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Abstract: Shaper is a versatile machine which is primarily 

intended for producing flat surface. The surface may be 

horizontal, vertical or inclined. The machine also 

involves the use of a single point tool held in a properly 

designed tool box mounted on a reciprocating ram. The 

main significance of this machine lies in   its greater 

flexibility, on account of ease in work holding, quick 

adjustment and use of tools of relatively simple design. 

On account of his fact, it is almost an indispensable 

machine in tool rooms, die making shops, and general 

repair shops, where only a very few jobs for producing 

curved and irregular surfaces also. Earlier for making 

slots, in equal degrees, each time a particular slot is cut, 

the next slot to be cut requires marking and punching 

which consumes time if the number of slots are more 

than one. Hence in this project the indexing mechanism 

technique is adopted. In case of circular jobs for the 

purpose of making external slots, in equal degrees, an 

indexing fixture is going to be designed and fabricated. 

This reduces setting time and machining time. An 

unskilled labor also can perform the task easily. 
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1. Introduction 
 

1.1 Fixtures 
 

A fixture is a device used for holding the workplace 

during machining operations or during welding process. 

It does not have provision to guide the tool as that of a 

Jig. But it is always fastened to a machine table in a fixed 

position.[1-4] 

 Many machining operation can be performed by 

clamping the work piece directly to the machine table 

without using a fixture, when only a few parts are to be 

machined. But when the number of parts is large enough 

to justify the cost of fixture, it is generally used for 

holding and locating the work piece.[5-9] 

 

 

 

1.2 Indexing Fixture  
 

For the indexing milling, fixture the general principles 

laid down for the design of jigs and fixtures respectively 

are applicable. In addition, the following factors are also 

considered.[10-14] 

i.          The work piece should be positively located and 

clamped on the fixture independently of the indexing 

mechanism. 

ii.         The indexing device should be both, rapid in action 

and positive in location. 

iii. Care should be taken swarf affecting the accuracy of 

functioning of the indexing device. An indexing fixture 

for milling six slots in the work piece. 

         The body of the fixture, which is cast iron, is bored 

out two flanged bushes. Both these bushes and the mating 

shaft are made from steel, and are hardened and ground. 

This arrangement is quite satisfactory in practice when 

the mating parts revolve slowly. the outside end faces of 

the bushes are ground and flange on the shaft on the shaft 

is Adjusted to give a fine running fit between the moving 

pats Setting block and tenon strips are fitted in the usual 

way.[15-18] 

 

1.3 Introduction About Shaper 
 

The shaper is a reciprocating type of machine tool 

intended primarily to produce flat surfaces.  These 

surfaces may be horizontal, vertical, or inclined.  In 

general, the shaper can produce any surface composed of 

straight line elements.  Modern shapers can generate 

contoured surface. 

          The metal working shaper was developed in the 

year 1836 by James Nasmyth, an Englishman. 

 

2. Design Principle Adopted 
 

The principles of jig or fixture design are  

1. Determine the critical surfaces or points for the part. 
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182020944. Decide on locating points and clamp in 

arrangements. 

182020992. For mating parts, use corresponding 

locating points or surfaces to ensure proper 

alignment when assembled.[13] 

182021032. Try to use 3-2-1 location, with 3 

assignment to largest surface. Additional points 

should be adjustable.[14] 

182021072. Locating points should be visible so that 

the operator can see if they are clean can be replaced 

if warn? 

182021120. Provide clamps that are as quick acting 

and easy to use as is economically justifiable. 

182021160. Clamps should not require undue effort 

by the operator to close or to open, nor should they 

harm hands or fingers during use.[15] 

182021200. Clamps should be integral part of device. 

Avoid loose parts that can get lost. 

182021248. Avoid complicated clamping 

arrangements or combinations that can wear out or 

malfunction. [16] 

182300928. Locate clamps opposite locators (if 

possible) to avoid deflection / distortion during 

machining and spring back afterward. 

