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Abstract: 

A Bucket Elevator is a material handling equipment. It can elevate variety of bulk materials from light to heavy and from fine to 

large lumps. It consists of endless chain drive & on which metallic buckets are fixed. Bucket elevators always faces problem 

during buildup loads. In order to overcome this problem high capacity bucket is to be designed which will carry higher loads. This 

can achieve by using different materials. As new materials are developed and quality materials become more readily available, then 

changes in design have been made to adapt to these materials. Different iterations will be carried out to serve the best material. 

Also, bucket elevators often experience certain vibration while carrying a material. So the modal analysis will be done to find its 
natural frequency. For this a 3D model of bucket of elevator will be modeled in CATIAV5, meshing will be carried out in 

HYPERMESH, and ANSYS will be used for post processing. Based on results material optimization will be carried out and 

through re-iteration best material will be suggested. Results obtained from numerical method will be validated with the 

experimental results 

 

Keywords: Bucket Elevator, material handling equipment, modal analysis of bucket, material optimization of bucket. 

 

I. INTRODUCTION 

 

Bucket Elevators are powered equipment for conveying bulk 

materials in a vertical or steep inclined path, consisting of an 

endless belt, or chain to which metallic buckets are fixed. With 
the flexible belt/chain, the buckets move unidirectional within 

a casing and collect bulk materials at bottom end of the 

equipment and deliver it at the top end. 

 

It consists of 

 Buckets to contain the material; 

  A belt to carry the buckets and transmit the pull;  

 Means to drive the belt;  

 Accessories for loading the buckets or picking up the 
material, for receiving the discharged material, for 

maintaining the belt tension and for enclosing and 

protecting the elevator as shown in fig below. 

 

 
Figure 01 Construction of Elevator Bucket 

 

 
Figure 02 Bucket Elevator 

 

Problem Identification 

Bucket elevators always faces problem during buildup loads. 

Conventional materials are not enough to cater this problem so 
it’s necessary to find a new material that will match with 

strength requirement of bucket of elevators. Vibration is 

always a problem in any structure. So, knowing the response of 

structure is an important phenomenon to find out. This 

response is important to find out whether the structure will 

cause resonance under the influence of any external force. 

 

 

II. LITERATURE REVIEW 

Snehal Patel, SumantPatel,Jigar Patel,  “A Review on Design 

and Analysis of Bucket Elevator”, International Journal of 
Engineering Research and Applications 

This paper deals with the design and analysis of different parts 

of elevator for conveying different types of materials. The 

modeling of bucket elevator done using solid modeling 

software and analyzed using conventional finite element 

software (Ansys) and stresses and deflections are obtained. 

This study also shows that the negative influences of support 

of the shaft reflected through the increase in the stress 

concentration and occurrence of the initial crack are the main 
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causes of the shaft fracture which is occurred at the keyway of 

the shaft and zone of contact between shaft and gearbox. 

 

N. Yashaswini, Raju. B  and A. Purushottham, “design and 

optimization of bucket elevator through finite element 

analysis”, International Journal of Mechanical Engineering  
Authors have designed a bucket elevator and analyzed it for 

conveying granular materials to the height of 15m at the rate of 

10 tones/hour output. This paper gives basic design 

calculations for the development of the bucket elevator, in 3D 

environment of NX software. Static and vibration analysis 

carried out on the bucket elevator in order to need the required 

output from 10 tonnes/hr-20 tonnes/hr. This paper also gives 

the dynamic behavior of the bucket and gear shaft assembly. 

The results obtained from the analysis study critically examine 

the modification of design parameters. 

 

Snehal Patel, Sumant Patel, Jigar Patel, “Productivity 
Improvement of Bucket Elevator by Modified Design”, 

International Journal of Emerging Technology and Advanced. 

This work deals with the design and analysis of elevator for 

conveying granular materials at 2 tonnes/hr output and lifting 

height 12m. Modeling of different components of bucket 

elevator has been done using 3d Solid Modeling software 

based upon the dimensions obtained from analytical design. 

