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ABSTRACT 

Modern technology period can’t be imagined without various material handling equipments. Gantry cranes are amongst 
one of the material handling equipment which finds wide application in different fields of engineering. Due to incredible 
all around economical development, the operation rate of gantry cranes has increased year by year. Many gantry cranes 
are often use beyond their capacity in India. So Analysis of the main structure is very important and essential. The 
purpose of this study is to analyze the stress and displacement condition in the structure of Bag palletizer gantry crane, 
presenting a fast and evaluated computer aided solving method for complex static structures. The analysis of the stress 
and displacement of the structure of gantry crane is made using the Hypermesh Radioss. The research performed allows 
the evaluation of the stress state, pointing out the critical areas and measures which are imposed in order to increase the 
toughness of the power structure for the gantry crane .Thus , the material use could be reduce without more than the limits 
of the most suitable conflict. 

Keywords: Gantry, crane, Palletizer, HypermeshRadioss, conflict.  

1. INTRODUCTION 

Material handling involves “short-distance movement that usually takes place within the confines of a building such as a 
plant or a warehouse and between a building and a transportation agency.” It can be used to create “time and place utility” 
through the handling, storage, and control of material, as distinct from manufacturing. 

Bag palletizer is communally known as gantry robot. Which is an material handling equipment. A bag palletizer consist of 
a manipulator mounted onto overhead system that allows moment across horizontal and vertical plane. These gantry robot 
is use to pick a bag form conveyer and put it on wooden pallet in sequential manner.  



INTERNATIONAL JOURNAL OF RESEARCH IN AERONAUTICAL AND MECHANICAL ENGINEERING 

Vol.2 Issue.7, 

July 2014.  

Pgs: 114-170 

 

              Dhananjay Patel 115 

 

Bag Palletizer Gantry(BPG) crane are amongst one of the material handling equipment which find wide application in 
different fields of engineering. Gantry cranes are industrial machine that are mainly used for material movements in 
construction sites, production halls, assembly lines, Storage areas and similar places. Their design features vary broadly 
according to their major operational specification such as type of motion of crane structure, weight and type of the lode, 
location of the crane, geometric feature, operating regime and environmental conditions. Consideration of available 
technology that is mainly based on the accumulated previous experience is important for better performance, higher safety 
and more reliable designs. Now a day’s cold formed member are use as primary load bearing structure. Main reason 
behind the extensive use of cold formed member is that these are easy and cheap to fabricate, need minimal maintenance 
due to zinc coating. 

In the recent decade the fields of cold formed thin walled steel structures have been among the busiest research area at the 
department of steel engineering. The design method and practical approaches and formulae that are based on previous 
design experience. It is believed that computer automated access to these standards with preloaded interpretation and 
guidance rules increase speed and reliability of the design procedure and increase efficiency of the gantry crane designers. 

Bag Palletizer Gantry equipment has been traditionally design using some standards with factor of safety included into the 
design. This can lead to over design of component. This project having concept model of bag palletizing gantry crane in 
CATIA. The Structural analysis carried out in Hypermesh Radioss solver for a 100 kg load condition Bag palletizer 
gantry.    

1.1 Problem Statement 

Bag Palletizer Gantry is specially used to pick and place type material handling equipment. It is an modern industrial 
machine use in Bag palletization process. The working range varies from few kilograms to many tons. In our case for Bag 
palletization of 100 kg of bag is pick form conveyer and put it on wooden pallet. The available gantry system are made up 
of extruded aluminum profile. This aluminum profile gantry has an problem of high cost in Indian market. Also due to 
aluminum profile the weight of gantry is also high and which affect on working speed of machine.  So our aim is to 
introduce light weight, cost efficient product in market. At the same time due to light weight machine increase working 
speed of machine. Especially,3D Modeling of bag palletizer gantry and investigating deflection and stress distribution on 
gantry parts are critical for effective working of new designed Bag Palletizer Gantry. 

1.2 Objective and Scope  

The main objective of this thesis study is to investigate stress and deformation of  bag palletizer gantry parts of Cold 
rolled mild steel material, induced by load and boundary condition. 

The elements of the main objective are: 

1) To determine new material and cross section for design of Bag Palletizer Gantry. 
2) To create three dimensional solid model of Bag Palletizer Gantry machine in CAD software.  
3) To perform static loading simulation of the three dimensional model using FEA software, with the selection of 
suitable material for Bag Palletizer Gantry at given load and boundary condition. 
4) To investigate and analyze mechanical effect of load on Bag Palletizer Gantry components stress and deformation.  

The scope of this thesis is to investigation of required data for design of Bag Palletizer Gantry component. Find out stress 
and deformation of Bag Palletizer Gantry solid model with the help of static analysis in FEA environment.  
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1.3 Outline of Thesis 

General information about the thesis is provide in the first chapter. Following the introductory chapter, a comprehensive 
literature review is present in the second chapter. Literature review basically contain previous studies about gantry, 
various cold rolled mild steel section and finite element analysis. 

The third chapter discusses the basic of Bag Palletizer Gantry preliminary information, with material selection study. The 
chapter four having study of methods and approaches , study of gantry cost model and approach toward concept is discuss 
in quality function development, followed by Modeling software and finite element analysis study. 

The next chapter five  contain gantry requirement and basic data required to design and house of quality design for bag 
palletizer. Followed by chapter six having basic design procedure toward part design and selection of parts. Actual model 
design is carried out in chapter seven with help of reference model and finally finite element analysis is done Hypermesh 
Radioss environment in chapter eight. Numerical and analytical result calculate in graphical visual of simulation result 
and discussion is subject of ninth chapter.The thesis study end with conclusion and recommendation part in tenth chapter. 
Reference is the last section of this thesis work.   

2. LITERATURE REVIEW  

Gantry are particularly suited to lifting very heavy objects. Huge gantry have been use for steep building, where the object 
like ship engine to lifted and move over the ship. The first over gantry built in 1969 are Samson and Golith in 
Belfast,Northern Ireland. This gantry having span 140meter and can lift load up to 840 tones. The same type of gantry are 
use in ware houses to loading and unloading of material .[3] 

 

Fig2.1.1. Samson and Golith in Belfast,Northern Ireland [3] 
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Gantry crane are basically made up of aluminum and mild steel structure.[2] But small size of Bag Palletizer Gantry are 
made up of aluminum profile [6].The main disadvantage of aluminum bag palletizer gantry is their high cost. Because, 
extruded aluminum profile is expensive in manufacturing and machining also. Bernarda and Ferreira[2] introduce a 
method to evaluate and develop new gantry concept. The evaluation is done with the help of House of quality method. 
Which is best concept design method in early industrial development with the help of this method Bag Palletizer Gantry 
concept design time and all design aspect. Every possibility of product development is provided with House of quality 
study. In 1979 Toyota motors reduce 20% of starting cost and in 1984 it turns to 61% using House of quality study. This 
method for gantry design and development gives an engineering focus toward concept design. 

Cold Rolled C-section of mild steel member in gantry design is considered because of Gabor and Jakobs [1] research 
work. An experimental program on compression member made up of mild steel cold rolled section. Various C-section 
analyses which were not studied previously. Mild steel section are capable various load condition and structural strength 
capacity is analyze in this research work. Gantry structure analyze by Finite element analysis and changing various 
material property to improve solidity of member. An numerical and analytical results varies proportionally while changing 
steel property in main longitudinal girder part in gantry model. Distortional buckling of C section is tested by Cheng yu 
and  Ben Schafer[4] in The American iron and steel institute, The experimental validation of wide verity of  mild steel C-
section. This study indicates that distortion buckling is most likely failure mode. This study contain test setup for C-
section and various C-member are tested for buckling  and all those condition are verified with finite element analysis 
with same lode and constrain use in test setup. The result of the study shows reasonable and conservative prediction for 
both local and distortional buckling strength of beam .Which is  use for member selection for  gantry design for particular 
load condition. 

