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Abstract 
  In this paper we discuss lifting tackle, used for heavy duty application that is, 

lifting train bogie. Currently the train bogie is lifting and lowering with the help of heavy 

crane. Because of this crane some big problem has been faced while lifting. Problems 

like, while lifting the bogie which causes imbalance, bogie damage, it takes more space 

for crane movement. The tensions are generated in the belt while lifting the bogie which 

causes the accident because of heavy tension in the belt. To avoid this problem we need 

to develop the tackle for lifting and lowering the bogie. 

  We need to simulate the structure of tackle as well as we wants to weigh 

optimization of existing structure by maintaining structural strength, stability as per 

loading contrition. The 3D model of lifting tackle is generated by using CATIA V5 R18 

software and optimization and structure strength can be analyze by using ANSYS (19.2 

version) software. The main focus of our project is to optimize the weight as well as 

maintain structural strength of the tackle. 
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1. Introduction 
  Material handling is the movement, protection, storage and control of materials 

and products throughout manufacturing, warehousing, distribution, consumption and 

disposal.[1] The lifting tackle is the type of the material handling system. Lifting 

equipment is any work equipment for lifting and lowering loads, and includes any 

accessories used in it. In current industry there are many special purpose tackle for 

compete the particular purpose only. [2] 

  In this paper, firstly we develop the 10 Tons tackle and then we optimize it with 

8.5 Tons weight. There are two type of loading conditions. First is side wall loading 

conation in that 700 Kg Load at 10 different locations and second is underbody loading 

condition in that 835 Kg load at 12 different location and 200 Kg load at 10 Locations. 

 

2. Objective 
 Design the 3D model of lifting tackle in CATIA V5 R18 software. 

 Performing FEA analysis on that tackle with ANSYS Workbench software. 

 Optimizing the structure as per first iteration results. 

 Performing second iteration FEA analysis on modified tackle with ANSYS 

Workbench software. 

 Manufacture both the tackle and conduct the testing. 

 Validate all the results. 
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3. Problem Statement 
Now days, we use a heavy crane to lift the bogie which causes imbalance while 

lifting, bogie injury, it takes up more space for crane movement. The tensions are 

generated in the belt while lifting the bogie which causes the accident because of 

heavy tension in the belt. [5]  

In the current working industry, customer required to design, analysis of lifting 

tackle and optimization. The purpose of FEA analysis is to maintain the structural 

strength of a tackle as well as to focus on optimization of exciting tackle with 

maintaining structural strength as per customer requirement.  [4] 

The main focus of the project is to reduce the material where the less stress 

concentration occurred. 

 

4. CAD Design 
In CATIA, you can create assembly models using two types of approaches. The first 

approach to design is a bottom-up approach and the second a top-down approach. 

 
Figure 1. CAD Model of Tackle  

 

5. Finite Element Analysis  
To Finite Element Analysis we use ANSYS Workbench software. We perform two 

iteration for Tackle 10 Tons and 8.5 Tons. The material used for the analysis is IS_2062 

for both the tackle. There are two types of boundary conditions, first is side wall 

loading conation in that 700 Kg Load at 10 different locations and second is 

underbody loading condition in that 835 Kg load at 12 different location and 200 

Kg load at 10 locations. Meshing has been done with node count 2161593 and 

element count 403997. The results are shown below as per the weight of tackle and 

boundary condition. 

   

5.1. Results for 10 Tons Tackle (Side wall Loading Condition)  
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Figure 2. Total Deformation of 10 Tons Tackle for Side Wall Loading 
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Figure 3. Maximum Equivalent Stress of 10 Tons Tackle for Side Wall 

Loading 
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5.2. Results for 10 Tons Tackle (Underbody Loading Condition)  

 
 

  

  

   

  
Figure 4. Total Deformation of 10 Tons Tackle for Under Body Loading 
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Figure 5. Equivalent Stress of 10 Tons Tackle for Under Body Loading 
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5.3. Results for 8.5 Tons Tackle (Side wall Loading Condition)  

 

  

  

  
Figure 6. Total Deformation of 8.5 Tons Tackle for Side Wall Loading 
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Figure 7. Equivalent Stress of 8.5 Tons Tackle for Side Wall Loading 

 

5.4. Results for 8.5 Tons Tackle (Underbody Loading Condition)  
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Figure 8. Total Deformation of 8.5 Tons Tackle for Under Body Loading 
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Figure 9. Equivalent Stress of 8.5 Tons Tackle for Under Body Loading 

 

6.  Results and Discussion 
The tackles consist of number of parts like Rectangular Tubes, Plates, and Beams. There 

are around 400 numbers parts in the main assembly of the tackle and 4 sub-assemblies. 

There are two loading cases one is side wall conditions and other is under body condition 

and the results are as follows. 