The new modified design of the bucket elevator is proposed 

and validated using CAE tools which are well within the safe 

limit. Bucket elevator mainly fails due to breaking occurs at 

the inner edge of the pulley, it consider as fretting corrosion. 
So new material EN24 has been suggested for the shaft. From 

the analysis, it can be seen that for modified design has higher 

FOS than existing design. 

 

HemlataH.Mulik, BhaskarD.Gaikwad, “Design of Sugar 

Bucket Elevator and Roller Conveyor Chain for 20 Tonnes per 

Hour Capacity”, International Journal of Engineering Trends 

and Technology. 

In this paper the different components of roller conveyor 

chains are designed for sugar bucket elevator used in sugar 

industries for 20 tonnes per hour capacity and the loading 

conditions are described. the advantages of chain drive as 
compared with other drives are discussed. The chain wear 

mechanisms found in literature are listed. Abrasive and 

adhesive wear between pin, bushing, and roller are also 

discussed. 

 

F.J. C. Rademacher, “Non-Spill Discharge Characteristics of 

Bucket Elevators”, Elsevier Sequoia S.A., Lausanne. 

One of the well-known disadvantages of a simple type bucket 

elevator is still the backflow or spill. The accordingly lower 

capacity and increased power consumption are not always the 

worst consequences, provided that the boot does not become 
too full. With the considerable heights of modem bucket 

elevators, up to 225 ft and over, serious damaging of the 

conveyed material, an intensified noise level and increased 

wear can be far more inconvenient. The discharge of the 

buckets has been recognized as an extremely complicated 

phenomenon which strictly speaking cannot be analyzed 

theoretically. This holds even more for free-flowing materials. 

Nevertheless, an analytical approximation has been worked out 

for the relatively simple case of cylindrical buckets filled with 

cohesive bulk material, to start with. With the developed 

approximate theory a spill-free combination of the relevant 
parameters has been found. 

 

J.L.P_erez-Aparicio, R.Bravo, J.J. Gomez-Hernandez, 

“Optimal numerical design of bucket elevators using 

discontinuous deformation analysis”, Department of 

Continuum.Mechanics and Theory of Structures, 

UniversitatPolit_ecnica de Val_encia, Valencia, Spain. 

In this paper, a study of discharge of elevator bucket is done. 
Bucket elevators are efficient machines to transport granular 

materials in industrial and civil engineering applications. These 

materials are composed of hundreds, thousands or even more 

particles, the global Behaviour of which is defined by contact 

interactions. The first attempts to analyze the transportation of 

granular materials were treated. Given the internal 

discontinuity nature of granular media, it is reasonable to use 

numerical methods to model their behavior, such as 

Discontinuous Deformation Analysis (DDA)|a member of the 

Discrete Element Method family that started to be used in the 

90's to analyze similar problems. 

 
III. DESIGN AND ANALYSIS 

 

The following factors are considered during design: 

Bucket Elevator are used for elevate the different material like 

as Lime and cement industry, Powders, sugar factory, shot 

blasting (steel shot ,Copper shot zinc shot,Aluminium shot etc) 

Fertilizers, Floor mill, Minerals, Suitable for transporting hot 

material (upto 1000°C). An Elevator is ideally used where the 

product needs to be elevated and consume only a small amount 

of ground area. 

 
Assumptions 

Material for lifting:  shot blasting for lifting the different type 

of steel shot, aluminum shot, and zinc shot here I have 

considered to lifting the steel shot. 

 

Average bulk density: 230-260 lb/ft3 = 4004.6 kg/m3 

 

Application: foundries, steel shot is used for blast cleaning - 

removing of contaminant (oxide layer and sand), steel mills, 

forging shops, rolling mills, polishing, shot peening. 

 

CALCULATION 
Selection of Elevator 

The selection of the type of elevator is governed by the 

characteristics of the material handled, whether lumpy or fine, 

abrasive or non-abrasive and whether material will stand 

centrifugal discharge or it needs to be handled more slowly to 

avoid breakage. 

 

1. Centrifugal Discharge Elevators 

This is the most commonly used type with buckets type, 

mounted on belt or chain, spaced at intervals to avoid 

interference in loading and discharge. This is mostly 
vertical and handles practically and free flowing fine or 

small lump material such as grain, coal, sand, clay, sugar or 

dry chemicals.  

