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INTRODUCTION 

 

As a part of internship program for B.Tech student, I had my vocational 

training with PRECISION CAMSHAFTS LIMITED Based in Chincholi MIDC 

Solapur. It is well known company which manufactures camshafts. 

A camshaft on an internal combustion heat engine is a device that 

controls the both the input of fuel and the expulsion of exhaust fumes. It 

consists of several radial cams, each displacing intake or exhaust valves. 

The machining of the casted camshafts is difficult process if we go by 

manual operations due to this the machining of casted camshafts is 

mostly done on computerized machines. 

PRECISION CAMSHAFTS LIMITED is Asia’s leading company and has 

created monopoly in manufacturing of camshafts. Company is able to 

produce 150 varieties of camshafts for car engines, tractor and 

locomotive engines according to customer requirement. 
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HISTORY OF THE COMPANY 

Since its incorporation in 1992, PCL has emerged as one of the market 

leaders in the camshaft manufacturing. 

 Let's look at the timeline of the company to have better look at their 

development. 

COMPANY OVERVIEW OUR EVALUATION 

� 1992 :-1)Incorporation of PCL. 

                 2)Started with supply of 600 camshafts /month. 

� 1997 :-1) Investment by private equity investor CDC.    

            2)expansion of machine shop and foundry capacity. 

� 1999:-1)Technical and financial JV with G. Clancey Limited,UK   

European camshaft manufacturer. 

� 2006:- 1)Acquistition og G.Clancey Limited stake in JV. 

� 2008:-1)Tata capital invests in PCL by purchasing shares from CDC. 

� 2011:-1)Incorporation of 100% owned subsidiary ‘PCL Company 

Limited’ in China. 

� 2012:-JV with shenglong Automotive Powertrain Company China for 

camshaft manufacturing. 

� 2013:- JV with shenglong Automotive Powertrain Company China for 

Setting up foundry unit. 

� 2014:- Exclusive agreement with EMAG ,German tooling and 

machining company. 

� 2016:-Listing on BSE and NSE with a successful IPO raising – Rs0240 

cr fresh issue- Rs 170.2 cr offer for sale. 
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BOARD OF MEMBERS 

•  Mr.YATIN SHAHA(CHAIRMAN & MANAGING DIRECTOR): 

 Mr. Yatin Shah is the founder and Managing Director of Precision 

Camshafts Limited. Leading a group of over 2000 employees, Mr. 

Yatin Shah has been the strategist and mind behind the vision 

called Precision. 

 

•  Dr.SUHASINI SHAHA(Non-Executive Director, PCL) 

 Dr. Suhasini Shah heads the legal department at Precision 

Camshafts Limited and is the founder trustee of the Precision 

Foundation.  
 

•  Mr.RAVINDRA JOSHI(DIRECTOR & CFO) 

Mr. Ravindra Joshi has 27 years of experience with expertise in the 

areas of finance and accounting, mergers and acquisition, 

managing revenue, profitability and maintaining and contributing 

to the financial health of the organization 
 

•  Mr.KARAN SHAHA(Whole time direcror business 

Development) 

An MBA (Masters in Business Administration) from Harvard 

Business School, Boston USA (May 2016) and a Bachelor of Science 

in Mechanical Engineering from Purdue University, West Lafayette, 

USA (August 2012), Mr. Karan Shah has 2 years’ experience as a 

manufacturing engineer at Cummins, USA. He joined PCL as an 

Executive - Business Development in February 2017 and has played 

a key role in the Company’s recent acquisitions, Motoren und 

Fahrzeugtechnik GmbH (MFT), Germany and Emoss Mobile 

Systems B.V., Netherlands.  
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5)Mrs.Savani Laddha 
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VARIOUS DEPARTMENTS 

The precision Camshafts at Chincholi MIDC have 4 foundries and 3 

machine shops. The working and functioning of each section and internal 

departments is given below. 

 

FOUNDRIES:- 

•  Total 4 foundries named as F1, F2, F3, and F4. The process is same at 

each foundry . Following steps are performed to manufacture a 

camshaft. 

•  The mould is also made in foundry which takes cycle time of 3 min. 

The baked mould is passed over conveyors and it goes for pouring 

process. 

•  The raw materials along with important alloys is measured and 

mixed and melted in furnaces at temperature 1530 degree Celsius. 

•  There are proper overhead cranes for proper transfer of materials. 

•  The molten metal is poured through ladle into the sand castings 

which has the shape of camshafts to be obtained after solidifying. 

•  After solidifying camshafts , they are go for finishing process such as 

shot blasting , grinding process in 3 stages etc. for removal of 

particles on the surface of camshafts 

•  After finishing process , camshafts goes for hardness check , 

inspection and quality check 

•  There are two procedures while exporting the camshafts, for some 

companies they send the camshafts after inspection without 

finishing operations on them or few companies demand the fully 

finished camshafts, machining on them is done in machine shops. 
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•  The total manufacturing capacity is 13.38 million camshaft casting 

per annum 
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MACHINE SHOPS:-  

•  There are total of 3 machine shops, out of which 2 are running in full 

capacity, and M3 is proposed to be the biggest machine shop. 

•  Most of the machines there are automated CNC machines, with 

fixed programs and fixed machining time. 

•  There is complete line, at the start of which is casted camshaft and 

at the end camshaft is packed and is ready for export. 

•  Quality of the machining is checked at every start and end of a shift. 

•  The specialization in 3 and 4 cylinder chilled cast iron camshafts, 

with machining capacity to produce over 2.22 million camshafts per 

annually. 
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INESPECTION DEPT:- 

•  Ready castings are tested by some tests. These tests include 

spectrometer test, hardness tester, run-out fixture, dimensional 

inspection. After all these tests the “ok” camshafts are packed and 

dispatched. 

•  All camshafts are checked for their sizes and shapes by using 

different types of gauges and instrument and camshafts for rework 

are separated that from others. 

R & D DEPTARTEMENT:- 

•  Since precision camshaft is large scale and ever expanding company, 

it becomes very necessary for them to continually do the research 

and refine the processes, reduce the defects, manage the inventory 

in proper way. 

•  Other parameters like cost saving, time saving etc. are researched. 

 

 

MAINTENANCE DEPT: 
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•  The various types of machines require routine checkups and 

maintenance and record are kept every time a maintenance is 

carried out. 

H.R.DEPARTMENT:- 

•  The H.R. Department provides everything when it comes to 

employee benefits such as health insurance, retirement’s benefits, 

transportation, dining area etc. 

•  PCL equipped with strong WIFI, the training rooms, to promote the 

values and intelligence of employees. 

•  Training programs are specifically designed for employee to help 

them to increase their efficiency and productivity. 
 

 

 

 
 

  



17 

Precision Camshaft Ltd 

CLIENT LIST 

The precision camshafts provides camshafts to the following companies, 

� FORD MOTORS  

� TATA MOTORS 

� MAHINDRA 

� FIAT 

� MARUTI SUZUKI  

� GM  

� MERCEDES BENZ  

� INDIAN RAILWAYS 

� HYUNDAI 

� FORCE MOTORS 

� MAHALE  

� ESCORTS  

�  VOLKSVAGON 
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PLANT LAYOUT 
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LEARNING AREAS 

The following are the things we learnt from our 7 days internship 

program:- 

1. We got to see the processes which we learnt in our manufacturing 

process subject.  

2. We got to see how all the processes are managed and cross flow is 

avoided to save precious time. 

3. We learnt more about management of man power, how workers, 

managers, supervisors are treated 

4. The most important thing from my perspective we learnt was about 

the discipline that shown all over the place, from workers entering 

and leaving in the lines, neatness and cleanliness of environment to 

the strict rules and regulations which are strictly followed. 
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CASE STUDY 

FINISHING PROCESSES AFTER CASTING 

Cleaning of Castings After the solidification of the casting, the mould is 

knocked out and solidified casting is taken out of the moulding sand. At 

this juncture the cast product is attached with risers, and gates. many 

times the moulding sand also get adhered to the casting as some of the 

sand gets fused with the molten metal. The cleaning of castings refers to 

the removal of gates, risers and sand. Also, cleaning may involve 

machining or abrasive finishing of the cast product. The cleaning 

operations usually performed on a casting are given below: 

1. Removal of gates, in-gates, riser, feeder etc. 

2. Surface cleaning 

3. Trimming 

 

There are various methods of removal of unwanted metallic parts from 

the solidified cast product in case of brittle material, the gates, risers, and 

feeder can be removed by impact force. This is usually done in shakeout 

or knocks out devices. Other processes that may be used to cut off the 

metallic parts include, band saws, grinding machine, shearing machine, 

cutting torches, etc. 

There are various methods of removal of unwanted metallic parts from 

the solidified cast product in case of brittle material, the gates,  
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risers, and feeder can be removed by impact force. This is usually done in 

shakeout or knocks out devices. Other processes that may be used to cut 

off the metallic parts include, band saws, grinding machine, shearing 

machine, cutting torches, etc. 

Shot blasting is commonly used for: 

The cleaning of iron, steel, non-cast parts, forgings, etc. 

 Mechanical cleaning of sheets, rods, coils, wire, etc. 

 Shot peening to alter mechanical properties (increasing resistance to 

fatigue for springs, gears, etc.)  
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CONCLUSION 

From 7 days of industrial exposure training at precision camshafts, 

following points were concluded:-  

1. I understand the different foundry and machining processes working 

efficiently in company.  

2. The training at PCL for period of 7 days helped me for clarifying the 

concept about industrial organization and its functioning. 

3. This training shows the importance of practical knowledge of 

various manufacturing process such as casting, fettling, cam 

grinding, hardening etc. 

4. I saw the various types of material handling equipment’s such as 

conveyor, chain, conveyor, trolley, fork lift trucks etc. 

5. I have learned the company culture, discipline, environment and 

rules and regulations of company. 

