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ABSTRACT: Nowadays development is most important to step ahead for any organization. For that every 
organization has started using technology and all the possible action to step forward their production and sustain in 
market. To increase the production, industry decreases the production time. To decrease the production time everyone 
is developing new mechanism and automation. For drilling machine to reduce the production time jig and fixtures are 
used. This paper indicates the design and analysis of jig fixture for the drilling machine, where jig fixture is used to cut 
the work piece from four directions. The structural analysis has been carried out in ANSYS 16.0 whose result helps to 
examine the design. 
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I. INTRODUCTION 
 

Over the past century, manufacturing has made considerable progress. New machine tools, high performance cutting 
tools and modern manufacturing processes enable today’s industries to make parts faster and better than ever before. 
Although work holding methods have also advanced considerably, the basic principles of clamping and locating are 
still the same. Jigs and fixtures form an important category of equipment that goes a long way in achieving productivity. 
In the present project an attempt is made to reduce the effect of machining ideal time parameters because of mounting , 
dismounting, marking etc. that are influences on responsive output parameters such as time of producing hole, quantity 
of job, quality of job. In order to meet these ambitious demands, it is necessary to find solutions regarding the 
shortening of the process time, which can be accomplished by increasing the productivity of the manufacturing process, 
since increasing the precision of the procedures is in many cases limited by the physical principles which underlay 
these procedures and by the performances of the mechanical part of the machine tool.  The machining centres present 
the advantage of an increased productivity, due to the reduced auxiliary time, through concentrating a higher number of 
operations needed for changing the work piece position and avoiding the removal, transport, setting and alignment of 
the work piece, which in many cases represents the source of much error. Another main advantage is represented by the 
increased machining accuracy, achieved through eliminating the errors caused by setting the work piece on the machine 
tool table, by a human operator. These advantages are made obvious when having to produce single or small series 
work pieces, which require several and complex operations. In this context, an important role in accomplishing a high 
positioning precision and productivity is held by the machine tool table as part of the machining centre. Increasing the 
productivity and accuracy are the two basic aims of production? As we know the solution to this is by reducing the set 
up cost of the machine and also reducing the manual fatigue. This is done by the device that can be satisfy our need is 
the use of jigs and fixtures. Let us take one example, our need to be four holes drills in this product. In such a case the 
designer tries to draw out every single hole with help of square, straightened, scriber and centre hole. We are making a 
fixing device which is rotates any direction to using our criteria and need. That’s why we are designing the jig that can 
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be accomplishing our Objective. Jigs are identified by their basic construction. The two common forms of jigs are open 
and closed jigs. Open jigs carry out operations on only one, or sometimes two, sides of a work piece. Closed jigs, on 
the other hand, operate on two or more sides. The most-common open jigs are template jigs, plate jigs, table jigs, 
sandwich jigs, and angle plate jigs. Typical examples of closed jigs include box jigs, channel jigs, and leaf jigs. 
 

II. LITERATURE REVIEW 
 
NBV Lakshmi kumari and G prsasanna Kumar said in [1], the basic elements in the design of indexing type of drill jig 
is the component model, location, orientation and clamping. The scope of this paper is to design an indexing type of 
drill jig for a component having angular holes at 25 deg such the design is validated and verified. The present paper 
entitled “Design and Analysis of Indexing type of Drill Jig” is the work done for the design and analysis of Jig. Jigs are 
mainly used for mass production and for interchangeable parts concept, for a long period in the manufacturing of Jigs. 
This type of jig is used to drill a series of holes in circle on the face of work piece. For indexing, the mechanism 
adopted is spring and plunger arrangement. When the handle is pulled down the spring disengages and the locator with 
bracket is rotated such the next position of the hole is pointed by the taper bush and the pin sits in the exact position of 
the hole, in that way the indexing is achieved. This is the common methods of indexing which can be operated easily 
and here the operating type is also reduced. As per paper clamping force is more than drilling force hence we can say 
that design is safe for machining. 
 
