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Abstract— As a result to today’s uncertain economy, 

companies are searching for alternative ways to remain in 

competition. The growth of Indian manufacturing sector 

depends largely on its productivity & quality. Productivity 

can be improved by reducing the total machining time, 

combining the operations etc. In case of mass production 

where variety of jobs is less and quantity to be produced is 

huge, it is very essential to produce the job at a faster rate. 

This is not possible if we carry out the production by using 

general purpose machines. The best way to improve the 

productivity along with quality is by use of special purpose 

machine. This machine is containing automation by using 

electrical system. Due to increasing global competition, 

manufacturing industries are now more concerned with their 

productivity and are more sensitive than ever to their 

investments with respect to flexibility and efficiency of 

production equipment. Researchers believe that increasing 

the quality of production and reducing cost and time of 

production are very important factors in achieving higher 

productivity. 
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I. INTRODUCTION 

The growth of Indian manufacturing sector depends largely 

on its productivity & quality. Productivity can be improved 

by reducing the total machining time, combining the 

operations etc. In case of mass production where variety of 

jobs is less and quantity to be produced is huge, it is very 

essential to produce the job at a faster rate. This is not 

possible if we carry out the production by using general 

purpose machines. The best way to improve the productivity 

along with quality is by use of special purpose machine. Due 

to increasing global competition, manufacturing industries 

are now more concerned with their productivity and are 

more sensitive than ever to their investments with respect to 

flexibility and efficiency of production equipment. 

Researchers believe that increasing the quality of production 

and reducing cost and time of production are very important 

factors in achieving higher productivity. Achieving this goal 

requires reconsidering current production methods that 

could lead to introduction of new production techniques and 

more advanced technologies.  

Special purpose machine are widely used for 

special kind of operations, which are not economical on 

conventional machines. It is designed for getting higher 

accuracy at desired condition. SPM is either CAM operated 

machine or Hydraulics and Pneumatics are used as actuating 

elements or combination of all the three of them many times 

can be seen. Elsewise a  dedicated Programmable Logic 

Controller is used in conjunction with Positional Sensors 

and Transducers, to give commands to the actuating 

elements. Sometimes different special motors like Stepper 

Motor and Servo Motors are used as Actuating Element. 

Special mechanisms, drives, gears etc. may also be used. 

The productivity achieved after all these efforts is very high. 

However to fetch the fruits of these highly specialized 

machines the pre-condition is that the input to the automatic 

machine must have strict quality control. 

A. Problem Statement 

Problem statement is to Design a Special Purpose Machine 

for Manufacturing of a Hub such that the machine would 

provide most compact, economical and portable design 

which is easy to handle and simple in operation such that a 

single unskilled worker could operate to reduce Machining 

cost, manufacturing time, Labor cost and Production rate. 

B. Hub 

  
Fig. 1: Hub (3D view) 

Hub is a component which finds its application in 

Petrochemical industry which has slots on its outer surface, 

because when it attains its maximum speed of 30,000rpm. 

Due to the centrifugal force, the impure dust and dirt is 

thrown outwards 

II. OPERATING PRINCIPLE 

A. Machining and Sliding Units 

The units used in SPMs can be divided into two main 

groups: Machining and Sliding. A machining unit is 

equipped with an Electro-motor that revolves the spindle by 

means of pulley and belt systems in order to rotate the 

cutting tool. Like other machine tools, the connection of 

cutting tools to the machining unit is accomplished by 

standard tool holders. Special purpose machine works on 

principle of milling machine whose feed is operated by a 

servo motor and the linear movement is regulated by  simple 

automation which consists of use of limit switches, which 

operate the transformers. Transformer further regulates the 

voltage supply which controls the speed of cutting stroke 

and return stroke of feed mechanism. The machine consist 

of servo motor for transmitting power to feed mechanism 

which operates a three phase induction motor to the drive 

mechanism by simple pulleys through flat-belt to the spindle 

of tool rotor. 

B. Machine Table, Chip Removal and Coolant System 

The table and chassis of the machine are very important 

considerations in SPMs. Based on Technical considerations 

and machining properties of the work piece material, the 

table and chassis are properly designed or selected from the 

standardized SPM Base. Due To high machining forces 
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resulting from machining operations the machine table and 

Base support should be sufficiently rigid to avoid vibrations. 

It is also very important to consider appropriate coolant and 

chip removal mechanisms in design of machine table and 

chassis.  

III. METHODOLOGY 

As the production process is systematic, planning for design 

and manufacturing has an effective influence on the success 

of any project. The flowchart shown in Figure represents all 

necessary steps for proper analysis, design and manufacture 

of SPMs. These steps should be followed in order to achieve 

feasible results in SPM design and manufacturing.  

