
IJSRD - International Journal for Scientific Research & Development| Vol. 4, Issue 04, 2016 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 729 

 Design of Straightening Fixture to Control the (Bogie)                

Distortion after Welding Process 
Sagar D. Saigaonkar1 Dr. P.D.Pantawane2  

1M.Tech Student 2Associate Professor 
1,2College of Engineering, Pune.

Abstract— Railway manufacturers are engaged with design, 

development and production of bogies which also provides 

services for the complete product life cycle of the bogies. 

Bogie is the vital area where wheels come in contact with 

rails which is widely considered the single and most crucial 

component of a train. Manufacturing of bogie chassis for 

railcar having distortion continues to be important issue and 

is subjected to large amount of research. Distortion effects 

encountered in the welding sector have been widely 

recognized as a feature which will never be completely 

eliminated. This paper demonstrates the most economical and 

controllable method of heat straightening with the help of 

design of straightening fixture to eliminate the distortion. 
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I. INTRODUCTION 

A locomotive is a railway vehicle that provides driving power 

for the train. Main parts of locomotive i.e. engine & control 

assembly placed on the under frame which in turns rests on 

two bogie. A bogie or truck is a wheeled wagon or trolley. In 

mechanics terms, a bogie is a chassis or frame work carrying 

wheels, attached to a vehicle, thus serving as a modular 

subassembly of wheels and axles and various modules such 

as motors for rotating the wheel sets and brake callipers for 

reducing the rotational speed of the wheels. [1] A bogie truck 

for a rail car is located on a lower portion of the car, and 

serves as equipment for applying thrust or braking force to 

the rail car by turning or stopping wheels. Bogie frames of 

locomotives are manufactured by Welding plates together 

and are available in different designs [2].  

      Stiffeners are usually used to strengthen the Frames 

and are welded in different numbers and along critical 

location to avoid Welding distortion it is poorly quantified 

phenomenon controlled by many factors which are difficult 

to describe numerically. When a material is welded, it 

experiences local heat due to the welding heat source.       The 

temperature field inside the weldment is not uniform and 

changes as the welding progresses. 

 
Fig. 1: Railway Bogie 

The welding heat cycle gives rise to a complex strain 

field in the weld metal and in the base metal regions near the 

weld. These strains, along with the plastic upsetting, can 

create residual stresses that remain after the welding is 

completed. However, maximum value of Compressive 

residual stresses exceed the elastic limit of the metal leads to 

plastic deformation and thus residual stresses greater than 

elastic limit are accommodated in the form of distortion of 

components. 

II. METHODOLOGY 

A. Flame Straightening: 

This is an efficient and long established method of correcting 

the distorted parts. It is based on the physical principle that 

metals Expand when heated and contract when cooled. If 

expansion is restricted, compressive stresses build up and 

result in plastic deformations if the temperatures are high 

enough. Upon cooling, the plastic deformations remain in 

practice, an oxy-acetylene flame is used to rapidly heat a 

well-defined section of the work piece. Upon cooling, the 

metal contracts more than it could expand when heated and 

any resulting distortions can therefore be straightened out. 

Suitable materials include steel, nickel, copper, brass and 

aluminium. Although various fuel gases can be used, the 

highest flame temperatures and intensities for rapid heating 

are achieved with acetylene and oxygen. The choice of 

appropriate equipment depends on the type and thickness of 

material. [3]  

            For a spot heat, a small round area of the metal is 

heated by moving the torch in a slow circular motion 

increasing the diameter until the entire area of the metal is 

heated.  

 
Fig. 2: Flame (Spot) Heating 

     A spot heat causes upsetting of the metal through the 

thickness due to the restraint provided by the cool 

surrounding material. On cooling, a spot heat leaves tensile 

stresses in all the radial directions across the heated area. 

During a spot heat, the torch should not be held at a particular 
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point for too long, as the spot may get too hot and buckling 

may occur due to excessive thermal expansion on the heated 

side of the member. Spot heats are also used to repair 

localized damage such as bulges, dents, bellies, or dishes in a 

plate element. The maximum temperature recommended by 

most researchers is 650°C for all quenched and tempered 

high-strength steels. Higher temperatures may result in 

greater rotation but out-of-plane distortion becomes likely 

and surface damage such as pitting will occur at 760°-870°C. 

Also, temperatures in excess of approximately 700°C 

referred to as the lower phase transition temperature may 

change the molecular composition, altering material 

properties after cooling. 

B. Straightening Fixture: 

During performing flame heating, the spots are set on the 

plates consistently from the outside to the inside. To maintain 

smooth work piece surfaces, heat spots are applied with a 

suitable hammer (slightly spherical). A flat-shaped dolly is 

used from the back during hammering to provide counter 

support. The hammering tool and the dolly must be adapted 

to the material to be straightened. Optimum straightening 

success is assured if expansion in the component is restricted 

as soon as the heating process begins. [4]  

 
Fig. 3: Straightening Fixture 

        The degree of work piece deformation due to the 

ability to move freely, reduce the dimensional change 

resulting from flame exposure. If it is possible for the work 

piece to move freely, it will be necessary to restrict thermal 

expansion with suitable resources to what extent expansion 

needs to be restricted depends on the work piece. If the 

structure itself is stiff enough, additional restrictive measures 

may not be necessary. 

