe, tool bit advanced from 

right to left. 

 

 

1.8.2.6 Left-Hand Thread: 
 

Helical ridge of uniform cross section onto which nut is threaded in 

counter clockwise direction are called left hand threads. When cut on 

lathe, tool bit advanced from left to right



24 

 

1.9 Method of Cutting Threads on Lathe Machine: 

 

Threading in the lathe is done by connecting the headstock spindle of the lathe with the lead screw by a 

series of gears so that a positive carriage feed is obtained and the lead screw is driven at the required 

speed with relation to the headstock spindle. 

To obtain any pitch of thread, the gearing between the headstock spindle and lead screw can be 

arranged. For example if the lead screw has eight threads per inch and the gears are arranged so that the 

head stock spindle revolves four times while the lead screw revolves once, the thread cut will be four 

times as fine as the thread on the lead screw or 32 threads per inch. 

The cutting tool is ground to the shape required for the form of the thread to be cut. Either right hand or 

left hand threads may be cut by reversing the direction of rotation of the lead screw. 
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2. LAB SESSION 5 

 

       To execute basic milling operations (face milling, pocket milling) on a given metallic workpiece.    

2.1 Description 

Milling machines are very versatile. They are usually used to machine flat surfaces, but can also produce 

irregular surfaces. They can also be used to drill, bore, cut gears, and produce slots. The type of milling 

machine most commonly found in student shops is a vertical spindle machine with a swiveling head. 

Although there are several other types of milling machines, this document will focus only on the vertical 

milling machine. 

A milling machine removes metal by rotating a multi-toothed cutter that is fed into the moving 

workpiece. The spindle can be fed up and down with a quill feed lever on the head.  

The bed can also by fed in the x, y, and z axes manually. In this clip the z axis is adjusted first, then the 

y, than the x.   

Once an axis is located at a desired position and will no longer be fed, it should be locked into position 

with the gibb locks.   

Most milling machines are equipped with power feed for one or more axes. Power feed is smoother than 

manual feed and, therefore, can produce a better surface finish. Power feed also reduces operator fatigue 

on long cuts. On some machines, the power feed is controlled by a forward reverse lever and a speed 

control knob.  

2.2  Head Adjustment 

The head of a vertical milling machine can be tilted from side to side and from front to back. This allows 

for versatility of the machine, but these adjustments can drift. Occasionally, one should check and adjust 

the head so that the spindle will be normal to the plane of the table. Install a dial indicator into the 

spindle so that the dial is offset at least six inches from the axis of the spindle and the indicator probe is 

facing down. Lower the spindle until the dial indicator contacts the table then registers about one half of 

a revolution. Set the dial indicator is toward you and set the bezel to zero. Rotate the spindle by hand 

180 degrees. If the dial indicator still reads zero, the spindle is aligned front to back. If not, adjust the 

head until the dial reads half of the original reading and iterate the entire process until the error falls 

within acceptable limits. Repeat the process with the dial displaced left and right to alight the head side 

to side. 

2.3 Squaring the Vise 

Work on a milling machine is most often held in a vise clamped onto the bed. To make features aligned 

with the edges of the stock, it's necessary to align the vise with the feed axes of the mill. To do this, 

mount the vise on the bed and secure it with T-bolts, but only lightly so as to permit adjustment of the 

orientation of the vise. Mount a dial indicator in the spindle of the machine with the probe facing away 

from you. Lower the spindle and run the bed of the table back until the fixed jaw of the vise is in contact 

with the indicator and further until the indicator registers one half of a revolution. Set the bezel to zero. 

Use the cross feed to run the indicator across the face of the vise. If the vise is squared, the indictor will 

remain at zero. If the dial indicator does not read zero, tap lightly with a soft hammer to realign the vise 

reduce the indicator reading to half of its previous value. 

 

Iterate this procedure until the dial indicator reads zero through the full travel across the face of the vise. 

Tighten down the T-bolts be careful not to change the vise orientation. Recheck the alignment of the 

vise. 
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2.4 Types of Milling Cutters 

In vertical mills, milling cutters with solid shafts are usually used. Milling cutters with keyed holes are 

predominantly for use in horizontal mills. End mills are designed for cutting slots, keyways and pockets. 

Two fluted end mills can be used to plunge into work like a drill. End mills with more than two flutes 

should not be plunged into the work. Ball end mills can produce a fillet. Formed milling cutters can be 

used to produce a variety of features including round edges. 

 
Fig. 2.1: An Assortment of Milling Cutters 

 

2.5 Removing and Installing Milling Cutters 

End mills can be held by the spindle in several ways; a few of the ways are shown in the figure below. 

On most machines, a draw bar is used to pull a spring collet into a taper in the spind le. 
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Fig. 2.2: Methods of Retaining an End Mill 

 
Fig. 2.3: Spring Collets 

To remove a tool, move the quill to the highest position and lock it in place. Then, engage the brake 

while loosening the draw bar with a wrench. Ensure that the draw bar's threads are still engaged in the 

collet. Tap on the end of the draw bar to release the collet from the spindle. If the threads of the draw bar 

are not engaged, the milling cutter will fall, and could be damaged. Finally, unscrew the drawbar from 

the collet.   

To install a tool, place the desired milling cutter in a collet that fits the shank of the cutter. Insert the 

collet into the spindle. Ensure that the key way on the collet mates properly with the key in the spindle. 

While holding the tool with one hand, start the threads of the draw bar into the collet by hand. Use a 

wrench to tighten the drawbar down with one hand while holding the brake. 
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2.6 Climb vs. Conventional Milling 

When milling, one should be aware of the difference between conventional, and climb milling. In 

conventional milling, the workpiece is fed into the rotation of the cutter. This type of cut requires lower 

forces and is preferred for roughing cuts. In climb milling, the work moves with the rotation of the 

cutter. This produces a better finish. It is not recommended if the workpiece cannot be held securely or 

cannot support high forces. 

 
Conventional Milling 

 
Climb Milling 

Fig. 2.2: Conventional and Climb Milling 

 

 

 

2.7 Calculating Speeds and Feeds 

Cutting speed refers to the speed at which the tool point of the cutter moves with respect to the work 

measured in feet per minute. Feed is the rate at which the work moves into the cutter measured in feed 

per tooth revolution. Feeds and speeds affect the time to finish a cut, tool life, finish of the machined 

surface and power required of the machine. 



29 

 

 

The cutting speed is mostly determined by the material to be cut and the material of the tool. To find the 

right speed for any task, refer to the Machinery's Handbook or other reference. To calculate the proper 

spindle speed, divide the desired cutting speed by the circumference of the tool expressed in feet. The 

feed rate depends on the width and depth of cut, finish desired and many other variables.  

 

To calculate the desired feed setting from the feed rate, multiply feed per tooth per revolution by number 

of teeth and rpm of the spindle. 

2.8 Setting Spindle Speed 

Spindle speed is varied by changing the geometry of the drive train. On many modern machines, it can 

be adjusted continuously with a hand crank. The spindle must be turning to make the adjustment. A dial 

indicator reads the speed in rpm.  

The spindle speed dial indicator shown above has two scales, one for low range, and one for high range. 

The machine is switched between ranges with a lever. Sometimes, the spindle must be rotated slightly to 

allow the gears to mate properly.  

2.9 Using an Edge Finder 

Before doing precise work on a milling machine, one must locate the edges of a part accurately. An edge 

finder is designed to help you do this. An edge finder is composed of two concentric cylinders, spring 

loaded together. To use it, offset the two halves slightly so that there is a wobble as it spins. Then, move 

the part into the tool slowly. The edge finder will center up, then break out of concentricity suddenly. At 

that point, reset the dial indicator or digital readout for that axis of the machine to a value equal the 

radius of the edge finder. Repeat the process at least once.   