182301136. Take the trust of the cutting forces on the 

locators (if possible) and not on the clamps. 

182301224. Arrange the work holders so that the 

work piece can easily be located and unloaded from 

the device and so that it can be loaded only in the 

correct manner (mistake-proof) and in such a way 

that the location can be found quickly.[17] 

182301352. Consistent with strength and rigidity, 

make the work the work holder as light as possible. 

182301392. Provide ample room for chip clearance 

and removal. 

182301480. Provide accessibility for cleaning. 

182301568. Provide for entrance and exit of cutting 

fluid (which may carry off chips) if one is to be 

used. 

182301608. Provide four feet on all movable work 

holders. 

182301648. Provide hold-down lugs on all fixed wok 

holders. 

182301696. Provide keys to align fixtures on 

machine table. 

182301736. Do not sacrifice safety for production. 

 

3. Shaping Fixtures 
 

The work can be held on the table of the shaper by using 

the following work holding devices. This type of work 

holding device depends upon the shape and size of work 

piece and the operation. Work can be[18] 

i. Clamped in a vise 

ii. Clamped directly on the table 

iii.  Clamped on an angle plate 

iv. Clamped over a V- block. 

 

i. Clamping in a vise 
 
Using a machine vise, the work can be held quickly. The 

loose of the vise is bolted to the table by means of blots. 

The work is clamped between fixed and movable jaws. 

The vise has a swivel base graduated in degrees. [19]The 

body of the vise is swiveled to the required angle. Vise is 

used for holding regular shaped work pieces.[20] 

 

ii. Clamping  
A. Using a T-bolt and strap clamp 
 

The work piece is clamped to the surface of the table by a 

strap clamp. The head of the T-bolt fits into T-Slot. The 

other end of the clamp is tightened by a step block. 

        The clamp rests on the step whose height is 

approximately equal to the height of the work piece. The 

clamp is tightened by using the nut. The T-bolt should be 

placed nearer to the work piece. A number of strap 

clamps are used to hold large work pieces.  

 

B. Using strip and stop pins 
 
A strip is a long piece of rectangular section. As its 

button, it has a length wise projection. This projection fits 

into the T-Slot of the table. There are a number of holes 

in the strip. Using these holes, the strip is clamped to 

table by means of T-Bolts. The work piece bolts against 

the side of the strip plate. At the other side of work piece, 

stop pins are fitted in the T-Slots. The stop pin screws are 

tightened to clamp the stop pins are fitted in the T- slots. 

The stop pin screws are tightened to clamp the work 

pieces. 

  

C. Using a wedge strip and stop pin 
 
This method is used for holding long cylindrical work 

pieces. The wedge strip has a long (projection ) at its 

bottom. It fits into the T-slot of the table. The wedge strip 

is held in position by T-Bolt.At the other side of the work 

piece a stop pin is fitted to the table. A wedge block is 

placed between the work and the stop pin. The stop screw 

is tightened to clamp the work piece. A filler block is 

placed between stop pin and wedge block. This is to 

avoid slipping of wedge block while clamping. 

 

 

 

 

  

International Journal of Pure and Applied Mathematics Special Issue

442



4. Cutting Speed and Machining Time Calculations
 

4.1 Cutting speed 
 

In a shaper, the cutting speed is the rate at which the 

metal is removed by the cutting tool.  This is expressed in 

meter per minute.  In a lathe as the cutting action is 

continuous the cutting speed is expressed by the 

peripheral speed of the work.  But in a shaper the cutting 

action is intermittent.  in a shaper the cutting speed is 

considered only during the forward cutting stroke.

       Cutting speed calculations:  The cutting speed in a 

shaper is expressed by the formula:  

length of the cutting stroke 

Cutting Speed  =   

time required by the cutting stroke 

        In practice, to calculate the cutting speed, it is 

difficult to measure exactly the time taken during the 

forward cutting stroke. 30] The ratio between the return 

time to cutting time and the number of double strokes per 

minute or r.p.m of the bull wheel should be known.  The 

cutting speed may be obtained from the equa

Let,  L = the length of cutting stroke in mm.

m = the ratio between return time to cutting time.

n = the number of double strokes of the ram per minute 

or r.p.m. of the bull wheel. 

v = the cutting speed expressed in m/min. 