6. At the PCL, I have learnt about the implementation of theory in 

practice and also show that there are some difference in actual 

practice and theory 
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Abstract: 

 
                         The use of composite materials has been increased in different 

industries like civil, mechanical, aerospace engineering due to their better 

properties. The rotating blade plays an important role in engineering structures 

such as turbine blades, airplane propellers, and helicopter blades. This deals with 

static analysis of composite blade to estimate the material uncertainty by 

measuring the deflection. The composite blade is fixed like a cantilever beam. To 

measure this deflection the Hall Effect Sensor is developed which is non contact 

device works on magnetic field. If magnet is come in front of sensor it creates 

magnetic field between them and that change in voltage or field is calibrated in 

terms of deflection of blade. The same process is carried for all the blades to check 

their uncertainty present in it. Also, it is deals with the dynamic analysis of blade 

to check their behavior in the axis under rotating condition for different RPM. The 

acceleration is considered as performance parameter to check the behavior of 

blade. Also, the setup is developed for accelerations measurement GY-521 

Accelerometer. The accelerometer has kept at free end of blade and accelerations 

are taken in three directions for each rpm and it is represented in a graphical form. 

The analysis is carryout for both damaged and undamaged blade. The both studies 

are carried out using condition monitoring approach to observe their behavior of 

blade in static & dynamic condition before used in any application.  
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Chapter 1 

Introduction to Composite Material 

1.1 Introduction: 

Fiber - reinforced composite materials have been used over the past few decades in a 

variety of structures. Thin-walled structural shapes made up of composite materials, 

which are usually produced by pultrusion, are being increasingly used in many 

engineering fields. Composite materials are widely used in the aircraft industries 

because of their superior fatigue characteristics, greater damage tolerances, and larger 

stiffness-to-weight ratios as compared with their metal counterparts. In helicopter 

rotor applications, composite materials can bring additional features like drastic 

reduction in the number of parts and bulkiness, especially for the rotor hub system, 

which is typically a large source of the profile drag. Despite these advantages, 

composite materials generally increase the level of uncertainties for the overall 

structural system. [2] 

A composite material can be defined as a combination of two or more materials that 

results in better properties than those of the individual components used alone. In 

contrast to metallic alloys, each material retains its separate chemical, physical, and 

mechanical properties. The two constituents are reinforcement and a matrix. The main 

advantages of composite materials are their high strength and stiffness, combined with 

low density, when compared with bulk materials, allowing for a weight reduction in 

the finished part. The composite blade has the features of high efficiency, low 

consumption and good mechanical characteristic, so its prospect of development and 

application in engineering structures is broad and promising. To meet the needs of 

space navigation, mechanics and the construction industry, the design and analysis of 

the mechanical behavior of thin-walled composite blade have become an active 

research area. [1] 

In composites, materials are combined in such a way as to enable us to make better 

use of their virtues while minimizing to some extent the effects of their deficiencies. 

This process of optimization can release a designer from the constraints associated 

with the selection and manufacture of conventional materials. He can make use of 

tougher and lighter materials, with properties that can be tailored to suit particular 

design requirements. And because of the ease with which complex shapes can be 



                        Analysis of Composite Blade in Static and Dynamic Condition 

SVERI’s COE, Pandharpur  2 

 

manufactured, the complete rethinking of an established design in terms of 

composites can often lead to both cheaper and better solutions. [2] 

1.2 Composite Overview: 

Materials can be classified as Isotropic, Anisotropic, and Orthotropic Materials; 

Isotropic material: Isotropic materials have the same material properties in all 

directions, and normal loads create only normal strains. A material is isotropic if the 

properties are independent of direction within the material. Anisotropic material: 

They have different material properties in all directions at a point in the body. There 

are no material planes of symmetry, and normal loads create both normal strains and 

shear strains. Orthotropic Material: Composites are a subclass of anisotropic materials 

that are classified as orthotropic. Orthotropic materials have properties that are 

different in three mutually perpendicular directions. They have three mutually 

perpendicular axes of symmetry, and a load applied parallel to these axes produces 

only normal strains. However, loads that are not applied parallel to these axes produce 

both normal and shear strains. Therefore, orthotropic mechanical properties are a 

function of orientation. 

1.3 Common Categories of Composite Materials: 

A typical composite material is a system of materials composing of two or more 

materials (mixed and bonded) on a macroscopic scale. Generally, a composite 

material is composed of reinforcement (fibers, particles, flakes, and/or fillers) 

embedded in a matrix (polymers, metals, or ceramics).The matrix holds the 

reinforcement to form the desired shape while the reinforcement improves the overall 

mechanical properties of the matrix. When designed properly, the new combined 

material exhibits better strength than would each individual material. The following is 

an introduction to composite materials constituents, product forms, and fabrications 

processes. [1] 

a) Reinforcements: 

The principal purpose of the reinforcement is to provide superior levels of strength 

and stiffness to the composite. In a continuous fiber-reinforced composite, the fibers 

provide virtually all of the strength and stiffness. Even in particle reinforced 

composites, significant improvements are obtained As mentioned earlier, typical 
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reinforcing materials (graphite, glass, SiC, alumina) may also provide thermal and 

electrical conductivity, controlled thermal expansion, and wear resistance in addition 

to structural properties. By far the most widely used reinforcement form in high 

performance OMCs are fiber tows. These typically consist of thousands of fine 

filaments arranged in a single bundle. A fiber tow can be handled as a single unit and 

so can be wrapped or woven using commercial equipment. [3] 

b) Matrices: 

The purpose of the matrix is to bind the reinforcements together by virtue of its 

cohesive and adhesive characteristics, to transfer load to and between reinforcements, 

and to protect the reinforcements from environments and handling. The matrix also 

provides a solid form to the composite, which aids handling during manufacture and 

is typically required in a finished part. This is particularly necessary in 

discontinuously reinforced composites, because the reinforcements are not of 

sufficient length to provide a handle able form. Because the reinforcements are 

typically stronger and stiffer, the matrix is often the “weak link” in the composite, 

from a structural perspective. As a continuous phase, the matrix therefore controls the 

transverse properties; inter laminar strength, and elevated-temperature strength of the 

composite. However, the matrix allows the strength of the reinforcements to be used 

to their full potential by providing effective load transfer from external forces to the 

reinforcement. [3] 

The matrix holds reinforcing fibers in the proper orientation and position so that they 

can carry the intended loads and distributes the loads more or less evenly among the 

reinforcements. Further, the matrix provides a vital inelastic response so that stress 

concentrations are reduced dramatically and internal stresses are redistributed from 

broken reinforcements. [3] 

Based on the form of reinforcement, common composite materials can be classified as 

follows: 

1. Fibrous reinforced composites: 

a. Random fiber (short fiber) reinforced composites 

b. Continuous fiber (long fiber) reinforced composite. 

2. Particles as the reinforcement (Particulate composites) 

3. Flat flakes as the reinforcement (Flake composites) 
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         Random reinforced composite               Continuous reinforced composite 

 

 

     

        Particulate composites                                        Flake composites 

Figure 1.1 Classification of composite materials 

 

1.4 Introduction and Terminology of Composite: 

A composite material is a macroscopic combination of two or more distinct materials, 

having a recognizable interface between them. Composites are used not only for their 

structural properties, but also for electrical, thermal, Tribological, and environmental 

applications. Modern composite materials are usually optimized to achieve a 

particular balance of properties for a given range of applications. A fiber has a length 

that is much greater than its diameter. The length-to-diameter (l/d) ratio is known as 

the aspect ratio and can vary greatly. Continuous fibers have long aspect ratios, while 

discontinuous fibers have short aspect ratios. Continuous-fiber composites normally 

have a preferred orientation, while discontinuous fibers generally have a random 

orientation. Examples of continuous reinforcements include unidirectional, woven 

cloth and helical winding, while examples of discontinuous reinforcements are 

chopped fibers and random mat. Continuous-fiber composites are often made into 

laminates by stacking single sheets of continuous fibers in different orientations to 

obtain the desired strength and stiffness properties with fiber volumes as high as 60 to 

70 percent. Fibers produce high-strength composites because of their small diameter; 
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they contain far fewer defects (normally surface defects) compared to the material 

produced in bulk. As a general rule, the smaller the diameter of the fiber, the higher 

its strength, but often the cost increases as the diameter becomes smaller. In addition, 

smaller-diameter high-strength fibers have greater flexibility and are more amenable 

to fabrication processes such as weaving or forming over radii. Typical fibers include 

glass, aramid, and carbon, which may be continuous or discontinuous fiber [3]. 

1.4.1 Reinforcement of Composite: 

a) Continuous fiber composite 

Continuous fiber-reinforced composites contain reinforcements having lengths shorter 

than their cross-sectional dimensions. When the length of the fiber is such that any 

further increase in length does not, for example, further increase the elastic modulus 

or strength of the composite, the composite is considered to be continuous fiber 

reinforced. Most continuous fiber (or continuous filament) composites, in fact, 

contain fibers that are comparable in length to the overall dimensions of the 

composite part. The continuous phase is the matrix, which is a polymer, metal, or 

ceramic. Polymers have low strength and stiffness, metals have intermediate strength 

and stiffness but high ductility, and ceramics have high strength and stiffness but are 

brittle. The matrix (continuous phase) performs several critical functions, including 

maintaining the fibers in the proper orientation and spacing and protecting them from 

abrasion and the environment. In polymer and metal matrix composites that form a 

strong bond between the fiber and the matrix, the matrix transmits loads from the 

matrix to the fibers through shear loading at the interface. In ceramic matrix 

composites, the objective is often to increase the toughness rather than the strength 

and stiffness; therefore, a low interfacial strength bond is desirable [3]. 
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Figure 1.2 Typical reinforcement types 

b) Discontinuous fiber composite: 

Discontinuous-fiber composites are normally somewhat random in alignment, which 

dramatically reduces their strength and modulus. However, discontinuous-fiber 

composites are generally much less costly than continuous-fiber composites. 

Therefore, continuous-fiber composites are used where higher strength and stiffness 

are required (but at a higher cost), and discontinuous-fiber composites are used where 

cost is the main driver and strength and stiffness are less important. Both the 

reinforcement type and the matrix affect processing. The major processing routes for 

polymer matrix composites are shown in Fig. 1.4 Two types of polymer matrices are 

shown: thermosets and thermoplastics. A thermoset starts as a low-viscosity resin that 

reacts and cures during processing, forming an intractable solid. A thermoplastic is a 

high-viscosity resin that is processed by heating it above its melting temperature. 

Because a thermoset resin sets up and cures during processing, it cannot be 

reprocessed by reheating. [2] 

1.4.2 Ply angle orientation of composite: 

Orthotropic materials have properties that are different in three mutually 

perpendicular directions. They have three mutually perpendicular axes of symmetry, 

and a load applied parallel to these axes produces only normal strains. However, loads 

that are not applied parallel to these axes produce both normal and shear strains. 

