IJIRST —International Journal for Innovative Research in Science & Technology| Volume 4 | Issue 12 | May 2018
ISSN (online): 2349-6010

Comparison of Static Analysis of Bonded,
Riveted and Hybrid Joints by using Different
Materials

Sagar Pramod Chaudhari Kundan K. Chaudhari
PG Student Assistant Professor
Department of Mechanical Engineering Department of Mechanical Engineering
J. T. Mahajan college of Engineering, Faizpur 425503, J. T. Mahajan college of Engineering, Faizpur 425503,
Maharashtra, India Maharashtra, India
Abstract

The two different materials with varying thicknesses are need to be join for the various application areas like aerospace, automobile,
robotics, etc. Because of the superior properties, the composite materials have been widely used in many fields as structural
element. Aircraft structure is a huge assembly of frames skins, parts, etc. A load transmission path is formed by structure which is
an assembly of sub-structure connected and arranged properly. Such load transmission path is achieved by using joints. As the
joints constitute weakest zones in the structure, failure may occurs at the joint due to various reasons such as deflection in excess,
stress concentration near the joint area or combination of both. Therefore we need to understand the stress distribution at the joint
area and strength of materials for utilize the whole potential of composites, so that the suitable material and joint can be chosen for
various application fields. Manufacturing of the composite joints (bonded, riveted and hybrid), Modeling, and static analysis of
3D models were carried out using FEA software (ANSYS). The results were interpreted in terms of Von Misses stress. Various
joint like bonded, riveted and hybrid joint were prepared by glass fibre, and then undergo in Universal Testing Machine for tensile
test. The results of FEA software and experimental work were then compared with the joints. The Best Joint is recognized and
suggested by their load Carrying Capacity.
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I. INTRODUCTION

Due to the need to design lightweight thin-walled structures and the increased use of lightweight materials in different industries,
some relative new joining techniques such as Hybrid joints are widely used because adhesive bonding have drawn more attention
in recent years. In recent days, aircraft design moves towards more extensive use of composite materials because it has high
strength to weight ratio. However, to join the composite materials is the complex part. Drilling holes for bolts or rivets in fibrous
materials can reduced strength. The addition of mechanical fasteners can also significantly increase the weight of a structure. This
is why bonding of composite materials has become very popular. However, in an attempt to further improve the performance of
bonded joints as well as for aeronautical certification purposes, research on the combination of bonded joints with bolts or rivets,
called hybrid joints, has become of major interest. Though adhesive bonding has been used for many centuries, it is only in the last
seventy years that the science and technology of structural adhesive bonding have really progressed significantly. Structural
adhesive bonding is currently used in many areas such as automobile and aerospace industries Over the past three decades,
application of composite materials are continuously increasing from traditional application areas such as military aircraft,
commercial aircraft to various engineering fields including automobiles, robotic arms and even architecture. Due to its superior
properties, composites have been one of the materials used for repairing the existing structures. Nowadays, a novel method called
hybrid joint is also being employed, where a combination of both adhesive and mechanical fasteners is used. Hybrid joints have a
combination of adhesive bonding and mechanical fasteners. The advantages of using a combined bonded-riveted design apply
mainly in are pair situation. It is generally accepted that a bonded joint is stronger than a mechanically fastened joint. ANSYS FEA
tool has been used for stress distribution characteristics of various configurations of double riveted single lap joint with three
joining methods namely bonded, riveted and hybrid the present study deals with the analysis of single lap joint subjected to the
given tensile load and the stress distribution in the members under various design conditions are found.

Il. PROBLEM DEFINITION

The main problem to be analyzed in this work is estimation of an influence of bonded, riveted and hybrid joints on the different
material subjected to mechanical loading. This work would try to evaluate the joints in isolation with their configuration and try to
identify the stresses and suggest the best material and joint for the structure.
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Fig. 1: Principal stress in hybrid joint.