 

2.10 Using the Micrometer Dials 

Most milling machine manual feeds are equipped with dial indicators. If you know how far you want to 

feed the bed, you can set the dial indicator to that number (in thousandths of an inch). Just turn the 

locking ring counterclockwise to free the dial indicator, set the dial, and lock in the setting. Be certain 

that the backlash in the mechanism driving the table is taken up prior to setting the dial indicator.   

Many modern machines have digital readouts. These are preferred since they measure the bed position 

directly so you need not be concerned with backlash. They also readout bed position in metric units if 

desired. 

2.11 Squaring Stock 

To create a square corner on a part, first orient an already finished edge vertically in the vise and clamp 

lightly onto the part. Set a machinist's square against the finished edge and the bottom of the vise. 

Lightly tap the part with a plastic hammer to align it with the square. Clamp the vise down securely. 

Now the top edge of the part is ready to be milled to horizontal.   

2.12 Face Milling 

It is often necessary to create a flat face on a large part. This can be done best with a facing cutter. Select 

a cutter about one inch wider than the workpiece so that the facing can be accomplished in one pass. 
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                                                          Fig. 2.3: Face milling 

 

2.13 Milling Slots 

End mills are designed to cut square slots. They will produce a slot to within two one thousandths of an 

inch in one pass. If greater accuracy is required, use an end mill a little smaller than the desired slot. 

Measure the slot produced and open it to the desired dimension with a second pass. The following clip 

shows and end mill cutting a slot. Note that the depth of cut is approximately equal to the diameter of 

the cutter.  

 

2.14 Advanced Work Holding 

To hold round stock more securely in a vise, use a v-block. The work can be held vertically or 

horizontally.   

Round stock often cannot be held securely in the vise without damaging the work. A collet block is 

designed to hold round stock. Square collet blocks allow the part to be indexed to put in features at 90 

degree increments. To mill features at 60 degree increments, use a hexagonal block.   

A workpiece can be set up easily when the desired features are parallel with or perpendicular to the 

workpiece edges. When the features are at an angle to the edges, more ingenuity is required. Here, an 

angle plate is used to set the position of a vise within a vise. Thus a slot can be milled into a workpiece 

at any desired angle.   

Some parts don't fit well into a vise. These parts can be secured directly to the bed of the machine with 

hold down clamps. It is good practice to create a gap between the bed and the work with parallels. The 

clamps should be tilted down slightly into the work.   

To create circular features on a mill, a rotary table can be installed onto the bed. The table allows the 

workpiece to be rotated. A dial indicator allows precise control of the angle of rotation.
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3. LAB SESSION 6 

To perform machining operation on grinding machine. 

3.1 Surface grinding 

Surface grinding is used to produce a smooth finish on flat surfaces. It is a widely used abrasive 

machining process in which a spinning wheel covered in rough particles (grinding wheel) cuts chips of 

metallic or nonmetallic substance from a workpiece, making a face of it flat or smooth. 

 

3.1.1 Process 

Surface grinding is the most common of the grinding operations. It is a finishing process that uses a 

rotating abrasive wheel to smooth the flat surface of metallic or non-metallic materials to give them a 

more refined look by removing the oxide layer and impurities on work piece surfaces. This will also 

attain a desired surface for a functional purpose. 

The surface grinder is composed of an abrasive wheel, a work holding device known as a chuck, and a 

reciprocating or rotary table. The chuck holds the material in place while it is being worked on. It can do 

this one of two ways: ferromagnetic pieces are held in place by a magnetic chuck, while non-

ferromagnetic and non-metallic pieces are held in place by vacuum or mechanical means. A machine 

vise (made from ferromagnetic steel or cast iron) placed on the magnetic chuck can be used to hold non-

ferromagnetic workpieces if only a magnetic chuck is available. 

Factors to consider in surface grinding are the material of the grinding wheel and the material of the piece 

being worked on. 

Typical workpiece materials include cast iron and mild steel. These two materials don't tend to clog the 

grinding wheel while being processed. Other materials are aluminium, stainless steel, brass and some 

plastics. When grinding at high temperatures, the material tends to become weakened and is more 

inclined to corrode. This can also result in a loss of magnetism in materials where this is applicable. 

The grinding wheel is not limited to a cylindrical shape and can have a myriad of options that are useful 

in transferring different geometries to the object being worked on. Straight wheels can be dressed by the 

operator to produce custom geometries. When surface grinding an object, one must keep in mind that the 

shape of the wheel will be transferred to the material of the object like a reverse image. 

Spark out is a term used when precision values are sought and literally means "until the sparks are out (no 

more)". It involves passing the workpiece under the wheel, without resetting the depth of cut, more than 

once and generally multiple times. This ensures that any inconsistencies in the machine or workpiece are 

eliminated. 

3.1.2 Equipment 

 

 

 

 

 

 

 

 

             Fig.3.1 Surface Grinder with electromagnetic chuck, inset shows a Manual magnetic chuck 

https://en.wikipedia.org/wiki/File:SurfaceGrinder-Proth-insetMagChuck.jpg
https://en.wikipedia.org/wiki/Abrasive_machining
https://en.wikipedia.org/wiki/Abrasive_machining
https://en.wikipedia.org/wiki/Grinding_wheel
https://en.wikipedia.org/wiki/Chuck_(engineering)
https://en.wikipedia.org/wiki/Ferromagnetic
https://en.wikipedia.org/wiki/Vise
https://en.wikipedia.org/wiki/Vise
https://en.wikipedia.org/wiki/Steel
https://en.wikipedia.org/wiki/Cast_iron
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A surface grinder is a machine tool used to provide precision ground surfaces, either to a critical size or 

for the surface finish. 

The typical precision of a surface grinder depends on the type and usage, however ±0.002 mm 

(±0.0001 in) should be achievable on most surface grinders. 

The machine consists of a table that traverses both longitudinally and across the face of the wheel. The 

longitudinal feed is usually powered by hydraulics, as may the cross feed, however any mixture of hand, 

electrical or hydraulic may be used depending on the ultimate usage of the machine (i.e., production, 

workshop, cost). The grinding wheel rotates in the spindle head and is also adjustable for height, by any 

of the methods described previously. Modern surface grinders are semi-automated, depth of cut and 

spark-out may be pre-set as to the number of passes and, once set up, the machining process requires very 

little operator intervention. 

Depending on the workpiece material, the work is generally held by the use of a magnetic chuck. This 

may be either an electromagnetic chuck, or a manually operated, permanent magnet type chuck; both 

types are shown in the first image. 

The machine has provision for the application of coolant as well as the extraction of metal dust (metal and 

grinding particles). 

3.2 Types of surface grinders 

3.2.1 Horizontal-spindle (peripheral) surface grinder 

The periphery (flat edge) of the wheel is in contact with the workpiece, producing the flat surface. 

Peripheral grinding is used in high-precision work on simple flat surfaces; tapers or angled surfaces; slots; 

flat surfaces next to shoulders; recessed surfaces; and profiles. 

3.2.2 Vertical-spindle (wheel-face) grinders 

The face of a wheel (cup, cylinder, disc, or segmental wheel) is used on the flat surface. Wheel-face 

grinding is often used for fast material removal, but some machines can accomplish high-precision work. 

The workpiece is held on a reciprocating table, which can be varied according to the task, or a rotary-

table machine, with continuous or indexed rotation. Indexing allows loading or unloading one station 

while grinding operations are being performed on another. 

3.2.3 Disc grinders and double-disc grinders. 

Disc grinding is similar to surface grinding, but with a larger contact area between disc and workpiece. 

Disc grinders are available in both vertical and horizontal spindle types. Double disc grinders work both 

sides of a workpiece simultaneously. Disc grinders are capable of achieving especially fine tolerances. 

