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ISBN/ISSN number of 
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Affiliating 
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publisher

CIVIL

1

SUJIT KUMAR 
PRADHAN,A Rath, G K 

Pothal

Lecture Notes in Civil 
Engineering, Springer

Evaluation of Cloth Bag and 
Gunny Bag as Potential 

Reinforcing Materials for Pond 
Ash.

International Conference 
on Construction 
Materials and 

Environment, 2021 
(ICCME 2021)

ICCME-2021
INTERNATIONA

L
2021

ISBN-978-981-16-
6557-8   

https://link.springer.c
om/chapter/10.1007/9
78-981-16-6557-8_31

 Springer 
Nature, 

Singapore

2

A. K.Bhoi, S. K.  
Ahirwar, J. N. Mandal

Lecture Notes in Civil 
Engineering, vol 133.

Behaviour of Geosynthetics 
Clay Liner under Direct Shear 

Test

Proceedings of the Indian 
Geotechnical Conference 

2019

Indian 
Geotechnical 

Conference IGC 
2019, 19-21 Dec 

SVNIT Surat

NATIONAL 2021

Print ISBN 978-981-
33-6345-8 , Online 

ISBN 978-981-33-6346-
5  

https://link.springer.c
om/chapter/10.1007/9
78-981-33-6346-5_1

IGIT Sarang, IIT 
Bombay

Springer, 
Singapore

ELECTRICAL

3

Dr. Bibhu Pasad 
Panigrahi

Lecturer notes in 
Networks and Systems

A Comparative Analysis of 
Fuzzy Logic-Based DTC and ST-

DTC Using Three-Level 
Inverter for Torque Ripple 

Reduction

Intelligent Systems: 
Proceedings of ICMIB 

2020
ICMIB International 2021

ISBN-978-981-33-
6081-5  

https://link.springer.c
om/chapter/10.1007/9
78-981-33-6081-5_32

Springer, 
Singapore

4

Umakanta Mahanta, 
Bhabesh Chandra 

Mohanta, Bibhu Prasad 
Panigrahi, Anup Kumar 

Panda

Intelligent Systems

A Comparative Analysis of 
Fuzzy Logic-Based DTC and ST-

DTC Using Three-Level 
Inverter for Torque Ripple 

Reduction

Lecture Notes in 
Networks and Systems

ICMIB, 2021 International 2021

ISBN-978-981-33-
6081-5  

https://link.springer.c
om/chapter/10.1007/9
78-981-33-6081-5_32

IGIT, SARANG
Springer, 
Singapore

5

Subrat Kumar Pradhan

Inter-Area Oscillation Damping 
Considering Time-Varying 

Communication Delay of Wide-
Area Power System

Intelligent Robotics and 
Industrial Automation 

(IRIA)

2021 International 
Symposium of 
Asian Control 
Association on 

Intelligent 
Robotics and 

Industrial 

International 2021

ISBN-978-1-6654-
3323-5 

https://ieeexplore.ieee.
org/abstract/documen

t/9588732

National Institute 
of Technology, 

Nagaland
IEEE

6

Sasmita Jena

Generating Power through 
Numerous Interconnection of 

Solar PV Modules with 
Incorporation of 

Thermoelectric Generator and 

2021 International 
Conference in Advances 

in Power, Signal, and 
Information Technology 

(APSIT).

APSIT 2021 International 2021

ISBN-978-1-6654-
2506-3 

https://ieeexplore.ieee.
org/document/964130

0

Siksha O 
Anusandhan 
Deemed to be 

University

IEEE

MECHANICAL

7

P R Dhal Intelligent systems

Global path optimization of 
Humanoid NAO in static 
environment using Prim's 

Algorithm

Lecture notes in 
Networks and Systems

ICMIB 2020 International 2021

ISBN 978-981-336-080-
8 

https://link.springer.c
om/chapter/10.1007/9
78-981-33-6081-5_3

IGIT Sarang springer

3.4.4 Number of books and chapters in edited volumes/books published per teacher during the last five years (5)
3.4.4.1: Total number of books and chapters in edited volumes / books published, and papers in national/international conference-proceedings year wise during last five years 



8

P R Dhal Intelligent systems

An emperical study of Green 
Supply Chain Management by 
using an optimization tool: An 