 

2. Continuous Discharge Elevators  

This is the elevator, often used for handling larger lumps 

and material that may be difficult to handle by centrifugal 

discharge elevators. Buckets are so shaped and mounted on 

chain or belt that, as they pass over the head wheel, the 

flanged end of the preceding bucket acts as a chute to lower 

material to the elevated discharge spout. The slow speed 
and gentle method of loading and discharging minimize 

breakage of fragile materials and also makes this a 

satisfactory type for pulverized or fluffy materials, such as 
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lime, cement, or certain dry chemicals. Continuous buckets 

are not recommended to be filled in by digging and must be 

filled in by a loading leg. This type of elevator can be 

operated vertically or inclined; when inclined, special 

guides are furnished for carrying rim and wider casing 

provided to allow for sag in return run. 
3. Positive Discharge Elevators  

This is similar to centrifugal discharge elevator except that 

spaced buckets are end-mounted between two strands of 

chain and are snubbed back under the head sprockets to 

invert buckets and gain complete discharge. Bucket speed 

is slower and this type is specially suited to handle light, 

aerated, dusty, and sticky materials that will not discharge 

without difficulty in centrifugal discharge elevator. The 

slight impact of chains skating on snubbed sprockets also 

helps to free materials, such as wet coal with tendency to 

stick to buckets. 

Type of elevator is selected from below table 
Selection of the type of bucket shall be done on the basis of 

type of elevator that is centrifugal or continuous type according 

to recommendations given below 

 
Figure 03 Dimensions for type B3 bucket 

 

Depending on our application Continuous discharge type of 

elevator is used. 

Table 01 Selection of elevator  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

The buckets shall be designated by-the following 

a) Commonly used name 

b) Type of bucket 

c) Form of the bucket (for Type A2 buckets only) 

d) Length and projection 

e) Thickness ( in mm for fabricated buckets only ) 
f) Method of fixing, and 

g) Number of this standard. 

Bucket of Type B3 of length 310 mm, projection 200 mm and 

of 2.6 mm thick and having fixing arrangement according to IS 

: 6930* shall be designated as: 

Bucket B3, 310 x 200 x 2.6 C IS: 6833 

 

IV. CAD MODEL 

Computer-aided design (CAD), also known as computer aided 

design and drafting (CADD), is the use of computer 

technology for the process of design and design 

documentation. Computer Aided Drafting describes the 
process of drafting with a computer. CADD software, or 

environments, provides the user with input-tools for the 

purpose of streamlining design processes; drafting, 

documentation, and manufacturing processes.CAD is mainly 

used for detailed engineering of 3D models and/or 2D 

drawings of physical components, but it is also used 

throughout the engineering process from conceptual design and 

layout of products, through strength and dynamic analysis of 

assemblies to definition of manufacturing methods of 

components. It can also be used to design objects. 

 
Figure 04Bucket elevator CATIAV5 

 

V. DISCRITIZATION OF THE STRUCTURE 

The second step of FEM is to consider discretization of 

structure into sub-divisions called finite elements. These 
elements are considered to be interconnected at nodes. The 

size, type, number and arrangement of such finite elements are 

decided based on factors such as discontinuity or abrupt 

change in structure, type of loading, degree of accuracy 

required, etc. these parameters are carefully selected so the 

original domain is stimulated as closely as possible without 

increasing the computational effort needed for solution. 

 

Defining Element Type and Material Property 

For any component before doing the meshing, first select the 

element type. Meshing is done using the HYPERMESH 
software. Element types selection depends on three 

possibilities. - Geometry size & shape of element, types of 

analysis and time allotted to project. There are three types of 

element1D, 2D&3D. The model consists of infinite number of 

points hence it should be discredited to some finite number of 

divisions on which analysis is to be carried out. So we mesh 

this model to divide it into finite number of divisions called as 

nodes and elements. We prefer 2d or shell mesh as the third 

dimension (thickness) of the component is very small as 

Type of 
Elevator 

Type of 
bucket 

Recommended application 

Centrifug

al and 

positive 
discharge 

A1 For powdered and free 

flowing material 

A2 For cement, coal, sand, 
gravel, stone, pulp, ores 

chemicals, fertilizers and 

similar other materials 

A3 For wet, strongly materials 
likely to stick in buckets. 