 
Fig. 2: Flowchart of Methodology 

IV. TECHNICAL AND ECONOMIC ANALYSIS 

As the cost of SPM design and manufacturing is relatively 

high, critical technical and economic justification of 

utilization of these machines should be made before any 

attempt to design and manufacture them. This includes an 

analysis of machinability of the work piece, and a 

comparison of the production costs with other production 

alternatives considering production volume and machine 

amortization period. For technical feasibility analysis a 

number of questions will be asked and the user needs to 

answer these questions interactively. These questions 

investigate quality of work piece material and its physical 

and geometrical characteristics to determine whether or not 

it can be machined with SPMs. The flowchart shown in 

Figure describes the type of questions asked for technical 

feasibility analysis. If the answer to any of the questions is 

“No” then the work piece is considered to be “Not Suitable” 

for machining with SPM and its processing will be 

terminated. 

A. Machining Sequence Planning 

Properly determination of machining sequence is a key point 

in successful SPM utilization. A poor machining sequence 

plan leads to lower quality of production and/or increased 

machining times and consequently higher production costs. 

Often it is possible to combine and perform a number of 

operations in a single setup lowering machining times and 

costs while also improving production quality. Indeed 

machining sequence planning determines the overall 

configuration of the machine and required machining Units 

and accessories.  

B. Cutting Conditions 

Properly selection of cutting tools and cutting conditions 

such as cutting speed, feed, and depth of cut is of great 

importance in the success of any machining operation. 

When SPM is in use, due to the stability requirements of the 

production process in order to produce high quantities of the 

product, appropriate cutting tools and cutting conditions 

should be employed. As frequent tool changes influence the 

productivity of the machine tool, it is suggested to employ 

long lasting hard material cutting tools made from tungsten 

carbides and ceramics for high production rates. These tool 

materials provide longer tool lives and higher production 

rates. Other important considerations in the selection of 

cutting tools are the shape and geometry of the tool.. By use 

of specially designed cutting tools sometimes it is possible 

to combine different machining operations in a single 

operation. 

V. SETUP AND CLAMPING 

Machining jigs and fixtures are frequently used to increase 

the speed and quality of production and to reduce production 

times and required skill level of machinists. Uniformity of 

production due to use of jigs and fixtures has an important 

effect on production quality. Accordingly, properly design 

and application of jigs and fixtures is very important in SPM 

utilization. Fixtures used in SPMs are complex as normally 

a number of machining operations are performed in a single 

part setup. Fixtures should be designed such that there is 

adequate tool access to the workpiece in all work stations 

such that the part is easily, quickly, and accurately 

positioned inside the fixture, and removed from it, and the 

fixture is rigid enough to withstand large cutting forces 

applied by multiple cutting tools working on the part 

simultaneously. In locating the part in the fixture, the most 

difficult and accurate operation should be considered first in 

order to achieve the best result. Because there are different 

machining operations, locating surfaces need to be 

machined accurately before the work piece is placed in the 

fixture. Appropriate measures should be taken for free flow 

of coolant and chip removal from the fixture. 
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VI. MACHINING AND SLIDING UNITS 

As described in the previous sections, machining and sliding 

units are the most important components of SPMs that make 

the cutting tool capable of rotational and linear motions 

necessary for cutting. Consequently, the selection of 

machining units, sliding units and accessories should be 

accomplished such that following three conditions are met. 

Previously determined cutting tools are capable of 

performing all rotational and linear motions necessary for 

performing corresponding machining operations. Proper 

cutting conditions such as spindle speed, feed, and depth of 

cut are provided. Required machining power is provided. In 

is important to note that selection of machining and sliding 

units should always be accomplished after selection of 

cutting tools and cutting conditions. This is due to the fact 

that cutting tools’ geometry and cutting conditions dictate 

required powers, velocities, and motions of machining and 

sliding units. 

VII. CONTROL SYSTEM 

Before designing the control system, the unit motion 

diagrams representing reciprocating motions of all units 

should be prepared. These diagrams explicitly represent 

speed and magnitude of motion of each unit, exact start/stop 

times, and its position at any time. As described earlier, the 

motion of units is often provided by servo-motors. Start and 

stop signals of motion are usually issued by a limit switches. 

VIII. KNOWLEDGE-BASED EXPERT SYSTEM 

Knowledge Based Expert System well known as KBES is 

used for rules in the knowledge representation for 

knowledge coded into the system. The definitions of KBES 

depend almost entirely on expert systems, which are system 

that mimic the reasoning of human expert in solving a 

knowledge intensive problem. Instead of representing 

knowledge in a declarative, static way as a set of things 

which are true, KBESs represent knowledge in terms of a set 

of rules that tells what to do or what to conclude in different 

situations . In this work a KBES has been developed to 

perform the analysis of SPM utilization and determination 

of machine layout and its basic components. 

 
Fig. 3: KBES Architecture 

IX. LITERATURE REVIEW 

Fixtures are important in both traditional manufacturing and 

modern flexible manufacturing system (FMS), which 

directly affect machining quality, productivity and cost of 

products. The time spent on designing and fabrication 

fixtures significantly contributes to the production cycle in 

improving current product and developing new products. 

