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Abstract— In manufacturing industry fixtures have impact on 

production quantity, time of production, cost, experience of 

labor required. Drilling fixture are designed for the 

components which have offset drill position. This fixture is to 

be designed for a hexagonal component which is to be drilled 

at offset from center. Materials are selected as per functional 

requirement. The fixture designed by Trial and Error method 

and in a pragmatic way. 
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I. INTRODUCTION 

Manufacturing has emerged as one of the highest growth 

sectors in India and worldwide. With fast development of 

aerospace sector, respective manufacturing industries are 

developing day by day with motto of accepting and proving 

manufacturing solutions to different components. Some of 

them are challenging with respect to manufacturing point of 

view. Also, time, accuracy, interchangeability, repeatability 

and quality requirements of customers are to be meet with 

immense responsibility. Fixtures are one of the most 

important manufacturing aids without which, manufacturing 

of the new product cannot be started. Therefore, it is of top 

priority to develop suitable fixtures.  

Making operations on surface of cylindrical 

workpiece is been always a challenging task. Again, the 

challenge becomes more critical if the operation is to be done 

with a hexagonal component on a VMC Machine. The 

concerned work is about an innovative approach to design the 

fixture for making a hole in the hexagonal component. 

II. LITERATURE REVIEW 

A. Design and Development of a Fixture for VMC 

Operation: A Case Study 

In this paper, S. B. Malani, Dr. A. U. Awate, A. V. Deole 

have presented the need, application, and location system 

with help of a case study. They have also discussed 

theoretical and design considerations of jigs and fixtures for 

the part under study. To practically study and apply jigs and 

fixtures technique, they visited an industry. After discussion 

with authorities, they came to know about requirement of 

design of fixture for a part named “POWER HARROW 

GEAR BOX”. For the purpose of designing a fixture, they 

studied about the part under requirement. Also, they gathered 

data about various operations to be performed in the part and 

its function in practical product. With the help of process 

planning study, they determined proper operation sequence. 

Operation sequence was decided by dividing them into 

various categories like basic operations, principal operations, 

major operations, etc. They have decided to manufacture the 

component on VMC machine named ERTICAL 

ACHIIGCETER model B -45 TC24, 4th axis rotary 

production system. Also detail parameters of machine 

required for manufacturing of component is also presented. 

After process planning and machine selection and study, they 

have elaborated locating, supporting and clamping surfaces. 

They have used the ball-spring concept for indexing. The 

CAD model of the fixture concept is described with 

components. [1] 

B. Design and Analysis of Indexing Type of Drill Jig 

NBV Lakshmi Kumari, G. Prsasnna Kumar in this paper has 

presented an attempt to design and analysis of indexing type 

of drill jig. They have explained about importance and type 

of jigs for various operations. Then they have taken into 

account design considerations such as tooling cost, tooling 

details and tooling operation. They have detailed necessary 

features of jigs and fixtures such as reduction of idle time, 

provision for coolant, harness of surfaces, safety 

consideration, and mistake proofing etc. 

The component study was done where it was found 

that it is a Casted Component which has angular holes 

inclined at 25 deg equally spaced. In the designing phase, 

initially the component was deigned, modelled and edited to 

get the important details for design of the jig. Individual parts 

such as Base Plate, Locator, Clamping Devices, Bushes, Jig 

Plate are designed as per functional requirements. Modeling 

is done using SOLIDWORKS Software. Indexing is achieved 

by using spring and plunger arrangement. Calculations are 

done and compared with allowable limits. Analysis of 

stresses is performed using ANSYS and results are discussed. 

[2] 

III. RESEARCH METHODOLOGY 

 Study of work piece  

 Study of operations  

 Deciding Material of Fixtures  

 Selection of machine  

 Machine Study  

 CAD Modelling of fixture.  

 Selection of Best Concept  

 Changes in Design of Fixtures if Needed  

 Manufacturing of Fixtures  

IV. PROPOSED METHODOLOGY 

A. Workpiece 

Workpiece is a hexagonal component with hexagonal outer 

diameter of 25mm.  