Also used for handling stones 

and ores and other coarsely 

broken material on inclined 

elevators 

A4 Used for sugar, clay, salt, 
pulverized wet ores which 

tend to pack in the buckets 

Continuo
us 

discharge 

B1 Used for pulverized and 
sluggish material that stick or 

pack in buckets and on 

inclined elevators 

B2 Used for average materials 

for vertical elevators 

B3 Used when extra capacity and 
large lumps are to be handled 

B4 Used on inclined bucket 
elevators not over 70°C 

inclination with horizontal 
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compared to other two dimensions (length and width). Mesh 

size is selected by convergence criteria. After meshing the 

model appears as shown in fig. The meshed model is then 

checked for quality of mesh. 

 

Defining Mesh Size and Quality Checking 
           Any continuous object has infinite degrees of freedom 

and it’s just not possible to solve the problem in this format. 

Finite element method reduces degrees of freedom from 

infinite to finite with the help of discretization that is Meshing 

(Nodes and Element).Mesh generation refers to representation 

of solution domain as an assemblage of small domain whose 

geometrical properties are known. Mesh size is the element 

edge length which is required to define earlier to meshing. 

Large element edge length give coarse mesh, while small 

element edge length gives fine mesh. Fine element edge length 

gives accurate results but takes more computation time. 

To recognize the effect of element size on the results of 
solution, mesh size sensitivity analyses are carried out. These 

analyses are performed iteratively at different element lengths 

until the solution obtained appropriate accurate. This is also 

called grid independent stage. Grid independent stage is the 

mesh element size at which the solution of load steps is 

independent of mesh size, below this size if mesh size is 

reduced then the solution does not change with changing mesh 

size. This stage is achieved by solving the problem at various 

element sizes for the same load steps and the resulted von 

misses stresses are observed for various mesh sizes. This is 

repeated cyclically by refining the element edge size and 
solving the solution and getting von mises stresses, again 

refine the mesh and so on. Finally the stage at which the von 

mises stresses remains unchanged with varying mesh size is 

achieved. This element edge length size is called grid 

independent size and this stage is called grid independent 

stage. 

With the help of HYPERMESH software, the wishbone 

suspension system can be meshed manually and even by single 

throw using volume mesh. Meshing is done on the wishbone 

suspension system using different element types. 

 

 
 

Figure 05 2D meshing on bucket elevator 

 
Mesh Details 

Number of nodes: 8359 

Number of elements: 8338 

Element size = 2 mm 

 

Meshing of elevator bucket 

The meshing of bucket is done using solid elements. Hex 

elements are used to mesh the beam and the meshing quality 

and connectivity are maintained as per meshing standards. 

 

Table 02 Material properties of M.S are applied as shown in 

the below 

Property Value 

Young’s Modulus, E 2.1x105 MPa 

Poisson’s Ratio ,ν 0.3 

Density, ρ 7850 kg/m3 

Yield Stress, σyield 290 MPa 

Ultimate Tensile Stress, 
σuts 

390 MPa 

 

APPLICATION OF BOUNDARY CONDITIONS 

           The hinge support is given by constraining degrees of 

freedom as shown in the above figure 

The Model is created by applying material and properties 

 

 
Figure 06 Constraint at the bolting position 

 

Boundary Condition:  

            Volume of bucket is found in the software itself, which 

is 0.012m3.  

We know, mass = Density of material X Volume of bucket 
                          = 4004.6 kg/m3X 0.012 m3 

                          = 48.05 Kg = 471.4 N 

Weight of bucket = 5.8Kg 

                             = 56.89 N 

  Total = 528.3 N 

 
 

Figure 07 Calculated Force applied on bucket 
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VI. STATIC ANALYSIS RESULTS 

Von-mises Stress 

 
Figure 08 Von-mises stress for bucket 

Stress value of bucket elevator is 164.745 N/mm2 which is well 

below the critical value. Hence, design is safe 

 

Deformation 

 
Figure 09 Displacement result of bucket elevator 

From fig, deformation of bucket elevator is 1.18 mm 

 

MODAL ANALYSIS 

Modal analysis is the study of the dynamic properties of 

structures under vibrational excitation. Modal analysis uses the 

overall mass and stiffness of a structure to find the various 

periods at which it will naturally resonate. These periods of 

vibration are very important to note in vibration of any 

machine, as it is imperative that a components or nearby 

system’s natural frequency does not match thefrequency of 

machine. If a structure's natural frequency matches 
acomponent's frequency, the structure may continue 

to resonate and experience structural damage. 

