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Abstract— Fixtures play an important role within many 

manufacturing processes. They accurately locate and 

secure a work piece during machining such that the part 

can be manufactured to design specifications. Thus 

fixtures have a direct effect upon machining quality, 

productivity, and the cost of products. Fixture is a special 

purpose tool which is used to facilitate production 

(machining, assembling and inspection operations) when 

work pieces are to be produced on a mass scale. This 

project consists of a flange named as Flange yoke used in 

TATA 407 vehicle (a part of propeller shaft) which is 

manufacturing in MSL Driveline System Limited. The 

current system carries out the drilling process on the 

forged part of the flange. This causes misalignment of drill 

up to 0.2-1 mm .Hence it results into increase in rejections. 

To overcome this problem a new fixture is to be designed, 

which will hold the flange from its bottom side where the 

machined surface is available for drilling. This will reduce 

the chance of misalignment of drill and will maintain the 

concentricity with the locating diameter. This will 

maintain the quality of the product. 

Key words: Misalignment of Drill, Flange Yoke, 

Machining Quality, Reduce Rejection 

I. INTRODUCTION 

The fixture is a special tool for holding a work piece in 

proper position during manufacturing operation. For 

supporting and clamping the work piece, device is 

provided. Frequent checking, positioning, individual 

marking and non-uniform quality in manufacturing 

process are eliminated by fixture. This increase 

productivity and reduce operation time. Fixture is widely 

used in the industry practical production because of 

feature and advantages. Economical speaking the most 

valuable function of fixture is to reduce labor cost without 

fixture, operating machine or process may require two or 

more operator. Following are the main types of fixtures. 

1) Vice Fixture 

2) Indexing Fixtures 

3) Boring Fixture 

4) Face Plate Fixture 

5) Turning Fixture: 

6) Grinding Fixture: 

II. ADVANTAGES OF FIXTURE 

1) Productivity: Fixture eliminate individual marking, 

positioning and frequent checking. This reduces 

operation time and increase productivity. 

2) Interchangeability:  Fixture facilitates uniform quality 

in manufacture. There is no need for selective 

assembly, and all similar components are 

interchangeable. 

3) Skill operation: Fixture simplifies locating and 

clamping of the work pieces. Tool guiding elements 

ensure correct positioning of the tool with respect to 

the work pieces. There is no need for skillful setting 

of the work piece or tool. Any average person can be 

trained to use fixture. The replacement of skilled 

workman with unskilled workman can effect 

substantial saving in workman cost. 

4) Cost reduction: Higher production, reduction in scrap, 

easy assembly and saving in labor cost  

III. PROBLEM STATEMENT 

1) Bolt hole alignment problem. 

2) Drill shifting during operation. 

3) Forging surface for drill entry therefore drill get 

shifted. 

4) Bolt hole relation problem. 

 
Fig. 1:Flange yoke before drilling 

IV. METHODOLOGY 

1) Identification of problem: Concentricity is not 

maintained with the locating dia.  

2) Problem definition: Design and demonstration of 

flange holding fixture. 

3) Design: Using formulas given in research papers and 

assuming some Dimension and values we are going to 

make a prototype 

4) CAD modeling: UG/CATIA V5 software for 

modeling is to be used. 

5) Manufacturing: A prototype will be manufactured 

once the design is done. 

6) Result: Testing on prototype will be carried out and 

results will be compared 
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V. MATERIAL SELECTION 

A. MILD STEEL: 

Material chart 

Component 

No. 
Component Name 

Component 

material 

1 Base Plate Mild Steel 

3 Bracket Mild Steel 

4 Plates Mild Steel 

Composition in % 

C Si S P Mg 

0.2-0.3 0.25 0.05 0.05 0.57 

Properties 

Density 

(kg/𝒎𝟑) 

Hardnes

s 

(BHN) 

 

Modulus 

of 

Elasticity 

(GPA) 

 

Breaking 

Strength 

(N/𝒎𝒎𝟐

) 

 

Ultimate 

Tensile 

Strength 

(N/𝒎𝒎𝟐) 

 

7850 140 190 430 555 

Remark 

Above mentioned part are not subjected much stresses & 

wear. Hence mild steel is selected for this component. 