Therefore, orthotropic mechanical properties are a function of orientation. However, 
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if the material is anisotropic (for example, the composite ply shown in Fig. 1.5), it has 

properties that vary with direction within the material. In this example, the moduli are 

different in each direction (E0° ≠ E45° ≠ E90°). While the modulus of elasticity is 

used in the example, the same dependence on direction can occur for other material 

properties, such as ultimate strength, Poisson’s ratio, and thermal expansion 

coefficient. Bulk materials, such as metals and polymers, are normally treated as 

isotropic materials, while composites are treated as anisotropic. However, even bulk 

materials such as metals can become anisotropic––for example, if they are highly cold 

worked to produce grain alignment in a certain direction. [1] 

 

Figure 1.3 Element of composite ply material under stress [2] 

Consider the unidirectional fiber-reinforced composite ply (also known as a lamina) 

shown in Fig. 1.3. The coordinate system used to describe the ply is labeled the 1-2-3 

axes. In this case, the 1-axis is defined to be parallel to the fibers (0°), the 2 axis is 

defined to lie within the plane of the plate and is perpendicular to the fibers (90°), and 

the 3-axis is defined to be normal to the plane of the plate. The 1-2-3 coordinate 

system is referred to as the principal material coordinate system. 
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Figure 1.4 Ply angle definition [2] 

If the plate is loaded parallel to the fibers (one- or zero-degree direction), the modulus 

of elasticity E11 approaches that of the fibers. If the plate is loaded perpendicular to 

the fibers in the two- or 90-degree direction, the modulus E22 is much lower, 

approaching that of the relatively less stiff matrix. Since E11 >> E22 and the modulus 

varies with direction within the material, the material is anisotropic. Thus, when the 

fibers are aligned parallel (0°) or perpendicular (90°) to the direction of applied stress, 

the lamina is known as a specially orthotropic lamina (θ = 0° or 90°). A lamina that is 

not aligned parallel or perpendicular to the direction of applied stress is called a 

general orthotropic lamina (θ ≠ 0° or 90°). [2] 

1.4.3 Laminates: 

When there is a single ply or a lay-up in which all of the layers or plies are stacked in 

the same orientation, the lay-up is called a lamina. When the plies are stacked at 

various angles, the lay-up is called a laminate. Continuous-fiber composites are 

normally laminated materials (Fig. 1.7) in which the individual layers, plies, or 

laminae are oriented in directions that will enhance the strength in the primary load 

direction. Unidirectional (0°) laminae are extremely strong and stiff in the 0° 

direction. [1] 

Composites are rarely used in the form of unidirectional laminates, since one of their 

great merits is that the fibres can be arranged so as to give specific properties in any 

desired direction. Thus, in any given structural laminate, predetermined proportions of 

the unidirectional plies will be arranged at some specific angle, θ, to the stress 

direction. In order to calculate the properties of such a multi-ply laminate, it is first 
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necessary to know how the elastic response of a single unidirectional lamina, such as 

that which we have been considering so far, will vary as the angle to the stress 

direction is changed [1]. However, they are very weak in the 90° direction because the 

load must be carried by the much weaker polymeric matrix. Because the fiber 

orientation directly impacts mechanical properties, it seems logical to orient as many 

of the layers as possible in the main load-carrying direction. [1] 

                           

                        [02/90/02/90/02] la up                                                 Lamina 

Figure 1.5 Lamina and laminate lay-up [2] 

One of the most common forms of fiber-reinforced composite materials is the cross 

plied laminate, in which the fabricator lays up a sequence of unidirectional reinforced 

plies" as indicated in following fig.1.6. Each ply is typically a thin (approximately 0.2 

mm) sheet of collimated fibers impregnated with an uncured epoxy or other 

thermosetting polymer matrix material. The orientation of each ply is arbitrary, and 

the layup sequence is tailored to achieve the properties desired of the laminate. [1] 

 

Figure 1.6 Laminated composite [1] 
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The longitudinal tension and compression loads are carried by the fibers, while the 

matrix distributes the loads between the fibers in tension and stabilizes the fibers and 

prevents them from buckling in compression. The matrix is also the primary load 

carrier for inter laminar shear (i.e., shear between the layers) and transverse (90°) 

tension. Because the fibre orientation directly impacts mechanical properties, it seems 

logical to orient as many of the layers as possible in the main load-carrying direction. 

While this approach may work for some structures, it is usually necessary to balance 

the load-carrying capability in a number of different directions, such as the 0°, +45°,- 

45°, and 90° directions. [1] 

 

Figure 1.7 Comparison of tensile properties of fiber, matrix, and composite [1] 

Laminates are composite material where different layers of materials give them the 

specific character of a composite material having a specific function to perform. 

Fabrics have no matrix to fall back on, but in them, fibers of different compositions 

combine to give them a specific character. Reinforcing materials generally withstand 

maximum load and serve the desirable properties [1]. 

1.5 Objectives and Methodology: 

Objectives of the study and brief methodology to achieve these objectives are 

summarized below: 

1. To study Experimental Analysis of Composite blade in Static and Dynamic 

Condition: 

It is important to conduct analysis of thin walled carbon fiber composite blade in 

non-rotating condition to get various basic parameters that are useful in rotating 

condition analysis. So, the Deflection at free end is to be carried out under point 

load is applied at free end of the beam, therefore composite blade is considered as 
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cantilever type. This analysis is carried out in static condition. Also Dynamic 

analysis is carried out for different rpm. 

 

2. To study behavior of damaged Composite blade in Dynamic condition: 

 

Behavior of composite blades in rotating condition depends on its various factors 

such as design of blade, balancing, and speed etc. Therefore, there is need to study 

the effects of RPM or number of rotations of blades on damaged and undamaged 

composite blade to check its behavior in rotation condition. 

1.6 Organisation of thesis: 

CHAPTER 1: 

This chapter gives the overview about composite material. There are different 

categories or types of composite material, are also explained in this chapter. The 

common terminology for composite material is given. Then types of composite, its 

layup sequence, ply angle, lamina etc. all this details are given in this chapter. Finally, 

objectives and methodology of the proposed work is explained in detail.   

CHAPTER 2:  

A lot of research has been done on composite blade both experimentally and 

numerically and analytically. This chapter deals with the literature review of static 

and dynamic analysis of composite blade , modeling of composite blade , natural 

frequency analysis of blade  in undamaged-damaged condition, behavior of damaged 

composite blade in rotating condition. 

CHAPTER 3:  

In this study the composite blade is used for analysis in different conditions. The 

details of blade  are explained in this chapter. Dimensions, material used for particular 

blade , its layup sequence, and material properties are also given in detail. Then, the 

fabrication process of composite material is also explained in detail with experimental 

setups. 
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CHAPTER 4:  

This chapter details with static analysis of composite blade for different parameters 

like deflection. The experimentation is carried out on blade to find uncertainty present 

in material using deflection parameter.  

CHAPTER 5: 

This chapter is deals with experimental study on to check the behavior of undamaged 

and damaged composite blade  in rotating condition for different rpm with different 

locations. Hence, blade is damaged at different locations by producing the cracks on 

it. The experimentation is carried on rotating composite blade to measure the 

accelerations for different rpm using GY-521 accelerometer and Arduion setup. This 

is also carried out for both undamaged and damaged blade and obtained results are 

represented in graphical form. 

1.7 Summary: 

The overview about composite material is explained in this chapter. Then, the 

common categories and types of composite materials are also explained in details. 

Also material with different ply angle, lay up sequence, matrix, terminology of 

composite material all this information is given in detail. Then, the objectives, 

methodology and organisation of thesis are explained in shortly. 
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Chapter 2 

Literature Review 

A lot of research has been done on composite blade, both experimentally and 

numerically and analytically. This chapter deals with the literature review of static 

and dynamic analysis of composite blade of blade in undamaged-damaged condition, 

behavior of damaged composite blade in rotating condition. This chapter is divided 

into the following sections: 

1) Static analysis of composite blade 

2) Dynamic analysis of composite blade in rotating condition 

3) Behavior of undamaged and damaged composite box beam in rotating 

condition  

2.1 Static analysis of composite blade: 

Vlasov et al. [1] developed the theory of thin-walled members made of isotropic 

materials. Up to the present, investigation into the stability and vibration behavior of 

these members has received widespread attention and has been carried out 

extensively. Many numerical techniques have been used to solve the dynamic analysis 

of these members. One of the most effective approaches was done to derive the exact 

stiffness matrices based on the solution of the differential equation of beam. 

Numerical results are obtained for thin-walled composite box beams to investigate the 

effects of axial force, fiber orientation and modulus ratio on the natural frequencies, 

load–frequency interaction curves and corresponding vibration mode shapes. Thin 

walled beams made of isotropic materials have been studied by many authors .Some 

works have been devoted to the analysis of the flexural-torsion properties of thin 

walled composite beams. Vlasov’s theory was extended for the bending and twisting 

of thin-walled composite beams with open cross-section made from symmetric fiber 

reinforced laminates and for composite beams with arbitrary geometric and material 

sectional properties. Some papers have also been published dealing with the 

optimization of composite thin-walled cross-section beams. 

Barradas et al. [2] has performed the optimal design of cross-section properties of 

thin-walled laminated composite beams. These properties are expressed as integrals 

based on the cross-section geometry, on the warping functions for torsion, shear 
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bending and shear warping, and on the individual stiffness of the laminates 

constituting the cross-section. The finite element method is used in discretizing the 

theory. For design sensitivity calculations, the cross-section is modeled throughout 

design elements. Geometrically, these elements may coincide with the laminates that 

constitute the cross-section. The developed formulation is based on the concept of 

adjoint structure. After a warping function is calculated for the cross-section, an 

adjoint problem may be formulated for each of the properties and a corresponding 

adjoint warping is determined. It can be applied in a unified way to open, closed or 

hybrid cross-sections. Design optimization is performed by nonlinear programming 

techniques. Laminate thickness and lamina orientations are considered as design 

variables. 

Kato et al. [3] described an optimization strategy of fiber reinforced composites. 