3.3 Grinding wheels for surface grinders 

Aluminium oxide, silicon carbide, diamond, and cubic boron nitride (CBN) are four commonly used 

abrasive materials for the surface of the grinding wheels. Of these materials, aluminium oxide is the most 

common. Because of cost, diamond and CBN grinding wheels are generally made with a core of less 

expensive material surrounded by a layer of diamond or CBN. Diamond and CBN wheels are very hard 

and are capable of economically grinding materials, such as ceramics and carbides, that cannot be ground 

by aluminium oxide or silicon carbide wheels. 

As with any grinding operation, the condition of the wheel is extremely important. Grinding dressers are 

used to maintain the condition of the wheel, these may be table mounted or mounted in the wheel head 

where they can be readily applied. 

https://en.wikipedia.org/wiki/Grinding_machine
https://en.wikipedia.org/w/index.php?title=Ground_surfaces&action=edit&redlink=1
https://en.wikipedia.org/wiki/Hydraulic_machinery
https://en.wikipedia.org/wiki/Cutting_fluid
https://en.wikipedia.org/wiki/Grinding_dresser
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3.4 Lubrication 

Lubricants are sometimes used to cool the workpiece and wheel, lubricate the interface, and 

remove swarf (chips). It must be applied directly to the cutting area to ensure that the fluid is not 

carried away by the grinding wheel. Common lubricants include water-soluble chemical fluids, 

water-soluble oils, synthetic oils, and petroleum-based oils. The type of lubrication used depends 

on the workpiece. 

 

https://en.wikipedia.org/wiki/Swarf
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3.6 Effects on work material properties 

The high temperatures encountered at the ground surface create residual stresses and a 

thin martensitic layer may form on the part surface; this decreases the fatigue strength. In ferromagnetic 

materials, if the temperature of the surface is raised beyond the Curie temperature then it may lose some 

magnetic properties. Finally, the surface may be more susceptible to corrosion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5 Types of lubricants used for grinding based on workpiece material 

Workpiece material Lubricant 

Aluminium Heavy duty oil 

Brass Light duty oil 

Cast iron Heavy duty emulsifiable oil, light duty chemical and synthetic oil 

Mild steel Heavy duty water-soluble oil 

Stainless steel Heavy duty emulsifiable oil, heavy duty chemical and synthetic oil 

Plastics 
Water-soluble oil, dry, heavy duty emulsifiable oil, light duty chemical 

and synthetic oil 

https://en.wikipedia.org/wiki/Residual_stress
https://en.wikipedia.org/wiki/Martensite
https://en.wikipedia.org/wiki/Fatigue_strength
https://en.wikipedia.org/wiki/Ferromagnetic_materials
https://en.wikipedia.org/wiki/Ferromagnetic_materials
https://en.wikipedia.org/wiki/Curie_temperature
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4. LAB SESSION 7 

To perform machining operation on Drilling machine. 

4.1 Drill Machines: 

 

A drill machine also called a drill press, is used to cut holes into or through metal, wood or other 

materials. Drilling machines use a drilling tool that has cutting edges at its point. This cutting tool is 

held in the drill press by a chuck and is rotated and fed into the work at variable speeds. They can 

perform counterstriking, boring, counter boring, spot  facing, reaming and taping. 

 

Fig. 4.1: Drilling Machine 

 

4.2 Main Parts of Drill Machines: 

 

Following are the main parts of drill machines: 

 

4.2.1 Spindle: 

 

The spindle holds the drill or cutting tools and revolves in a fixed position in a sleeve. In most drilling 

machines, the spindle is vertical and the work is supported on a horizontal table. 

 

 

 

 

 

 

 

 

 

 

Fig. 4.2: Spindle  
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4.2.2 Sleeve or Quill: 

 

The sleeve or quill assembly does not revolve but may slide in its bearing in a direction parallel to 

its axis. When the sleeve carrying the spindle with a cutting tool is lowered, the cutting tool is fed 

into the work: and when it is moved upward, the cutting tool is withdrawn from the work. Feed 

pressure applied to the sleeve by hand or power causes the revolving drill to cut its way into the 

work a few thousands of an inch per revolution. 

 

                                                               Fig. 4.3: Sleeve 

 

 

4.2.3 Head of Drill: 

 

The head of the drill press is composed of the sleeve, spindle, electric motor and feed mechanism. The 

head is bolted to the column. 

4.2.4 Column: 

 

The column of most drill presses is circular and built rugged and solid. 

The column supports the head and the sleeve or quill assembly. 

 

4.2.5 Worktable: 

 

The worktable is supported on an arm mounted to the column. The worktable can be adjusted vertically 

to accommodate different heights of work. Or it may be swung completely out of the way. It may be 

titled up to 90
0 

in either direction, to allow for long pieces to be end or angled drilled. 

4.2.6 Base: 

 

The base of the drilling machine supports the entire machine and when bolted to the floor, provides for 

vibration free operation and best machining accuracy. The top of the base is similar to the worktable 

and maybe equipped with T-slots for mounting work too large for table. 
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4.3 Types of Drilling Machines: 

 

Drilling machines are classified on the basis of: 

a) Their constructional features, or 

b) The type of work they are required to do work. 

Following are various types of drilling machines. 

• Portable drilling machine. 

• Bench type drilling machine. 

• Sensitive drilling machine. 

• Bench mounting. 

• Floor mounting. 

• Upright drilling machine: 

• Light duty. 

• Heavy duty. 

• Radial drilling machine. 

• Plain. 

• Semi universal. 

• Universal. 

• Gang drilling machine. 

• Multiple spindle drilling machine. 

• Simple unit. 

• Way type. 

• Automatic drilling machine. 

• Indexing type. 

• Transfer type. 

• Deep hole drilling machine. 

• Vertical. 

• Horizontal. 

 

 

4.4 Drilling Operations: 

 

Following are the operations which are performed by drilling machine: 

4.4.1 Drilling: 

 

Drilling is the operation of producing a circular hole in a work piece by forcing a  rotating drill into it. 
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4.4.2 Counter boring: 

 

Counter boring is an operation of enlarging one end of a drilled hole. 

 

4.4.3 Boring: 

 

Boring is an operation of enlarging hole that has already been drilled. 

 

4.4.4 Counter sinking: 

 

Counter sinking is an operation of making a cone shaped enlargement of the end of the hole. 

4.4.5 Spot facing: 

 

Spot facing is an operation of smoothing a small surface around drilled hole. 

4.4.6 Tapping: 

 

Taping is an operation of forming internal threads by means of a tool called a tap. 

 

4.4.7 Reaming: 

 

Reaming is an operation of sizing and finishing a hole by means of a cutting tool having several 

cutting edges. 

 

4.5 Types of Drills: 

 

4.5.1 Straight Flute Drills: 

 

It has straight cutting edge with straight flute. It is designed for cutting brass and other soft materials. It 

is also known as gun drill. 

 

 

 

 

 

 

 

 

                                                       Fig. 4.4: Straight Flute 

4.5.2 Twist Drill: 

 

It is a common type of drill having two flutes and a cutting edge as its name implies the flutes are 

twisted in a helical way. 
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Fig. 4.5: Twist Drills 

4.5.3 Special Drills: 

 

Oil hole drills have coolant holes through the body to pen nit fluid or air. 

 

 

 

Fig. 4.6: Special Drills 



40 

 

 

5. Lab Session 8 

To perform Job setting, tool compensation setting and tool changing on CNC Machining Center 

 

5.1 CNC Machining Center  

A sophisticated CNC machine that can perform milling, drilling, tapping, and boring operations at the 

same location with a variety of tools is called CNC machining center.  

 

5.2 CNC Machining Center:  

Manual mills require that the operator/machinist set all the required parameters, change tools, and 

manually direct all table movement. However, with CNC capability, work is performed much faster, with 

exceptional repeatability. In addition, CNC computer programs can be verified and completed graphically 

before actual metal cutting begins. A machining center is a machine for both milling and holes making on 

a variety of non-round or prismatic shapes.  