 

The goal of modal analysis in structural mechanics is to 

determine the natural mode shapes and frequencies of an object 

or structure during free vibration. It is common to use the finite 

element method (FEM) to perform this analysis because, like 

other calculations using the FEM, the object being analyzed 

can have arbitrary shape and the results of the calculations are 

acceptable 

 

Detailed modal analysis determines the fundamental vibration 
mode shapes and corresponding frequencies. This can be 

relatively simple for basic components of a simple system, and 

extremely complicated when qualifying a complex mechanical 

device or a complicated structure exposed to periodic wind 

loading. These systems require accurate determination of 

natural frequencies and mode shapes using techniques such as 

Finite Element Analysis. 

 

VIBRATIONAL ANALYSIS 

Vibrations are mechanical oscillations of physical 

objects such as a plate, particle, or body that is displaced from 
a position of equilibrium. The vibrations occur as the physical 

objects trade kinetic energy for potential energy. In structures, 

potential energy is elastic potential energy, or in other words, 

strain energy. 

 

With no energy losses, a body that is given an initial 

amount of energy will retain that energy indefinitely. However, 

it can store the retained energy in multiple forms, such as strain 

energy and kinetic energy. The body will trade between energy 

types if the exchange satisfies the principle of least action, 

which says that the path an object takes between two fixed 

states will minimize the total energy of the system for a set of 
given equilibrium equations. That is to say that a structure will 

trade strain energy and kinetic energy only if it can do so in a 

way that does not increase the total energy of the system. This 

solution for the principle of least action is satisfied when the 

characteristic equation is solved. The characteristic equation is 

solved by the system’s Eigen-values, which directly relate to 

physical properties such as frequency. The solutions to the 

system’s characteristic equation are referred to as the system’s 

modes, and they correlate directly to a particular frequency and 

shape function. Those particular frequencies are often called 

the modal frequencies or natural frequencies. Likewise, the 
shape function at the solution is often called the mode shape. 

Since these solutions do not require a forcing function, they are 

considered free or natural vibration. 

 

The mode shape is the deflection pattern that 

corresponds to a particular vibration solution. Mode shape is 

the displacement that the physical object experiences as a 

function of initial structural position. Mode shape is the 

general solution to the governing equations when they are 

written in terms of displacement. It minimizes total energy 

while still satisfying the boundary and initial conditions. The 

mode shape depends on the boundary conditions of the 
structure, and it relates to the structure’s eigenvalues because 

the boundary conditions are used to find the eigenvalues. The 

base shape solution can be scaled in order to meet the initial 

conditions. Essentially, the plate deflects proportionally to an 

applied force in order to store the energy that is equivalent to 

the applied force. 

 

Modes of plates can present themselves in a couple 

different displacement functions including bending and torsion. 

Modes are numbered in order from lowest to highest frequency 

and labeled by their displacement pattern. For example, if a 
bending mode occurred at the lowest natural frequency, then it 

would be referred to as the first bending mode. 

 

Frequency is the number of oscillations per time 

period. It directly relates to the system’s eigenvalues, and this 

relationship is further developed in Chapter III, section A. The 

vibrational response is characterized by a certain amount of 

gain for each frequency. The frequency response function 

(FRF) maps the relationship between a particular frequency 

and its forced response amplitude. They are useful for 

pinpointing modal frequencies as well as for determining the 
system’s behavior at other frequencies. 

 

 

https://en.wikipedia.org/wiki/Vibration
https://en.wikipedia.org/wiki/Earthquake_engineering
https://en.wikipedia.org/wiki/Frequency
https://en.wikipedia.org/wiki/Resonate
https://en.wikipedia.org/wiki/Modal_analysis
https://en.wikipedia.org/wiki/Vibration
https://en.wikipedia.org/wiki/Finite_element_method
https://en.wikipedia.org/wiki/Finite_element_method
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RESULTS OF MODAL ANALYSIS 

 

Mode 1 

 
Figure 10 1stMode frequency of bucket 

The frequency of 1st mode is 37.67 Hz 

Mode 2 

 
Figure 11 2ndMode frequency of bucket 

The frequency of 2nd mode is 42.52 Hz. 