I1l. THEORY OF COMPOSITE MATERIAL

A composite is a structural material which consists of two or more constituents combined at a macroscopic level. The constituents
of a composite material are a continuous phase called matrix and a discontinuous phase called reinforcement. Matrix gives shape
and protects the reinforcement from the environment. It also makes the individual fibers of the reinforcement act together and
provides transverse shear strength and stiffness to the laminated composites. The matrix factors which contribute to the mechanical
performance of composites are transverse modulus and strength, shear modulus and strength, compressive strength, inter-laminar
shear strength, thermal expansion co-efficient, thermal resistance and fatigue strength. Reinforcement provides strength and
stiffness and controls thermal expansion co-efficient. It also helps to achieve directional properties. Reinforcements may be in the
form of fibers, particles or flakes. The fiber factors which contribute to the mechanical performance of a composite are length,
orientation, shape and material. The factor which influences the mechanical performance of composites other than the fiber and
the matrix is the fiber matrix interface. It predicts how well the matrix transfers load to the fibers. The most commonly used
advanced composites are polymer matrix composites. These composites consists of a polymer such as epoxy, polyester, urethane
etc., reinforced by thin diameter fibers such as carbon, graphite, aramids, boron, glass etc. The building block of a laminate is a
single lamina. Therefore the mechanical analysis of a lamina precedes that of a laminate. A lamina is an anisotropic and non-
homogeneous material. But for approximate macro-mechanical analysis, a lamina is assumed to be homogeneous where the
calculation of the average properties are based on individual mechanical properties of fiber and matrix, as well as content, packing
geometry and shape of fibers. The lamina is considered as orthotropic, so it can be characterized by nine independent elastic
constants: three Young’s moduli along each material axis, three Poisson’s ratio for each plane and three shear moduli for each
plane. Once the properties for each lamina are obtained, properties of a laminate, made of those laminae can be calculated using
those individual properties. In the highly competitive airline market, using composites is more efficient. Though the material cost
may be higher, the reduction in the number of parts in an assembly and the savings in the fuel cost makes more profit. It also lowers
the overall mass of the aircraft without reducing the strength and stiffness of its components.

A.  Comparison Between Bonded, Riveted and Hybrid Joints

In bonded joints, the stress was distributed throughout the laminate and the adhesive took up much of the load. The maximum
stress is also low since the applied load alone acts on the joint, whereas in riveted joint, the maximum stress concentration was
very high since pre-tension load was also applied to the joint. The rivet head and the laminate surface take up less stress compared
to the interior of the laminate and the rivet shank. The case of hybrid joint is found to have a situation that is in between that of
both the above joints. The rivet shank and the adhesive layer are the main areas that have maximum stress concentration. Thus,
from the above observation, it was found that hybrid joint can be used in a situation where quality of bonded joint cannot be assured
with certainty and where riveted joint alone is not sufficient to take up the entire load since it has characteristics in between the
bonded and riveted joints. It is mainly applicable in repair situation. The study primarily considered stress distributions in the
laminates and limited consideration was given to load transfer through the joint.

1IV. METHODOLOGY

Methodology Divided into two parts
1) Finite Element Simulation.
2) Experimental Testing.
Methodology consists of FINITE ELEMENT SIMMULATION of Riveted, Bonded and Hybrid Joints. The Riveted Joints made
up of MS-MS, AL-AL & Carbon Fiber-Carbon Fiber are tested for the tensile load of 2000N. Similarly Bonded & Hybrid Joints
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made from similar combination of materials and Tested against tensile load of 2000N. The Results are obtained and collected for
comparative study. All the Finite Element Procedure is done on the ANSYS Software. Experimental Testing is done on the
Universal Testing Machine. The Joints of MS-MS, AL-AL & Carbon Fiber-Carbon Fiber are tested on Universal Testing Machine
against Failure. The graphs are plotted and results are obtained. Finally the Results are compared.

A. Software Procedure:

1) The MS-MS Plate is to be tested for Bonded joint for Tension.

2) The AL-AL Plate is to be tested for Bonded joint for Tension.

3) The CF-CF Plate is to be tested for Bonded joint for Tension.

4) The MS-MS Plate is to be tested for Hybrid joint for Tension.

5) The AL-AL Plate is to be tested for Hybrid joint for Tension.

6) The CF-CF Plate is to be tested for Hybrid joint for Tension.

7) All These Combinations are also tested for riveted joints in Tension.

Element for ANSYS Software: 20 node 186. The Contour of Von Mises Stress is to be Plotted for comparison of results with the
experimental results.

#. Experimental Procedure

1) The MS-MS Plate is to be tested for Bonded joint for Tension.

2) The AL-AL Plate is to be tested for Bonded joint for Tension.

3) The CF-CF Plate is to be tested for Bonded joint for Tension.

4) The MS-MS Plate is to be tested for Hybrid joint for Tension.

5) The AL-AL Plate is to be tested for Hybrid joint for Tension.

6) The CF-CF Plate is to be tested for Hybrid joint for Tension.

7) All These Combinations are also tested for riveted joints in Tension.