Mild Steel have following advantages: 

 Easily available. 

 Cheap cost. 

 Economical. 

 Most widely used 

B. En8D: 

Material chart 

Component 

no 
Component name Material 

2 Mandrel En8D 

5 Locator plate En8D 

6 Taper wedge En8D 

7 Tenon En8D 

Composition in % 

C Mn Si Ni 

0.40-0.50 0.50-0.80 0.17-0.4 0.8 

Properties 

Density 

(kg/𝒄𝒎𝟑) 

 

Tensile 

Strength 

(N/𝒎𝒎𝟐

) 

Modulus 

of 

Elasticit

y 

(MPa) 

Hardness 

(BHN) 

Yiel

d 

Stre

ngth 

(N/

𝒎𝒎𝟐) 
 

7.8 600-750 210 229 380 

Remark 

Advantages 

 The surface is hard and tough, combined with good 

wear resistance. 

 The fatigue strength is increased during nitriding by 

30 to 100%. 

 The corrosion resistance is somewhat higher and with 

nitriding followed by oxidation much higher. 

 The resistance against abrasive and adhesive wear is 

good. 

 

 

 

VI. DESIGN 

Part analysis is an important step in the design of fixture. 

In this design concentrated on many major areas of the 

part for designing fixture. This area includes the major 

concept of part geometry and machining processes. There 

are also many small areas to look at including, part 

material, mechanical properties, part tolerance, part 

dimensions, machine tool path, workshop environment, 

and tooling and machine forces. 

 

VII. DESIGN PROCEDURE: 

A. Machine Parameter: 

Cutter diameter (Ø): 11.5 mm 

No. of flute: 2 

Feed (f): 0.1 mm/rev. 

Vc = 
𝛑 𝐃 𝐍

𝟏𝟎𝟎𝟎
 

80 = 
𝛑∗ 𝟏𝟏.𝟓∗ 𝐍

𝟏𝟎𝟎𝟎
 

N = 2253.52 rpm 

Where, 

D = cutter diameter in mm. 

N = spindle speed in rpm. 

Vc = cutting speed in m/min  [6] 

B. Cutting& clamping force calculation   

Drill force (P) = k* D* 𝒔𝒎   [8] 

                        = 60*11.5*𝟎. 𝟏𝟎.𝟖 

                         = 109.35 kg 

Drilling force = 1093.5 N 

Where, 

P = Drill force in kg 

K = constant dependant on the work material, and other 

geometrical parameter of the drill = 60 

S = feed in mm/rev = 0.1  

D = diameter of the drill in mm = 11.3 

        (Maximum size that could be drilled) 

Base plate: 

Crushing stress = 
.𝟏𝟓∗𝐒𝐲𝐭

𝐟𝐨𝐬
 

= 
𝟏.𝟓∗𝟑𝟖𝟎

𝟑
 

                          = 190 N/𝒎𝒎𝟐     [7] 

Where, 

Syt = yield strength in N/𝒎𝒎𝟐 

FOS = factor of safety = 3 
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Total Force on base plate = cutting force +weight of flange 

yoke + weight of bracket + Weight of locator plate+ 

weight of toggle clamp + weight of mandrel +               

weight of wedge 

= 1100+5+ 40 + 60 + 8.7 + 35 + 25 

= 1273.7 N 

σth = 
𝐟𝐨𝐫𝐜𝐞 

𝐜𝐫𝐨𝐬𝐬 𝐬𝐞𝐜𝐭𝐢𝐨𝐧𝐚𝐥 𝐚𝐫𝐞𝐚
 

𝐅

 𝐀
 = 

𝟏𝟐𝟕𝟑.𝟕

𝟔𝟔𝟐𝟓
 

σth = 0.1925 N/𝒎𝒎𝟐 

σall  >  σth 

Design is safe against crushing. 