C.Alkin,C.E.Imrak,H.Kocabs [5]  work on solid modeling and finite element analysis of gantry crane. While analysis 
material property of mild steel is used and evaluate stress and deflection. The analysis study concludes that four node 
quadratic shell element is gives accurate result than four node tetrahedral element use in mashing model in FEM software. 
This study help while calculating concept model with its applied load and boundary condition J.I.Lergea[10] studied in 
modeling and simulation research on metal structure on bridge crane. The main objective of this study is to reduce 
structural weight of girder of gantry crane. For these purpose several model of girder structure have been designed. The 
new lighter model is design is analyzed with load condition. The structural material used in this model is economical too. 
This designed model have been lose its weight by holes in structure. That can reduce structural weight without affecting 
structural strength of gantry structure. 

 

3. BASIC OF BAG PALLETIZER GANTRY 

Bag palletizer is communally known as gantry robot. Which is an material handling equipment. A bag palletizer consists 
of a manipulator mounted onto overhead system that allows moment across horizontal and vertical plane. These gantry 
robot is use to pick an bag form conveyer and put it on wooden pallet in sequential manner.  

The Bag Palletizer Gantry contains manipulator unit which is mounted on Girder span, on which an manipulator assembly 
moves linearly. The Girder section is attached with Carriage plate at both the ends of Girder. The end carriage plate is 
attached to Runway beam one at each end. On which Girder assembly moves linearly. Runway beam is simply supported 
by two support column at each end of runway beam. In this manner Bag Palletizer Gantry system structure is to be 
assembled. 
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Fig.3.1.1 Bag Plalletizer Gantry of company TMI Bagging and Palletizing [13] 

The movement of material from the place where it is to the place where it is needed can be time consuming, expensive, 
and troublesome. The material can be damaged or lost in transit. It is important, therefore, that it be done smoothly, 
directly, with the proper equipment and so that it is under control at all times. The several factors that must be known 
when a material handling system is designed include: 
1. Form of material at point of origin, e.g., liquid, granular, sheets,etc. 
2. Characteristics of the material, e.g., fragile, radioactive, oily,etc. 
3. Original position of the material, e.g., under the earth, in cartons,etc. 
4. Flow demands, e.g., amount needed, continuous or intermittent,timing, etc. 
5. Final position, where material is needed, e.g., distance, elevationdifferences, etc. 
6. Handling equipment available, e.g., devices, prices, reliability,maintenance needs, etc. 
Other factors to be considered include: 
1. Labor skills available 
2. Degree of mechanization desired 
3. Capital available 
4. Return on investment 
5. Expected life of installation 
Since material handling adds expense, but not value, it should be reduced as much as possible with respect to time, 
distance, frequency, and overall cost. A straight steady flow of material is usually most efficient. The use of mechanical 
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equipment rather than humans is usually, but not always, desirable depending upon the duration of the job, frequency of 
trips, load factors, and characteristics of the material. When equipment is used, maximizing its utilization, using the 
correct equipment, proper maintenance, and safety are important considerations. The proper material handling gantry 
equipment can be selected by analyzing the material, the route it must take from point of origin to destination. The 
importance of gantry is that it helps productivity and increase profitability of an industry. Many industries go out of 
business because of insufficient material handling gantry. In many instance it is seen that competing industries are using 
same or similar equipment,and one who uses improved gantry system stay ahead of their competitors. 
A well designed gantry system attempts to achieve the following: 

• Improve efficiency of production system by ensuring right quantity of material delivered at the right place at the 
right time most economically. 

• Cut down indirect labour cost. 

• Reduce damage of material during storage and movement. 

• Maximize space utilization by proper storage of material.  

• Minimize accident during material handling. 
• Reduce overall cost by improving design of Bag Palletizer Gantry.    
All the above points clearly show the importance of gantry system in material handling in an industry. 

 

4. METHODS AND APPROACHES 

Firstly, a Cost Model applied to Gantry structures will be discussed. Then the applied approaches as Quality Function 
Deployment and House of Quality, and lastly the CAD and FEA software tools will be introduced.[2] 

4.1 Gantry Cost Model 

The main goal of this work is to develop an mild steel Bag Palletizer Gantry system, which has lower cost than the present 
aluminum gantry. Since the cost is a key factor in terms of competiveness for the final product, it is very relevant to be 
able to access the costs thorough each step during the product fabrication. 

The development of a cost model has two big goals. First, by applying it to the current solution, the cost distribution in 
each step might be visible and it can be evaluated where there is potential for improvement during the conception of the 
new Gantry solutions. The second goal is to predict the cost by comparison of different solutions during the concept phase 
of this work. This tool can have a very important role during the design stage, since is through decisions taken in the 
primary product development phases (as concept proposals and the evaluation between them) that the highest amount of 
the final product cost as well as quality are determined. 

The cost model used in this work divides the Gantry cost into five major categories: material (cold rolled  mild steel), 
parts (connection plates, screws and nuts), assembly, Power drive (motor, bearing ,HTD belt) and production (operations 
after cold rolling of mild steel sheet ; cutting and drilling).[2] 

4.2 Quality Function Deployment ( House of Quality )[11] 

This section will address the concept of Quality Function Deployment (QFD) and its importance in the early stages in 
product development. 
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QFD was developed in Japan in 1966, by Yoji Akao, a planning specialist also developer of the Hoshin Planning. QFD is 
an approach used in order to achieve a product that meets the exact needs of the customer. It is a tool (matrix) used to 
convert subjective wants and needs into objective engineering specifications. Thus, the major goals are to rate and 
prioritize the customers’ demands, convert them into technical specifications, and lastly be able to deliver a quality 
product aiming for the ultimate customers’ satisfaction. 

There are four main phases, each one corresponding to a matrix, considered in this approach Product Planning, Product 
Design, Process Planning and Process Control. The first phase, also called House of Quality, consists of the correlation 
between the customer’s needs or requirements with the technical descriptors, which the company will use to meet those 
demands. The second phase, Product Design, is used for the concept generation and selection of those which meet the 
customers’ requirements the best. The third phase, Process Planning, as the name suggests corresponds to the planning of 
the manufacturing operations. Lastly, the Process Control consists of the control procedures done during the production to 
assure the product’s target quality levels. 

The application of the QFD in this work will only focus on the first phase, the House of Quality. During the evaluation of 
different concepts it will be important to have a rating of the performance parameters, which are governed by the 
requirements and needs. The House of Quality, by correlating the customer’s needs and wants (the requirements) with 
technical characteristics, makes possible to have a relative weight for all those parameters used to compare concepts. 

The House of Quality is a matrix that can be summarized in six major sections. A typical House of Quality has the layout 
presented in the figure below, with the different numerated sections. 

 

Fig.4.2.1 Outlook of House of Quality 
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Below the contents of the different parts will be summarized. 

1) Customer Requirements: This section is the list of the customer’s needs and wants that correspond to the project’s 
requirements. 

2) Importance Ratings: The customer shall rate each requirement in a scale from 1 to 5 according to the importance. 