Therefore, great attention has been paid to study of fixturing 

in manufacturing. While Design specifications, Factory 

standards, ease of use and safety, Economy is the important 

aspects of design which cannot be overlooked in the 

procedure to develop a machine. The exhausted literature 

study has been carried out on design and fabrication for 

SPM. The robotic system in a special purpose operation 

fixture can do a perfect job to handle the component and 

give stoppage at desired station which can be built in 

effective cost. Designing of spindle unit and gear box could 

be brought in to practice while designing. The SPM can be 

used for saving the manpower and men saved per day also 

will be saving in, power consumed, wages paid, and 

handling and machining time etc. this will result into 

increase productivity and profit. The company can machine 

additional unit produced per year and meet the customer 

demands. 

X. PROPOSED DESIGN 

Following figure is a schematic block diagram of special 

purpose machine which shows the various components and 

its position on the machine. 

 

 
Fig. 4: Block diagram of a Special Purpose Machine Top 

view (above) and Front view (below) 

XI. COMPONENTS OF SPM 

A. Work piece (1) 

A piece of metal or other material that is in the process of 

being worked on or made or has actually been cut or shaped 

by Machine. 

B. Milling head(2)  

The power delivery unit which delivers power from motor to 

a set of gears and drives the spindle.  

C. Drive mechanism(3) 

The drive mechanism transmits power and motion from 

Induction motor to set of gears through pulley and flat belt, 

which is mounted no milling head. 
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D. Feed mechanism(4) 

It is a Worm and worm wheel assembly driven by a servo 

motor specifically used to give linear movement to the 

Spindle.  

E. Spindle(8) 

In machine tool, a spindle is a rotating axis of the machine, 

which often has a shaft at its heart. The shaft itself is called 

as a spindle, but also, in shop floor practice, the word often 

used “metonymically” to the entire rotary unit, including not 

only the shaft itself, but its bearing and anything attached to 

it.  

F. Limit switch(6 and 7) 

A limit switch is a switch operated by the motion of 

machine part or presence of an object they are used for 

controlling machinery as a part of control system as safety 

interlock, or to count object a passing a point .A limit switch 

is electro mechanical device that consist of an actuator 

mechanically linked to a set of contacts when an object 

comes in contact with the actuator the device operates the 

contact to make or break an electrical connection. Limit 

switch is used in variety of application and environment 

because of their ruggedness, ease of installation, and 

reliability of operation. They can determine the presence or 

absence, passing, positioning, and end of travel of an object 

they were first used to define the limit of travel of an object 

hence the name is “limit switch”. 

G. Fixture (5) 

Fixture is work holding or supporting device used in the 

manufacturing industry. Fixture is used to securely locate 

and support the work ensuring all that parts produced using 

the fixture will maintain conformity and interchangeability.  

Using a fixture improve the economy of production 

by allowing smooth operation and quick transition from part 

to part, reducing the requirement for skilled labor by 

simplifying how work pieces are mounted ,and increasing 

conformity across a production run . A Fixture is differing 

from a jig in that when a fixture is used, the tool must move 

relative to the work piece. 

XII. DESIGN OF SPM 

 
Fig. 5: Solid works design of SPM 

XIII. CASE STUDY 

Productivity improvement both qualitative and quantitative 

aspects. The productivity increases by decreasing the lead 

time of component, increasing production rate. The total 

cyclic time is reduced upto 4 to 5 mingles human interaction 

that is Drastic reduction in the work load is attained through 

the automatic process which directly helps in less operator 

fatigue. This reduces the labor requirement and labor cost. 

Less rejection due to automatic controls: Because of high 

accuracy and repeatability achieved due to automatic control 

system, rejection of component is reduced. Increase the 

profit of company: Increased production rate, reduced 

production costs, reduced labor cost which minimizes the 

production costs. In recent days the company gets the 

maximum job order, which is have to be completed is less 

time. By using conventional method it is impossible to 

achieve. 

XIV. WORKING 

As the name suggest Special Purpose Machine is specially 

designed for a unique purpose and for particular work piece 

to achieve accuracy and increase productivity. There are 

various independent components which facilitate to obtain 

the desired results and optimum output from the machine. 

Bed used for spm is rigid enough to damp vibrations of 

machine and also provide functional rigidity for slotting of 

hub. Along with this bed should be enough there should be 

adequate space to accommodate milling head and fixtures. 

Main function of fixture is to support the work piece in 

machining. In machining the fixture blocks the degree of 

freedom of work piece so that it is accessible through only 

one axis which allows the spindle to machine from front 

side of work piece with jamming the rest movements of 

work piece. Along with the cutting action of the spindle the 

feed is also provided to spindle of the milling head which 

gives forward motion to spindle. A feed gearbox along with 

a brushless DC motor gives 1300rpm for forward cutting 

stroke which passes through a pair of worm and worm gear 

which gives reduction through feed gearbox. The feed 

gearbox powers the main spindle through rack and pinion 

achieves the feed rate according the material of the 

machining work piece. Where the linear movement which is 

feed of spindle so that a single slot can be machined. The 

rotary motion for spindle is obtained from 3phase AC motor 

which is connected to spindle with a timer belt and pulley 

with reduction ratio to achieve an ideal machining speed for 

work piece material accordingly. But the return stroke needs 

quick return therefore an additional supply is given through 

a controlled power source with opposite polarity to gain a 

quick return with the double speed as that of forward stroke.  
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