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Abstract— Computer Numeric Control (CNC)  is the 

automation of machine tools that are operate precisely 

programmed commands encoded on a storage medium 

(computer common module, usually located on the device) 

as opposed to controlled manually by  levers, or 

mechanically automated by cams alone. Most NC today is 

computer (or computerize) numerical control (CNC)   in 

which computers play an integral part of the control. In 

modern CNC systems, end-to-end component design is 

highly automated using computer-aided design (CAD) and 

computer-aided manufacturing (CAM) programs. The 

programs produce a computer file that is interpreted to 

extract the commands needed to operate a particular 

machine by use of a post processor, and then loaded into the 

CNC machines for production. Since any particular 

component might require the use of a number of different 

tools   drills, saws, etc.  Modern machines often combine 

multiple tools into a single "cell". In other installations, a 

number of different machines are used with an external 

controller and human or robotic operators that move the 

component from machine to machine. In either case, the 

series of steps needed to produce any part is highly 

automated and produces a part that closely matches the 

original CAD design. 
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I. INTRODUCTION 

An impeller is a rotating component of a centrifugal pump, 

usually made of iron, steel, bronze, brass, aluminium or 

plastic, which transfers energy from the motor that drives 

the pump to the fluid being pumped by accelerating the fluid 

outwards from the center of rotation. The velocity achieved 

by the impeller transfers into pressure when the outward 

movement of the fluid is confined by the pump casing. 

Impellers are usually short cylinders with an open inlet 

(called an eye) to accept incoming fluid, vanes to push the 

fluid radially, and a splined, keyed, or threaded bore to 

accept a drive-shaft. 

The impeller made out of cast material in many 

cases may be called rotor, also. It is cheaper to cast the 

radial impeller right in the support it is fitted on, which is 

put in motion by the gearbox from an electric motor, 

combustion engine or by steam driven turbine. The rotor 

usually names both the spindle and the impeller when they 

are mounted by bolts. 

Prof. JOHN T.PARSUNS of M.I.T., U.S invented 

the first Numerical Control (NC) machine tool. 

NC ‘control by numbers’ NC is control by recorded 

information called part program. Part program is a set of 

coded instructions given as numbers for automatic control of 

machine in pre-defined sequence. 

With rapid studies in electronics microcomputer 

based NC machines have taken from and they are termed as 

computer numerical control (CNC) machines. The CNC 

machines are more reliable and accurate. The reliability of 

the part program is enhanced since all the calculations are 

made by computer and thus part programmer are less likely 

to make any errors. Besides, the computer would have the 

facilities for some error detection to assist the part 

programmer to produce a better program. CNC is useful in 

some complex designs of work pieces, which make manual 

part programming almost impossible. 

Modern precision manufacturing demands extreme 

dimensional accuracy and surface finish. Such performance 

is very difficult to achieve manually, if not impossible, even 

with expert operators. In cases where it is possible, it takes 

much higher time due to the need for frequent dimensional 

measurement to prevent overcutting. It is thus obvious that 

automated motion control would replace manual “hand 

wheel” control in modern manufacturing. Development of 

computer numerically controlled (CNC) machines has also 

made possible the automation of the machining processes 

with flexibility to handle production of small to medium 

batch of parts.   

Automation has been associated with advancement 

in Technology. Part programming does automation of CNC 

machines. Part programming of a CNC system is a 

challenging function. This requires thorough knowledge 

regarding the details of a machine. 

The specifications of a machine on which the work 

is done and the codes it can process are listed. The programs 

developed for machining Ball and railway axles along with 

the detailed drawings are written. 

The records of the latest trends in development of 

NC machines are listed. A comparison of cost involved in 

conventional lathe and CNC lathe is done. 

 
Fig. 1: 

II. PROFIT AND PRODUCTIVITY 

A. NC for Profit and Productivity 

The cost price crunch has squeezed the nation’s 

manufacturers in to what is quite literally a productivity 
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crisis from which escape is vital. And it is up to 

manufacturing management to engineer that escape.   With 

the technology at hand, the break-through needed now, if 

NC usage is to accelerate, is more effective approach to 

proving the economic pay off of proposed NC investment. 

In the past, capital commitments for automated equipment 

had been constrained by inadequate investment-justification 

techniques. All too often, modern equipment was not 

acquired because manufacturing personnel failed to 

demonstrate to the accountants and to the board of directors 

the true investment profitability. NC significantly cuts 

labour input by a factor of two, three or four and in selected 

cases even more. But even beyond that, the use of NC can 

create unprecedented savings in many other activities such 

as tooling, inventions of both work in process and finished 

products, lead time, and material handling, to name some of 

the more obvious ones. 