Eastern India Prospective

Lecture notes in 
Networks and Systems

ICMIB 2020 International 2021

ISBN 978-981-336-080-
8 

https://link.springer.c
om/chapter/10.1007/9
78-981-33-6081-5_39

IGIT Sarang springer

9

R K Patel
Current Advances in 

Mechanical 
Engineering

Free Vibration Analysis of 
Laminated 

Composite Tapered Beam

Lecture Notes in 
Mechanical Engineering

ICRAMERD 2020 International 2021

ISBN 978-981-334-795-
3 

https://link.springer.c
om/chapter/10.1007/9
78-981-33-4795-3_9

IGIT Sarang springer

10

G K Ghosh
Advances in Metrology 

and Measurement of 
Engineering Surfaces

Performance Evaluation of 
Graphene-Gear Oil 

Nanolubricants in Rayleigh 
Step Bearing

Lecture Notes in 
Mechanical Engineering

ICFMMP 2019 International 2021

ISBN 978-981-15-5150-
5 

https://link.springer.c
om/chapter/10.1007/9
78-981-15-5151-2_11

IGIT Sarang springer

11

Krishna Chandra Patra, 
Rabi Narayan Sethi and 
Dhiren Kumar Behera

Intelligent systems
Benchmark of Unsupervised 

Machine Learning Algorithms 
for condition monitoring 

Lecture notes in 
Networks and Systems

ICMIB 2020 International 2021

ISBN 978-981-336-080-
8 

https://link.springer.c
om/chapter/10.1007/9
78-981-33-6081-5_17

IGIT Sarang springer

12

Mr. P.R.Dhal Intelligent systems

Global path optimization of 
Humanoid NAO in static 
environment using Prim's 

Algorithm

Lecture notes in 
Networks and Systems

ICMIB 2020 International 2021

ISBN 978-981-336-080-
8 

https://link.springer.c
om/chapter/10.1007/9
78-981-33-6081-5_3

IGIT Sarang springer

13

Mr. P.R.Dhal Intelligent systems

An emperical study of Green 
Supply Chain Management by 
using an optimization tool: An 

Eastern India Prospective

Lecture notes in 
Networks and Systems

ICMIB 2020 International 2021

ISBN 978-981-336-080-
8  

https://link.springer.c
om/chapter/10.1007/9
78-981-33-4795-3_52

IGIT Sarang springer

14

Mr. P.R.Dhal
Current Advances in 

Mechanical Engineering

Probability Plot Result 
Comparison with Recurrent 
Neural Network Approach

for Path Navigation of a 
Humanoid in Complex Terrain

Lecture notes in 
Mechanical Engineering

ICRAMERD 2020 International 2021

ISBN 978-981-334-794-
6 

https://link.springer.c
om/chapter/10.1007/9
78-981-33-4795-3_52

IGIT Sarang springer

15

Mr. P.R.Dhal
Current Advances in 

Mechanical Engineering

Navigational
Control and Path Optimization 
of Mobile Robot Using Updated 

Sine-Cosine Algorithm
in Obscure Environment

Lecture notes in 
Mechanical Engineering

ICRAMERD 2020 International 2021

ISBN 978-981-334-794-
6 

https://link.springer.c
om/chapter/10.1007/9
78-981-33-4795-3_92

IGIT Sarang springer

16

Mr. P.R.Dhal
Current Advances in 

Mechanical Engineering

Safe Navigation of Humanoid 
Robot in Cluttered Terrain 

using Ant Lion Optimizer tuned
RA Approach

Lecture notes in 
Mechanical Engineering

ICRAMERD 2020 International 2021
ISBN 978-981-334-794-

6
IGIT Sarang springer



17

Mr. P.R.Dhal Intelligent systems

Empirical Study of Green 
Supply Chain Management by 

Using an Optimisation Tool: An 
Eastern India Perspective

Lecture notes in 
Networks and Systems

ICMIB 2020 International 2021

ISBN 978-981-336-080-
8 

https://link.springer.c
om/chapter/10.1007/9
78-981-33-6081-5_39

IGIT Sarang springer

18

Mr. M.K.Muni
Current Advances in 

Mechanical Engineering

Probability Plot Result 
Comparison with Recurrent 

Neural Network Approach for 
Path Navigation of a Humanoid 

in Complex Terrain.