Mode 3 

 
Figure 12 3rdMode frequency of bucket 

The frequency of 3rd mode is 81.44 Hz 

Mode 4 

 
Figure 13 4th Mode frequency of bucket 

The frequency of 4th mode is 95.71 Hz. 
 

 

 

Mode 5 

 
Figure 14 5thMode frequency of bucket 

The frequency of 5th mode is 184.52 Hz 

Mode 6 

 
Figure 15 6thMode frequency of bucket 

The frequency of 6th mode is 237.05 Hz. 

 

TABLE 03 RESULTS FOR MILD STEEL 

Displacement 0.000297   

Von mises 
stress 

1.18 164.75 

 
Frequency Displacement 

Mode 01 37.67 0.000922 
Mode 02 42.52 0.001876 

Mode 03 81.44 0.001991 
Mode 04 95.71 0.000925 
Mode 05 184.52 0.004175 

Mode 06 237.05 0.003976 
 

VII. ITERATIONS WITH ALTERNATE 

MATERIALS 

This section, iteration with alternate materials of the 
dissertation includes finite element based weight optimization 

of bucket elevator using alternate materials. The chapter 

discuss about the selection of various alternate materials with 

different properties. It includes structural analysis of assembly 

with alternate materials.  

 

ALTERNATE MATERIALS 

Mass or weight reduction is becoming an important issue in 

automotive industry. Weight reduction will give substantial 

impact to fuel economy, efforts to reduce emissions and 

therefore, save environment. Every potential vehicle light 

weighting component is under investigation. Different chassis 
materials can reduce the weight of the vehicle, improving the 

vehicle power to weight ratio. Material substitution replacing 

heavier steel with weight-saving advanced composites, 

aluminium, titanium etc. is essential for boosting vehicle fuel 

economy. 

 

ALUMINIUM ALLOY 6063 

           Aluminium is a nonferrous material with very high 

corrosion resistance and very light material compared to steels. 

Aluminium cannot match the strength of steel but its strength-
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to-weight ratio can make it competitive with steel. The density 

of aluminium is in the region of 35% of that of steel. 

Aluminium can also be alloyed and heat treated to improve it 

mechanical properties, which then makes it much more 

competitive with steels. Pure aluminium is also a possible 

material and is reasonably affordable and very light but it is the 
weakest and requires extra reinforcement to produce rigid 

chassis. Aluminium is very hard to work with as it requires 

very skilled welding and is an overall softer metal.  

Aluminium alloy 6063 is one of the most extensively used of 

the 6000 series aluminum alloys.Aluminum Alloy 6063 is the 

least expensive and most versatile of the heat treatable 

aluminium alloys. It has most of the good qualities of 

aluminium. The typical Composition of aluminium alloy 6063 

is listed below, 

 

Table 04 Typical composition of Aluminum Alloy 6063 

Chemical Element % Present 

Manganese (Mn) 0.0 - 0.10 

Iron (Fe) 0.0 - 0.35 

Magnesium (Mg) 0.45 - 0.90 

Silicon (Si) 0.20 - 0.60 

Zinc (Zn) 0.0 - 0.10 

Titanium (Ti) 0.0 - 0.10 

Chromium (Cr) 0.0 - 0.10 

Copper (Cu) 0.0 - 0.10 

Aluminum (Al) Balance 

The typical properties of aluminium alloy 6063 include 

medium to high strength, good toughness, good surface 

finishing, excellent corrosion resistance to atmospheric 
conditions, good workability and widely available. It can be 

fabricated by most of the commonly used techniques. In the 

annealed condition it has good workability. It is available in 

the clad form ("Al-clad") with thin surface layer of high purity 

aluminium to improve both appearance and corrosion 

resistance. This aluminium type is used for a wide variety of 

products and applications from vehicle bodies and frames to 

screw machine parts and structural components. Aluminium 

alloy 6063 is used where appearance and better. The material 

properties of aluminum alloy 6063 are, 

 
Table 05 Material properties of aluminum alloy  

 

 

 

 

 

 

 

 

 

The advantages of aluminum alloy are- 

 One-third the density of steel, allowing the use of big tubes. 