3) Customer Rating (of the company and competition): In this section, the customer can rate the degree of satisfaction 
(1 to 5) of each need, perceived from the company or/and from the competition. 

4) Technical Descriptors: This section consists in the attributes that will quantify and measure the customer’s 
requirements. In other words, these are the means to achieve customer satisfaction. 

5) Relationship Matrix: In this section is quantified the strength of the relationship between the requirements and the 
technical attributes. Therefore, it measures the influence of each attribute in the fulfillment of each requirement. The 
relation can the Strong, Medium or Weak, and be rated with 9, 4 or 1, respectively. 

6) Absolute and Relative Importance: This is the section that reveals the most important technical attributes that most 
matter for the customer. The Absolute Importance assessment is the product of the value in each cell of the Relationship 
Matrix (6) with the correspondent Importance Rating (2). 

In the last section of the House of Quality, the Relative Importance for each attribute of the design is calculated. This will 
be significant to evaluate different concepts in a qualitative way, since the different technical parameters don’t have the 
same importance to achieve maximal customer satisfaction. 

 

4.3 CAD Software 

This section addresses the importance of CAD software tools and its function within this work.CAD means Computer 
Aided Design. These software tools allow the modeling of technical designs. They are used broadly in all the engineering 
departments but also on many other subjects. CAD software permits to draw 2D or 3D models. By modeling the product 
to be developed one can preview and see the real dimensions and the couplings between the different parts of the total 
assembly and some problems can be identified already in the modeling stage. It consists in a very good tool to see a 
virtual version of the real product before it actually exists, that helps the designer but can also be used for presenting the 
product to the public. This software usually allow dimensional changes after the modeling being complete with the update 
of the total structure, which is very convenient during the optimization of the model. 

The CAD models, besides being important for the preview of the assembly between all the structure’s parts and giving a 
visual image of the product to be produced or developed, they can be used in the subsequent stages of analysis. Normally, 
the Finite Element Analysis (FEA) software’s allow the import of the CAD files with the model to be analyzed. CAD 
models can be used in FEA to predict the structural behavior. 

CAD files will be vastly used during this work. It will be used to model the different parts and to build up the Gantry’s 
assembly and with this compare different alternatives. Finally they are used to make a structural analysis, which is 
required to access the performance of the solutions. 
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4.4 FEA Software 

The FEA software will be the tool used to perform the structural analysis and predict the behavior of the structure under 
the work loads. 

The Finite Element Method decomposes the structure into small elements that are connected at nodes, through the 
application of a mesh. The mesh will transform a continuous domain into a finite domain that enables the calculation of 
simultaneous algebraic equations. This method requires the application of boundary conditions such as fixed or pinned 
constrains and the application of external loads and/or gravity in order to consider the self-weight of the structure. 

The FEA can be performed in a structural application but also in thermal or fluid flow problems. As this work is focused 
on the design of a Gantry system, only structural analysis will be considered. 

The structural analysis can be linear or non-linear. If the interest of the analysis is to preview the behavior of the structure 
in the elastic domain then is used a linear analysis. On the other hand, if the work loads are probable to overcome the 
yield stresses in some areas of the model, some hardening will happen and the material properties will differ along the 
model, therefore a non-linear analysis shall be performed. In this work, the structure is expected to work below the 
plasticity domain, or in other words, work only in the elastic domain, so the analyses to be performed will be linear. The 
goal of these linear analyses is to be able to preview the main results such as the maximum displacements and maximum 
stress. 

5. BAG PALLETIZER REQUIREMENT 

The product development phase has to be conducted aiming to meet the requirements that the product has to fulfill. This 
way, through the restrictions to the design it is possible to achieve a solution close to the optimum one. Without 
requirements, it would not possible to define a certain number of solution possibilities and the design options would be 
infinite.  
The design of a product can have three types of implemented features or characteristics: the Must Have’s, the Should 
Have’s and the Could Have’s. A Must Have corresponds to a requirement, which defines the minimum level of 
customer’s satisfaction. The Should Have’s correspond to additional features that cover extra needs of the client and add 
value to the product. The implementation of Should Have’s requires a proportional effort and resource consumption to the 
expected customer’s satisfaction and corresponds to the expected quality of the product. Lastly, the Could Have’s are 
extra features that are added to the product to differentiate it from the competition and make the customer recognize its 
added value. The implementation a Could Have requires an exponential effort comparing to the customer’s satisfaction 
and work a delighter. 
The graph presented below (Kano Model) distinguishes qualitatively the three types of implementations that can be done 
during the design of a product. It relates the degree of implementation to the customer’s satisfaction. 
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Fig.5.1.1 Graph of Kano model 

The next section will cover the requirement that the Bag paletizer Gantry’s  design must meet. These requirement mostly 
stated by Company and customers. Therefore, the External Requirements, given by the customer that is obliged to comply 
with the norm, and the Internal Requirements, given by company, where are addressed issues that don’t concern directly 
the customer, will be distinguished. 
Each requirement will be categorized as a Must Have (M), Should Have (S) or Could Have (C). 
  
5.1 External Requirement  
This section will deal with the requirement stated by the customer. It is relevant to refer the most of the external 
requirement are beyond the customer needs .These requirements are help to improve importance of the Bag Palletizer 
Gantry in customer point of view. 

Below, the requirements given by the customer are listed. 

A Gantry is design must be material efficient aiming to light-weight structure. 

Girder length : 2m to 2.5m 

Height of support column : 1.5m to 2m 

Runway beam length : 2m to 2.5m 

Size of Pallet: 1200×1200×250mm 

Bag size : 400×600×150mm 

Bag layers : 6  

Conveyer width:400mm 



INTERNATIONAL JOURNAL OF RESEARCH IN AERONAUTICAL AND MECHANICAL ENGINEERING 

Vol.2 Issue.7, 

July 2014.  

Pgs: 114-170 

 

              Dhananjay Patel 124 

 

 

Fig.5.1.2 Gantry’s  Girder, Runway, Support column & Gripper CAD Model.[6 ] 

 

# Loads: 

- Gantry self-weight  

-Weight of Bag  

# Connection between Structural elements:  

-Nut & bolt ,arc welding . 

# Environmental Conditions: 

Gantry must be satisfy any environment like Powder plant, food industry ,Cement industry. 

 

5.2 Internal Requirement  

This section will address the requirement that company dictates. 

# Parts manufacturing process: Cold rolled sheet metal  

# Minimize the production cost: 
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The design of C-section should consider cold rolling process in order to provide better surface finish and property. The 
design should minimize the number of operations after cold rolled C-section manufacturing, means cutting ,drilling etc. 

# Minimize the assembly cost: 

The design should consider profiles that simplify the assembly and also minimize the total number of connections, in 
order to keep down the assembly cost.   

# Minimize the Drive system cost: 

The Drive system use in gantry system must be selected on basis of cost. In compression with rack and pinion drive, the 
belt and pulley drive is cost efficient system and high speed working is achievable[12].  