B. NC Savings in Inspection Scrap And Rework, Material 

Handling 

The above productivity gains are best explained by a simple 

example. If an NC machine can produce a part in 40% of the 

item required on a conventional machine, any say 24 

minutes instead of an hour, there is a saving of 60%. But the 

corresponding productivity gain is 150% since 2.5 parts can 

be produced in an hour of NC machine time rather than one 

part conventionally. 

As per the survey done by University of Michigan 

over 356 companies using more than 4000 NC machine 

tools, it is realized the following facts by manufacturers. 

1) Usage of NC machines made greater to use of present 

tooling to reduce costs. 

2) Had greater material handling, inspection and scrap 

savings, as well as larger inventory reductions. 

3) Used slightly fewer part programmers per machine and 

these programmers spent less of their time on such non 

part programming activities as tooling and process 

planning. 

4) Made greater use of computers of part programming. 

5) Reported substantially larger NC machine tooling 

savings. 

6) Experienced greater lead-time reduction with NC. 

Activity Reduction 
Equipment 

Type 

Productivity 

Gain 

Machine setup 

time 
20.7% Turning 113% 

Part cycle time 20.75% Boring 92% 

Material 

handling 
20.5% Milling 88% 

Inspection 30.45% Drilling 88% 

Scrap & 

Rework 
30.45% Punching 54% 

Work in 

process 
20.3%   

Finished goods 

Inventory 
10.25%   

Assembly of 

parts 
10.26%   

A tooling of 

Complexity 
10.4%   

Table 1: 

C. NC Part Programming 

The conversion of the engineering blue print to a part 

program can be performed manually or with the assistance 

of a high-level computer language. In both cases part 

programmers determine the cutting parameters, such as 

spindle speed and feed, based upon characteristics of the 

work piece, tool material and limitations of the machine 

tool. Therefore they must have extensive knowledge of 

machining process and be familiar with the capabilities of 

machine tool. 

There are two types of data processing techniques to 

produce the punched tape:- 

1) Manual (with the use of calculator). 

2) Computer assisted preparation of tapes. 

In manual programming the data required for 

machining a part is written in a standard format on a special 

menu script. The menu script is a planning chart or list of 

instructions, which describes the operations necessary to 

produce the part. 

The menu script is typed with a teletype or flex 

writer, which produces the typed menu script and the 

punched tape simultaneously. Each symbol (e.g. letter, 

number, and algebraic sign) of the menu script corresponds 

to one perforated row on the tape, which is referred to as a 

character. A group of characters representing an instruction, 

or a complete piece of numerical data is referred to as word. 

Part programming of simple parts can be performed 

manually, with calculations to assist in trigonometric 

calculations. Therefore, manual programming is generally 

used for parts to be produced on point-to-point machines, in 

which the tool path calculations are straight forward and 

cutter radius compensations are not required.  

1) Absolute and Incremental Programming: 

Both type commands can be together used in one block. 

When both X and U or W and Z are used together, the one 

specified later is effective.                                                                                         

Command method Address 

Command specifying 

movement from B to 

A 

Absolute specifies an 

end point in 

programming. The work 

coordinate system. 

X 

Z 

X 400.0 

Z 50.0 

Incremental specifies a 

distance from 

programming. Start 

point to end point. 

U 

W 

U 200.0 

W -400.0 

Table 2: 

Address of 

dimension word 
Meaning 

Basic axis 

 

 

 

 

 

X-specifies a certain target position 

In a coordinate system (absolute Z 

program) 

U-specifies a move distance 

(incremental       programming) U 

and 

W-w are along X and Z axes 

respectively. 

Parameters in 

circular 

interpolation 

 

R- specifies the radius of an arc 

 

I-specifies the distance from the start 

point to the center of an arc 
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K-along the X and Z axes 

respectively 

Table 3: 

A dimension word specifies a tool movement and 

is composed of the address of the axis along which to be 

moved and the value indicating. 

III. CODE LIST 

A. Preparatory functions 

G codes 

Preparatory functions are used as the means of inputting 

information into the control unit to perform an operation that 

is essentially non dimensional in nature. The preparatory 

function commands consist of a letter and two digits. The 

letter used is upper case G. The two digits used can range 

from 0 to 99, and are a code or signal, which will cause 

different actions or operations to occur. For convenience it 

is common practice to refer to preparatory functions as G 

codes. 