 

5.3 Types of CNC Machining Center:  

Machining centers are either vertical or horizontal. The vertical type is often preferred when work is done 

on a single face. With the use of rotary tables, more than one side of a work piece, or several work pieces, 

can be machined without operator intervention. Vertical machining centers using a rotary table have four 

axes of motion. Three are lineal motions of the table while the fourth is the table’s rotary axis. Horizontal 

centers with their horizontal spindles are better suited to larger, boxy work pieces.  

With a horizontal spindle, a wider variety of work piece shapes are easier to mount and chips fall out of 

the way better. Like vertical machining centers, horizontal centers have multiple-axis table movements. 

Typically, the horizontal center’s table rotates to present all four sides of a work piece to the tooling.  

5.4 Parts and their functions:  

5.4.1 Work holding and Work changing:  

In all kinds of milling, a critical component is the work holding device and the ability to be changed over 

quickly to present new work or work surfaces to the tooling. Machining centers can utilize long machine 

beds, pallet changers and multi-sided “tombstone” fixtures to enable new work to be set up and 

positioned while previously setup work pieces are being milled.  

 

5.5 Lubrication system:  

The lubrication system is used to lubricate the moving parts of CNC machining center like rail lead screw 

and other moving parts.  

Lubrication pump is used to force the lubrication oil to circulate in the machine.  

5.6 Coolant system:  

Coolant tank store the coolant or cutting oil and pump is used to pump the coolant from tank to 

machining area.  

5.7 Turret:  

Turret is the part where different tools are mounted according to requirement different turret have 

different capacity to holdings tools normally 12 to 22 tools are hold in turret.  

 

5.8 Spindle:  

Spindle is the part where tool is grape for machining purpose  

 

5.9 Control panel:  

From control panel we can control all movements of the machine and feed program according to our 

requirement different type of keys are placed on control panel like  
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1. Mode selecting knob  

2. Setting keys  

3. Soft keys  

4. Keyboard  

 

 

5.10 Mode Selecting Knob:  

The mode selecting knob includes the following feature:  

• Edit Program: If we want to edit some program which is already 

existing we have to turn the knob to this position edit program and 

then we can edit the program.  

Memory: Memory contains all the save programs and several 

programs can be save in memory.  

• DNC: If we want to contact more than one machine with one 

computer than this mode is activated.  

• Handle: Handle will not work until we set the knob to this position.            Fig.6.1: Knob 

• Jog: To operate the machine manually or to set reference X, Y, Z positions manually.  

Step: To read single block after reading each block machine will stop.  

• ZRN: To return the machine to zero position the knob should be at that point.  

 

5.11 Setting Keys:  

➢ It includes the following keys.  

➢ Alter: To change any command.  

➢ Delete: To delete any command.  

➢ Cancel: To cancel any command.  

➢ Insert: To insert any new command.  

➢ Message: If machine gives any warning message then to control that we have to press “Msg” key.  

➢ End of Block: It is used to end one block while writing program.  

➢ Position: To see the value of X, Y and Z in absolute positions.  

 

5.11.1 Soft Keys:  

These are the keys which are provided on the bottom of the screen.  

5.11.2 Keyboard:  

All instruction is entered from key board are appears on control panel display screen  

5.11.3 Power ON and OFF key:  

This key used for on and off power of machine  

5.11.4 Emergency stop button:  

Use for stop the machine in emergency condition like accident ect.  

5.11.5 Cycle start:  

When the program is ready the press this button for machining cycle start.  

5.11.6 Feed rate overdrive:  

For control the feed rate according to requirement.  

5.11.7 Spindle overdrive:  

For control the speed of the spindle according to requirement.  

5.11.8 Rapid traverse:  
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To control the fast and slow motion of spindle in x.y.z direction.  

5.11.9 Offset:  

This button is used when the tool wears and is used to give compensation of tool wear. If tool wears than 

negative value is given while setting the reference.  

5.11.10 Handel:  

Handel is used to control the movements of machine in X,Y,Z direction.  

 

 

 

 

5.12 Machine operating procedure for cutting:  

On the machine power when machine display is illuminate then release the emergency stop button  

➢ Check the air pressure level it should be 0.4 bars  

➢ Machine compressor breaker in on position  

➢ Select the work coordinate system G54-G59  

➢ Set the reference according to work piece edge reference or centre point reference  

➢ Move the X,Y,Z axis according to reference point by handle  

➢ When the tool is reached the final reference point press the button position  

➢ Read all values of X,Y,X in the block of absolute reading values  

➢ Entre all the absolute X,Y,Z values in work coordinate system which is selected before G54-G59  

➢ Select edit mode to write program  

➢ Use different keys from control panel to write a program like edit, alter, insert according to 

requirement  

➢ When program is completed it save automatically  

➢ Select memory from mode knob  

➢ Press the button of cycle start  

➢ Close the door of machine  

➢ Machining will be start  

➢ After completing the machining machine will be stop  

➢ Dry run mode option is also available for check the program without cutting  
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6.Lab Session 9 

To develop CNC part program for a given drawing using G codes and M codes. 

 

6.1 Introduction 

 

Computer Numerical Control (CNC)  is  a  specialized  and  versatile  form  of  Soft Automation  and 

its applications cover many kinds, although it was initially developed to control the motion and 

operation of machine tools. 

The definition of CNC given by Electronic Industry Association (EIA) is as follows: 

“A system in which actions are controlled by the direct insertion of numerical data at some point. The 

system must automatically interpret at least some portion of this data”. 

In a simple word, a CNC system receives numerical data, interpret the data and then control the action 

accordingly. 

 
 

Fig. 6.1: Computer Numerical Control Fundamentals 

 

6.2 Control Systems 

6.2.1 Open Loop Systems 

In an open loop control system, the electrical motor drives the slides as per the input signal or 

command. There is no monitoring of the actual displacement of the machine slide. 

 
 

 

 

 



45 

 

 

6.2.2 Close Loop Systems 

In a closed loop system the displacement of slide is achieved to very high degree of accuracy by 

using monitoring devices. This feedback is compared with the input info & the slide position is 

regulated to agree with the desired positions. 

 

 

 

 

 

 

 

 

From comparator, we get digital data and convert it to analog signal using DAC (digital to analog 

converter). 
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6.3 Elements of a CNC System: 

A CNC system consists of the following 6 major elements: 

 

✓ Input Device 

✓ Machine control unit 

✓ Machine tool 

✓ driving system 

✓ feedback devices 

✓ display unit 

 

 

6.4 Input Devices: 

✓ USB Flash Drive 

✓ Conversational Programming 

 

6.5 Machine Control Unit (MCU): 

 

The machine control unit is the heart of the CNC system. There are two sub-units in the machine 

control unit: the Data Processing Unit (DPU) and the Control Loop Unit (CLU). 

6.6 Data Processing Unit: 

On receiving a part program, the DPU firstly interprets and encodes the part programme into internal 

machine codes. The interpolator of the DPU then calculate the intermediate positions of the motion    

in terms of BLU (basic length unit) which is the smallest unit length that can be handled by the 

controller. The calculated data are passed to CLU for further action. 

 

6.7 Control Loop Unit: 

The data from the DPU (data processing unit) are converted into electrical signals to control the driving 

system to perform the required motions. Other functions such as machine spindle ON/OFF, coolant 

ON/OFF, tool clamp ON/OFF are also controlled by this unit according to the internal machine codes. 

Machine Tool: 

This can be any type of machine tool or equipment. Required to perform desired work. 
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6.8 Driving System 

The driving system has to response accurately according to the programmed instructions. This system 

usually uses electric motors although hydraulic motors are sometimes used for large machine tools. The 

motor is coupled either directly or through a gear box to the machine lead screw to moves the machine 

slide or the spindle. Three types of electrical motors are commonly used. 