 

5.3 House 0f Quality 

A product must comply with the requirements, mainly the customer’s needs and demands, in order to be valuable and 
desired. The translation of the requirements into measurable parameters that define the product is a very important task. 
The requirements are achieved by the performance of the technical characteristics of the product. This way, it is very 
important, firstly, to decompose a Bag Palletizer Gantry into its several technical parameters. After that, list all the 
external and internal requirements and rate them accordingly with their importance (from 1 to 5). Then, it is needed to 
relate each requirement with each technical parameter (technical descriptor) in one of the three relations: Strong, Medium 
or Week. This way, through the House of Quality matrix, introduced in the fourth chapter, it can be known the relative 
importance or weight of each technical parameter regarding the ability of fulfilling all the requirements. 
  Since the requirements were introduced in the previous sections, below the technical parameters that allow 
characterizing a Gantry in terms of its structural configuration are listed. 
-Number of Beam 
-Number of Column 
-Number of Connections (Nut Bolts) 
-Number of Belt and pulley, Motors 
The figure below presents the House of Quality matrix with the requirements’ importance rated, as well as their 
relationship with each technical descriptor. These two values will originate the absolute and consequently the relative 
importance of each technical parameter, which is the goal of this exercise. The House of Quality matrix is a more complex 
tool, which represents just a step in the Quality Function Deployment approach. Therefore, it also represents the impact of 
the implementation of each technical descriptor in each other, regarding the correspondent directions of improvement. 
These relations will define the organizational difficulty in implement each technical descriptor. The matrix also has a field 
where the customer can evaluate currently the perceived capacity of the company and also the competitors to fulfill each 
requirement (this evaluation was assumed, because there was no contact to specific customers). Regarding the metrics, it 
was not considered any baseline values, because it is not being studied a specific Bag Palletizer Gantry size. Therefore, in 
short, the relevance of this implementation is to get the relative weights of each technical parameter. 
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Fig.5.3.1 House of Quality for Bag Palletizer Gantry. 

The above house of quality shows that relatively Beam selection is most important area followed by material property of 
that selected section. After completing beam and material areas the power drive effect on parameters of beam section. 

6. CONCEPT GENERATION   

This chapter will deal with concept for a new light-weight bag palletizer gantry system with purpose of having significant 
cost reduction comparing to current model. 

6.1 GUDEL Current Bag Pattelizer Gantry Model:[6] 

Before start to deal with new concept for future gantry, it is necessary to discuss the current model. The type of section 
and technical specification will be introduced briefly. 
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Fig6.1.1 GUDEL standard  FP Gantry model. 

The current solution uses the GUDEL standard FP model. Each part of this model is made of aluminum extrusion process. 
Drive system use in this gantry is Rack and pinion drive with GUDEL standard motor and all other drive assembly. Each 
of gantry parts are connected with nut and bolt joint. 

The FP model is available in seven different configuration varies with payload and its size. The FP model is basically use 
for linear motion in all three direction. 

 Despite the gantry light-weight, provided by relative small section proportionally affected on the gantry cost. FP model 
having high weight due to extruded aluminum part and power system. The total cost of the model is also too high, and 
Indian customer not affords such expensive machine for bag palletization. 

In order to improve the current model, the focus will be to create a model that can reduce weight but at the same time use 
alternative power drive system for high speed and light weight assembly. 

6.2 The Concept Model  

This section has the goal of study new configuration and evaluates their potential as new Bag palletizer gantry model 
.Therefore, the focus is the use of determinate section and study all load cases one the bases of requirement list. The 
power drive study is an important consideration before beginning of design study. 

The design philosophy behind the proposal was the focus on displacement and stress value. In order to prevent deflection 
close to allowable limit, but also power drive also has better effect on light-weight aiming.  
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Table .6.2.1 List of component used in concept model. 

List of component required in concept model 
 Component Name Status 

Carriage Plate 595×425mm Standard part 
Girder Beam Need to design 
Runway Beam Need to design 
Support  column Need to design 

Standard part 
 Standard part 

uide way Standard part 
Lubrication unit ( 4 for each carriage plate) Standard part 
Nut and Bolt Standard part 

 Standard part 
Mounting Standard part 
Lubrication unit Standard part 
Drive pin Standard part 
Worm gear unit Standard part 
Flange  Standard part 
Spacer  Standard part 
Coupling Standard part 

 Standard part 

 

 This above component table is referred from GUDEL standard FP gantry model. With the help of this study design of 
parts like Girder, Runway Beam and Support column is carried out .While design this parts various literature survey help 
to get proper design . 

6.3 Design Phase 1  

With help of quality index study and literature survey few assumptions are referred. The proposed model is designed 
having cross section study as follows. First of all design start with Girder section. 

Girder is center part of Bag palletizer gantry, which is fix at both ends with carriage plate(fig FP model) The manipulator 
and gripper is attach to this girder part with carriage plate connections. The carriage plate is slide on Girder with help of 
Guide ways and roller arrangement, which moves carriage plate and hoist assembly in linear manner. The power drive use 
to move Carriage plate is of belt and pulley drive [Appendix 1] . For given manipulator load and Bag load with speed 
requirement is use in Belt and pulley design. With all this consideration put in to mind while design of Mild steed Girder. 
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Fig.6.3.1 C-Section parameter 

Table6.3.1 Paremeters of C-Secrion  

Parameter h B d T 

Value(mm) 210 110 33 3 

 

With the help of Quality index study and literature survey few assumptions are referred .The proposed model is designed 
having cross section study as follows. First of all design start with Girder section. 

 Girder is Design with Basic engineering theorem of beam design. In this condition beam is fix at both ends, and 
concentrated load of manipulator is applied at center .This study gives us an few required values for further design. Now, 
the total load applied on girder is weight of hoist assembly which is dead load and weight of Bag  which is live load .  

Given Data : 

Weight of bag : 981N 

Weighty of Hoist assembly:1947.79 [6]  

Length :2.4M 

Total applied load (P)=2928.79N  (wt.of bag + wt of Hoist assembly) 

This project explains the theory of ultimate load applied to a Beam fixed at both end and simply supported beam based on 
the concept of ultimate load for beam of    C-Section cross-section under pure bending. Pure bending refers to flexure of a 
beam under a constant bending moment. Therefore, pure bending occurs only in regions of a beam where the shear force 
is zero. In the simplified engineering theory of bending, we make the following assumptions: 
1. The beams are assumed to internally statically indeterminate. 
2. The strains caused by the deformations have a relationship with stresses. 
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3. When Mp is reached, a plastic hinge is formed. 
The shape factor gives a very good estimate as to how much the yield moment My, could be exceeded before the ultimate 
plastic capacity is reached. Basically, shape factor can be calculated by this simple equation: 

Shape factor =
����

������
 

 

MYeild =
Ϭ	


�
 

 
For the beam experience plastic yielding, the above equation will be altered to : 
MUlt =ϬyZ 

Z = 
�(���)

�
 

A= area of cross section, x&y = distance of load to natural axis. 

  
Case 1: C-Section parameter, 
Moment of inertia :I = 10.235 x E6 mm4 
Given  that the yield strength of Cold rolled mild steel Ϭy = 370MPa. 
MYeild = 36.1KN-m 
Mult = 115.6 KN-m 
Shape factor =3.2  
For Girder Beam maximum moment 

Mult = 
��

�
  ,[ ] 

Pult=385KN  
Pyeild=120KN 
For Runway Beam maximum moment 

Mult = 
��

�
 ,[ ] 

Pult=191KN 
Pyeild=59KN 
The above calculation shows that, for girder beam the yield load is 120KN and yield occurs in runway beam at 59N. 
1) Check if given beam section satisfies yield load value  
2) Power drive assembly is also main consideration while section selection.[6,8,12] 
3) Few literature will help to get proper section on particular load condition[2]   

 Case 2: Design for support column  

In this case of column with fixed at one end and free at other end comfiguration subjected to compressive load as shown 
in fig., the deflection pattern is something like that shown in fig.. 