There have been attempts made to standardize the 

particular digits to be used to indicate specific functions. It 

will be found that the majority of codes used are same for 

the same function on different machine tools and different 

control systems. However, it is unlikely that all G codes 

available will be used in one system on one machine tool. 

Reference will have to be made on the manual published by 

the manufacturer of the control system for the G codes 

available for a particular machine tool. 

Not all the 100 codes available have been used for 

standardized purpose. There are number of codes which are 

provided for the manufacturer of the control system to 

designate for its particular use, and therefore it is possible 

for certain G codes to be used for different functions on 

different systems. Unfortunately it maybe found that if a 

manufacturer is not using a particular standard G codes in 

the control system that G code is allocated for another 

purpose. 

Four main groups or categories of preparatory function are 

used: 

1) To select the movement system. 

2) To select the measurement system to use either 

metric or inch units. 

3) To make compensation for variation in tool sizes. 

4) To select a preset sequence of events. 

B. Miscellaneous Functions 

M codes 

Miscellaneous functions are used in a similar way as 

preparatory functions to input information for operations 

which essentially non dimensional in character. The main 

difference between them is that generally preparatory 

functions are intended to be operative before any dimension 

instructions programmed in the same block are executed, 

whereas the majority of miscellaneous functions are usually 

operative after the motion statements programmed in the 

same block have been executed. 

The code for miscellaneous function consists of a 

capital letter M and up to two digits, which can range from 

00 to 99. Each pair digit is a code for signal to be sent from 

control unit for some action or machine function takes place. 

For convenience, miscellaneous functions are frequently 

referred to as M codes. 

CODE FUNCTION 

G00 Positioning 

G01 Linear interpolation 

G02 Circular  interpolation clockwise 

G03 Circular interpolation counter clockwise 

G04 Dwell 

G10 Offset value setting 

G20 Inch data input 

G21 Metric data input 

G22 Stored stroke limit ON 

G23 Stored stroke limit OFF 

G27 Reference point return check 

G28 Return to reference point 

G29 Return from reference point 

G30 Return to second reference point 

G32 Thread cutting 

G40 Tool nose radius compensation cancel 

G41 Tool nose radius compensation left 

G42 Tool nose radius compensation right 

G50 Programming of absolute zero point 

G70 Finishing cycle 

G71 Stock removal in turning 

G72 Stock removal in facing 

G73 Pattern repeating 

G74 Peck drilling in Z-axis 

G75 Grooving in X-axis 

G76 Thread cutting cycle 

G90 Cutting cycle A 

G92 Thread cutting cycle 

G94 Cutting cycle B 

G96 Constant surface speed control 

G97 Constant surface speed control cancel 

G98 Feed per minute 

G99 Feed per revolution 

Table 4: G Function list 

CODE FUNCTION 

M00 Program stop 

M01 Optional stop 

M02 End of the program 

M03 Spindle forward 

M04 Spindle reverse 

M05 Spindle stop 

M06 Tool change 

M08 Coolant ON 

M09 Coolant OFF 

M10 Tail stock quick advance 
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M11 Tail stock quick retract 

M12 End of cycle 

M14 Chuck pressure high 

M15 Chuck pressure low 

M16 Index shortest distance 

M17 Index forward 

M18 Index reverse 

M19 Spindle orientation 

M24 Front door open 

M25 Front door close 

M28 Tail stock swing up 

M29 Tail stock swing down 

M30 End of tape 

M31 Interlock bi-path 

M32 Interlock cancel 

M40 Spindle neutral 

M41 Spindle low gear 

M42 Spindle high gear 

M48 Over-ride ON 

M49 Over-ride OFF 

M66 Error detect ON 

M67 Error detect OFF 

M68 Chuck clamp 

M69 Chuck loose 

M82 Parts catcher IN 

M83 Parts catcher OUT 

M90 Chamfering ON 

M91 Chamfering OFF 

M98 Subprogram call 

M99 End of the subprogram 

Table 5: M Function list 

When leading zeros are suppressed this cod can be 

programmed as M0, which should be read as M zero. When 

this code is programmed this will result in the machine 

spindle and the table movement stopping for some action to 

occur which cannot be programmed. The program can be 

continued when the operator presses a button or operates a 

switch on the control panel. This code is used when it is 

necessary for operator to perform some function such as: 

1) Removing a loose part such as cover or bearing housing 

for a work piece being machined to allow further 

operations to takes place on work. 

2) Inspecting the work piece. 

3) Checking the tool. 

4) Changing the position of the clamps. 

IV. ECONOMIC JUSTIFICATION 

A. Cost of manufacture 

A major factor in selecting a particular machining process is 

that the cost of manufacture by that process than any other. 