Although the methodical concept is very general we concentrate on Fiber Reinforced 

Concrete with a complex failure mechanism resulting from material brittleness of 

both constituent’s matrix and fibers. Because of these unfavorable characteristics the 

interface between fiber and matrix plays a particularly important role in the structural 

response. A prominent objective for this kind of composite is the improvement of 

ductility. The influential factors on the entire structural response of this composite are 

(i) material parameters involved in the interface, (ii) the material layout at the small 

scale level, and (iii) the fiber geometry on the macroscopic structural level. Paper 

gives the structural ductility of the fiber reinforced composites applying an 

optimization method with respect to the geometrical layout of continuous long textile 

fibers. The method proposed is achieved by applying a so-called embedded 

reinforcement formulation. This methodology is extended to a damage formulation in 

order to represent a realistic structural behavior. For the optimization problem a 

gradient-based optimization scheme is assumed. An optimality criteria method is 

applied because of its numerically high efficiency and robustness. The performance of 

the method is demonstrated by a series of numerical examples; it is verified that the 

ductility can be substantially improved. 

Pawar et al. [4] studied a cantilever composite box beam with 00 and 900 plies is used 

for Eigenvalue analysis. In the present work, COMSOL Multiphysics, a structural 

solid mechanics tool, is used to study the Eigenvalue analysis of composite box beam. 
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The beam is analyzed at different Eigen frequency value and different angular 

velocity for getting different mode shapes. And also for the different rotational speed 

the displacement value of composite box beam is analyzed. 

Aktas et al. [5] investigated deflection function of orthotropic cantilever beam 

subjected to point load are obtained using anisotropic elasticity. The deflection at the 

free end of the beam is calculated numerically using obtained formulas for different 

fiber directions.          

Mehdi et al. [7] presented presents the Computational modal analysis of a composite 

beam with and without cracks. In this work, the mechanical properties of aluminum 

and fiber (Nylon and Glass fiber reinforcement plastic) are measured a universal 

testing machine. The three-dimensional finite element models of composite beam 

with and without cracks are constructed and then computational modal analysis on 

ANSYS-14 is then performed to generate natural frequencies and mode shapes. The 

location of cracks will vary from 10 to 90 % of beam length. The finite element model 

agrees well with the analytical values. 

Yasmeen et al. [8] studied that two Fiber- Reinforced Plastic (FRP) materials, 

Graphite Fibre Reinforced Polyamide and E-Glass Fibre Reinforced Polymer have 

been selected as beam materials for modal analysis using ANSYS 13.0. The analysis 

is carried out for these two beams in different ways. Initially the analysis is carried out 

for different orientation of fibers for two beams. Later the effect of dimensions is 

analyzed by varying one dimension of the beam at a time by keeping the other two 

constant. In the next step the analysis is performed for constant dimensions of each 

beam for same layer orientation and constant volume fraction of fiber by introducing 

transverse cracks of different depths at various positions along the length of the beam. 

The results obtained are analyzed. 

Kumar et al. [8] investigate of the effects of cracks on a cantilever composite beam, 

made of Aluminum- reinforced GFRP and Aluminum reinforced Nylon. The 

mechanical properties of aluminum and fibers (Nylon and Glass fiber reinforcement 

polymer) are measured with universal testing machine. The beams are made of 

Aluminum and synthetic fibers of dimensions 500x30x6 mm. The Cracks are 

provided on the cantilever beam which is varying from 10 to 90% of beam length, and 
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we investigate the natural frequency of all five mode shapes with zero cracks to ninth 

cracks on the beam.  

Prasad et al. [9] investigates the accuracy of predicting the dynamic response by finite 

element modeling of structures with cracks. Steel and composite materials are widely 

used in various construction elements and composites in particular have increased 

substantially over the past few years. These materials are subjected to various types of 

damage, mostly cracks and delamination. These result in local changes of the stiffness 

of elements from such materials and consequently their dynamic characteristics are 

altered. The cracks are modeled as such in case of stress analysis to study the stress 

pattern at those local regions of crack; while in case of dynamic analysis an equivalent 

model is built with many assumptions. 

2.2 Dynamic analysis of composite blade in rotating condition: 

Chung et al. [14] presented a finite element analysis for a rotating cantilever beam. 

Based on a dynamic modelling method using the stretch deformation instead of the 

conventional axial deformation, three linear partial differential equations are derived 

from Hamilton's principle. Two of the linear differential equations are coupled 

through the stretch and chordwise deformations. The other equation is an uncoupled 

one for the flapwise deformation. From these partial differential equations and the 

associated boundary conditions, are derived two weak forms: one is for the chordwise 

motion and the other is for the flapwise motion. The weak forms are spatially 

discretized with newly defined two-node beam elements. With the discretized 

equations, the behaviors of the natural frequencies are investigated for the variation of 

the rotating speed. In addition, the time responses and distributions of the 

deformations and stresses are computed when the rotating speed is prescribed. The 

effects of the rotating speed profile on the vibrations of the beam are also 

investigated.   

Yao et al. [11] investigated the nonlinear dynamic responses of the rotating blade with 

varying rotating speed under high-temperature supersonic gas flow. The varying 

rotating speed and centrifugal force are considered during the establishment of the 

analytical model of the rotating blade. The rotating blade is treated as a pretwist, 

presetting, thin-walled rotating cantilever beam. Using the isotropic constitutive law 
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and Hamilton’s principle, the nonlinear partial differential governing equation of 

motion is derived for the pretwist, presetting, thin-walled rotating beam. Based on the 

obtained governing equation of motion, Galerkin’s approach is applied to obtain a 

two-degree-of-freedom nonlinear system. Numerical simulations are performed to 

study the nonlinear dynamic response of the rotating blade. In summary, numerical 

studies suggest that periodic motions and chaotic motions exist in the nonlinear 

vibrations of the rotating blade with varying speed. 

Ohtsuka et al. [12] studied the deformation and the stress of an axial flow compressor 

rotor blade under the loading of centrifugal forces. Coupled deformation of extension, 

bending, torsion and transverse shear of a pretwisted curved bar with arbitrary cross 

section is considered. Governing equations derived by means of the principle of 

virtual work are solved numerically by finite difference method. The warping 

functions used in the analysis were obtained by the use of finite element method. 

Measurement of the untwist angles and the stresses were carried out for the 

verification of the numerical analysis and they were found to be in good agreement.  

Sina, et al. [13] studied the Axial–torsional vibrations of rotating pretwisted thin-

walled composite box beams exhibiting primary and secondary warping are 

investigated. Considering the nonlinear strain–displacement relations, the coupled 

nonlinear axial–torsional equations of motion are derived using Hamilton0s principle. 

Ignoring the axial inertia term leads to differential equation of motion in terms of 

elastic torsion in the case of axially immovable beams. Centrifugal load in the 

presence of material anisotropy and pretwist angle leads to an induced static torque. 

The nonlinear equation should be linearized about the corresponding equilibrium state 

to obtain the linear differential equation of motion. Extended Galerkin0s method is 

utilized to achieve the proper Eigenvalue problem. The results obtained in this paper 

seek to clarify the individual and collective effects of axial loading, pretwist, stagger 

and fiber angles on the torsional behavior of the non-uniform thin-walled composite 

blades. The results are compared to available analytical and experimental results in 

the literature which reveals excellent agreements. The outcomes of this study are 

expected to offer better predictions of the dynamic behavior of this kind of structures 

in general, and in design of rotor blades of turbo-machinery, in particular. 
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Rao, et al. [14] establishes the stiffness and mass matrices of a rotating twisted and 

tapered beam. The angle of twist, breadth and depth are assumed to vary linearly 

along the length of beam. The effects of shear deformation and rotary inertia are also 

considered in deriving the elemental matrices. The first four natural frequencies and 

mode shapes in bending-bending mode are calculated for cantilever beams. The 

effects of twist, offset, speed of rotation and variation of depth and breadth taper 

ratios are studied. 

Della, et al. [15] develops a finite element (FE) model to study the free vibration of a 

rotating laminated composite beam with a single delamination. The rotary inertia and 

shear deformation effects, as well as the bending–extension, bending–twist and 

extension–twist coupling terms are taken into account in the FE model. Comparison 

between the numerical results of the present model and the results published in the 

literature verifies the validity of the present model. Furthermore, the effects of various 

parameters, such as delamination size and location, fiber orientation, hub radius, 

material anisotropy and rotating speed, on the vibration of the beam are studied in 

detail. These results provide useful information in the study of the free vibration of 

rotating delaminated composite beams. 

Sakar et al. [16] presents a finite element model for the static and dynamic stability of 

a rotating pretwisted aerofoil cross-section two bladed packet subjected to uniform 

radial periodic force. The effects of various parameters such as shroud dimensions, 

pretwist angle, stagger angle, rotational speed and distance of shear center from the 

centroid on the stability of the blade packets are presented. The numerical results 

show that pretwist angle and the coupling effect are important in high-frequency 

modes depending on shear center distance from the centroid on dynamic stability 

regions. The increase in stagger angle makes the pretwisted two-bladed packet less 

stable. However, the increase in rotational speed makes the pretwisted two-bladed 

packet more stable. 

Stoykov et al. [17] studied the nonlinear vibrations of 3Dbeams with rectangular cross 

section and that rotate about a fixed axis are investigated by the p version finite 

element method. Two types of nonlinearity are taken into account: one comes from 

then online are strain–displacement relation; the other appears because of the inertia 

forces due to the rotation of the beam. 
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2.3 Behavior of undamaged and damaged composite blade in rotating 

condition: 

Librescu et al. [18] described a geometrically non-linear theory to study the dynamic 

behavior of a thin-walled composite beam. The model is based on a small strain and 

large rotation and displacements theory, which is formulated through the adoption of 

a higher-order displacement field and takes into account shear flexibility (bending and 

warping shear). In the analysis of a weakly nonlinear continuous system, the Ritz’s 

method is employed to express the problem in terms of generalized coordinates. Then, 

perturbation method of multiple scales is applied to the reduced system in order to 

obtain the equations of amplitude and modulation. In this paper, the non-linear 3D 

oscillations of a simply-supported beam are examined, considering a cross-section 

having one symmetry axis. Composite is assumed to be made of symmetric balanced 

laminates and especially orthotropic laminates. The model, which contains both 

quadratic and cubic non-linearity’s, is assumed to be in internal resonance condition. 

Steady-state solution and their stability are investigated by means of the Eigenvalue of 

the Jacobin matrix. The equilibrium solution is governed by the modal coupling and 

experience a complex behavior composed by saddle noodle. 