 Easily formed into aero shapes. 

 Makes a light frame for a big rider. 

 Doesn't rust. 

The limitations of aluminium alloy are- 

 Lower fatigue tolerance than steel. 

 One-third the stiffness of steel, which requires larger 

diameter tubes. 

 Not easily repaired or straightened. 

 

For the analysis purpose, solver deck is prepared. Stresses were 

observed at the joint so a rib was added. Geometry was meshed 

and material properties were assigned. After applying forces 

geometry in .cdb format was imported in Ansys for running the 

problem and viewing the results.\ 

BOUNDARY CONDITION FOR BUCKET MADE OF AL 
Mass of steel shot= Density of material X Volume of bucket 

                          = 4004.6 kg/m3X 0.012 m3 

                          = 48.05 Kg = 471.4 N 

Weight of bucket = 1.99Kg 

                             = 19.52 N 

  Total = 490 N 

 

Following are the results displayed for stress and deformation 

Von-mises stress for bucket elevator 

 
Figure 16 von-mises stress for bucket elevator (Aluminium) 

Stress value for bucket elevators 154.2 N/mm2 which is well 

below the critical value. Hence, design is safe.  

Deformation for Bucket Elevator 

 
Figure 17 Displacement result for bucket elevator (Aluminium) 

From figure, deformation for bucket is elevator 3.2 mm. 

MODAL ANALYSIS RESULTS 

Mode 1 

 
Figure 18 1stMode frequency of bucket 

Property Value 

Young’s Modulus, E 68.9 GPa 

Poisson’s Ratio ,ν 0.33 

Density, ρ 2700 kg/m3 

Yield Stress, σyield 240 MPa 

Ultimate Tensile Stress, σuts 260 MPa 
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The frequency of 1st mode is 43.24 Hz. 

 

Mode 2 

 
Figure 19 2ndMode frequency of bucket 

The frequency of 2nd mode is 46.55 Hz. 
 

Mode 3 

 
Figure 20 3rdMode frequency of bucket 

The frequency of 3rd mode is 91.64 Hz. 

Mode 4 

 
Figure 21 4thMode frequency of bucket 

The frequency of 4th mode is 182.15 Hz. 

Mode 5 

 
Figure 22 5thMode frequency of bucket 

The frequency of 5th mode is 301.75 Hz 

Mode 6 

 
Figure 23 6thMode frequency of bucket 
The frequency of 6th mode is 341.8 Hz. 

 

Table 06 No Modes of AL 

Displacement 0.000297 
 

Von mises 

stress 

3.20 154.20 

 
Frequency Displacement 

Mode 01 43.2 0.000922 
Mode 02 46.5 0.001876 

Mode 03 91.6 0.001991 
Mode 04 182. 0.000925 
Mode 05 301.7 0.004175 

Mode 06 341.8 0.003976 

 

GLASS FIBER 

Glass fibers with polymeric matrices have been widely used in 

various commercial products such as piping, tanks, boats and 

sporting goods. Glass is by far the most widely used fiber, 

because of the combination of low cost, corrosion resistance, 
and in many cases efficient manufacturing potential. It has 

relatively low stiffness, high elongation, and moderate strength 

and weight, and generally lower cost relative to other 

composites. It has been used extensively where corrosion 

resistance is important, such as in piping for the chemical 

industry and in marine applications. It is used as a continuous 

fiber in textile forms such as cloth and as a chopped fiber in 

less critical applications. (Swanson S.R; 1997; 3) Glass fibers 

are strong as any of the newer inorganic fibers but they lack 

rigidity of on account of their molecular structure. The 

properties of glasses can be modified to limited extent by 
changing the chemical composition of the glass, but the only 

glass used to any great extent in composite materials is 

ordinary borosilicate glass, known as E-glass.  E glass is 

available as continuous filament, chopped stable and random 

fiber mats suitable for most methods of resin impregnation and 

composite fabrication. S glass, originally developed for aircraft 

components and missile casings, has the highest tensile 

strength of all fibers in use. However, the compositional 

difference and higher manufacturing cost make it more 

expensive than E-glass. A lower cost version of S glass, called 

S-2 glass, has been made available in recent years. Although S-
2 glass is manufactured with less stringent non-military 

specifications, its tensile strength and modulus are similar to 

those of S-glass. S-glass is primarily available as ravings and 

yarn and with a limited range of surface treatments. 