✓ DC Servo Motor 

✓ AC Servo Motor 

✓ Stepping Motor 

 

6.9 Feedback Device 

 

In order to have a CNC machine operating accurately, the positional values and speed of the axes need 

to be constantly updated. Two types of feedback devices are normally used positional feedback device 

and velocity feedback device. 

✓ Positional Feed Back Devices 

✓ Velocity Feedback Device 

 

6.10 Display Unit: 

 

The Display Unit serves as an interactive device between the machine and the operator. When the 

machine is running, the Display Unit displays the  present status such as the position of the 

machine slide, the spindle RPM, the feed rate, the part programs, etc. 

 

6.11 CNC PART PROGRAMMING 

6.11.1 Axis of motion: 

In general, all motions have 6 degrees of freedom. In other words, motion can be resolved into 6 axes, 

namely, 3 linear axes (X, Y and Z axis) and 3 rotational axes (A, B, and C axis). 

 

6.11.2 Dimension Systems: 

6.11.2.1 Incremental System: 

This type of control always uses  as  a  reference  to  the  preceding  point  in  a sequence of points. 

The disadvantage of this system is that if an error occurs, it will be accumulated. 

6.11.2.2 Absolute System: 

In an absolute system all references are made to the origin of the coordinate system. All commands of 

motion are defined by the absolute coordinate referred to the origin. 

 

6.11.3 NC Programming: 

NC programming is where all the machining data are compiled and where the data are translated into a 

language which can be understood by the control system of the machine tool. 
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6.11.4 Program Structure: 

Codes used for CNC: 

✓ G Codes 

✓ M Codes 

 

Preparatory Function (G Address): 

A preparatory function determines how the tool is to move to the programmed target. The most 

common G addresses are listed below: 
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Miscellaneous Function (M Address): 

 

The miscellaneous function is programmed to control the machine operation other than for coordinate 

movement. The most common M functions are as follows: 
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7. Lab Session 10 

To perform job setting and 2D cutting on CNC wire cut machine 

 

Fig. 7.1: Schematics of EDM wire cutting: 

 

7.1 Main components: 

✓ Control System 

✓ Power Supply 

✓ Worktable 

✓ Wire path 

✓ Wire Drum 

✓ Dielectric Supply system 

7.2 Control system: 

The CNC system of the machine is used to feed different programmes which have to be 

performed on the machine. Here on the control system different paths could be given by 

using different combination of keys. We can control the speed of cutting according to the 

desire. It also has the ability to store program for future use. Characters and commands 

are input using the keyboard. The system is very easy to use, allowing the operator to 

quickly become familiar with it, resulting in his/her learning curve being drastically 

reduced.  

The numerical control offers the capabilities of scaling, mirror imaging, rotation, axis 

exchange and assist programs. This enables an operator to produce an entire family of 

parts from a single program without the need to edit the program. 

 

7.3 Power supply: 

Faster or slower speeds are obtained depending on the workpiece material, part thickness, 

and wire diameter, type of wire, nozzle position, flushing condition and required part 

accuracy. .Adaptive Control is yet another improvement where high speed circuitry has 

improved the spark gap sensitivity, reaction time of the servo motors, and changes to the 

power. With these improved capabilities, wire breakage is reduced to a minimum. 

7.4 Work table: 

Table movement is accomplished with precision lead screws with recirculating ball 

bearings on all axes that are driven by AC motors. We can either manually control the 
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table movement or can control it with the help of Control system. After acquiring the 

desired position of the table, it can be locked in that position so that when the cut is going 

to perform the table remains still to avoid any kind of error. 

7.5 Wire path: 

The wire originates from a supply spool, then passes through a tension device (different 

diameter wires require different amounts of tension to keep it straight). It then comes in 

contact with power feed contacts where the electric current is applied. The wire then 

passes through a set of precision, round guides and is then transported into a waste bin. 

The wire can only be used once, due to it being eroded from the EDM process. 

 

7.6 Wire Drum: 

 

Wire drum contains the most of the wire. There can be one or two wire drum which 

rotates to supply the wire for the cutting purpose.  

 

7.7 Dielectric system: 

 

Wire EDM uses deionized water as the dielectric. The dielectric system includes the 

water reservoir, filtration system, deionization system, and water chilled unit. During 

cutting, the dirty water is drained into the unfiltered side of the dielectric reservoir where 

the water is then pumped and filtered through a paper filter, and returned to the clean side 

of the dielectric tank.  

 

Following filtration, the clean water is measured for conductivity, and if required passes 

through a vessel that contains a mixed bed of anion and cation beads. This mixed bed 

resin (the ion exchange unit) controls the resistivity of the water to set values 

automatically. 

The clean water fills the clean side of the dielectric reservoir and proceeds to the cutting 

area. Used water is drained and returned to the unfiltered side of the dielectric reservoir to 

complete the cycle. A water chiller is provided as standard equipment to keep the 

dielectric, work piece, worktable, control arms, and fixtures thermally stable. 

 

During the cutting process the chips from the material that is being eroded, gradually 

changes the water conductivity level. Resistivity levels of the water are set according to 

the cutting requirements of the work piece material being machined. 

 

The dielectric fluid has the following functions: 

 

a. It helps in initiating discharge by serving as a conducting medium when ionized, and 

conveys the spark. It concentrates the energy to a very narrow region. 

b. It helps in quenching the spark, cooling the work, tool electrode and enables arcing to 

be prevented. 

c. It carries away the eroded metal along with it.  

d. It acts as a coolant in quenching the sparks. 

e. The electrode wear rate, metal removal rate and other operation characteristics are 

also influenced by the dielectric fluid. 
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7.8 Demounting of Wire in EDM Wire Cut 

 

 

The following steps should be followed while removing or demounting the wire in EDM 

wire cut machine: 

 

Steps:  

 

 

✓ Turn on the power.  

✓ Turn on the wire drum motor power supply.  

✓ Let the wire to move towards the right end of the drum.  

✓ Before it reaches the end turn the motor supply off and do it manually to avoid 

accident and wire break.  

✓ Loose the wire tight screw and release the wire.  

✓ Release the wire first from baffle rod the front guides and at the end from rear guide.  

✓ Turn the wire around roller manually with great care.  

✓ When all the wire turned off loose the left side wire tight screw and removes the wire 

completely.  

✓ Clean the wire drum with kerosene oil.  

 

 

 

7.9 Mounting of Wire in EDM Wire Cut 

 

The following steps should be followed while mounting a new wire in EDM wire cut 

machine: 

 

Steps: 

 

✓ Turn on the power.  

✓ Clean the wire drum with kerosene oil.  

✓ Hold the wire end into wire tight screw of wire drum on left side.  

✓ Give 3 to 4 turns to drum manually and let the wire wound on drum.  

✓ Stop turning when the wire become aligned with rear guide approximately.  

✓ Take the wire from the bottom of drum near to the baffle rod then from front guides at 

the end from rear guide carefully.  

✓ Hold the wire roller give some rotations to wire drum manually and create a gap of 5 

to 7 mm approximately between circulated wire and then turn the drum motor power 

on.  

✓ Check out whether the gap and mounting take properly.  

✓ If not then accurate the gap and alignment between guides again.  

✓ If it is proper then hold the wire roller in hand or with some attachment carefully and 

let the wire wounded on drum until it reaches the right side.  

✓ Before reaches the right end turn of the motor and rotate the drum manually.  

✓ Hold the other end of wire into right side wire tight screw.  

✓ Now again rotate the drum by motor and use a pulley to create stretch in wire.  

✓ Turn on the drum motor and hold the pulley with hand which take wire off from 

machine slowly and create a proper tightness in wire by applying hand force.  
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✓ At the end release the wire from screw to compensate extra wire resulting in 

stretching process.  

