
IJSRD - International Journal for Scientific Research & Development| Vol. 8, Issue 9, 2020 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 6 

Methodology for Dynamic Stiffness Matrix Formulation for Free 

Vibration Analysis 

Roundal Vijay Baburao1 Dr. Kashinath Haribhau Munde2 

1Ph. D. Scholar 2Professor 
2Department of Mechanical Engineering 

1Shri Jagdish Prasad Jhabarmal Tibrewala University, Chudela, Dist: Jhunjhunu, Rajasthan, India 

2ABMSPs Anantrao Pawar College of Engineering & Research, Parvati, Pune, Maharashtra, India

Abstract— This paper presents in general methodology for 

research, which incorporates methodology espoused for 

completing work and different periods of this investigation. 

Research methodology is way through which scientists need 

to lead their objectives. It shows way through which 

definition of issue as well as objective is completed. This 

proposed work as well as strategy section additionally 

shows how research result toward end will be acquired in 

accordance with meeting target of study. This section thus 

talks about exploration techniques that were utilized during 

research cycle. It incorporates research methodology of 

investigation from research strategy to result dissemination 

to outcome scattering. Subtleties of work done in each stage 

alongside apparatuses, procedures as well as models utilized 

have likewise been canvassed in detail here. 
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I. INTRODUCTION 

The methodology choice brings numerous advantages 

towards ultimate result of research. The chose approach 

consolidates precise advancement strategy as well as 

incorporates systematic development to research.  

Waterfall is described by "isolated as well as 

particular phases of specification as well as development". 

In Waterfall, each progression must be completely finished 

before subsequent stage can start. Toward finish of each 

progression it is investigated to guarantee consistence with 

prerequisites indicated in initial step. As such, it is a 

successive model. The model works best with prerequisites 

are obviously spread out as well as surely known by all 

gatherings included. This model has starting points in 

manufacturing as well as construction businesses. The two 

industries are exceptionally organized as well as making 

changes are amazingly exorbitant. Winston W. Royce 

developed Waterfall model is in 1970. Royce initially 

introduced it to act as an illustration of a defective, non-

working model. 

Finally the paper closes with some concluding 

remarks.  

II. METHODOLOGY 

The consecutive strides in a normal Waterfall model are as 

per following: 

 Conception: This stage is place thought for research 

develops. This stage includes a rough appraisal of cycle 

for example is researches advantageous, what might be 

costs included as well as so on.  

 Initiation: After origination, research is started by 

characterizing objectives, scope, purpose as well as 

expectations. This stage is basic as Waterfall Model 

underscores ensuring that necessities as well as 

configuration fit requirements of venture.  

 Literature review: All conceivable research necessities 

are accumulated as well as examined. A literature 

review is an extensive synopsis of past exploration on a 

subject. The writing audit studies academic articles, 

books, as well as different sources applicable to a 

specific region of exploration. The audit ought to count, 

depict, sum up, unbiased assess as well as explain this 

past exploration.  

 Design: In this stage, difficult explanation or necessity 

detail are examined, assessed as well as framework 

configuration is ready for finish of research. Research 

necessities are recognized as well as by as well as large 

framework engineering is characterized. The plan 

details made in this stage are utilized being developed 

stage.  

 Development: This is where improvement/research 

really starts according to plan particular. Contingent on 

idea of exploration work is separated as well as course 

of events is chosen. 

 Unit Testing: In many cases, framework is first evolved 

in little programs called units as well as they are 

coordinated into following stage. As every unit creates, 

it is tried for its usefulness, alluded to as Unit Testing. 

The last yield of this progression can be at least one 

item parts that are worked by a pre-characterized 

standard. 

 Testing: Once all units created are incorporated, whole 

framework created is then tried for any mistakes. In this 

stage, consistence with research result is additionally 

confirmed. 

 Result Validation: Upon completion of all testing, 

results are checked as well as verified for correctness. 

Also it is checked if results are in line with research 

expectations. 

 Conclusion: Depending on Results as well as 

comparison, a conclusion is made of research, 

recommendations, future Scope as well as limitations of 

research work etc. 

III. ADVANTAGES & DISADVANTAGES OF WATERFALL 

MODEL 

The upsides of waterfall improvement are that it considers 

gathering of research into significant work as well as 

control. A timetable can be set with cutoff times for each 

phase of improvement as well as a research can continue 

through stages individually.  