Time taken by the cutting stroke, min =  

 

    Length of cutting stroke in mm 

  ____________________________ 

 cutting speed in m/min 

        

              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                             

      

4. Cutting Speed and Machining Time Calculations 

In a shaper, the cutting speed is the rate at which the 

metal is removed by the cutting tool.  This is expressed in 

In a lathe as the cutting action is 

continuous the cutting speed is expressed by the 

peripheral speed of the work.  But in a shaper the cutting 

action is intermittent.  in a shaper the cutting speed is 

considered only during the forward cutting stroke. 

Cutting speed calculations:  The cutting speed in a 

   

In practice, to calculate the cutting speed, it is 

measure exactly the time taken during the 

forward cutting stroke. 30] The ratio between the return 

time to cutting time and the number of double strokes per 

minute or r.p.m of the bull wheel should be known.  The 

cutting speed may be obtained from the equation [31] 

L = the length of cutting stroke in mm. 

m = the ratio between return time to cutting time. 

n = the number of double strokes of the ram per minute 

  

        L (1+m)                           1,000

         The cutting speed so calculated is the average 

cutting speed as it has been assumed that the cutting 

stroke is completed at a uniform speed.  But, in reality, in 

a crank driven shaper cutting speed and return speed is 

not uniform. 

 

4.2 Machining time 
 

If the length of cutting stroke, breadth of the job, feed 

and cutting speed are known, the time required to 

complete the job may be calculated as:

 Let, 

 L = the length of the stroke in mm.

 B = the breadth of the work in mm.

 s = the feed expressed in mm/double stroke.

 m = the ratio return time to cutting time.

 v = the cutting speed in m/min.

    

 

4.3 Cutting force 

                        fc = 

     assume 

                 f=feed=10mm/sec 

Material constant for high carbon steel (k)

        K=8.5 from table 3.2 

Cutting speed   = 15 m/min

Cutting force =

                      = 

                      =  

                      =51 N. 

 

 

 

 

L (1+m)                           1,000 

speed so calculated is the average 

cutting speed as it has been assumed that the cutting 

stroke is completed at a uniform speed.  But, in reality, in 

a crank driven shaper cutting speed and return speed is 

cutting stroke, breadth of the job, feed 

and cutting speed are known, the time required to 

complete the job may be calculated as: 

L = the length of the stroke in mm. 

B = the breadth of the work in mm. 

s = the feed expressed in mm/double stroke. 

m = the ratio return time to cutting time. 

v = the cutting speed in m/min. 

  

 

 in newton 

Material constant for high carbon steel (k) 

= 15 m/min 

  

 N 
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5. Assembly Process 
 

Op 1. Take and place the base plate. 

Op 2.  Fix the bearing by using the press work 

operation. 

Op 3.  Assemble the bottom flange to the internal bore 

of the bearing by  

             press work operation. 

Op 4.  Fix the middle flange on the bottom flange by 

using the bolt and clamp. 

Op 5. The shaft is fitted to the middle flange.  

Op 6. The indexing plate is fitted above the shaft.  

Op 7. The upper flange is fitted on the indexing plate 

by using the alen  

             screw to the equispased drills. 

OP 8. The chuck is fitted on the upper flange by using 

bolts. 

 

 

6. Conclusion 
 

After carrying out a detailed study on the working 

principle of the indexing fixture and arriving at the 

design calculation, the indexing fixture was thus 

fabricated. The fabricated equipment was then tested to 

find its performance of the various operations for the 

different types of materials. 

i. It reduces the setting time of the component for making.                

ii.  The labour cost is reduced. 

iii. The unskilled labour can also clamp easily. 

iv. The accuracy of the product will be more to compare 

with other type      of methods. 
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