Chung et al. [24] has introduced a non-linear model for dynamic analysis of rotating 

thin-walled composite beams. The theory is deduced in the context of classic variation 

principles and the finite element method is employed to discretize and furnish a 

numerical approximation to the motion equations. The model considers shear 

flexibility as well as non-linear inertial terms, Coriolis effects, among others. The 

clamping stiffness of the beam to the rotating hub is modeled through a set of spring 

factors. The model serves as a mean deterministic basis to the studies of stochastic 

dynamics, which are the objective of the present article. Uncertainties should be 

considered in order to improve the predictability of a given modeling scheme. In a 

rotating structural system, uncertainties are present due to a number of facts, namely, 

loads, material properties, etc. In this study the uncertainties are incorporated in the 

beam-to-hub connection (i.e. the connection angle and the springs) and the rotating 

velocity. The probability density functions of the uncertain parameters are derived 

employing the Maximum Entropy Principle. Different numerical studies are 
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conducted to show the main characteristics of the uncertainty propagation in the 

dynamics of rotating composite beams. 

Yongsheng et al. [25] described Smart structure with active materials embedded in a 

rotating composite thin walled beam is a class of typical structure which is using in 

study of vibration control of helicopter blades and wind turbine blades. The dynamic 

behavior investigation of these structures has significance in theory and practice. 

However, so far dynamic study on the abovementioned structures is limited only the 

rotating composite beams with piezoelectric actuation. The free vibration of the 

rotating composite thin walled beams with shape memory alloy (SMA) fiber actuation 

is studied. SMA fiber actuators are embedded into the walls of the composite beam. 

The equations of motion are derived based on Hamilton’s principle and the 

asymptotically correct constitutive relation of single cell cross section accounting for 

SMA fiber actuation. The partial differential equations of motion are reduced to the 

ordinary differential equations of motion by using the Galerkin’s method. The 

formulation for free vibration analysis includes anisotropy, pitch and precone angle, 

centrifugal force and SMA actuation effect. Numerical results of natural frequency are 

obtained for two configuration composite beams. It is shown that natural frequencies 

of the composite thin walled beam decrease as SMA fiber volume and initial strain 

increase and the decrease in natural frequency becomes more significant as SMA fiber 

volume increases. The actuation performance of SMA fibers is found to be closely 

related to the rotational speeds and ply angle. 

Bao et al. [26] derived an element stiffness matrix of a beam with a crack from an 

integration of stress intensity factors, and then a finite element model of a cracked 

beam is established. This model is applied to a cantilever beam with an edge-crack, 

and the Eigen frequencies are determined for different crack lengths and locations. 

Finally, a simple and direct method for determining the crack position, based on the 

relationship between the crack and the Eigen couple (Eigenvalue and eigenvector) of 

the beam, is proposed and this method can be suggested to complex structures with 

various cracks, if their stress intensity factors are known to us. 

Zak et al. [28] discussed the theories of beam and flexural behavior is compared. This 

analysis includes various one-, two- and three-dimensional beam behavior theories 

comprising the classical one-dimensional Bernoulli, Bernoulli– Rayleigh, 
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Timoshenko and Reddy theories, as well as various higher order and/or higher-mode 

theories of beam flexural behavior developed by the authors. The dispersion curves 

obtained by the use of Hamilton’s principle and associated with each theory discussed 

in the paper have also been presented and analyzed. The wide investigation 

programme carried out by the authors aimed at showing major differences and 

similarities between the beam theories and to discuss various numerical aspects of 

their application. Great attention has been paid on properties, limitations as well as 

difficulties associated with the use of particular theories of beam flexural behavior. 

Based on a wide program on numerical calculations, the authors draw certain general 

conclusions that are valid not only in the field of wave propagation related problems, 

but also in the field of dynamics of engineering beam-like structures. 

Banerjee at al. [29] described the Cracks reduce the service life of structures. A crack 

in a structural member introduces local flexibility that would affect vibration response 

of the structure. Both the mode shape and frequency change significantly due to the 

presence of crack. The objective of this paper is to obtain information about the 

location and depth of transverse open multiple cracks in a rotating cantilever beams. 

Vibration parameter in the form of mode shape of damaged rotating beam is obtained 

using finite element simulation. Using fractal dimension of mode shape profile, 

damage is detected. It is also shown that this method can produce satisfactory results 

with some limitation based on profile. 

Tahani et al. [30] presented Material discontinuity could cause in-plane stress 

gradients that it arises inter laminar stresses in regions of sudden transition of material 

properties. A layer wise laminated beam theory that is a modification of a layer wise 

laminated plate theory is developed and it is used to analyze analytically the inter 

laminar stresses at material discontinuities in rotating composite beams. Equations of 

motion are obtained by using Hamilton's principle. It is assumed that the beam is 

divided into two regions with different layups which are joined together. The 

predicted inter laminar stress distributions at the ply interfaces are shown to be in 

good agreement with comparative three-dimensional finite element analysis. 
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2.5 Summary: 

The literature review is carried out in this chapter. A lot of research has been 

done on composite box beams, both experimentally and numerically and analytically. 

The literature study is done in four section mentioned above. Most of the numerical 

studies are carried out on composite material or beams. By taking the references of it; 

I have carried out the experimentations on composite box beam.  
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Chapter 3 

Design and Fabrication of Composite Blade 

3.1 Details of Composite Blade: 

For manufacturing of composite blade some design parameters are required. The 3D 

drawing of blade, its dimensions, and material properties is given below. 

Table 3.1 Dimensions of composite blade 

Parameters Dimensions (mm) 

Length 800 

Width 60 

Height 22 

Thickness 4 

With the help of above mentioned dimensions, 3D drawing is created in the 

AutoCAD. The lay-up sequence of composite blade is [03/90]s - 8 Layer. 

  
   Figure 3.1 3D drawing of composite blade     Figure 3.2 Front view of composite blade 

The material properties of carbon fiber composite blade used for experimental and 

theoretical analysis are given below. Also material used for blade and lay up sequence 

of geometry is given. Same properties are used during numerical study or simulation 

of composite blade. 

3.1.1 Material: 

- Carbon Fibre Unidirectional Fabric 

- 6 KUD Fabric – 360 GSM 

3.1.2 Layup Sequence: 

- 0-0-90-0-0-90-0-0 - 8 Layer Geometry 
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3.1.3 Material Properties: 

                       Table 3.2 Material Properties of Composite blade 

Material Properties 
Carbon Fibre 

Unidirectional 

Young’s Modulus 

135 Gpa (Ex Dir.) 

10 Gpa (Ey Dir.) 

10 Gpa (Ez Dir.) 

Poisson’s Ratio 0.26 

Mod. of Rigidity 5 Gpa 

Density 1600 kg/m3 

3.2 Fabrication of composite blade 

Composite materials are formed by combining two or more materials that have 

quite different properties. The different materials work together to give the composite 

unique properties, but within the composite you can easily tell the different materials 

apart – they do not dissolve or blend into each other. Most composites are made up of 

just two materials. One material (the matrix or binder) surrounds and binds together a 

cluster of fibers or fragments of a much stronger material (the reinforcement). 

3.2.1 Choosing materials for the reinforcement: 

The composite blade used in the experimentation is having the carbon fiber as 

reinforcement. Although glass fibers are by far the most common reinforcement, 

many advanced composites now use fine fibers of pure carbon. Carbon fibers are 

much stronger than glass fibers, but are also more expensive to produce. Carbon fiber 

composites are light as well as strong. They are used in aircraft structures and in 

sporting goods (such as golf clubs), and increasingly are used instead of metals to 

repair or replace damaged bones. Carbon Fibre, Standard grade carbon fiber (T300, 

HTA, etc) have mechanical properties without resin of approx. 3-3.5 GPa tensile 

strength and 230 - 240 GPa Tensile modulus, is used for the manufacturing purpose. 

3.2.2 Choosing materials for the matrix 

For the matrix, many modern composites use thermosetting or thermo softening 

plastics (also called resins). (The use of plastics in the matrix explains the name 

'reinforced plastics' commonly given to composites). The plastics are polymers that 

hold the reinforcement together and help to determine the physical properties of the 
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end product. Two main kinds of polymers are thermosets and thermoplastics. 

Thermosets have qualities such as a well-bonded three-dimensional molecular 

structure after curing. They decompose instead of melting on hardening. For the 

fabrication of the carbon fiber composite box beam used in the experimentation 

Epoxy is used as a matrix which is type of thermosets polymer. Epoxy resins are 

widely used in filament-wound composites and are suitable for moulding prepress. 

They are reasonably stable to chemical attacks and are excellent adherents having 

slow shrinkage during curing and no emission of volatile gases. These advantages, 

however, make the use of epoxies rather expensive. 

Following table shows the material properties of the carbon fiber epoxy resin used for 

the fabrication of the composite box beam. 

Table 3.3 Details of T300/5208 Carbon/Epoxy Unidirectional 

Fiber Matrix Form Vf Rho(g/cc) Temp(0C) Cond. 

T300 

Carbon 

5208 

Epoxy 
UD 0.70 1.60 22.2 Dry 

3.2.3 Choosing the manufacturing process: 

Making an object from a composite material usually involves some form of mould. 

The reinforcing material is first placed in the mould and then semi-liquid material is 

sprayed or pumped in to form the object. Pressure may be applied to force out any air 

bubbles, and the mould is then heated to make the matrix set solid.  

a) Vacuum Bag Molding: 

Today bag molded (vacuum and pressure) composites provide higher performance 

that results from optimization of process controls, design refinements and improved 

materials. Vacuum bagging techniques have been developed for fabricating a variety 

of aerospace components and structures. The process is principally suited to prepreg 

materials. This method utilizes a flexible film or rubber bag that covers the part layup. 

The bag permits evacuation of the air to apply atmospheric pressure. The primary 

limitation of this method is the limited pressure that can be applied. The fabrication 

process of composite box beam is given below in detail. 
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         Carbon Fibre                                            CNC Machining 

     

           Hand Lamination                    Vaccume Bagging                          Baking Oven 

Figure 3.3 Fabrication process of composite blade 
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3.3 Summary: 

In this study the composite blade is used for analysis in different conditions. 

The details of blade are explained in this chapter. Dimensions, material used for 

particular beam, its layup sequence, and material properties are also given in detail. 