Marian Funaru said that in [2], presents a new technical solution of the rotary table indexing mechanism used on 
milling machining centers, which offers a very high positioning precision, by using a curvy coupling and a 
hydraulically driven table clamp/unclamp mechanism. Nowadays the performance requirement of mechanical 
manufacturing is characterized by the constantly increasing demand of machine tools positioning precision. The 
challenge also consist the precise tooling operation at reasonable costs. In order to meet the challenge it is necessary to 
reduce the process time. The machining centers give the advantage of increased the productivity, due to the reduced 
auxiliary time , through concentrating a higher number of operations needed for changing the work piece position and 
avoiding the removal, transport, setting and alignment of the work piece, which in many cases represents the source of 
many errors. Another main advantage is eliminating the errors caused by the human while setting the work piece. In 
this paper, a precise rotary table indexing and clamping/unclamping system was presented, which plays a very 
important role in obtaining a high manufacturing precision of the machining centre. The indexing mechanism of the 
rotary table offers a high positioning precision and also a high repeatability, by making use of a precise curvy coupling 
in the mechanism’s structure, which has a minimum indexing angle of one degree. Also, the gears and the pinion shaft 
used in the transmission system are manufactured in a high accuracy class. In this paper the technical solution is 
significantly reduced the auxiliary time of the manufacturing process and also the errors caused by the setting of work 
piece. 
 
Ashish Mourya, Chandrashekhar Patil, Priyanka Chavan, Manjur Sande, Sarang Pisal said in [3], the attempt is made to 
reduce the effect of machining ideal time parameters because of mounting, dismounting, marking etc that are influences 
on responsive output parameters such as time of producing hole, quantity of job, quality of job. His is done by using 
indexing. It consists of assembly of worm and worm gear mechanism mounted on vertical shaft which also carries 
rotary round table on upper side with sensor. The indexing table is featured by electric motor and its speed is controlled 
by speed regulator. The operator needs to rotate worm through few degrees to achieve desired Position of the job which 
contains the several holes. In this mechanism the upper round stable is rotate which has marking as per requirement. 
Marking is in angle in which we have to index the table. This marking is nothing but metallic stopper which can detect 
by the proximity sensor and proximity sensor simply break the circuit of current to stop the rotary table. This causes the 
indexing in accurate angular displacement. In this paper, Ashish Mourya, Chandrashekhar Patil, Priyanka Chavan, 
Manjur Sande, Sarang Pisalsay that we reduced the total indexing mechanism can reduce the total manufacturing time 
during mass production in simple drilling machine. So it reduces the cost of labor and increases the production. This 
mechanism also provides indexing in drilling operation. 
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III. MATHEMATICAL CALCULATION 
 

The mathematical calculation of the shaft design, journal bearing and structure are calculated according to the load 
on the drilling machine. 

 
3.1 Shaft Design 
 
The shafts may be design on the basis of strength, rigidity and stiffness. For the calculations formulas are referred from 
[4]. 
In designing the shaft on the strength of basis, we will consider the following cases: 
(a) Shafts subjected to twisting moment or torque only, 
(b) Shafts subjected to bending moment only, 
(c) Shafts subjected to combined twisting and bending moments,  
(d) Shafts subjected to axial loads in addition to combined tensional and bending loads. 
In this design we will consider only shaft subjected to bending moment only. Shafts Subjected to Bending Moment 
Only: When the shaft is subjected to a bending moment only, then the maximum stress (tensile or compressive) is given 
by the bending equation.  
 
We know that  
M / I = Ϭb/  y... (1) 
Where 
M = Bending moment, 
I = Moment of inertia of cross-sectional area of the shaft about the axis of rotation,   
σb = Bending stress, and 
y = Distance from neutral axis to the outer-most fiber. 
We know that for a round solid shaft, moment of inertia, 
I = ( π / 64 ) * (d)4       and       y = d/2 
Substituting these values in equation (i), we have 

M =( π / 32 )  * Ϭb * (d)3 

 
From this equation, diameter of the solid shaft (d) may be 
obtained.  
 
