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Abstract 
  
In the production of solid motors for rockets there are huge plants. At present one motor is prepared in five segments 
for ease of handling and operations. To increase the production of solid motors, it is proposed to adapt twin segment 
casting. A rocket segment each weights about 60tons, each segment will be with2.8m diameter. This segment will be 
provided with end ring on both sides which will be used for handling segment at various process work centres within 
the plant. This segment has to handle with overhead cranes [EOT cranes] using a proper grabbing type handling 
system this operation requires lot of time and effort. To reduce the time and effort and to increase the productivity it 
is proposed to design a grabbing type handling system which is operated remotely. This project deals with detailed 
design and analysis of grabbing system for handling twin segments capacity 120tons. This grabbing tackle system 
consists of top handling bracket, pin assembly, main beam, C-arm, pneumatic cylinder, manual drive, etc. All the 
above subsystems will be designed and analyzed with the help of SOLID WORKS and ANSYS workbench. Finally 
theoretical value and analytical values will be compared. 
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1. Introduction 
 

1 Engineering industry is one of the prior sectors where 
application of modern innovative technologies allows 
gaining better productivity. In order to produce new 
machines and devices we have to develop its design 
methods. Over the last three decades, India has 
achieved a notable progress in the design, development 
and operation of space systems. The space program 
has become largely self-reliant with capability to 
design and build satellites for providing space services 
and to launch them using indigenously designed and 
developed launch vehicles. India has a unique 
combination of many facilities. Solid propellant plant, 
Static test facilities, launch complex including 
launch vehicles  servicing, Satellite preparation 
facility,  rocket stages preparation facility, real time 
Computer center, telecommunication and tracking  
facilities are established here. Solid motor production 
plant plays a major role among all the units. Typically a 
rocket booster segment is a heavy cylindrical object 
containing solid propellant of high explosive nature. 
 This solid motor is divided into five segments for 
the ease of production and handling. Each segment 
weighs about sixty tons and has a 2.8m diameter. This 
segment will be provided with end ring on both sides 
which will be used for handling segment at various 
process work centers within the plant. This segment 
has to handle with overhead cranes [EOT cranes] using 
a proper grabbing type handling system this operation 
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requires lot of time and effort. To reduce the time and 
effort and to increase the productivity it is proposed to 
design a grabbing type handling system which is 
operated remotely.  
 

 
 

Handling of heavy cylindrical structures is critical 
operation. Hence it is desired to avoid manual 
intervention very near to the heavy structure; it needs 
the trial proof handling due to the explosive 
environment. To achieve this, a pneumatically operated 
vertical handling system is designed to grab the heavy 
cylindrical structure using pneumatically operated ‘C’ 
arm tackle. These pneumatic operated tackles 
eliminate manual assembly of bracket for handling the 
heavy cylindrical structures and provide more safety to 
the operators. This material handling system is 
appropriate for the handling for solid motors from 
each working station to the other thermal analysis to 
determine the percentage of carbon equivalent liquids, 
carbon and silicon levels, it can also be used to monitor 
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metallurgical processes and identify potential 
problems areas such as low nodule count, under-
cooled graphite and carbide/chill propensity (Udroiu, 
2002), (Corneli, et al, 2004), (Seidu, 2008). It can be 
used to predict iron shrinkage tendency and help the 
foundry to control scrap.  
 
2. Design calculations 
 
Design consists of the following components: 
 
1. Main Beam 

2. Top Bracket and Pin 

3. Bottom Bracket and C-arm Pin 

2.1 3d Modeling and Analysis 

 
Solid works Modeling Software: 
 
Solid Works is mechanical design automation software 
that takes the advantage of the familiar Microsoft 
Windows graphical user interface. This is easy to learn 
and makes it possible for mechanical engineers to 
quickly sketch out ideas, experiment with features and 
dimensions, and produce models and detailed 
drawings. 
 
 With Solid Works software 3D parts can be created 

and these 3D parts can be used to create 2D 
drawings and 3D assemblies. 

 We can specify the dimensions and relationships 
between elements. Changing dimensions, changes 
the size and shape of the part, while preserving the 
designing intent. 

 Parts, assemblies and drawings display the same 
model in different documents. Any changes made 
to the model in one document are propagated to 
the other documents containing the model. 

 Built parts from features, features are the shapes 
(bosses, cuts, and holes) and operations (fillets, 
chamfers, shells) that can be combined to build 
parts. 

 Solid models created can be stored in various 
formats and imported to analysis software like 
ANSYS etc. 