Let us take an arbitrary section a-a at distance x from fixed end A of the column.If we take moment about C, we can write  

 Mx =Py – Pδ 
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Fig 6.3.2 Support Column with Fixed-Free condition 

Combining it with,  

EI
���

���
� - Mx 

Simplify above equation ,substitute λ2=P/EI 

The solution of the above equation is, 

y(x)=A1 cos(λx) +A2 sin(λx)+δ......................................................................................................(eq.1) 

Applying the boundary condition, at fixed end x=0 

Hence, the equation becomes  

y(x)= δ(1-cos λx)...............................................................................................................................(eq.2) 

This is the equation of the deflection curve .it may  be noted that at the free end,lateral deflection is δ. That is y(L)=δ 

So,   cos(λL) = 0 

Minimal  value of λL satisfying this condition is 

λL =
�

�
 

λ
2 = 

��

���
 

So, critical load for column is given by expression(by putting λ2=P/EI) 
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Pcr=
���


���
 

Calculation: 

Load on each column =1468N (wt. of girder and wt. of runway beam) 

E(M.S)=205GPa 

Length of  column=1800mm 

I=9407mm4 

So, to avoid buckling for applied load of 1468N the moment of inertia of section must be greater than 9407mm4.  

 

7. GEOMETRY OF BAG PALLETIZER GANTRY MACHINE. 

 

Fig.7.1.1 Bag Palletizer Gantry Model. 
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The bag palletizer gantry can be divided into three main parts .They are named as Hoisting system, Girder system, 
Runway system. Each system has particularly performed same task at its position to move linear along the line. On the 
other hand, Bag palletization system provide picking and placing action from conveyer to palletizer .In this Bag Palletizer 
Gantry model the main design criteria is to consider the drive system and its assembly. Because, that drive system must be 
fitted in the selected section. The standard Gantry model (FP) is driven by rack and pinion drive system. In that model 
design criteria is based on rack and pinion drive assembly and its size. Considering this the new Bag Palletizer Gantry 
model is to be designed. The BPG is designed for customer requirement, and every modification has based on standard 
model of gantry system. 

The numbers of component used in BPG are based on standard model parts. Following table considering total number of 
component used in BPG model. 

Table 7.1.1 List of component of BPG 

Item Number Part Name Quantity Status 
1 Carriage Plate 3 Standard part 
2 Girder Beam 1 Need to design 
3 Runway Beam 2 Need to design 
4 Support  column 4 Need to design 
5 Belt 3 Standard part 
6 Motor 4 Standard part 
7 Guide way 12 Standard part 
8 Lubrication unit ( 4 for each carriage plate) 16 Standard part 
9 Nut and Bolt 246 Standard part 
10 Roller 10 Standard part 
11 Mounting 10 Standard part 
12 Drive pin 3 Standard part 
13 Worm gear unit 3 Standard part 
14 Flange 3 Standard part 
15 Spacer 3 Standard part 
16 Coupling 3 Standard part 
17 Pulley 6 Standard part 
18 Bearing for pulley 12 Standard part 
19 Manipulator 1 Standard part 

 

This section summaries all the different parts of Bag palletizer gantry as well as the different stage of production that are 
required. But firstly give a better understanding of the parts position in global structure. It is going to present a figure 
containing a frontal, lateral and perspective view of the Bag palletizer gantry.  
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Fig 7.1.2 2D model of Front, Top, Side and Perspective view. 

7.1 Design strategy  

This section addresses the design strategy for the proposed Bag palletizer gantry system. The design strategy divides the 
total amount of the Bag palletizer gantry assembly’s parts into four categories, where each contemplates a major type of 
part. The referred categories are: strategic parts, core parts, purchased parts and finally consumables.  

Strategic parts are related to variations of the main product, in this case a Bag palletizer gantry. It is consider that this field 
related to special orders .This part consider modification toward customers requirement and at that time customer is happy 
to pay extra cost for extra  variation in Given product. The core part related to cold rolled beam element that consists of 
the structural parts. 

In fig7.1.1  Parts of Bag palletizer gantry system are shown with their parameters. In this parts  manipulator are attached 
to  girder beam with attachment of guide ways and roller with carriage plate. The Girder beam is attach to runway beam 
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with carriage plate and roller. but one side with two plane roller and other end of girder is attach with four grooved roller. 
This is because free motion of girder without perfect restriction in motion. The runway beam are two side of girder end 
with identical size and same power mechanism are attached. The end locations of runway beam are attached with support 
plates to guide the perfect assembly of motor and pulley system. 

Table 7.1.2 Dimension details of Hoist assembly parts. 

Element Parameter Value 
 

Hoist beam 
Length 125 
Width 125 
Height 1200 

Thickness 10 
 

Carriage plate 
Length 595 
Width 425 

Thickness 30 
Roller Diameter 10 

 
Guide ways 

 

Length 1200 
Width 24.7 
Height 33 

 
Motor 

Length 200 
Width 100 
Height 100 

 

Table 7.1.3 Dimension details of Girder mechanism. 

Element Parameter Value 
 

Girder beam 
Length 2400 
Width 110 
Height 210 

Thickness 6 
 

End plate 
Width 250 
Height 250 

Thickness 12 
 

Belt 
Length 3400 
Width 85 

Thickness 5 
 

Pulley 
Outer diameter 100 
Inner diameter 40 

Length 100 
 

Pulley shaft 
Diameter 40 
Length 110 
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Fig 7.1.2 Runway Beam Assembly Parts 

 

Table 7.1.4 Dimension details of Runway beam assembly 

Element Parameter Value 
 

Runway beam 
 

Height 210 
Width 110 

Thickness 6 
Length 2400 

 
Plate A 

Length 400 
Width 150 

Thickness 4 
 

Plate B 
Length 210 
Width 110 

Thickness 4 
 

Plate C 
Length 210 
Width 95 

Thickness 4 
 Length 210 
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Plate D Width 75 
Thickness 4 

Pulley adjustment Length 65 
Width 15 

Pulley adjustment nuts Size  
 

Guide ways 
Length 1200 

Thickness 24.7 
Width 33 

 

 

Fig 7.1.3 Support Column Assembly Parts 

Table 7.1.5 Dimension details of Support column parts. 

Element Parameter Value 
 

Support column 
Length 1800 
Width 200 
Height 200 

Thickness 3,4,6 
 

Top end plate 
Length 350 
Width 350 

Thickness 8 
 

Plate E 
Length 200 
Width 210 

Thickness 4 
 

Plate F 
Length 400 
Width 200 

Thickness 4 
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8. BAG PALLETIZER SIMULATION  

8.1 Formation Specification  

In order to effective estimate of bag palletizer gantry into the formation , it  is essential to find the deflection and stress 
induced in BPG parts .Bag palletizer gantry is a frame structure and due to its working condition the analysis is an 
essential part of this thesis study. since, the bag palletizer gantry shows similar principle with Beam theory, and this 
theory was used to calculate the deflection and stress in the thesis study. 

Deflection and stress calculation for BPG parts: 

A) Main girder calculation are performed considering the influence of constant loading. 

Constant loading are main girder weight as well as weight of all components connected to the girder such as guide ways, 
carriage plate, bearing, lubrication unit, motor, belt, pulley etc. 

Loading evaluation  

Main girder weight  

PM= Pmanipulator +PCarriage+PDriveSys + Passemble comp 

Pmanipulator=1640N 

PCarriage =588N 

PDriveSys  =49N 

Passemble comp=650N 

PM =2927N 

Girder fix-end beam AB is loaded by a force P action at point D, Determine reaction at end point and deflection at D. 
Euler-Bernoullis beam theory of Beam fixed at both end has been used for analytical simulation of Girder beam. 
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Fig.8.1.1 FBD of Girder 

This is 2-degree of indeterminacy problem select MA and MB at the redundant  

RA=
� 

�
!