C. Bracket: 

Bracket against crushing: 

Ultimate tensile strength: 380 N/𝒎𝑚𝟐  [7] 

σc = 
𝟏.𝟓×𝐒𝐮𝐭

𝐟𝐨𝐬
 

= 
𝟏𝟓×𝟑𝟖𝟎

𝟑
 

= 190 N/𝒎𝒎𝟐 

Area of side plate (A) = b×t 

= 96×30 

= 2880 𝒎𝒎𝟐 

Force on bracket = Wt. of locator plate + cutting force 

= 60+1100 

= 1160 

σth = 
𝐟𝐨𝐫𝐜𝐞 

𝐜𝐫𝐨𝐬𝐬 𝐬𝐞𝐜𝐭𝐢𝐨𝐧𝐚𝐥 𝐚𝐫𝐞𝐚
 = 

𝟏𝟏𝟔𝟎

𝟐𝟖𝟖𝟎
 = 0.4027 N/𝒎𝒎𝟐 

σc > σth 

Design of side plate is safe against crushing. 

Side plate against buckling: 

Moments of inertia (I) = 
𝐛∗𝐭𝟑

𝟏𝟐
 = 

𝟗𝟔∗𝟑𝟎𝟐

𝟏𝟐
 = 216000 𝒎𝒎𝟒 

b = width of side plate in mm 

 t = thickness of side plate in mm  

Cp= 
𝝅𝟐𝑬𝑰

𝐋𝟐   =
𝛑𝟐×(𝟐.𝟏×𝟏𝟎𝟓)

𝟗𝟔𝟐  

= 48.57×𝟏𝟎𝟔N [9] 

Where, 

Cp = Crippling Load  

E = modulus of elasticity in N/𝒎𝒎𝟐 

I = moment of inertia in 𝒎𝒎𝟒 

J = polar moment of inertia  

Safety check = 
𝐂𝐩

𝐟𝐨𝐬
 

= 
𝟒𝟖.𝟓𝟕×𝟏𝟎𝟔

𝟑
 = 16.19×𝟏𝟎𝟔 N 

Locator plate: 

Locator against shear: 

τall  = 
𝟎.𝟓∗𝐬𝐲𝐭

𝐟𝐨𝐬
       [7] 

= 
𝟎.𝟓∗𝟑𝟖𝟎

𝟑
 

= 63.33 N/𝒎𝒎𝟐 

Where, 

τ = shear stress in N/𝒎𝒎𝟐 

Syt = yield strength in N/𝒎𝒎𝟐 

FOS = factor of safety  

A = 
𝝅

𝟒
× 𝒅𝟐 = 

𝝅

𝟒
× (75)2 

τ = 
𝐟𝐨𝐫𝐜𝐞

𝐜𝐫𝐨𝐬𝐬 𝐬𝐞𝐜𝐭𝐢𝐨𝐧𝐚𝐥 𝐚𝐫𝐞𝐚
 

= 
𝟏𝟏𝟎𝟎

𝟒𝟒𝟏𝟕.𝟖𝟔
 

= 0.248 N/mm2 

τth <  τall 

Design of locator plate is safe against shear. 

Locator plate against bending: 

τall = 63.33 N/𝒎𝒎𝟐 

Mt = fc×
𝒅

𝟒
  = 1100 × 

𝟏𝟏.𝟓

𝟒
   = 3162.5 N-mm 

τth = 
𝐌𝐭∗𝐫

𝐉
  =  

𝐌𝐭∗
𝐝

𝟐
𝛑

𝟑𝟐
∗𝐝𝟒 = 

𝟏𝟔∗𝐌𝐭

𝛑∗𝐝𝟑       [9] 

= 
𝟏𝟔∗𝟑𝟏𝟔𝟐.𝟓

𝛑/𝟑𝟐×𝟏𝟏.𝟓𝟒 

= 10.59 N/mm2 

τth< τall 

Design of locator plate is safe against bending. 