 
Here the Shaft length: 900 mm, Load W : 300 kg on each end, 
Bending stress (Ϭb)  : 850  N/mm2, Shaft diameter = d 
(unknown). Thus, here 300kg load is apply on each end, so 
300*10 = 3000 N 
Now maximum bending moment (M) on shaft is, as shown in 
fig.1 

        Fig.1 Free Body Diagram of shaft 
 
M = ( 3000*200) + (3000*700) + (3000*200) + (3000*700) 

M =  54 * 105  N.mm 
Let, bending moment on shaft 

M = (π/32)*Ϭb*d3 
54*105 = (π/32)*850*d3 
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        D  = 40.143 mm. 

3.2 Journal Bearing 
 
The following procedure may be take in designing the journal bearing, when the bearing load, diameter, and the speed 
of the shaft are known. The formulas for calculation is carried out from [6] 
 
Here, Shaft diameter - d= 41mm as calculated above, max load W= 6000 N, N = 2r.p.m 

let, Power (P) :-L/d = 1.2,                       So, approx we have taken 50 mm. 

Power (P) = W/ld,                                   Now, Z= viscosity,  

 l = 1.2 * d                                               Co-efficient of Friction  

P = 6000/50*41                                       ZN/P =  0.06 *2 /2.97 = 0.04, 

 l = 1.2*41                                               3k = ZN/P, 

 P = 2.97 N/mm2                                                              k = 1/3(ZN/P),                                       

l = 49.2 mm                                             K = 0.013, 

µ= 33/108 (ZN/P) (d/C) + K, 

 µ = 33/108 (0.04) (1/0.001) + 0.02 

µ = 2.0132 * 10-3 
µ = 0.0020132 

3.3 Structure calculation  
For the structure calculations the formulas are referred from [5]. 
 
From the above Figure 2 we can say that, 
Ra + Rb = 1200 N,                          equation ( 2 ) 
And, 
Cos 15 = (250 / AC) 
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                                                     Fig.2 Free Body Diagram of Load Acting on Structure 
 
AC = ( 250 / cos15)  
AC = 259 mm 
Now, AGଶ + CGଶ = ACଶ 
CG =68 mm    
Now take moment @ A; 
(600*68) + (600*568) = (Rb*636) 
 Rb = 600 N 
From equation no ( 2 ) we have, 
 Ra = 600 N 

IV. MESHING 
 
We have done meshing of the shaft in ANSYS mechanical module. In this we have selected Mechanical as physical 
preference and advanced size function is selected on curvature. On the basis of this parameters shaft is discredited in 
63265 nos. of nodes and 40591 nos. of elements. 
 
 

 
Fig 3: Meshing of Shaft 

 
We have done meshing of the Structure in Ansys 16.0 Mechanical Module. In this we have selected Mechanical as 

physical preference and advanced size function is selected on curvature. On the basis of this parameters shaft is 
discredited in 70146 nos. of nodes and 18646 nos. of elements. 
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                                                             Fig 4: Meshing of Structure 

 
V.  RESULTS 

 
For checking the safety of the shaft for normal operation we have done analysis in Ansys modal module. In this we 
have applied the 300 Kg Load on both ends of the shaft and we have also defined fix supports and bearings.  
After the analysis is completed we have obtain the result as shown in fig 5. From the figure we can see that Maximum 
Principle stress developed in the shaft geometry is 340 Mpa. 

 
                                                           Fig 5: Result of Shaft 
 
For checking the safety of the Structure 3D Modal for normal operation we have done analysis in Ansys static 
structural module. In this we have applied the 600 Kgs of Load on jig plate of the structure and we have defined 2 fix 
supports at the bottom of the structure. After the analysis is completed we have obtain the result as shown in fig 5. 
From the figure we can see that Maximum Principle stress developed in the shaft geometry is 5.25 Mpa  
 

   
Fig 6: Result of Structure 
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VI. CONCLUSION 
 
According to the load on drilling machine, calculation of shaft, bearing and structure has been carried out. The result of 
structural analysis of shaft and structure shows that around 300MPa and 5.25MPa respectively maximum principle 
stress is evolved. This signifies that the design is safe                                        
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