Improvement moves from writing audit, through 

plan, execution, testing, result approval, and winds in 
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conclusion as well as future scope. Each period of 

improvement continues in exacting request. 

A. Major Advantages of Waterfall Model: 

 Simple as well as straightforward and use   

 Easy to oversee because of unbending nature of model. 

Each stage has explicit research expectations as well as 

an audit cycle.   

 Phases are handled and finished one at a time.   

 Works well for littler research.   

 Clearly characterized stages.   

 Well understood achievements.   

 Easy to mastermind research errands.   

 Literature, Research as well as results are very much 

archived. 

The weakness of waterfall advancement is that it 

doesn't permit a lot of changes or update. Once are hunt is in 

testing phase, it is exceptionally hard to return and change 

something that was not very much reported or thought upon 

in idea stage. 

B. The Major Disadvantages of Waterfall Model: 

 No research result is delivered until late during 

existence cycle   

 High measures of danger as well as vulnerability   

 Not a decent model for complex research   

 Helpless model for long as well as continuous research   

 It is hard to gauge progress inside stages   

 Can't oblige changing necessities   

 Altering degree during existence cycle can end a 

research 

Since Waterfall Model is most applicable for 

research, it is implemented with few changes in standard 

model. The model is phased out in five parts and each phase 

covers activities related to five major research steps 

IV.  PLANNING FOR METHODOLOGY OF RESEARCH 

An understanding of procedure of vibration analysis is 

critical in deciding workflow as well as approach for 

research. Using this knowledge, an approach can be decided 

for planning and execution of research activities and a 

methodology can be concluded. 

V. VIBRATION ANALYSIS PROCEDURE 

A vibratory framework is a dynamic one for which factors, 

for example, excitations (inputs) as well as reactions (yields) 

are time subordinate. The reaction of a vibrating framework 

by and large relies upon underlying conditions just as 

outside excitations. Most useful vibrating frameworks are 

intricate, and it is difficult to think about all subtleties for a 

numerical examination. Just most significant highlights are 

considered in examination to anticipate conduct of 

framework under indicated input conditions. Frequently 

general conduct of framework can be controlled by 

considering even a basic model of complex physical 

framework. In this manner examination of a vibrating 

framework normally includes numerical displaying, 

deduction of overseeing conditions, arrangement of 

conditions, as well as understanding of outcomes. 

A. Step 1 - Mathematical Modeling:  

The motivation behind mathematical modeling is to speak to 

all significant highlights of framework to infer numerical (or 

logical) conditions overseeing framework conduct. The 

numerical model ought to incorporate enough subtleties to 

permit portraying framework as far as conditions without 

making it excessively unpredictable. The numerical model 

might be straight or nonlinear, contingent upon conduct of 

framework s segments. Straight models license brisk 

arrangements and are easy to deal with; in any case, 

nonlinear models some of time uncover certain qualities of 

framework that can't be anticipated utilizing direct models. 

Subsequently a lot of designing judgment is expected to 

concoct a reasonable numerical model of a vibrating 

framework. Once in a while numerical model is step by step 

improved to get more precise outcomes. In this 

methodology, initial a rough or rudimentary model is 

utilized to get a speedy understanding into general conduct 

of framework. In this manner, model is refined by including 

more parts or potentially subtleties so conduct of framework 

can be watched all more intently.  

The modeling procedure is equivalent for all 

designing orders, in spite of fact that subtleties of 

demonstrating shift among disciplines. The means in 

methodology are introduced as well as subtleties are 

specialized aimed at vibrations issues. 

 Problem identification: The framework to be 

demonstrated is preoccupied from its environmental 

factors, and impacts of environmental factors are noted. 

Realized constants are determined. Boundaries which 

are to stay variable are recognized. 

 Assumptions: Assumptions are made to rearrange 

displaying. In event that all impacts are remembered for 

demonstrating of a physical framework, subsequent 

conditions are typically so mind boggling that a 

numerical arrangement is unimaginable. 

 Basic laws of nature: A fundamental law of nature is a 

physical law that applies to all physical systems paying 

little psyche to material from which structure is created. 