✓ Again tights the screw. 

 

7.10 Cutting of profile through EDM wire Cut 

 

The following steps should be followed while cutting any profile through EDM wire Cut 

machine. 

 

Steps: 

 

✓ First of all draw a required profile in AutoCAD according to required size or 

parameter. 

✓ Than save the drawing in the DXF format. 

✓ Put the drawing into the USB. 

✓ Insert the USB in the control panel of machine. 

✓ Open the File Menu. 

✓ Then the dialogue box will appear then press F4 key to open the drive. 

✓ Then press “H” key to open the USB containing the required drawing. 

✓ After few seconds the file will be shown. 

✓ Now we have to save that file in the machine drive. So press “F3” key. 

✓ Now select the drive of the machine to save file. For example we want to save file to 

drive G so press “G” key. 

✓ Then press OK to save the file. 

 

7.11 TRANSLATE THE FILE: 

 

✓ Now we have to translate the file into the format which machine understand. 

✓ For that go to the Translate menu. 

✓ Change the DXF file to DAT format. 

✓ Then save the file by pressing F3. 

✓ Then select the drive for saving the file. For Example drive “G”. 

✓ Now we have to check the file in the desired drive whether the file is saved or not. 

✓ For this go to the program menu, then open the file and check. 

 

 

7.12 CHECKING THE DIMENSIONS: 

 

✓ For checking the dimensions of the diagram go to the ENQUIRY menu. 

✓ By moving the cursor on diagram, it shows the value of X coordinate and Y 

coordinate at each point of the diagram. So by doing so we can check the dimensions 

of the diagram. 

✓ We have noticed that the value of X ranges from 1.7 to 8.6. 

✓ The value of Y ranges from 3 to 9. 
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7.13 CUTTING THE WORKPIECE:  

 

✓ Go to the NC Route. 

✓ We have to give two points, start point and the cut in point. 

✓ Then give the two points which suits your diagram. 

✓ Then save it in save 3B. 

✓ Then emulate it. 

✓ Then go back and exam the program. 

✓ Then run the wire and make the current on. 

✓ Lock the table. 

✓ Make the pump on. 

✓ Press F1 and enter to start the program. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



55 

 

8. Lab Session 11 
 

To perform job setting  and to cut 3D complex pocket on CNC die sinker machine. 

 

EDM die sinking machine consists of an electrode and work piece that are submerged in an 

insulating liquid such oil or, less frequently, other dielectric fluids. The electrode and work 

piece are connected to a suitable power supply. 

As the electrode approaches the work piece, dielectric breakdown occurs in the fluid forming 

a plasma channel and a small spark jumps. These sparks usually strike one at a time because 

it is very unlikely that different locations in the inter-electrode space have the very identical 

local electrical characteristics which would enable a spark to occur simultaneously in all such 

locations. 

The EDM die sinking process is most widely used by the mould-making tool and die 

industries, but is becoming a common method of making prototype and production parts, 

especially in the aerospace, automobile and electronics industries in which production 

quantities are relatively low. 

Fig. 8.1: Parts of EDM die Sinking 

8.1 Parts of Machine Unit  

 

8.1.1 Dielectric Fluid 

The machining gap between tool and work piece during EDM must be submerged in an 

electrically nonconductive dielectric fluid. In die-sinking EDM, kerosene is often used as a 

dielectric fluid because it provides lower tool wear, higher accuracy, and better surface 

quality. Deionized water is always used as a dielectric fluid in WEDM to provide a larger gap 

size and lower wire temperature in order to reduce the wire rupture risk. This fluid also serves 

to flush debris from the gap and thus helps maintain surface quality. 

8.1.2 EDM Tool  

Copper and graphite are commonly used as die-sinking EDM tool materials because of the 
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high electrical conductivity and high melting temperature and the ease of being fabricated 

into complicated shapes. In the traditional die-sinking EDM process, the tool is fabricated 

into a required shape and mounted on a ram that moves vertically. The spark discharges can 

only occur under a particular gap size that determines the strength of electric field to break 

down the dielectric. 

8.1.3 Servo Control Mechanism  

A servo control mechanism is equipped to monitor the gap voltage and to drive the machine 

ram moving up or down to obtain a dischargeable gap size and maintain continuous sparking. 

Because the average gap voltage is approximately proportional to the gap size, the servo 

system controls the ram position to keep the average gap voltage as close as possible to a 

preset voltage, known as the servo reference voltage. 

The CNC servo system also adjusts the machining gap size in real time, similar to the die 

sinking EDM operation. The dielectric fluid is prayed from above and beneath the work piece 

into the machining gap with two nozzles. 

8.1.4 CNC Control Unit 

A computer control unit is use to produce program and proceed it for checking as well as 

converting them into machine language. It also take feedback by a feedback system to make 

sure the part is producing as per designed values.  

8.1.5 Machine Unit  

It is a solid body unit to support all the small parts like tool table die sinking pool, tool 

control servo motors, table feed control motors and all other parts.  

          8.2 Process Parameters  

EDM process not only depends on capacities of machine but also depends upon processing 

parameters. There are so many parameters that affects the EDM process, some of the major 

influencing process parameters like discharge voltage, frequency of current, gap between tool 

electrode & work piece, ignition delay time, pulse on time, pulse off time, polarity, flushing 

type, properties of dielectric media, conductivity of electrodes, eroding area etc. All these 

process parameters play a vital role in deciding machining characteristics like surface finish, 

energy consumption and efficiency (MRR) of EDM process. Researchers have reported that 

most influencing process parameters are discharge current, pulse on time, pulse off time and 

dielectric liquid pressure. 

            8.3 Procedure  

Die sinking EDM work steps 

 

The step by step procedure which we have followed in the lab session for performing 

operation on a work piece by EDM die sinking machine is given. 

 

➢ Release the emergency switch. 

➢ Turn on the power of CNC EDM Die Sinking by pressing start switch. 

➢ Hold the conductive tool of required shape into chuck of the tool head. 

➢ Press Fast Down switch on the JOG (Remote Control) and bring the tool near to the work 

piece. 

➢ Release the Fast Down before tool touches the work so that tool will move down slowly 

to avoid sudden accident in case of Fast Down and press Slow Down switch on JOG and 

bring the tool on the surface of work. When the tool touches the work surface machine 

alarm will on so at that time release the Slow Down switch. 

➢ Reset the alarm beeping or switch it off. 
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➢ Now by using Slow Up switch on the JOG, move the tool upward approximately by one 

millimeter so that the contact between tool and work will be disconnected. 

➢ Adjust the tool, make the tool aligned with the work piece so it could machine accurately. 

➢ For tool alignment use the position screws in the tool head and make it align with work 

for uniform machining or uniform material removal. 

➢ Again touch the tool on the work surface and check its alignment and repeat this 

procedure until the tool aligns with the work. 

➢ Now push the adjustment button from remote and the machine will run auto program to 

make the tool aligned. 

➢ Check the spark generated if the tool is aligned then stop aligning procedure. 

➢ Bring the tool to operation starting position, where the operator wants to start the 

machining procedure. 

➢ Repress the adjustment switch to turn off the adjustment function. 

➢ Set the coordinates X,Y and Z to zero for the reference point of the tool according to 

work position (when Z axis will be +1, and X, Y are adjusted by the adjustment / 

alignment of the tool). 

➢ Press F1 on the CNC panel for coordinates then set the values of X, Y, Z to zero in sub 

program of F1 function. 

➢ Press F6 for position of tool to work reference and set the offset incase that the tool is at 

Z=-1 position or if the tool is already touching the work surface then it is not necessary to 

set the offset of the tool. 

➢ Now press the quit option and return to the main menu. 

➢ Press F2 for Regime to set the work path or operational steps like current, voltages, 

frequency, and time. 