Then, the fabrication process of composite material is also explained in detail with 

experimental setups. The Vaccume Bagging is one the process which is mostly used 

for composite blade fabrication.  
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Chapter 4 

Experimental Analysis of Composite Blade in Static 

Condition 

In this study static analysis is carried out for composite blade to find out the tip 

defection of the blade by applying load at its free end. For that blade is fixed like a 

cantilever beam. For applying the load at free end, we have used the different weights 

(10N to 80N). This particular study has carried out to find the material uncertainty 

present in material or in beam. The experimental study has carried for deflection The 

details of this entire are discussed below. [5] 

 4.1 Experimental Study for Deflection measurement of blade: 

The experimental study is carried out for composite blade to measure it’s 

deflection at free end. The composite blade is like a cantilever beam, where one end is 

fixed and at the other end load is applied. Due to this load deflection is take place at 

free end of beam. This parameter is used to find the material uncertainty present in 

material or in beam. In previous study deflection is calculated using Dial Gauge. The 

dial gauge is placed at bottom side of beam by making it’s stylus in point contact with 

blade and will shows zero reading. If load is applied at free end of the beam will move 

in downward direction. Due to point contact of beam with stylus it also moves and 

shows some reading. The change in reading is directly taken as deflection of blade in 

mm or cm. But due to some contact between them will create instrumental errors 

during measurement. 

To avoid this situation non contact device is developed called as Hall Effect 

Sensor. The Hall Effect sensor is electronic device which is works on electromagnetic 

field. If magnet is come in front of Hall Effect sensor it create magnetic field between 

them. If magnet will moves away from it change in voltage will take place due to 

change in distance between them. The change in voltage is calibrated in terms of 

deflection of blade. Therefore, in this study magnet is stick on blade at its free end and 

Hall Effect sensor is mount on its top side by keeping some distance between them 

i.e. 1 to 2 mm. The output of this sensor is to another electronic device named as 

Arduino (Uno) will give required output only. 
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The details of this two devices and its operation for our study is discussed below 

along with its setup for different loading conditions. The Experimental setup for 

deflection of blade at free end is show below. 

    

Figure 4.1 Experimental setups for Deflection measurement of blade using Hall Effect sensor 

4.1.1 Introduction to Hall Effect Sensor: 

The Hall Effect is an ideal sensing technology. The Hall element is 

constructed from a thin sheet of conductive material with output connections 

perpendicular to the direction of current flow. When subjected to a magnetic field, it 

responds with an output voltage proportional to the magnetic field strength. The 

voltage output is very small (μV) and requires additional electronics to achieve useful 

voltage levels. When the Hall element is combined with the associated electronics, it 

forms a Hall Effect sensor.  

Although the Hall Effect sensor is a magnetic field sensor, it can be used as 

the principle component in many other types of sensing devices (current, temperature, 

pressure, position, etc.). Hall Effect sensors can be applied in many types of sensing 

devices. If the quantity (parameter) to be sensed incorporates or can incorporate a 

magnetic field, a Hall sensor will perform the task. Figure 2 shows a block diagram of 

a sensing device that uses the Hall Effect. In this generalized sensing device, the Hall 

sensor senses the field produced by the magnetic system. The magnetic system 

responds to the physical quantity to be sensed (temperature, pressure, position, etc.) 

through the input interface. The output interface converts the electrical signal from the 

Hall sensor to a signal that meets the requirements of the application. 
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                          Figure 4.2 General sensor based on the Hall Effect 

4.1.2 Why use the Hall Effect?  

The reasons for using a particular technology or sensor vary according 

to the application. Cost, performance and availability are always 

considerations.  

General features of Hall Effect based sensing devices are:  

• True solid state  

• Long life  

• High speed operation - over 100 kHz possible  

• Operates with stationary input (zero speed)  

• No moving parts 

• Logic compatible input and output 

• Highly repeatable operation 

    

 Figure 4.3 Principle of Hall Effect Sensor  
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4.1.3 Introduction to Arduino: 

Arduino is an open-source platform used for building electronics projects. 

Arduino consists of both a physical programmable circuit board (often referred to as 

a microcontroller) and a piece of software, or IDE (Integrated Development 

Environment) that runs on your computer, used to write and upload computer code to 

the physical board. 

The Arduino platform has become quite popular with people just starting out 

with electronics, and for good reason. Unlike most previous programmable circuit 

boards, the Arduino does not need a separate piece of hardware (called a programmer) 

in order to load new code onto the board – you can simply use a USB cable. 

Additionally, the Arduino IDE uses a simplified version of C++, making it easier to 

learn to program. Finally, Arduino provides a standard form factor that breaks out the 

functions of the micro-controller into a more accessible package. 

The Uno is one of the more popular boards in the Arduino family and a great 

choice for beginners. We use the Arduino Uno for our study and the configuration of 

it as shown in figure below. 

    

                                    Figure 4.4 Arduino UNO with connections 

Some of the key features of the Arduino Uno include: 

 An open source design. The advantage of it being open source is that it has 

a large community of people using and troubleshooting it.  

 Very convenient power management and built-in voltage regulation. You 

can connect an external power source of up to 12v and it will regulate it to 

both 5v and 3.3v. It also can be powered directly off of a USB port without 

any external power. 

 And last, but not least, a button to reset the program on the chip. 

http://arduino.cc/
http://en.wikipedia.org/wiki/Microcontroller
http://arduino.cc/en/Main/Software
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4.1.4 Experimental Results for different loads: 

The experimental results are carried out for deflection of blade at free end for 

different loads using Hall Effect sensor. The same study is carried out for four 

composite blade to find material uncertainty present in material using deflection 

parameter. The experimental setup for this study is shown by figure. Hall Effect 

sensor will give maximum voltage up to 220 volt, if distance between sensor and 

magnet is up to 6 mm. Initially, I put 1 mm distance between sensor and magnet then 

it shows some constant voltage i.e. 460-465 volt and it is assumed as zero. When 10 N 

load is applied at free end of the blade distance between them is increases and voltage 

is varied from 464 volt to 480 volt is shown by the graphs and voltage difference is 16 

volt after loading. The change in voltage difference is calibrated in terms of deflection 

of blade. The same process is carried out for other loads (20N to 80N) and its voltage 

differences are calculated using graphs to find deflection of blade. 

 

Figure 4.5 Composite box blade in unloading and loading condition 

If blade is deflected up to 6 mm from its initial position then 220 volt maximum 

voltage is generated. For 10 N load 16 v voltage generated and using that voltage I 

have required to calculate how much blade is deflected for that particular load? The 

same process has carried on four blade. The sample calculations of first blade for 10 

N and 20 N loads are given below. 

1) Sample calculation for 10 N: 

           

Therefore, 

            δ = 0.43 mm 
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2) Sample calculation for 20 N: 

            

    Therefore, 

             δ = 0.68 mm 

By the same process deflection is found out for other loads and remaining three 

blade. The voltage difference in initial and final reading for different loads is shown 

by following graphs. The following graphs are generated during the experimentation 

of first blade. The same voltage differences are calculated for remaining three blade 

by generating the same graphs to find its deflection for different loads.                         
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Figure 4.6 Voltage difference in initial and final reading of first blade for different loads 

Following table represents voltage difference of four composite blade along with its 

free end deflection for different loads. 

Table 4.1 Experimental Deflection of four blade with voltage differences for different loads  

Sr. 

No. 

Load 

(N) 

Voltage difference between 

Initial & Final Reading 

Experimental 

Deflection (mm) 

Beam 

1 

Beam 

2 

Beam 

3 

Beam 

4 

Beam 

1 

Beam 

2 

Beam 

3 

Beam 

4 

1. 10 16 15 16 14 0.43 0.40 0.43 0.38 

2. 20 25 25 23 27 0.68 0.68 0.62 0.73 

3. 30 35 37 35 36 0.95 1.00 0.95 0.98 

4. 40 50 48 51 50 1.36 1.30 1.39 1.36 

5. 50 60 61 62 58 1.63 1.66 1.69 1.58 

6. 60 65 65 63 62 1.77 1.77 1.71 1.69 

7. 70 80 81 79 82 2.18 2.20 2.15 2.23 

8. 80 100 102 102 98 2.72 2.78 2.78 2.67 
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The experimental results of deflection of four blade  for different loads are also shown 

by following graph. The deflection is gradually increased with increasing load. 

 

Figure 4.7 Graph of Load Vs Deflections for Four composite blades 
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Chapter 5 

Experimental study on the Behavior of Rotating Composite 

Blade in Undamaged and Damaged Condition 

5.1 Overview: 

The experimental analysis is carried out on undamaged and damaged 

composite blade in rotating condition for different rpm. The Vertical Load Balancing 

Machine is used for this study. The detail specifications of that machine are given 

below. Also the Telemetry Strain Data Acquisition System is used for strain data 

transformation which is wireless device mounted on balancing machine. Initially, 

experimental results are found for undamaged blade for different rpm at different 

locations like near root, at mid and at tip. Then blade is damaged near root, at mid and 

at tip by producing cracks. The experimental results are represented in graphical form 

to analyze the behavior at different locations. Finally, results are compared for 

undamaged and damaged blade for different rpm. [36] [37] 

5.2 Experimental Study: 

The experimental setup for rotating condition analysis of composite blade is 

shown below. The balancing machine is fixed at location, the composite blade are 

mounted on balancing plate which is rotating for different rpm on which strain data 

acquisition system is also mounted. The detailed specifications of the instruments 

used for analysis are given below. 

          

Figure 5.1 Experimental setup for Rotating Analysis of Composite Blade 
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5.2.1 Specifications of Vertical Load Balancing Machine: 

 

Figure 5.2 Balancing Machine with control panel 

 Max Weight of Rotor: 30kg 

 Max Diameter of Rotor: 1.5m 

 Speed of Rotor: 300 rpm to 1000 rpm variable speed 

 Digital control system 

 Computerized control panel for measurement of angle and unbalanced 

mass 

5.3 Free Vibration Analysis of Rotating Composite Blade using  

       GY-521 Accelerometer: 

This study deals with free vibration analysis of composite blade which is 

rotating at different rpm. The analysis has carried out by considering the accelerations 

as output parameters. The experimental has designed and developed to carry out 

analysis on rotating blade. Also for accelerations measurement the setup is developed 

using GY-521 Accelerometer and Arduino. In this analysis the accelerometer has kept 

on composite blade and rotates it for different rpm. During rotating condition 

accelerations are taken in three directions (i.e. X, Y and Z) for each rpm using that 

proposed setup and are represented in graphical form to analyze free vibrations for 

rotating blade by estimating the accelerations. 