C. Design Calculations: 

• Input data: 

 Cylinder Tonnage : 25 Ton 

 Pressure exerted by cylinder = 700 bar 

 Weight of side frame : 25 kg 

 Steal E=210 N/mm2 

 Steel ultimate strength  400 N/mm2 

 Yield strength  = 250 N/mm2 

1)  Hydraulic Cylinder: 

Pressure = 
Force

Area
 

      7.2 kg/ mm2 = 
25000 kg

A
 

A = 3472.22 mm2 

66 80d mm mm   As per standard  

Piston 30mm  considered as per standard for 

80d mm   

Dia of Piston Cylinder 80 mm exert Actual force is 

                      F = P XA 

                      F =
2

7.20
4

X d


 

                       F = 36.19 TON  36.20 TON 

2) Resting Unit: 

 
Fig. 4: Resting Unit 

Considering Compressive Strength 

Syt
F XA

FOS


……..  
( )

Syt

C FOS
 

 
25.63

36.2 X 10 = XA
25  

A= 3625 mm2 

d = 67.9   70 mm; M70 X5 mm is selected. 

a)  Bucking Load For Resting Unit 

2

2

EI
F

L


  Euler’s Formula 

2 4 4
210 ( )

4 64
25 10

2
(350)

X X D d

X


 



 

    6 4 4
300.24 10 ( )X D d 

 
      Where, D=d+2t; t=9mm 

6 2 4
00.24 ( 2 )3 X10 = d t d 

 

                    

                
 D   = 176 mm 

b) Thickness of The Resting Plate: 

 

25.63
36.2X10 = XA

25  

 
2D d t   

157d mm

2
3545A mm
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140 3545Xt   

25t mm  

3) ‘C’ Frame: 

a) Side Plates 

25000F R kg
A

    

3

max 3

Fa

EI
 

3
25000 500

3
3 210 10 13178.66

X

X X X

 =  0.27 mm  

                      

 
Fig. 5: ‘C’ Frame 

b) Bolt Strength on Top Plate: 

 F (act) on Bolt  F (cylinder) 

 Shear strength of MA =0.6 x Tensile Strength  
                      = 400 x0.6 

                           = 240 N/mm2 

Pressure = 
Force

Area

 

240 x 3.14 x d x 50 =36.20 x 104 (t=50mm) 

                              d = 16 mm 

Twisting (d)  Strengthening  

 16 70  On Safer side selected M70x5 mm for screw. 

c) Support Pad Unit: 

Calculation of screw   

= cylinder force + body (self-weight) 

= 3
36.20 10 25X kg kg  

= 36.225 TON 

Considering compressive strength  

         F= Syt
XA

FO S

        

   25.63
36.2 X 10 = XA

2
 

          ;
 d = 40 mm 

Hence,  considered  

d) Upper Support (Top Plate): 

       

 
Fig. 6: Top Plate force Diagram 
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56.25 10 /X kg mm  

Yield strength for mild steel 
2

250 /N mm   

              0.66
b

  …...Considering Von misses criteria  

0.66 250X
b

  165M Pa  

Considering Hollow Rectangular Section 100 x50 x8 

3 3 3 3
100 50 84 36 4

28603
6 6 50

bd hk X X
I mm

d X

 
  

 

M b

I y



 ; 
28603

25
X

b
 ;

2
4916 /N m m

b
   

2
282 /N m m

b
      ………………. For 300 x100 x10  

theortical calculated
b b

   

2 2
165 / 142 /N mm N mm  

Hence selected Size 300 x200 x12.5 mm 

4) Clamping Unit: 

2
165 /N m m

b
  ; 6

56.26 10 .M X N m m
O

  



 



2
3545A mm

40 5M mm

 SUPPORT PAD 

 UPPER SUPPORT PLATE 
 SIDE PLATE 
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Assume load will be distributed as 0.5 F (actual) i.e. 

6
28 10X N.mm 

6
28 10

2

6

X

b
bd

    

Sizes Strength 

700 x100 x50 675 N/mm2 

700 x150 x80 175 N/mm2 

700 x140 x90 148 N/mm2 

700 x180 x110 142  N/mm2 

Table 1: Clamp Plates Sizes 

                   2
( ) 162 /calculated N m m

b
   

So selected size (solid)  

D. Results: 

Designed Values checked in contrast to Static Structural 

analysis by considering the following  

Sizes Strength 

700 x100 x50 675 N/mm2 

700 x150 x80 175 N/mm2 

700 x140 x90 148 N/mm2 

700 x180 x110 142  N/mm2 

Table 2: Boundary conditions 

Member Straightening Fixture 

 
Max equivalent 

stress (MPa) 

Deformation 

(mm) 

Frame 128.5 0.12 

Pin 

Collar 
234.6 0.2 

Top plate 241.2 0.65 

Table 3: FEA Results 

III. CONCLUSION 

1) The frame is under allowable limit of equivalent stresses  

2) The local stresses observed on pin and top bridge, the 

average stresses induced are less than Allowable Stress 

limit. 

3) The localized stresses are less than yield strength, so 

design can be considered safe. 
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