➢ In the submenu of F2 there are two options the first one is F7 for expert mode in which no 

of programs or number of steps can be given for the operation. 

➢ The second option is F1 for auto regime for selecting the current settings and depth of cut 

per stroke after giving the current settings and depth of cut, this function auto regime will 

calculate the number of steps in which the operation will be completed. We selected 20 

amperes, two for depth and entered so auto regime calculated 13 steps for the operation. 

➢ Know the program is set for machining and turn on the pump for filling the fluid tank 

with electrolyte liquid and make sure the drain valve must be in off position. 

➢ Adjust the oil level in the tank by adjusting oil level lever. The oil level must be 50 

millimeter above from the work surface to minimize the fire hazard.  

➢ Know press the lube oil lever for one time so that the slides of work table could be 

lubricated before starting the operation. 

➢ Press work and then press enter switch to start the work. 

➢ When the work is done presses confirmed and then press enter. Beep/alarm will not stop 

until the tool is removed from the surface of the work. 

➢ Press the fast up switch at JOG and remove the tool from the work surface 

➢ Stop the pump electrolyte delivery pump and open the drain valve. 

➢ Now turn the power off of EDM CNC Machine and release the drain valve. 

remote control. 
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8.4 Safety precautions  

 

1. Make sure there are no leaks in the tank dielectric liquid tank hose and pipe 

connections. 

2. Make sure a fire extinguisher near the machine for use in emergencies. 

3. Make sure the materials are installed in areas where the right job. 

4. Make sure the electrodes are not touching the thing work. 

5. Make sure the cutting wire is not touching things work. 

6. Make sure each cable there is no leakage. 

7. Clear oily liquid that is in place the working substance during the installation process. 

8. Clean all dirt in the tank desk and storage tanks. 

9. Wear appropriate clothing while using machines. 
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9.Lab Session 12 
To perform CNC milling operation. 

WABECO CC-1210 HS CNC MILLING MACHINE 
 

9.1The Milling Operation: 
CNC stands for computer numerically controlled. As a milling technique, this means 

that a design can be specified on a computer using CAD tools, and that a computer can 

handle the milling process. And the program is able to specify the movements that the mill 

and table must make.  

CNC milling is a specific form of computer numerical controlled (CNC) machining 

consisting of both the drilling and cutting. Mill uses a rotating cylindrical cutting tool. 

However, the cutter in a milling machine is able to move along multiple axes, and can create 

a variety of shapes, slots and holes. In addition, the work-piece is often moved across the 

milling tool in different directions, unlike the single axis motion of a drill.  

 

9.2 Introduction to The Machine: 
 

In the machine, the labelled axes, X and Y designate horizontal movement of the 

work-piece (forward-and-back and side-to-side on a flat plane). And Z represents vertical, or 

up-and-down movement. CNC milling machine also integrate a device for pumping cutting 

fluid to the cutting tool during machining.  

The software used for this machine is NCCAD for which the latest version is 9.5. But 

currently NCCAD 7.5 is running on the attached computer. This machine can be used to 

produce a wide range of components, and tooling costs involved have continued to become 

more affordable day by day. It provides ideal solutions to everything ranging from 

prototyping and short-run production of complex parts to the fabrication of unique precision 

components.  

 

9.3 Machinable Materials: 
 

Virtually every type of material that can be drilled or cut can be machined by a CNC 

mill, although most of the work performed is done in metal. As with drilling and cutting, the 

proper machine tools must be selected for each material in order to avert potential problems. 

The hardness of the work-piece material, as well as the rotation of the cutting tool must all be 

factored before beginning the machining process. 
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9.4 MACHINE AND CONTROLLER: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9.5 DIMENSIONS OF MACHINE: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Working with NCCAD: 

 

 

 

 

 

 

 

 

For version 7.5, Go to File and click the option “CNC New Program”. A new window 

will appear. Here we can write or paste our program code for milling operation. After  
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generating the code, Multiply All the X, Y and Z coordinates to 1.9831 (correcting 

factor) to achieve the Precision as shown in the figure below. 

 

 

 

 

 

 

 

 

 

 

 

 

Go to Simulation and observe the simulation of this code to see any errors, by clicking 

OpenGL Milling. A new window will open showing the simulation. Now Go to Machine Tab 

and Click the name of Milling Machine WABECO 7.5. 
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A Window will be displayed with the title manual operation, Click the “Select workpiece 

zero point (WZP) out of the table”. Click the basic work zero point of the table (BWZP) and 

then click OK button. 

  

 

Now Clamp the Tool on the Spindle and Locate it manually with respect to the origin 

of the workpiece. 

 

 

While Locating its position please sure that the value of x, y and z should be zero. Position 

the tool 5 to 10 mm above the work surface because in this machine tool only can travel on 

negative direction of z axis so we can’t put the value of z axis greater then 0.  
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9.6 SAMPLE PROGRAMS OF MILLING: 

9.6.1. PLANE MILLING OPERATION: 
The following code will work for plane milling on 75*75 dimensions. 

 

G00 X0 Y0 Z0  

M10 O6.1  

G01 Z-1 F25  

G01 X160 Y0 

X160 Y20 

X0 Y20 

X0 Y40 

X160 Y40 

X160 Y60 

X0 Y60 

X0 Y80 

X160 Y80 

X160 Y100 

X0 Y100 

X0 Y120 

X160 Y120 

X160 Y140 

X0 Y140 

X0 Y160 

X160 Y160 

G00 Z0   

M10 O6.0  

G00 X0 Y0  

  

9.6.2. CREATING 6 CIRCULAR IMPRESSIONS FACE MILLING: 
The following code will work for plane milling on 75*75 dimensions. 

 

G00 X0 Y0 Z0 

M10 O6.1  

G01 X29.74 Y44.61 F25 

Z-5 

Z0 

X74.36 Y44.61 

Z-5 

Z0 

X118.98 Y44.61 

Z-5 

Z0 

X118.8 Y104.10  

Z-5 

Z0 

X74.36 Y104.10 

Z-5 

Z0 

X29.74 Y104.10 

Z-5 
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Z0 

G00 Z0   

M10 O6.0  

 

9.7 OPERATING INSTRUCTIONS: 

▪ The zero point for the workpiece and the reference axis in the program should be same. 

▪ The tool must be selected according to the dimensions of our workpiece and the specified 

requirement of operation. 

▪ The dimension of our workpiece in millimeter must be multiplied with 1.93 before using 

these dimensions in program to convert the dimension into the equivalent dimension in 

the units of machine. 

▪ The maximum range of the CNC in x-axis and y-axis is 210mm, while it is 70mm in z-

axis. 

▪ Feed rate should not be a high to avoid tool wear. 
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10. Lab Session 13 

To perform different lathe operations on CNC Lathe Machine. 

10.1 What is CNC Machine Lathe? 
 

Some view Lathes as the only universal CNC Machine tool because a lathe can make all of 

the parts needed for another lathe. A lathe spins the workpiece in a spindle while a fixed 

cutting tool approaches the workpiece to slice chips off of it. Because of this geometry, lathes 

are ideal for parts that have symmetry around some axis that could be chucked up in the 

spindle. 

CNC Lathes have at the very least the ability to drive the cutting tool under g-code control 

over 2 axes, referred to as X and Z. They may have a considerable amount of other 

functionality as well, and there are many variations on lathes such as Swiss Lathes. 

The act of cutting a workpiece on a lathe is called "Turning". 

Due to technological advancements, CNC lathes are quickly replacing some of the older and 

more traditionally used production lathes, such as the multispindle. CNC lathes come with a 

number of benefits. They can be easily set up and operated. They offer tremendous 

repeatability, along with top-notch accuracy in production. 