B. Operations 

Workpiece is to be drilled for a hole of 5mm with 3 mm offset 

from center of body. 

C. Material for Fixture 

The material is not yet finalized but OHNS (Oil harden able 

steel) will be used. The fixture will act as a cap that is worn 

on the side where hole is to be drilled.  
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D. Selection of machine 

As the part machining is costly on VMC machine the part will 

be drilled on drilling machine. 

E. Machine study 

The machine selected here is a Pillar type upright drilling 

machine. 

 
Fig. 1: Upright Drilling Machine 

Figure 1 shows the upright drilling machine, on 

which the fixture is used. A vice is mounted on bed of drilling 

machine. This vice holds the fixture. The head of drill is 

inserted with a drill of 4.9mm to produce a hole of 5mm, 

considering 0.1 mm allowance for excess material removal. 

The hole is at 3mm offset from the center of hexagonal 

workpiece. The workpieces are 50 in quantities. The 

workpiece for which fixture is developed is a regular part, 

which contributes a fair share in earnings of the Firm. 

F. CAD Modelling of Fixture 

There are lots of software in the market but for ease of use 

CIMATRON, which is used for creating VMC programs, is 

used. The inbuilt design environment is easy to use. The 

workpiece is a hexagonal block of length 50 mm. To 

accommodate, a matching female cavity is made in the fixture 

from bottom side. To minimize the cost of fixture 

manufacturing the outer side of the fixture is kept circular, so 

outer body can be easily processed on lathe machine. The 

fixture has a total length of 30 mm. In the fixture, there is a 

hexagonal cavity of 15mm as seen in Figure 2. 

 
Fig. 2: Front view of CAD Model of Fixture 

To hold the workpiece in place, a M8 tap is drilled 

on side of the cylindrical fixture. The bolt that is inserted in 

threaded hole on side holds the workpiece while machining. 

The main aim of the fixture is to facilitate the easy drilling of 

hole, i.e. at offset from center of workpiece as seen the top 

view of CAD model or Figure 3. 

 
Fig. 3: Top view of CAD Model of Fixture 

The hole which is drilled is at 3mm offset from the 

center of workpiece and also on the major diagonal of 

hexagon. The workpiece rests in the fixture with help of M8 

bolt and the fixture is held in a vice. Therefore, the both sides 

of fixture have line contact with vice. 

The isometric view gives more visuals and idea 

about how the exact fixture is. The isometric view shows the 

positioning of hole on top with tap on side of hexagonal 

cavity. To draw the model, first the outer circle diameter is 

fixed according to need. It is then extruded to a length of 

30mm. Then, a hexagon of outer dimension of workpiece is 

drawn at bottom of cylindrical block and material is removed 

up to the depth of 15 mm when viewed from bottom surface 

as top surface. Then, by taking a plane from center of 

cylindrical block to edge of circle. A hole of 8 mm is drawn 

and material is removed till next surface. At last, the main 

hole that guides the drill into the workpiece is created by 

removing material from top. The hole is drawn by taking a 

plane at offset of 3 mm from center and on the major diagonal 

of hexagon. 

 
Fig. 4: Isometric view of CAD Model of Fixture 

V. CALCULATIONS & CONCLUSION 

A. Calculations 

Let, n = number of workpieces = 50 

 d = rate of drilling machine = ₨. 80/hr 

 v = rate of VMC machine = ₨. 300/hr 

 x = time required to drill one workpiece  

  = 5 min/ workpiece  
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Time required to drill all workpieces = 50*x 

= 50*5 

= 250 minutes 

= 250/60 hours 

= 4.16667 hours 

Money required for drilling on Drilling machine with fixture 

= d * 4.16667 

= 80 * 4.16667 

= ₨. 333.3336 

Money required for drilling on VMC machine 

= v * 4.16667 

= 300 * 4.1667 

= ₨. 1250 

Total money saved = 1250 – 333.333 

= ₨. 916.667 

B. Conclusion 

There is significant amount of saving when fixture is used. It 

can be seen that nearly 73 % money can be saved using 

fixture. 
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