Tenon: 

Tenon against crushing: 

σc = 
𝐒𝐮𝐭

𝐅𝐎𝐒
 = 

𝟕𝟓𝟎

𝟑
 = 250 N/𝒎𝒎𝟐 

σth = 
𝐟𝐨𝐫𝐜𝐞

𝐜r𝐨𝐬𝐬 𝐬𝐞𝐜𝐭𝐢𝐨𝐧𝐚𝐥 𝐚𝐫𝐞𝐚
 

= 
𝟏𝟒𝟕𝟑.𝟕

𝟏𝟓×𝟏𝟒
 

= 7.07 N/𝒎𝒎𝟐 

σcall > σcth 

Design is safe against crushing. 

Tenon against shear: 

τall = 63.33 N/𝒎𝒎𝟐 

τth = 
𝐟𝐨𝐫𝐜𝐞

𝐜𝐫𝐨𝐬𝐬 𝐬𝐞𝐜𝐭𝐢𝐨𝐧𝐚𝐥 𝐚𝐫𝐞𝐚
 

= 
𝟏𝟒𝟕𝟑.𝟕

𝟏𝟒×𝟔𝟎
 

= 1.75 N/𝒎𝒎𝟐 

τall > τth 

Design is safe against shear. 

Mandrel: 

τall = 
𝟎.𝟓×𝐬𝐲𝐭

𝐟𝐨𝐬
                [7] 

= 
𝟎.𝟓×𝟑𝟖𝟎

𝟑
 

= 63.33 N/𝒎𝒎𝟐 

When the shaft is subjected to pure torsion moment, the 

shear stress is 

Given by, 

Mt = fc × 
𝒅

𝟒
 = 1100 × 

𝟑𝟎

𝟒
 = 8250 N-mm 

τ = 
𝑴𝒕∗𝒓

𝑱
 =  

𝐌𝐭∗
𝐝

𝟐
𝛑

𝟑𝟐
∗𝐝𝟒 = 

𝟏𝟔∗𝐌𝐭

𝛑∗𝐝𝟑                   [9]       

= 
𝟏𝟔×𝟖𝟐𝟓𝟎

𝛑∗𝟑𝟎𝟑  

= 1.55 N/mm2 

Design is safe against shear stress 

Taper wedge: 

Taper wedge against crushing: 

σc = 
𝑺𝒖𝒕 

𝑭𝑶𝑺
= 

𝟕𝟓𝟎

𝟑
 = 250 N/𝒎𝒎𝟐 

Taper wedge area= area of rectangle – area of triangle 

                             = (b×t) – (
1

2
 ×b×h) 

                             = (60×65.52) – (
1

2
 ×60×8.43) 

                             = 3678.3mm2 

σth = 
𝑓𝑜𝑟𝑐𝑒 

𝑎𝑟𝑒𝑎
 = 

1140

3678.3
 = 0.3099 N/mm2 

σth < σc 

Design is safe against crushing 

3.7.9 Design for toggle clamp:- 

Force apply on toggle clamp = cutting force + weight of 

flange + weight of mandrel 
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                                               = 110 + 0.2+ 3.5 

                                               = 113.7 kg 

 
Fig. 2: New fixture 

VIII. RESULT 

This VMC fixture is designed for operation on flange yoke 

successfully machined over 500 components. All the 

components are dimensionally accurate as per the 

requirement. All the components are approved by the 

company and not a single component got rejected and the 

order has been successfully completed. 

 

IX. CONCLUSION 

 We successfully designed, analysed and manufacture 

the fixture for VMC machine. 

 Component quality improved as machined surface is 

available for drilling. 

 As machined surface is available, the misalignment 

during drilling is prevented. 

 Therefore PPM level is reduced from 5220 to 0 

 Due to accurate clamping, the quality and accuracy of 

component is maintained within the given limit. 
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