This particular analysis has carried out on both undamaged and damaged 

condition of composite blade. Initially, experimentation has carried out in undamaged 
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condition of blade and after that blade is damaged by producing crack at different 

locations like near root, at mid and at tip. Then same experimentation has carried out 

on damaged beam. Then both acceleration results are represented in graphical form to 

analyze the effect of damage on accelerations of rotating blade  for different rpm. 

Also this study is useful to analyze the behavior of rotating blade in undamaged and 

damaged condition using the same parameter. The experimental setup for the above 

study is shown by following figures. 

5.4 Experimental setup for Acceleration measurement: 

The experimental setup for acceleration measurement in rotating condition is 

shown below. During analysis blade is mounted on rotating disk then the 

accelerometer (GY-521) in mounted on free end of rotating blade and is connected 

with Arduion setup which is also fixed on rotating disk. The blade is rotating for 

different rpm (100 rpm to 500 rpm) and acceleration are measured to this rpm’s. By 

using this particular setup both undamaged and damaged analysis has carried on 

composite blade. 

 

Figure 5.3 Experimental setup for acceleration in rotating composite blade using GY-521 

Accelerometer 

5.4.1 Accelerometer GY-521: 

In this analysis we have developed one accelerometer using GY-521 and 

Arduion setup for measurement of accelerations in rotating condition. The Gy-521 is 
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mounted on rotating blade at its free end as shown in figure below and connected with 

wires to Arduion. It will take 5 volt supply from Arduion.  

In rotating condition the GY-521 will capture the accelerations in three direction and 

this all analog data to Arduion then Arduion will convert that data in digital data and 

stored it in SD card. 

 

Figure 5.4 Accelerometer GY-521 mounting on free end of composite blade 

5.4.2 Arduino Setup: 

The Arduion setup connected with accelerometer is shown by following 

figure. In this setup the battery (5 Volt) is used to give the supply to Arduion and one 

SD card setup is also connected with it. The Arduion will receive the data from GY-

521 and stores it in SD card in digital form from which further graphs are drawn. 

 

Figure 5.5 Arduino setup connected with GY-521 Accelerometer 
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5.5 Acceleration in rotating composite blade for different rpm in 

different directions: 

The experimentation has carried out on rotating composite blade to measure 

the accelerations for the different rpm. In this analysis we have developed the 

accelerometer using GY-521 and Arduino setup. The experimental setup for this 

particular study is shown by the above figures. The blade mounted on rotating disk 

and rotating it for different rpm and using that proposed setup the accelerations are 

measured. Here we required to find the accelerations of rotating blade in terms of g 

value because direct reading of sensor are not considered as accelerations, we want 

make some conversions or calculations to obtain requires results only. The values 

obtained from the GY-521 accelerometer or raw values are used to find the ax, ay, az 

in terms of g value. For our GY-521, acceleration seems to be in limit of 2g. So, 

scaling factor = 16384. The scaling factor is depends on acceleration limit. The 

following table shows the scaling factors for acceleration limit as per standards 

available. 

         Table 5.1 Scaling factors for accelerometer values 

Acceleration Limit Sensitivity or Scaling factor 

2g 16384 

3g 8192 

4g 4096 

5g 2048 

Converting the raw data: 

 

For example, in the first data, we got, 

        accel x, y, z: -31203, -1850, -3428 

Therefore, from the formula the accelerations are found out by the following way:  
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5.5.1 Accelerations in undamaged rotating composite blade for different rpm:  

Initially, the experimentation has carried out on undamaged blade for different 

rpm. During the experimentation we got some raw data in three directions. Hence by 

using the above formula and scaling factor here we have calculated the accelerations 

in terms of g value. The graphical results for accelerations in terms of g value for 

different rpm are shown by the following graphs.  

 

1. Accelerations for 100 rpm: 

 

      

 

 

 

2. Accelerations for 200 rpm: 
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3. Accelerations for 300 rpm: 

 

  

 

 

 

4. Accelerations for 400 rpm: 
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5. Accelerations for 500 rpm: 

 

  

 

 

Figure 5.6 Accelerations in undamaged rotating composite blade for different rpm 

The above graphical results are drawn for accelerations (in g value) in rotating 

composite blade for different rpm and in different directions (i.e. X, Y, and Z). The X 

direction represents axial direction, Y direction represents the horizontal rotating 

direction of beam and Z represents the vertical movement of blade in rotating 

condition. By making comparison between above results the following conclusions 

are drawn: 

 If blade is rotating for some rpm then it has observed that there is zero 

acceleration in x-direction or in axial direction because the blade is rigid at 
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one direction so there is no any movement will take place in this direction. 

Also for all the remaining rpm (i.e. 100 to 500) same results are obtained in x-

direction of rotating blade are shown by above figures. 

 From the above results in y-direction it has observed that the maximum 

accelerations are produced and they are continuously increases with increases 

with increase in rpm because in rotating condition of blade flapping will 

taking place in horizontal direction due to this flapping acceleration are 

produced in this direction. The accelerations are continuously produced in this 

direction for rotating beam. The results obtained during experimentation for 

the 100 to 500 rpm are represented by the figures. 

 For rotating blade the vertical movement is also taking place and this is 

represented by z-direction. From the above results it is observed that up to 

certain rpm the accelerations are produced in z-direction due vertical 

movement of blade and after that there is no any acceleration in this direction 

after some rpm. From the above results we can say that for 100 to 400 rpm 

accelerations are produced in z-direction and if rpm is increases up to 500 rpm 

then zero acceleration are produced in blade because after some rpm the 

movement of blade will stopped in this direction. 

 

5.5.2 Accelerations in damaged rotating composite blade for different rpm: 

The same experimentation has carried on undamaged to find the accelerations in 

rotating blade for different rpm. In this condition blade is damage at three locations by 

producing crack near root, at mid and at tip. The results are taken for different rpm 

and represented in graphical form in three directions such as X, Y, and Z. 

1. Accelerations for 100 RPM: 
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2. Accelerations for 200 RPM: 

 

  

 

 

3. Accelerations for 250 RPM: 
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4. Accelerations for 300 RPM: 
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5. Accelerations for 350 RPM: 

 

  

 

6. Accelerations for 400 RPM: 
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7. Accelerations for 450 RPM: 
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8. Accelerations for 500 RPM: 

 

      

 

Figure 5.7 Accelerations in damaged rotating composite blade for different rpm  

The above graphical results represent the accelerations in g value for damaged 

rotating composite blade for different rpm. From the above results the following 

conclusions are drawn: 

 If damaged blade is rotating for some rpm the accelerations produced in it are 

same like accelerations in undamaged blade and it observed if both results are 

compared with each other for the particular rpm. There are no accelerations in 

X-direction. 

 If rpm is increases continuously then system will get disturbed because 

maximum accelerations are produced in beam due to damaging of blade. The 

maximum changes are observed in accelerations for 350 to 450 rpm and it in 

the Y-direction only is shown by above graphs and in Z-direction the 

accelerations will remains constant after some rpm.  

 The changes are observed for undamaged and damaged blade if all graphical 

results are compared with each other for this particular rpm. 

From the above all results of undamaged and damaged blade it has that observed that 

maximum accelerations are produced in damaged blade. The maximum variations are 
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taking place in direction of Y. The following graphs represent the peak to peak 

variations for undamaged and damaged in Y and Z direction for the different rpm.  

 

Figure 5.8 Graph of RPM Vs accelerations in undamaged and damaged beam for Y-direction 

 

Figure 5.9 Graph of RPM Vs accelerations in undamaged and damaged blade for Z-direction 

From the above graphs it is observed that peak to peak variation is maximum for 

damaged blade as compared to peak variation in undamaged blade for both Y and Z 

direction. The plane line indicates the accelerations for undamaged blade and dotted 
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line indicates the accelerations in damaged blade for different rpm. From this above 

graphs it has observed that the system (rotating system) will disturbed after damaging 

of blade because for damaged blade accelerations peaks are maximum as compared to 

undamaged blade in both Y and Z direction. There is no any acceleration in X-

direction because the blade is rigid in this direction.   

5.6 Summary: 

In this chapter behavior of undamaged and damaged blade has analyzed for 

different rpm. Initially, experimentation has carried out on undamaged and damaged 

blade for different rpm to analyze its behavior at different locations. The experimental 

results are represented in graphical from to check the behavior of blade before 

damaging and after damaging at different locations. Then accelerations of rotating 

composite blade  are analyzed using GY-521 and Arduion setup. The accelerations 

are calculated in terms of g value for both undamaged and damaged blade and finally 

results are represented in graphical form. 
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Chapter 6 

Conclusion 

Composite materials are widely used in the aircraft industries because of their 

superior fatigue characteristics and larger stiffness-to-weight ratios as compared with 

their metal counterparts. A composite material can be defined as a combination of two 

or more materials. In this thesis the static and dynamic analysis of composite blade 

has carried which is made up of unidirectional carbon fibers. Initially, static analysis 

is carried out on blade for the different parameters like deflection, stress and strain. 

Then dynamic analysis is carrying out on rotating beam to study its behaviour in 

undamaged and damaged condition for different rpm.  

6.1 Conclusion: 

Following conclusions are drawn from above study and work presented in this thesis: 

 The experimentation has carried out on composite blade in static condition to 

find the deflection at its free end for different loads. It has been carrying out 

using Hall Effect Sensor which non contact device for deflection 

measurement. The deflection of blade at free end stress-strain values are 

increases continuously by increasing point load at its free end. This particular 

study was carrying out to find the uncertainties present in material by using 

deflection parameter and it is analyzed that there is no uncertainty present in 

material or in composite blades. 

 In case of accelerations of rotating blade, the maximum accelerations are 

produced in damaged blade as compared undamaged blade. Due to this 

damaged blade the rotating system is disturbed at some particular rpm which 

is analyzed by the comparison between undamaged and damaged results.      

6.2 Future work: 

Future work can be focus on, 

 There is wide scope to study the Natural Frequency of rotating composite 

blade for different RPM. 