  

A CNC lathe is typically designed to utilize modern versions of carbide tooling and 

processes. A part can be designed for customization, and the machine’s tool paths are often 

programmed using the CAD or CAM processes. However, a programmer can manually 

design a part or tool path as well. The resulting coded computer file is then uploaded to the 

CNC machine, and the machine will then automatically produce the desired parts for which it 

was programmed to design. 
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10.2 Uses of CNC Lathe Machines 
 

With CNC lathe machines, the material being worked is slowly sheared away. The result is a 

beautifully finished product or intricate part. Because these machines are so versatile, they 

are used by many industries to include automotive, electronics, aerospace, firearm 

manufacturing, sporting, and much more. 

A CNC lathe can be used to produce plane surfaces and screw threads or in the case of 

ornamental lathes, three-dimensional products that are quite complex. In any case, the work 

piece is held firmly in place by one or two centers, with at minimum one being moved 

horizontally. However, material can also be secured with clamps or collets. 

Some prime examples of finished items as a result of using CNC lathe machines include: 

• Baseball Bats 

• Bowls 

• Camshafts 

• Crankshafts 

• Cue sticks 

• Dining Room Table and Chair Legs 

• Gun Barrels 

• Musical Instruments 
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Turning is an engineering machining process in which a cutting tool, typically a non-

rotary tool bit, describes a helical tool-path by moving more or less linearly while the 

workpiece rotates. The tool's axes of movement may be literally a straight line, or they may 

be along some set of curves or angles, but they are essentially linear (in the nonmathematical 

sense). Usually the term "turning" is reserved for the generation of external surfaces by this 

cutting action, whereas this same essential cutting action when applied 

to internal surfaces (that is, holes, of one kind or another) is called "boring". Thus the phrase 

"turning and boring" categorizes the larger family of (essentially similar) processes. The 

cutting of faces on the work piece (that is, surfaces perpendicular to its rotating axis), whether 

with a turning or boring tool, is called "facing", and may be lumped into either category as a 

subset. 

Turning can be done manually, in a traditional form of lathe, which frequently requires 

continuous supervision by the operator, or by using an automated lathe which does not. 

Today the most common type of such automation is computer numerical control, better 

known as CNC. (CNC is also commonly used with many other types of machining besides 

turning.) 

  

When turning, a piece of relatively rigid material (such as wood, metal, plastic, or stone) is 

rotated and a cutting tool is traversed along 1, 2, or 3 axes of motion to produce precise 

diameters and depths. Turning can be either on the outside of the cylinder or on the inside 

(also known as boring) to produce tubular components to various geometries. Although now 

quite rare, early lathes could even be used to produce complex geometric figures, even 

the platonic solids; although since the advent of CNC it has become unusual to use non-

computerized tool-path control for this purpose. 

  

The turning processes are typically carried out on a lathe, considered to be the oldest machine 

tools, and can be of four different types such as straight turning, taper 

turning, profiling or external grooving. Those types of turning processes can produce 

various shapes of materials such as straight, conical, curved, or grooved workpiece. In 

general, turning uses simple single-point cutting tools. Each group of workpiece materials has 
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an optimum set of tools angles which have been developed through the years. 

  

The bits of waste metal from turning operations are known as chips (North America), 

or swarf (Britain). In some areas they may be known as turnings. 

10.3 FEATURES OF CNC MACHINES 

 

Rigid machine structure is provided, in order to bear the static load, Dynamic load 

, Thermal load , Vibration. 

 

Guideways are used in machine tools to control the direction or line of a c t i on  o f  t h e  

ca r r i age  o r  t h e  t ab l e  o n  w hi ch  a  t oo l  o r  w o rk p i ece  i s  held , To absorb all the 

static and dynamic forces. 

 

On a CNC machine the function of feed rate drive is to provide motion to the slide as per the 

motion commands. Since the degree of accuracy requirements are high, the feed drive 

should having high efficiency and response. 

 

Hydrodynamic bearings, Hydrostatic Bearings, Antifriction Bearings are provided 

to the CNC machine. In order to achieve the accuracy and the quality of the work 

produced depends directly on the geometrical accuracy, running accuracy and the 

stiffness of the spindle assembly. 

 

On all CNC machines, an electronic measuring system is employed on e ach  co n t ro l l ed  

ax i s  t o  mo n i t o r  t h e  m ov em ent  an d  to  co mp a r e  th e  position of the slide and the 

spindle with the desired position. 

 

C N C  c o n t r o l s  a r e  t h e  h e a r t  o f  t h e  C N C  m a c h i n e s .  T h e  e a r l y  

C N C controls were developed for simple applications in turning, 

machiningc e n t r e s  a n d  g r i n d i n g .  B u t  w i t h  i n c r e a s e d  c a p a b i l i t i e s  o n  

m o d e r n machine tools such as higher spindle speeds, higher rapid traverses and m o r e  

n um b er  o f  ax e s ,  CN C s ys t em s  h av e  been  d ev e lo p ed  t o  mee t  these needs. 

Better work piece quality is one of the most important advantages 

inu s i n g  a  h i -

t e c h  C N C  m a c h i n e .  T o  m a i n t a i n  q u a l i t y  t h e  e f f e c t  o f   p a r a

m et e r s  l i k e  t oo l  w ea r  an d  t h e r m al  g r ow t h  can  be  e l im in a t ed  b y automatic 

gauging system. 

P r e s e n t l y ,  e s t a b l i s h e d  t o o l  m o n i t o r i n g  s e n s o r s  a n d  s y s t e m

s  a r e a v a i l a b l e  c o m m e r c i a l l y  f o r  i n t e g r a t i n g  a n d  s y s t e m s  a r e  a v a

i l a b l e commercially for integrating with CNC machines. Tool monitoring 

systems enable the introduction of adaptive controls on machines for optimizing 

the cutting parameters. 

• 

Feedback is taken from various devices, e.g. Ecoders, Transducers
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10.4 What is a CNC Lathe and How Does it Work? 
 

Computer numerical control (CNC) has been incorporated into a variety of new technologies 
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and machinery. One such machine of this sort that is used for a wide array of production 

processes is known as a CNC lathe. 

Due to technological advancements, CNC lathes are quickly replacing some of the older and 

more traditionally used production lathes, such as the multi-spindle. CNC lathes come with a 

number of benefits. They can be easily set up and operated. They offer tremendous 

repeatability, along with top-notch accuracy in production. 

A CNC lathe is typically designed to utilize modern versions of carbide tooling and 

processes. A part can be designed for customization, and the machine’s tool paths are often 

programmed using the CAD or CAM processes. However, a programmer can manually 

design a part or tool path as well. The resulting coded computer file is then uploaded to the 

CNC machine, and the machine will then automatically produce the desired parts for which it 

was programmed to design. 

A CNC lathe is controlled by a menu-type interface on a computer. The operator who 

manages the process can actually see a visual simulation of how the machine will function 

during the production phase. Thanks to this technology, the machine operator generally does 

not need to know as much about the specifics of the machine he or she oversees compared to 

what machine operators must know about more traditional lathes that require some manual 

labor. 

CNC lathes are designed in a variety of ways, based on the manufacturer producing the 

machine. However, most have some significant similarities in their composition. A turret is a 

part of the machine that holds the tool holders and indexes them accordingly. The spindle is 

designed to hold the work piece. In addition, there are slides that allow the turret to move in 

multiple axes at the same time. CNC machines are typically completely enclosed for health 

and safety reasons of any operators present. 

There has been considerable growth in the CNC machining industry, particularly when it 

comes to the design and use of CNC lathes. Different lathe manufacturers utilize a variety of 

user interfaces, which can be a challenge to the operators. But these systems are mostly based 

on the same principles across the board since a CNC lathe is programmed to perform similar 

functions in terms of what it is intended to manufacture. 

Like other CNC machines ,CNC lathes have become a major part of the manufacturing 

industry in recent years. So, it is expected that the operations of such machines will continue 

to improve and carry significant weight in this field. 

 