There are two main types of costs: variable costs and fixed 

costs. 

B. Variable costs 

These may also be referred to as production costs or running 

costs. They are dependent on the number of components to 

be produced: the more components produced then more the 

variable costs. 

C. Fixed Costs 

These are the costs that have to be paid regardless of the 

number of components to be produced. They may be 

referred to as pre-production costs, lead time costs or capital 

costs. Lead time is the term used to describe the time 

leading up to actual manufacture. It is the time required to 

prepare tools and part programs; in some firms, set-up time 

may be included in lead time. If the work is to be produced 

in batches there will be set up time costs each time a batch is 

produced. If the number of components to be produced is a 

fixed number then it is possible to allocate part of the fixed 

cost to each component, with these conditions, the greater 

the number of components to be produced, the smaller the 

fixed cost per component. 

There are four items in the variable costs of manufacturing a 

component: 

 Material  

 Plant or Machine 

 Labor 

 Services or Overheads 

In order to determine the manufacturing cost of a 

component it is necessary to calculate the cost of each of the 

above items for the component: 

Cost per component = material cost + machine cost +labor 

cost + overheads cost 

D. Material Cost 

The material cost of a particular component is the same 

regardless of the machining process, and can be regarded as 

the constant for the component. 

E. Machine and Plant Cost 

Machine cost is the portion of the cost of the machine and 

the equipment to be recovered on each component. The 

amount is normally dependent on the component takes to be 

produced and only machines etc. that are directly involved 

in the manufacture of the product should be considered. The 

term used to designate the time a component takes to be 

produced is floor-to- floor time. This is the time between the 

loading of one component ready for machining and loading 

of the next component. The term floor-to-floor comes from 

action of picking of a component from a storage rack and 

loading it on to the machine, and then removing it after 

machining and placing it back in the storage spacing near 

the machining. 

V. MACHINE RULE 

In order to share the cost of the machine equally overall the 

components produced during its useful life, when 

calculating the machine rate it is customary to assume that is 

linear depreciation in the value of the machine. 

Actual value of the machine follows the second 

curve. 

The insurance and maintenance can be 

conveniently quoted as the percentage of the price of the 

machine. Insurance and maintenance are the minimum 

number of items considered; there could be other costs 

involved. Different firms have different values for different 

machines, but approximate values are insurance at 1.5% and 

maintenance at 12% of the machine price. 

Estimating the likely machine life is critical life is 

the critical factor in determining the machine rate. Past 
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experience is the best guide, but frequently machine tool 

manufactures have evidence on which to base values. 

A. Labor Costs 

Labor costs are the wages paid to the people directly 

involved in the manufacture of the component. The wages 

of the people concerned with the supervision or organization 

of the manufacture are part of the overheads, and are often 

called salaries. The labor cost relationship is: 

Labor cost for component = labor rate per hour * floor-to-

floor time per component 

B. Overheads or Services 

It is difficult to calculate accurately how much of the wages 

all the other various personnel in which the firm and the cost 

of the facilities provided, should be allocated to a 

component. In order that the cost are recovered it is the 

standard practice to specify the overheads as a percentage of 

the major direct factor involved in the production of a 

component traditionally it is the productive labor cost to 

which the overheads are related; this is mainly because the 

labor cost is usually the largest and the most controllable 

cost. Where the machine cost is the largest single item, 

consideration is given to relating the overheads to the 

machine costs. The percentage for overheads varies 

considerably with different firms and range from 200 to 800 

percent. 

C. Fixed costs 

If the computers and their software are used in production 

part program, the cost involved can be calculated in similar 

way to the machine cost above. The difficulty is to know 

exactly how long it will take to produce a part program. An 

alternative method is to specify a sum for the creation of a 

part program, based on previous experience. 

The cost of the tools only for the special tools 

required for the component, and is commonly estimated. 

The cost of sitting up the machine can be calculated 

from the amount of time taken and the cost per hour of 

setting up. The actual time allowed to set up can also be 

based on past experience.                                   

VI. CONCLUSION 

At the expense of the investment on CNC machine any firm 

will be benefited by the dimensional accuracy of the 

component along with rapid manufacturing. It is verified by 

processing different part programs through CNC machine, 

that the level of accuracy is satisfactory.  There is less 

wastage of material.  

VII. FUTURE SCOPE 

We can further change the blade angles and get high 

accuracy using CNC and by using different material. We 

can reduce the cost of the product by using CNC with less 

wastage of material in comparatively less time. 
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