All these Experimentation is Done on Universal Testing Machine. The stresses and Deformations are obtained from UTM.

Fig. 3: Universal Testing Machine loaded with CF-CF plates have Riveted joint
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Fig. 4: Hybrid joint loaded under tension

Fig. 5: Digital Monitoring System

Table -1
Plate dimensions
Plate Dimension
1)  Aluminium
Materials For Plates [2) Carbon Fibre (Composite)
3) Mild Steel
Length of Plate 150 mm
Width of Plate 50 mm.
Thickness of Plate 2mm
Overlap Length 50 mm
MATERIAL Aluminium | Carbon Fibre | Mild Steel
Poisson’s Ratio 0.33 0.25 0.3
Young’s modulus (N/mm?)| 0.69 x 10! 3 % 108 2.1 x 101
Density (kg/m?) 2700 1799 7850

V. FINITE ELEMENT MODELING

A. The Finite Element Method

The finite element method is a numerical analysis technique for obtaining approximate solutions to a wide variety of engineering
problems. Because of its diversity and flexibility as an analysis tool, it is receiving much attention in engineering schools and in
industries. In more and more engineering situations today, we find that it is necessary to obtain approximate numerical solutions
to problems rather than exact closed form solution. The finite element method has become a powerful tool for the numerical
solution of a wide range of engineering problems. It has developed simultaneously with the increasing use of high-speed electronic
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digital computers and with the growing emphasis on numerical methods for engineering analysis. This method started as a
generalization of the structural idea to some problems of elastic continuum, is well-established numerical method applicable to
any continuum problem, stated in terms of differential equations or as an extranet problem.

#. Procedure for ANSYS Analysis

A static analysis can be either linear or non-linear. In this work we have considered linear static analysis.

The procedure for static analysis consists of these main steps
1) Build the model.

2) Obtain the solution

3) Review the results.

€. Implementation of Finite Element Method

The general nature of the theory makes it applicable to a wide variety of boundary value problems in engineering. A boundary
value problem is the one which a solution is sought in the domain of a body subject to the satisfaction of the prescribed boundary
conditions. The model is prepared by using commercial FE software ANSYS. In ANSYS the plates having joint is modeled. The
material properties are taken from table 1. The element is used for ANSY'S software is 20 node 186, the results are plotted in terms

of von mises stress.
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Fig. 6: Bonded AL - AL Plate
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Fig. 7: Bonded CF - CF Plate
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Fig. 8: Bonded MS - MS Plate
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Fig. 9: Hybrid AL - AL Plate
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Fig. 10: Hybrid CF - CF Plate
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Fig. 11: Hybrid MS - MS Plate
VI. RESULTS
Max. Von Mises Stress . ) .
Sr. No. | TYPE OF JOINT COMBINATION N/mm? (ANSYS) Max. Von Mises Stress N/mm? (Experimental)
1 AL-AL 8053 8068
2 Bonded Composite-Composite 9558 9570
3 MS-MS 8968 8976
1 AL-AL 1505.524 1509
2 Riveted Composite-Composite 1561.365 1564
3 MS-MS 1573.293 1569
1 AL-AL 1163 1167
2 Hybrid Composite-Composite 1429 1438
3 MS-MS 1288 1298
A. Comparison Graph of Software (ANSYS) & Experimental Values
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Graph 1: Bonded AL-AL, COMP-COMP & MS-MS plate joint stresses comparison bar chart
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Graph 2: Riveted AL-AL, COMP-COMP & MS-MS plate joint stresses comparison bar chart
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Graph 3: Hybrid AL-AL, COMP-COMP & MS-MS plate joint stresses comparison bar chart

VI11.CONCLUSION

The problem definition was designed and formulated for the three different plates i.e. MS, AL and Carbon Fibre (Composite),
these three plates are checked under the UTM machine for failure. The single lap joints are used throughout the research. The
Three types of joints are used as follows Bonded, Riveted and Hybrid. It is observed from the experimental and Numerical study
using ANSYS APDL, the carbon fibre plates and joints are more reliable in all three cases of Bonded, Riveted and Hybrid. This
joint provide more strength compared to conventional plates. It is also observed that the riveted joints fails at very low loads
conditions and the hybrid joints capable of sustaining very high loads. In bonded joints, the stress was distributed throughout the
laminate and the adhesive took up much of the load. Very High stresses are generated in Bonded joints. It was found that a well-
designed hybrid joint is very efficient when compared to bonded, riveted joints in case of repair situation in aircraft structures.
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