"#	

�
%

"&

�
 

RB=
�'

�
%

"#	

�
!

"&

�
 

Thus , δD = 
�'( (

)���

 

If  a = b =
�

�
 

Then bending moment , MA = MB =	
��

�
  

Force reaction ,RA = RB =	
�

�
	 

And deflection at center  δc = 
��(

*+��

  

Table 8.1.1 Parameter for Girder Calculation. 

              Sr.no                               
 Parameter 

 

1 PM (Main Girder Load) 
2928N 

2   (Length of Span)                                        2 400mm 

3 
      (moment of Inertia) 

10.235×106 mm4 
 



INTERNATIONAL JOURNAL OF RESEARCH IN AERONAUTICAL AND MECHANICAL ENGINEERING 

Vol.2 Issue.7, 

July 2014.  

Pgs: 114-170 

 

              Dhananjay Patel 140 

 

Maximum deflection of Girder at center loading, 

δmax = 
�+��,��--(

*+�,�-.---,*-.�).,*-0
 

δmax =0.1004mm 

B ) Calculation for Runway beam: 

Runway beam is supported by support column at two points so Euler-Bernoulli theory of simply supported beam with 
point load is used for analytical simulation of Runway  beam. The Runway beam is supported at point A,B. and load P is 
applied at point D. The length of beam is Land load is applied at point a from support A.  

 

Fig.8.1.2 FBD of Runway Beam 

Step 1: Ground reaction at support A and B 

RA=(1-
'

�
)P , RB=

�'

�
 

At x=L/2 , the deflection reaction the maximum as δmax = - 
��(

	���

 

 

Table 8.1.2 Parameter for Runway Beam Calculation. 

Sr. no Parameter Value 
1 RM (Main Runway Beam Load) 2032.5N 
2 L (Length of Span) 1600mm 
3 I (Moment of Inertia) 10.235×106 mm4 

The maximum deflection of Runway Beam at center : 

δmax =  
�-)�..,*1--(

	��,�-.---,*-.�).,*-0
 

δmax =  0.0826mm 
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8.2 Transferring the CAD model into the simulation environment  

In the modeling and simulation of the model, two software’s were used  in the thesis study, Catia V5 and Hypermesh-
Radioss.Catia was prefer to create the solid model of BPG machine. Geometries of the solid model were formed with the 
help of requirement from customer and available standard data of existing BPG model. Hypermes-Radioss ( version v11) 
was chosen  as a multifunctional simulation tool , in which Hypermesh used for mashing tool and Radioss  for  Post 
processing of simulation. During the transfer, all database of the model which includes the  geometry of the parts , 
relationship of parts in the assembly, appearance properties are conveyed to Hypermesh software,with the help of standard 
[ .step]  file format . 

A Bag palletizer gantry mechanism combination includes lots of connection points in the assembly and curved surfaces on 
the parts. This situation causes complexities and inaccuracies in the simulation and takes long time for simulation. To 
eliminate the possible inaccuracies due to the irregular shape of the model ,to decrease the simulation time and focus on 
main interaction area, only beam parts and connection plates were simulated in Hypermesh –Radioss. The motar, pulley, 
roller, lubrication unit, bearing was not included in the simulation . 

Moreover, before starting the simulation, some modifications were made on the main BPG model. All solid surfaces were 
converted in to its mid-surface. By this way, it was aimed to avoid possible bad mesh configuration on curved part. since, 
bad mesh configurations and the resultant errors on finite element can lead to undesirable simulation results. 

8.3 Material property: 

Material and Property module in hypermesh radios software is used to identify specification of different materials in the 
model. Materials can be characterized according to their behaviors such as mechanical thermal, acoustic etc. In this thesis 
study, materials were defined as elastic-perfectly plastic. In elastic perfectly plastic material, strain remain constant after 
yield stress (fig ) To introduce this specification to the program, density as a general property, elasticity and poissons ratio 
were committed input data . 
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Fig 8.3.1 Hypermesh material module steps 

In this simulation, two different type of material were used to identify the material properties .mild steel alloy 1086 and 
result compare with aluminium alloy. After selection of material the actual distribution of material to particular part is 
done with material icon.  

Table 8.3.1 Material Property 

Material Density Young’s 

Modulus 

Poisson’s Ratio Yield stress 

Mild Steel(1018) 7.87g/cm
3 

205GPa 0.3 370MPa 

Material 
module 

Material 
Create 

material 
Type  

Anisotropic Fluid Isotropic 

Card image     

MAT1 MAT4 

Material 
property  

Density 
Modulus of 

elasticty 
Poisson's 

ratio 
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Fig.8.3.2 Hypermesh property module steps 

8.4 Element type selection and creating mesh pattern: 

Mesh is one of the most important factor of the simulation since accuracy and efficiency of the simulation depend on 
mesh quality of model parts .  

Property Module 

Type 

1D,2D,3D 

Card Image 

PSHELL,PCOMP,PCOMPG 

Property Edit 

Thickness for 2D part 
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Fig 8.4.1.Hypermesh mesh module 

It was avoided to create direct mesh on the model. Some part of assembly were partitioned to make more sensitive 
analysis on the particular place. The stress induced in particular part at certain load condition gives failure location on the 
model. 

After defining nodes on all edges of the model, it is required to determine appropriate element type which connect the 
nodes and create two dimensional mesh networks. Through the element types, elements are the general two dimensional 
shell element of Hypermesh as shown in fig. The element can be used in a shape of quadrilateral and triangular. In the 
study, 4-node linear quad element was used due to its flexibility on 2D element with exact result. 

Mesh 
module 

Surface 
selection 

Element size Mesh type 

Quads Trias Mixed R-trias 
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Fig 8.4.2 Mesh model of Bag Palletizer Gantry 

 The quality index of hypermesh is an important part .Different quality parameters like skew, aspect ratio, jacobian 
are to measure of how far the given element deviates from ideal shape. Square means all angle 90 degree  and equal side, 
while equilateral triangle is all angles 60degree and equal side. To reduce solution time element are mapped to local co-
ordinate system instead of using a one co-ordinate system. Following table contain standard value for every quality 
cheack for quality result.  

 

Fig 8.4.3 Quality check condition for Bag Palletizer Gantry mesh model 
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8.5 Loading and boundary condition: 

In Hypermesh ,load and boundary condition can apply through tool window .Load can be created in the form of 
concentrated force. Besides, boundary conditions can be determined to assign the degree of freedom for each element in 
terms of symmetry and displacement. 

In the thesis research, three case are studied for deflection and stress investigation of the Bag palletizer gantry were 
carried out. The study focus on compressive loading condition on beam section. Boundary condition and mesh properties 
remain same in all the simulation. Only section thickness property changed in simulation environment. Load and 
boundary condition are given below. 

 

Fig.8.5.1 Model of Boundary condition. 
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Fig.8.5.2 Rigid element connectivity. 

In both the cases, the model legs are constrained and load 100kg is applied at manipulator end. The legs constrain 
condition all degree of freedom are locked. The connection of weld joint are attach with rigid element and nut and bolt are 
connected with spider arrangement of rigid element. But, the only change in section thickness is carried out in every case 
first case with 3mm thick mild steel and then with 4mm and 6mm thick section. The results for every cases are to be 
simulate in Radioss post processor. 