 

Glass fibers are also available in woven form, such as woven 

roving and wowing cloth. Woven roving is coarse, drapable 

fabric in which continues ravings are woven in two mutually 

perpendicular directions. 

 

 



International Journal of Engineering Science and Computing, July 2016           8357                                                                 http://ijesc.org/ 

Table 07 Material properties for glass fiber 

Property Value 
 E1 40 GPa 

E2 6 GPa 
E3 40 GPa 
Poisson’s Ratio 

,ν 

0.24 
Gxy 15 GPa 

Gyz 2.3 GPa 
Gzx 15 GPa 
Density, ρ 2000 kg/m3 

BOUNDARY CONDITION FOR BUCKET MADE OF 

AL+GF 
Mass of steel shot= Density of material X Volume of bucket 

                          = 4004.6 kg/m3X 0.012 m3 

                          = 48.05 Kg = 471.4 N 

Weight of bucket = 1.7Kg 

                             = 16.67 N 

  Total = 488 N 

Following are the results displayed for stress and deformation 

Von-mises stress for bucket elevator 

 
Fig: von-mises stress for bucket elevator (AL+GFRP) 

Stress value for bucket elevators 213.15 N/mm2 which is well 

below the critical value. Hence, design is safe.  

 
MODAL ANALYSIS RESULTS 

Mode 1 

 
Figure 24 1stMode frequency of bucket 

The frequency of 1st mode is 42.08 hz. 

Mode 2 

 
Figure 25 2ndMode frequency of bucket 

The frequency of 2nd mode is 45.15 hz. 

Mode 3 

 
Figure 263rd Mode frequency of bucket 

 

The frequency of 3rd mode is 89.01 Hz. 

Mode 4 

 
Figure 27 4thMode frequency of bucket 

 
The frequency of 4th mode is 190 Hz. 

Mode 5 

 
Figure 28 5thMode frequency of bucket 

 

The frequency of 5th mode is 312.15 Hz 

Mode 6 

 
Figure 29 6thMode frequency of bucket 

The frequency of 6th mode is 348.66 Hz. 
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Table 08 Modes of Al+GF 

Displacement 0.000297 
 

Von mises 

stress 

3.83 213.14 

 
Frequency Displacement 

Mode 01 42.0 0.000922 
Mode 02 45.1 0.001876 
Mode 03 89.0 0.001991 

Mode 04 190 0.000925 
Mode 05 312.1 0.004175 
Mode 06 348.6 0.003976 

 

Table 09 Comparison of New Material with Existing material 

Material 
Stress 

MPa 

Deformation 

mm 

Mass 

Kg 

Existing 

M.S 
164.74 1.18 5.8 

AL 154.2 3.2 1.99 

AL+GF 213.14 3.83 1.7 

 

% weight reduction = 5.8 – 1.7 / 5.8 = 70% 

From results of finite element analysis it is observed that 

stresses are less than their respective permissible yield stress 

values for 2.6 mm thickness of bucket for the materials (MS, 

Al, Al+GF). So the design is safe. From analysis results and 

comparison, it is found that iteration 3 has sufficient amount of 

mass reduction without affecting its strength. 

 

VIII. CONCLUSION 

 
1. Bucket elevator was studied thoroughly. Design was based 

as per IS standards as mentioned. 3D model was drawn in 

CATIAV5 software. Meshing and modal analysis is done on 

the bucket of an elevator.  

 

2. Different mode shapes and their frequency have been found. 

Mode shapes and frequency shows the response of the system 

in natural condition. 

 

3. By replacing material MS to Al + GF, we can optimize the 

70% of weight of bucket. 

 
4.The natural frequencies of component with different 

materials are studied 
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