6.1. Result Summary for 10 Tons Tackle 

Table 1. Result Summary for 10 Tons Tackle 

Part Name 

Side Wall Load Under Body Load 

Total 

Deformation 

Equivalent 

Stress 

Total 

Deformation 

Equivalent 

Stress 

Member_2 4.9734 146.13 8.1229 205.85 

Member_3 2.7489 40.27 5.256 36.162 

Member_4 0.70825 30.138 1.6489 29.328 

Member_5 0.24910 28.743 0.44349 51.177 

Member_6 0.16195 6.6395 0.29813 32.519 

Member_7 0.15933 9.1607 0.46081 28.781 

Member_8 0.79868 32.473 0.526 61.845 

Member_9 1.0642 44.368 2.2863 24.845 

Member_10 3.8565 50.933 6.7426 37.627 

 

 Factor of Safety  = Allowable Stress / Induced Stress 

    = 250 / 146.13  

    = 1.71 …. (For Case I) 

 

 Factor of Safety  = Allowable Stress / Induced Stress 

    = 250 / 205.85  

    = 1.21 …. (For Case II) 

  

6.2. Result Summary for 8.5 Tons Tackle 

Table 2. Result Summary for 8.5 Tons Tackle 

Part Name 

Side Wall Load Under Body Load 

Total 

Deformation 

Equivalent 

Stress 

Total 

Deformation 

Equivalent 

Stress 

Member_2 11.309 171.24 17.307 206.75 

Member_3 11.309 53.531 17.307 79.54 

Member_4 8.6044 142.95 13.823 128.41 

Member_5 10.36 84.833 15.77 153.6 

Member_6 11.201 32.067 17.024 23.783 
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Factor of Safety  = Allowable Stress / Induced Stress 

   = 250 / 171.24  

   = 1.45 …. (For Case I) 

 

Factor of Safety  = Allowable Stress / Induced Stress 

   = 250 / 206.75  

   = 1.20 …. (For Case II) 

 

7.  Testing & Validations 
 The tackle has been manufacture and the testing is carried out for the members with 

tensile test for the given loading conditions. The lifting test is carried out for tackle with 

the loading condition, 835 kg Load at 12 different location and 200 kg at 10 locations. 

Following table shows the results for the tensile test and lifting test.   
 

7.1. Tensile Test and Lifting Test for 10 Tons Tackle 

Table 3. Testing Summary for 10 Tons Tackle 

Part 

Name 

Tensile Test Lifting Test  

Lengt

h 

Weig

ht 

Densit

y 

Load 

Applie

d 

Deflectio

n in 

Member  

Applie

d 

Load  

Holdin

g time 

with 

100% 

load 

Remar

k 

Member

_2 

25000.0 2296.1 7850.0 5010.0 13.36 12020.0 60.0 Safe 

Member

_3 

3200.0 150.2 7850.0 1670.0 2.74 12020.0 360.0 Safe 

Member

_4 

2200.0 156.92 7850.0 2070.0 2.25 12020.0 720.0 Safe 

Member

_5 

25000.0 604.13 7850.0 2000.0 3.97 12020.0 1440.0 Safe 

Member

_6 

2200.0 156.92 7850.0 1670.0 1.15 12020.0 60.0 Safe 

 

7.2. Tensile Test and Lifting Test for 8.5 Tons Tackle 

Table 4. Testing Summary for 8.5 Tons Tackle 

Part 

Name 

Tensile Test Lifting Test  

Lengt

h 

Weig

ht 

Densit

y 

Load 

Applie

d 

Deflectio

n in 

Member  

Applie

d 

Load  

Holdin

g time 

with 

100% 

load 

Remar

k 

Member

_2 

25000.0 2296.1 7850.0 5010.0 14.69 12020.0 60.0 Safe 

Member

_3 

3200.0 150.2 7850.0 1670.0 3.151 12020.0 360.0 Safe 

Member

_4 

2200.0 156.92 7850.0 2070.0 2.55 12020.0 720.0 Safe 

Member

_5 

25000.0 604.13 7850.0 2000.0 4.445 12020.0 1440.0 Safe 
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Member

_6 

2200.0 156.92 7850.0 1670.0 1.27 12020.0 60.0 Safe 

 

 
Figure 10. Testing Results Summary 

From the above results, all the deflection results are under acceptance criteria that is 

Deflection > L/325 from the IS: 800 standards.   

 

Conclusion 
The analysis is performed for two types of loading conditions. First is side wall load 

and other is under body load condition. The first iteration is for 10 Tons and after 

development it will be for 8.5 Tons.  From the Iteration first 10 Tons Tackle, Total 

Deformation and Maximum Von- Mises Stress is 4.97 mm & 146.13 MPa respectively 

for Case I and for Case II for Total deformation is 8.12mm and stress is 205.8MPa. The 

second iteration is for 8.5 Tons tackle and the results for Cast I is 11.03mm total 

deformation and 171.24 MPa Maximum equivalent von-Mises stress. For case II is 17.30 

mm total deformation and 206.75 MPa Maximum equivalents Stress. 

The validation of results is with the help of factor of safety. The factor of safety is 

above 1.2 for both the tackle (10 Tons & 8.5 Tons) and both the conditions. Hence, from 

FEA results and post processing we can conclude that 8.5Tons and 10 Tons tackle is safe 

for the side wall loading condition and under body condition. 

From the testing and validation results, we achieve the 15% of reduction with given 

loading conditions.     
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