 
 

Fig 1 C-Arm 

 
 

Fig.2Beams 
 

 
 

Fig.3Brackets 

 
 

Fig.4Pin 
 

 

 
 

Fig.5 3D model of handling crane 
 
Calculations 
 
Weight of a segment = 120 t 
Design load    = 120 x 1. 25 

=   150 t 
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Considering two point loading  
Load on each C – arm = 150 /2 = 75 
 
3. Analysis 

 
3.1 ANSYS 

ANSYS is a complete finite element analysis simulation 
software package developed by ANSYS Inc-USA for 
numerically solving a wide variety of mechanical 
problems. These problems include static/dynamic 
structural analysis (both linear and non-linear), heat 
transfer and fluid problems, as well as acoustic and 
electro-magnetic problems. In general, a finite element 
solution may be broken into the following three stages. 
This is a general guideline that is used for obtaining 
results from any finite element analysis simulation 
software package. 
 
Preprocessing 
 
This involves the process of defining the problem. The 
major steps in preprocessing are given below: 
 
 Define key points/lines/areas/volumes 

 Define element type and material/geometric 

properties 

 Mesh lines/areas/volumes as required 

The amount of detail required will depend on the 
dimensionality of the analysis: 
 
4.2. Build a model 
 
Building a finite element model requires more of your 

time than any other part of the analysis. You use the 

preprocessor to define the model geometry (modeling) 

first and then mesh the geometry using appropriate 

element types, element real constants, and material 

properties (meshing). Solid models created in various 

modeling software like Solid Works can be imported to 

ANSYS and be used for further analysis and processing. 

 
4.3. Meshing 
 
Since meshing requires given element types and ANSYS 

using different element types for static and structural 

analysis, we need to do meshing for static and 

structural analysis separately. In general, ANSYS has 

two methods of meshing, free meshing and mapped 

meshing. Free meshing is easy but for complex 

geometries can lead to distorted elements that 

undermine accuracy. Free meshing is available for 2D 

quadrilateral and triangular element shapes. However, 

free meshing can only produce 3D tetrahedral 

elements for solid models. In mapped meshing, users 

specify the meshing pattern. Therefore, users have 

more control on the final mesh. However, mapped 

meshing requires the 2D and 3D solid model following 

several specified patterns. 

 

 
 

Fig 6 Meshing of C-arm 
 

 
 

Fig 7: Meshing of beam 
 

4.3. Solution 
 
This includes assigning loads, constraints and solving. 

Here we specify the loads (point or pressure), 

constraints (translational and rotational) and finally 

solve the resulting set of equations. 

 

4.4. Post Processing 

 

This involves further processing and viewing of the 

results. In this stage one may wish to see: 

 
 Lists of nodal displacements 

 Element forces and moments 

 Deflection plots 

 Stress contour diagrams 

 
5. Results  

5.1. C-ARM 

 
Design load    = 150 t 
 
Load on C-arm  = 75 t 
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Boundary conditions= cylindrical support at c-arm pin 
(Axial: fixed, Radial: fixed, 
Tangential: fixed) 

 
Equivalent Stress       = 179.6 MPa 
 

 
 

Fig 8 Equivalent (von misses) Stress 
 
5.1.1 Deformation 
 

 
 

Fig 9 Total Deformation 
5.2. Beam  

 

Design Load     = 150 t  

Load on each Bracket  = 37.5t 

Boudary Conditions  = Cylindrical supports at 

Hooking Bracket (Axial: 

fixed,                         

Radial: fixed, Tangential: 

fixed) 

Equivalent Stress    = 153 MPa 

 

 

 
Fig 10 Equivalent (von misses) stress 

5.2.1 Deformation 
 
Maximum deformation: 2.48mm 
 

 
 

Fig 11Total Deformation 
 

 
 

Fig 12: Handling System for Rocket Motor Segment 

 
Conclusions 

The various results of stresses in different components 

of handling system are tabulated below: 

 

 Analysis and classical values are comparatively 

nearest to each other and found within allowable 

limits.  

 From the above results we can say that the design 

is safe and can be validated.  

Maximum Deformation : 2.2mm 

3685mm 

ɸ 3320mm 
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Table 1: Design calculations of handling system 
 

Component Material Parameter Allowable value Calculated value Analysis value 

Main Beam 
 

Steel 
IS 2062 

Gr B 

Max equivalent 
stresses 

132 N/mm2 126.45N/mm2 120.61N/mm2 

Max. Deflection 3.9 mm 1.64 mm 2.48 mm 

C-Arm 
Steel 

IS 2062 
Gr B 

Max equivalent 
stresses 

210 N/mm2 169.6 N/mm2 179.6 N/mm2 

Max. Deflection 3.9 mm 1.96 mm 1.50 mm 
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