8.6 Case study  

This case study is about cold rolled mild steel C-member .This cold rolled mild steel beam generally failed due to 
buckling. Deflection of mild steel cold rolled beam in bending remains a unaddressed problem .Further, adequate 
experimental data in bending of beam is unavailable. Therefore, a series of  test on C-member in bending has been 
completed at the structural testing lab of Johns Hopkins University. In this case beam tested four point bending test .The 
experimental data is being used help to develop and validate an efficient and reliable design procedure for C- member in 
bending. 

  A structural finite element model analyzed by Hypermesh Radioss software. The analysis result was setup and verified 
with experimental result. The finite element model consider the geometric in perfection and material nonlinearity .The 
analysis is extended to border range of section demand, material property and boundary condition. 
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 8.6.1Testing Setup   

The basic testing setup is shown in figure .The span length of test sample is 16ft (5486mm).The test based on four point 
bending condition .It consist of pair of 18ft log C-section open facing opposite to each other. The inner face is separated 
with hot rolled  tube section, 10× 7.5×6×.025 inch. 

 

Fig.8.6.1 Elevation view of test setup 

 

Fig.8.6.2 Panel setup for test[4] 
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Fig.8.6.3 Loading point configuration[4 ] 

There is no panel placed in the constant moment region, remaining portion is attached to 0.019inch thick plate .This plate 
attached to the compression flanges in the shear spans only to restrict both the distortional and lateral  buckling in this 
region. But, leaving only distortional buckling free region. 

The loading system employed 20Kip (88964N) actuator. Which has a maximum 6 inch(152.4mm) stroke. The specimen 
deflection were measured at 1/3 point with position transducer. 

8.6.2 Finite Element Modeling  

The experimental results build a solid background for further finite element analysis that can help the buckling study to 
examine further cross section, different loading and support condition and other structural details used in today’s industry. 
However, in order to simulate the real flexural bending test and to capture the buckling mechanism of cold rolled steel 
member finite element  analysis is necessary. 

8.6.3 Modeling Details  And  Boundary Conditions 

The finite element modeling is shown in figure .The section selected for validation is D8C097-7E6W , Because, design 
specification of Bag Palletizer Gantry girder and runway beam is coincide with this sample .The selected  cold  rolled 
mild steel C – section having dimension which we simulate with software is  given below. 
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Fig.8.6.4 C-Section for test sample parameter. 

 

Table 8.6.1 Design Parameter of test sample 

Model dimension =D8C097-7E6W 

h=206.5mm,bc=54.61mm,dc=16.51mm,bt=54.1mm,dt=15.74mm,t=2.54mm 

E =203255N/mm
2
 , 

Density =7.87 g/cc
2
 

Load = 2200N to 44400N 

Yield strength=370Mpa 

Poisson's ratio = 0.29 

 

The beam arrangement is same as test setup. The beam is simply supported at the bottom flanges under two end tube. The 
tube is connected by bolt in real setup but that bolt are represented by 1D rigid element. These rigid elements are used to 
make rigid connection between tube and C- section attachment. Means to make displacement,  rotation and all degree of 
freedom equal at two nodes. The same method is used for panel to upper section of C-member connection. The support 
point shows multi point constraints (MPC). 
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Fig.8.6.5 Finite element model. 

 

Fig.8.6.6 FEA model parts internal view.  
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Fig 8.6.7 Mesh model of test sample   

The analysis is carried out in Hypermesh  Radioss with above material property and boundary condition. This analysis 
results are compare with test result to give validation of tested sample for given load condition. The test result and results 
obtain from Hypermesh Radioss analysis are discuss in next chapter. 
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9. RESULT AND DISCUSSION 

Static analysis is the most common analysis method which is used in engineering.As the loads are assumed to be applied 
instantly,the effects due to the time variation are neglected. 

9.1 Case 1  Stress and deflection investigation for  3mm thick C-Section: 

This case is carried out in structural member of BPG.In this case load of  100kg is applied on manipulator end and result 
obtain from analytical calculation and numerical via software is comparatively studied. The variation  on both the result is 
around 6% in girder deflection and 1.5% in girder stress value. This result contain stress and deflection value at various 
position on girder and  runway beam. 

Table 9.1.1. Problem size and job time summery 

 Problem size  

Number of Element Number of Node Number of Component 

146438 151382 120 

   

Job Time Summery(Min) 

Load and Boundary condition Material, Property  and 

component 

Stress and deflection analysis 

13 16 26 

 

9.1.1 Deflection on Girder : 

 

Fig.9.1.1 HM Result of deflection BPG 
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Fig.9.1.2 Graphical result of deflection of Girder beam 

Table 9.1.2 Max. Deflection at center of girder 

 Analytical Numerical % Deviation 

Max. Deflection 0.1mm 0.106mm 6% 

 

9.1.2 Stress Vs strain for Girder: 

 

Fig.9.1.5 HM Result of stress in BPG. 
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Fig.9.1.6 Graphical representation of stress vs strain of Girder Beam. 

 

Table.9.1.4 Max. Stress at center of Girder Beam. 

 Analytical Numerical % Deviation 

Max.Stress 9.8mm 9.95mm 1.5% 

 

9.1.3 Deflection of Runway Beam: 

 

 

Fig.9.1.3 HM Result of deflection of Runway Beam 
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Fig.9.1.4 Graphical representation of deflection of Runway Beam. 

Table .9.1.3 Max. Deflection of center of Runway Beam 

 Analytical Numerical % Deviation 

Max.Deflection 0.083N/mm
2
 0.087N/mm

2
 4.8% 

 

9.1.4 Stress Vs Strain of Runway Beam: 

 

Fig.9.1.7 HM Result of Stress of Runway Beam. 
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Fig.9.1.8 Graphical representation of stress Vs strain of Runway beam. 

Table.9.1.5  Max. Stress at center of  Runway beam. 

 Analytical Numerical % Deviation 

Max.Stress 8.2N/mm
2
 8.5N/mm

2
 3.6% 

 

9.2 Case 2 :  Stress and deflection investigation for 4mm thick C-Section: 

The load and boundary condition are same as Case 1. But the only change is thickness of Girder and Runway member by 
4mm. The difference on analytical and numerical calculation is discuss in following graph. 

Table9.2.1. Problem size and job time summery 

 Problem size  

Number of Element Number of Node Number of Component 

146438 151382 120 

   

Job Time Summery(Min) 

Load and Boundary condition Material, Property  and 

component 

Stress and deflection analysis 

13 5 29 
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9.2.1 Deflection of Girder Beam: 

 

Fig.9.2.1 HM Result of Deflction 

 

Fig.9.2.2 Graphical representation of Girder beam. 

 

Table 9.2.2  Max. Deflection at center of Girder beam. 

 Analytical Numerical % Deviation 

Max.Deflection 0.067mm 0.071mm 6% 
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9.2.2 Stress vs strain of Girder Beam: 

 

Fig.9.2.5 HM Result of stress 

 

 

Fig.9.2.6 Graphical representation of stress vs strain of Girder. 

Table 9.2.4 Max.  Stress at center of Girder Beam. 

 Analytical Numerical % Deviation 

Max.Stress 6.52N/mm
2
 6.74N/mm

2
 3.3% 
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9.2.3 Deflection of Runway Beam: 

 

 

Fig 9.2.3 HM Result of Deflection of Runway beam. 

 
 Fig.9.2.4 Graphical representation of deflection of Runway beam 

Table 9.2.3 Max.Deflection at center of Runway beam. 