These laws are conspicuous, yet can't be gotten from 

any more significant law. They are trial. There exist 

only two or three basic laws of nature: safeguarding of 

mass, preservation of force, protection of energy, as 

well as 2nd and 3rd laws of thermodynamics. 

 Constitutive equations: Constitutive conditions give 

data about constituents of which a framework is made. 

Various materials act diversely under various 

conditions. Steel and elastic act distinctively in light of 

fact that their constitutive conditions have various 

structures. 

 Geometric constraints: To finish numerical displaying 

of a designing framework, application of geometric 

constraints is frequently important. Geometric 

constraints can be as kinematic connections between 

displacement, velocity, as well as acceleration. 

 Diagrams: Diagrams are regularly important to increase 

a superior comprehension of issue. In vibrations, one is 

keen on powers as well as their consequences for a 

framework. Consequently, a free-body graph (FBD), 

which is a chart of body disconnected from its 
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encompassing as well as demonstrating impact of those 

environmental factors as powers, is drawn for 

framework. 

B. Step 2 - Governing Equations Derivation:  

When mathematical model is accessible, we utilize 

standards of dynamics as well as infer conditions that 

portray vibration of framework. The conditions of 

movement can be inferred advantageously by drawing free-

body charts of apparent multitude of masses included. The 

free-body chart of a mass can be gotten by detaching mass 

as well as demonstrating all remotely applied powers, 

responsive powers, as well as latency powers. The 

conditions of movement of a vibrating framework are 

normally as a lot of standard differential conditions for a 

discrete framework as well as fractional differential 

conditions for a nonstop framework. The conditions might 

be direct or nonlinear, contingent upon conduct of segments 

of framework. A few methodologies are regularly used to 

determine overseeing conditions. Among them are Newton’s 

2nd law of motion, D Alembert s guideline, as well as rule of 

protection of energy 

C. Step 3 –Finding a solution for Governing Equations: 

The eqns. of motion must be explained to discover reaction 

of vibrating framework. Contingent upon idea of issue, we 

can utilize one of accompanying strategies for finding 

arrangement: standard techniques for illuminating 

differential conditions, Laplace change strategies, matrix 

techniques as well as mathematical strategies. In event that 

overseeing conditions are nonlinear, they would seldom be 

able to be settled in shut structure. Moreover, arrangement 

of incomplete differential conditions is unquestionably more 

required than that of normal differential conditions. 

Mathematical strategies including PCs can be utilized to 

unravel conditions. Notwithstanding, it will be hard to reach 

general inferences about conduct of framework utilizing 

computer results. 

D. Step 4 –Results as well as its Interpretation:  

The arrangement of overseeing conditions gives 

displacements, velocities, as well as accelerations of 

different masses of framework. These outcomes must be 

deciphered with away from of reason for investigation and 

conceivable plan ramifications of outcomes.  

The above talked about methodology for vibrational 

investigation is utilized all through research and each 

progression is detailed in separate segments beginning with 

numerical demonstrating as well as determination of 

administering condition in next segment 

VI. APPLICATION OF WATERFALL MODEL FOR RESEARCH 

In light of waterfall model methodology, research work has 

been done in following five stages each stage covering 

distinctive part of research. These five phases are listed 

below: 

Phase I Literature review for clarifying context 

Phase II 
Geometrical configuration & Mathematical 

formulation 

Phase III Dyn. Stiff. Matrix development 

Phase IV Application of Wittrick-Williams algorithm 

to develop MATLAB program 

Phase V 
Experimental Validation, Results 

verification& Conclusion 

 
Phases of Research using waterfall model 

VII. PROPOSED WORK AND METHODOLOGY OF RESEARCH 

As main objectives of present study are to investigate free 

vibration investigation of an orthotropic plate with help of 

Dyn. Stiff. Method (DSM) using classical plate theory. 

Therefore once phases of Research are finalized as per 

waterfall model, research activities to be covered in each 

phase are documented. 
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VIII. CONCLUSION 

Since there are many advantages of the waterfall method for 

the purpose of research, for orthotropic plate vibration 

analysis this method is used for research purpose. The 

research is divided into five main phases, literature review 

for clarifying context, geometrical configuration as well as 

mathematical formulation, Dynamic Stiffness Matrix 

development, application of Wittrick-Williams algorithm to 

develop Matlab program as well as experimental validation, 

results verification as well as conclusion. 
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