 The Fatigue Testing Analysis is also required to carry out on the rotating 

composite blade. 
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 Exploring use of PZT for acquiring signals for Structural Health Monitoring                         

System. 
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Abstract: The use of composite materials has been increased in 

different industries like civil, mechanical, aerospace engineering 

due to their better properties. The rotating blade plays an 

important role in engineering structures such as turbine blades, 

airplane propellers, and helicopter blades. This deals with static 

analysis of composite blade to estimate the material uncertainty by 

measuring the deflection. The composite blade is fixed like a 

cantilever beam. To measure this deflection the Hall Effect Sensor 

is developed which is non contact device works on magnetic field. 

If magnet is come in front of sensor it creates magnetic field 

between them and that change in voltage or field is calibrated in 

terms of deflection of blade. The same process is carried for all the 

blades to check their uncertainty present in it. Also, it is deals with 

the dynamic analysis of blade to check their behavior in the axis 

under rotating condition for different RPM. The acceleration is 

considered as performance parameter to check the behavior of 

blade. Also, the setup is developed for accelerations measurement 

GY-521 Accelerometer. The accelerometer has kept at free end of 

blade and accelerations are taken in three directions for each rpm 

and it is represented in a graphical form. The analysis is carryout 

for both damaged and undamaged blade. The both studies are 

carried out using condition monitoring approach to observe their 

behavior of blade in static & dynamic condition before used in any 

application. 

 

Keywords: Uncertainty, Hall Effect, Static, Dynamic, GY-521, 

Arduino, Accelerations. 

I. INTRODUCTION 

This deals with static analysis of composite blade to 

estimate the material uncertainty. The deflection is measured 

to check the uncertainties present in material. The composite 

blade is fixed like a cantilever beam. To this deflection the 

Hall Effect Sensor is developed which is non contact device 

works on magnetic field. If magnet is come in front of sensor 

it create magnetic field between them and that change in 

voltage or field is calibrated in terms of deflection of blade. 

The same process is carried for all the blades to check their 

uncertainty present in it. Also, it is deals with the dynamic 

analysis of blade to check their behavior in the axis under 

rotating condition for different RPM. The acceleration is 

considered as performance parameter to check the behavior  
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of blade. Also, for accelerations measurement, the setup is 

developed using GY-521 Accelerometer and Arduino. The 

accelerometer has kept at free end of blade and rotates it for 

different rpm. During rotating condition accelerations are 

taken in three directions for each and results are represented 

in a graphical. This study is carried out for both damaged and 

undamaged using the same parameter. [1, 2, 3] 

The researches have been conducted on composite blades. 

Ronge et al. presented experimental setup for damage 

identification of rotating blade for both damaged and 

undamaged using health monitoring approach. Kachareet. al 

represented the measurement of acceleration using dynamic 

setup. Kachareet. al presented theory of health monitoring of 

blade and parameters related to same. The proposed approach 

is further extended to study large deflection behavior of an 

initially curved cantilever beam subjected to distributed and 

combined load. These results are successfully validated with 

existing results for straight beams and some new results are 

furnished for initially curved cantilever beams. Mohammad 

Dado et al. studied the very large deflection behavior of 

prismatic and non-prismatic cantilever beams subjected to 

various types of loadings. The formulation is based on 

representing the angle of rotation of the beam by a 

polynomial on the position variable along the deflected beam 

axis. Beléndez, T. et al. presented the classical problem of 

deflection of a cantilever beam of linear elastic material, 

under the action of a uniformly distributed load along its 

length (its own weight) and an external vertical concentrated 

load at the free end, is experimentally and numerically 

analyzed. We present the differential equation governing the 

behavior of this system and show that this equation, although 

straightforward in appearance, is in fact rather difficult to 

solve due to the presence of a nonlinear term. 

The both static and dynamic studies are carried out using 

condition monitoring approach to observe the behavior of 

blade before their use in any application. 

II. INTRODUCTION COMPOSITE BLADE 

The composite blade of uniform cross-section having 

dimension 800x60x22 mm. This is an eight layer sandwich 

composite blade. 
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Figure 1Composite blade 

Material Properties: 

Table1 Material Properties of Composite blade 

 

III. STATIC ANALYSIS OF COMPOSITE BLADE 

3.1 Hall Effect Sensor & Arduion (Uno): 

The Hall Effect is an ideal sensing technology. The Hall 

element is constructed from a thin sheet of conductive 

material with output connections perpendicular to the 

direction of current flow. When subjected to a magnetic field, 

it responds with an output voltage proportional to the 

magnetic field strength. The voltage output is very small (μV) 
and requires additional electronics to achieve useful voltage 

levels. When the Hall element is combined with the 

associated electronics, it forms a Hall Effect sensor. The 

reasons for using a particular technology or sensor vary 

according to the application. Cost, performance and 

availability are always considerations. 

Arduion is an open-source platform used for building 

electronics projects. Arduino consists of both a physical 

programmable circuit board (referred to as microcontroller) 

and a piece of software that runs on your computer, used to 

write and upload computer code to the physical board. We 

use the Arduino Uno for our study which is one of the more 

popular boards in the Arduino family and the configuration of 

it as shown in figure below. 

 
Figure 2 Hall Effect Sensor. Figure 3 Arduino Uno 

3.2. Experimental Analysis: 

Theexperimentation has carried on composite blade for by 

varying load at free end to find the deflection using Hall 

Effect sensor. The designed Hall Effect sensor will generate 

maximum voltage up to 220 volt, if distance between sensor 

and magnet is up to 6 mm. Initially, we put 1 to 2 mm 

distance between sensor and magnet then it shows some 

voltage will assumed as zero. When 10 N load is applied at 

free end of the bladethe voltage difference is generated 

between initial and final reading. The change in voltage 

difference is calibrated in terms of deflection of blade. The 

same process is carried out for other loads (20N to 80N) and 

its voltage differences are calculated using in graphical form 

which are generated during experimentation. 

The experimental setup for the above proposed work and 

blade in loading and unloading conditionis shown by 

following figures. 

 
Figure4Experimental setups using Hall Effect Sensor 

 

 
Figure 5Composite blade in unloading and loading 

condition 

 

During experimentation it has analyzed that for 10 N load 

16 v voltage generated and by using this voltage we calculate 

the deflection of bladefor this particular load. The same 

process has carried on four blade. The sample calculations of 

first bladefor 10 N and 20 N loads are given below. 

 
 

Therefore,  δ = 0.68 mm 

The voltage difference in initial and final reading for 

different loads is shown by following graphs. The following 

graphs are generated during the experimentation of first 

blade. The same voltage differences are calculated for 

remaining three blades by generating the same graphs to find 

its deflection for different loads. 
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Figure 6Voltage difference in initial and final reading 

 

Table 2 Deflection of composite blade 

 
 

Above table represents voltage difference of four 

composite blade along with its free end deflection for 

different loads.The experimental results for deflection of four 

blades for different loads are also shown by following graph. 

 

 
Figure 7 Load Vs Deflection 

IV. DYNAMIC ANALYSIS OF COMPOSITE 

BLADE & RESULTS 

4.1 EXPERIMENTAL SETUP FOR ACCELERATION 

MEASUREMENT: 

The experimental setup for acceleration measurement has 

shown below. The accelerometer is mounted at free end of  

 

 

blade with arduino connection shown in figure below. 

 
Figure 8 Experimental setup using GY-521 

Accelerometer 

 

The blade is mounted on rotating disk and rotating it for 

different rpm and using that proposed setup. Here we 

required to find the accelerations of the rotating beam in 

terms of g value because the direct reading of sensor is not 

considered as accelerations, we want to make some 

conversions or calculations to obtain necessary results only. 

The values obtained from the GY-521 accelerometer or raw 

values are used to find the ax, ay, az in terms of g value.. The 

scaling factor depends on the acceleration limit. Table 1 

shows the scaling factors for acceleration limit as per 

standards available. 

Table 3Accelerometer Scaling factors 

 

 

4.2 ACCELERATIONS IN UNDAMAGED ROTATING 

COMPOSITE BLADE FOR DIFFERENT RPM: 

In the first phase the study is carried out for undamaged 

blade by measuring the acceleration in the direction using the 

proposed setup. During the rotating condition the movement 

of blade is taking place in three directions and their results are 

represented in graphical form which is shown by following 

figures.  
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Figure 9Accelerations in undamaged blade (100 rpm) 

  

 

 
 

Figure 10 Accelerations in undamaged blade(200 rpm) 

 

Figure 9 and 10 shows the accelerations (in g value) in a 

rotating composite box blade for different rpm. The 

X-direction represents axial direction, Y direction represents 

the horizontal rotating direction of blade and Z represents the 

vertical movement of the blade in rotating condition. 

4.3 ACCELERATIONS IN DAMAGED ROTATING 

COMPOSITE BLADE FOR DIFFERENT RPM: 

In the 2ndphase similar study is carried out for damaged 

blade using same process and setup and their results are again 

represented in following graphical form for different rpm. 

 

 

 
Figure 11Accelerations in damaged blade (100 rpm) 

 

 

 
Figure 12 Accelerations in damaged blade (200 rpm) 
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Figure 13 RPM vs accelerations in Y-direction of blade 

V. CONCLUSION 

During the manufacturing of composite material or blades 

the uncertainties has formed due to some defects or errors 

manufacturing process and it has studied by the different 

parameters like deflection, stress, strain, natural frequency 

etc. The experimentation has carried on composite blade for 

deflection measurement and this is of for all four blades by 

the same process and it is carried out to analyze the 

uncertainty present in material or blade. Also Static and 

Dynamic analysis was carried out on blade for acceleration 

measurement. From the above study on composite blade 

following conclusions are drawn: 

The use of dial gauge indicator for deflection measurement 

will create problems during measurement due its contact with 

composite blade. 

To avoid this situation non contact device is designed and 

developed for deflection measurement named as Hall Effect 

Sensor. 

As deflection results of all four blades are compared with 

each other then there is no more difference between them.All 

the results are near to each other to their respective load is 

also shown in graphical form. 

The acceleration results for damaged and undamaged blade 

are compared to check the behavior in rotating condition. 

Using the above graphical results it is observed that the 

accelerations are increased for damaged blade as their 

stiffness are get loosed and due to structure of blade get 

damaged. From the above results and graph the maximum 

deformation is taking place in Y direction for the rotating 

blade. 
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