 Analytical Numerical % Deviation 

Max.Deflection 0.055mm 0.059mm 7.2% 
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9.2.4 Stress vs strain of Runway Beam: 

 

Fig.9.2.7  HM Result stress of Runway Beam. 

 

Fig 9.2.8 Graphical representation of stress Vs strain of Runway Beam. 

Table.9.2.5 Max.Stress at center of Runway Beam. 

 Analytical Numerical % Deviation 

Max.Stress 5.46N/mm
2
 5.62N/mm

2
 2.9% 
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Case 3 Stress and Deflection study of 6mm thick C-section BPG: 

Table.9.3.1 Problem size and job time summery. 

 Problem size  

Number of Element Number of Node Number of Component 

146438 151382 120 

   

Job Time Summery(Min) 

Load and Boundary condition Material, Property  and 

component 

Stress and deflection analysis 

13 30 32 

 

9.3.1 Deflection of Girder Beam 

 

Fig.9.3.1 Graphical representation of Deflection of Girder beam. 

Table 9.3.2 Max. Deflection of Girder Beam at center. 

 Analytical Numerical % Deviation 

Max.Deflection 0.049mm 0.054mm 10.2% 
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9.3.2 Stress vs Strain of Girder Beam 

 

Fig.9.3.3 Graphical representation of stress vs strain of Girder 

Table 9.3.4 Max.  Stress at center of Girder Beam. 

 Analytical Numerical % Deviation 

Max.Stress 4.51N/mm
2
 4.4N/mm

2
 2.5% 

 

9.3.3 Deflection of Runway Beam: 

 

Fig.9.3.2 Graphical representation of Deflection of Runway Beam. 
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Table 9.3.3 Max.Deflection of  Runway Beam. 

 Analytical Numerical % Deviation 

Max.Deflection 0.0404mm 0.0391mm 3.3% 

 

9.3.4 Stress Vs Strain of Runway Beam 

 

Fig 9.3.4 Graphical representation of stress vs strain of Runway 

Table 9.3.5 Max.  Stress at center of Runway Beam. 

 Analytical Numerical % Deviation 

Max.Stress 2.8N/mm
2
 3.27N/mm

2
 16% 
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9.4 Test Result 

 

Fig.9.4.1 Test  sample displacement at 8880N load 

 

 

Fig 8.6.7 Result graph of test sample D8C097-7E6W[ ]. 
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9.4 Weight ratio compression: 

Weight ratio of are compared with Standard gantry model with all three cases of model design. The weight difference in 
case 1 Girder and runway with standard part is 86%,85% and 91% respectively, for case2 and case 3 the difference is 
81%,80%,88% and 72%,71%,83% respectively . This study shows that weight and proportionately cost of this parts are 
also much lower than standard BPG FP model. 

 

Fig.9.4.1 Weight compression of all BPG models. 

10. CONCLUSION: 

In this study, Stress and deflection value on the component of Bag Palletizer gantry are computed both by analytical and 
numerical by FEM method. The analysis of Bag palletizer gantry is done for three cases of varying thickness of C-section. 
In first case of 3mm thick member the  maximum deviation in von mises stress for  Girder and Runwaybeam are not 
exceed than 9.95N/mm2and 8.5N/mm2 and deviation in deflection are not more  than 0.106mm,0.083 respectively. 
Similarly in second case the maximum devotion of stress and deflection vale for Girder and Runway Beam are 
6.74N/mm2 , 5.62N/mm2 and0.071mm,0.059mm respectively . Third case shows In all these cases the deflection and 
stress value effect on section strength. All these three cases compared by weight ratio to standard model are 87 % to 75%. 

The finite element model of the testing has been setup and verified by experimental data. The deviation of result is around 
4.5%. The FE analysis has been carried out to the cold rolled mild steel beam which has same dimension as BPG required 
design sample of C-Section. The result obtain from analysis and verification are help for selecting of C-Section 
dimension. 

0

500

1000

1500

2000

2500

Standard

model(FP4)

BPG 6mm BPG 4mm BPG 3mm

W
e

ig
h

t 
(N

) 

Model 

Weight Difference 

Girder

Runway beam

support column



INTERNATIONAL JOURNAL OF RESEARCH IN AERONAUTICAL AND MECHANICAL ENGINEERING 

Vol.2 Issue.7, 

July 2014.  

Pgs: 114-170 

 

              Dhananjay Patel 167 

 

As the computed stress value are smaller than the allowable stress of the material of  Bag Palletizer Gantry component, it 
is observed that the Bag Palletizer Gantry crane is safe according to FEM norms. This is proves that FEM analysis method 
is insufficient in some areas. The result obtained from FEM analysis shows that the element type and boundary condition 
are selected correctly. Considering the data obtain from analysis, the material west can be prevented in newly designed 
Bag Palletizer Gantry. The Structure is now more reliable and light weight. This is important in means of low cost 
production and low concept design duration is possible due to use of Statistical Design Institute Triptych tool. This tool 
decrees half of BPG development time. 
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APPENDIX 

This section shows design of power drive system use in bag palletizer gantry and its effect on section design. 

Power Drive Design:   

An early model of bag palletizer gantry uses rack and pinion mechanism for drive system. This mechanism is basically  
having many disadvantage like heavy weight ,not suitable  for powder and food industry and maintenance due to wear and 
tear is much expensive .also rack and pinion maintenance is time consuming and it will stop all process till maintenance 
completed. To overcome this disadvantage of rack and pinion by replacing with Belt and pulley drive mechanism. Which 
has many advantages like light in weight, High Torque Drive (HTD) belt available in market which has high torque caring 
capacity and this mechanism is easy work freely in any environmental condition. The main difference is about cost of Belt 
and Pulley drive is less than that of Rack and Pinion drive mechanism. The design and selection of Belt and Pulley is 
carried out in PowerGrip belt manual. 

Design of belt requirement: 

Load to carry -2928N 

Speed -4m/sec. 

Diameter of Pulley -100mm[8] 

Length of  belt-3714mm 

 L=2C+1.57(2×D) 

Where, L= Length of belt 

              D=Diameter of pulley 

              C=Center distance 

Belt design for above requirement: 85HTD8M-3714-ML  [8] 

Expected shape of girder for particular Belt and Pulley assembly with hoist assembly arrangement consideration. Few 
mild steel sections with hoist assembly condition are shown bellow. 
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Table 11.1.1 Concept section 

Section with Carriage plate and pulley arrangement 

Square section   C’ Section I’ Section 

  
 

Belt arrangement is not 

Possible easily. 

 

Belt arrangement is Possible 

easily. 

 

Belt arrangement is Possible 

easily .But not good for guide 

ways and carriage plate 

assembly 

 

 

From above table it is finalized that C-section is preferred for girder profile and hoist assembly point of view. Now, 
design of C-section dimension for girder profile with consideration of hoist assembly joints, belt and pulley size. 

Case 1: 

a=200 to 220 mm because, Hoist assembly roller gap is 210 so that gap must be remain constant. 

b=100 to 120 mm because, Pulley diameter is 100mm as given. 

c=32 to 35 mm because, Guide ways having standard size. 

t=3,4,6mm (assume) 
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Fig.11.1.1 C-Section Parameter 

This above section parameter is design on the basis of power system requirement. But this selected section must be 
analyzed for actual loading condition. The analysis result get validate by analytical result and if those result are having 
less than 15% deviation[4] then the designed section and whole Bag Palletizer Gantry is valid for manufacturing. 

 