Lecture notes in 
Mechanical Engineering

ICRAMERD 2020 International 2021

ISBN 978-981-334-794-
6 

https://link.springer.c
om/chapter/10.1007/9
78-981-33-4795-3_52

IGIT Sarang springer

19

Mr. M.K.Muni
Current Advances in 

Mechanical Engineering

Navigational Control and Path 
Optimization of Mobile Robot 

Using Updated Sine-Cosine 
Algorithm in Obscure 

Environment.

Lecture notes in 
Mechanical Engineering

ICRAMERD 2020 International 2021

ISBN 978-981-334-794-
6 

https://link.springer.c
om/chapter/10.1007/9
78-981-33-4795-3_91

IGIT Sarang springer

20

Mr. M.K.Muni
Current Advances in 

Mechanical Engineering

Safe Navigation of Humanoid 
Robot in Cluttered Terrain 

using Ant Lion Optimizer tuned 
RA Approach.

Lecture notes in 
Mechanical Engineering

ICRAMERD 2020 International 2021

ISBN 978-981-334-794-
6 

https://link.springer.c
om/chapter/10.1007/9
78-981-33-4795-3_92

IGIT Sarang springer

21

Mr. M.K.Muni Intelligent systems

Global Path Optimization of 
Humanoid NAO in Static 

Environment using Prim’s 
Algorithm.

Lecture notes in 
Networks and Systems

ICMIB 2020 International 2021

ISBN 978-981-336-080-
8 

https://link.springer.c
om/chapter/10.1007/9
78-981-33-6081-5_3

IGIT Sarang springer

22

Dr. D.K.Behera
Algorithms for Intelligent 

Systems

Packing Density of a Tori-
Connected Flattened Butterfly 

Network

Advances in Machine 
Learning and 

Computational 
Intelligence

ICMLCI 2019 International 2021

978-981-15-5243-4 
https://link.springer.c
om/chapter/10.1007/9
78-981-15-5243-4_40

IGIT Sarang springer

23

Dr. J. Nayak
Materialstoday 

Proceedings
Design and fabrication of a 
solar portable refrigerator

International 2021

https://www.sciencedi
rect.com/science/articl
e/abs/pii/S2214785320

363148

IGIT Sarang Elsevier

24

Dr. R.N.Sethi
 Lecture Notes in 

Networks and Systems 

Benchmark of Unsupervised 
Machine Learning Algorithms 

for Condition Monitoring
Intelligent Systems ICMIB 2020 International 2021

978-981-33-6081-5 
https://link.springer.c
om/chapter/10.1007/9
78-981-33-6081-5_17

IGIT Sarang Springer

25

Dr. R.N.Sethi
Lecture Notes in 

Mechanical Engineering

Fabrication and 
Characterisation of Aluminium 

Matrix Composite (Al 2024) 
Reinforced with Zircon Sand 

and Flyash

Advances in Production 
and Industrial 
Engineering

 ICETMIE 2019 International 2021

978-981-15-5519-0 
https://link.springer.c
om/chapter/10.1007/9
78-981-15-5519-0_20

IGIT Sarang Springer



26

Mr. R K Patel
Current Advances in 

Mechanical 
Engineering

Free Vibration Analysis of 
Laminated 

Composite Tapered Beam

Lecture Notes in 
Mechanical Engineering

ICRAMERD 2020 International 2021

ISBN 978-981-334-795-
3 

https://link.springer.c
om/chapter/10.1007/9
78-981-33-4795-3_9

IGIT Sarang springer

27

Mr. G K Ghosh
Advances in Metrology 

and Measurement of 
Engineering Surfaces

Performance Evaluation of 
Graphene-Gear Oil 

Nanolubricants in Rayleigh 
Step Bearing

Lecture Notes in 
Mechanical Engineering

ICFMMP 2019 International 2021

ISBN 978-981-15-5150-
5 

https://link.springer.c
om/chapter/10.1007/9
78-981-15-5151-2_11

IGIT Sarang springer

28

Mr. D. Nayak
Lecture Notes in 

Mechanical Engineering 

Theoretical Analysis of Free 
Vibration of a Sandwich Beam 
on Pasternak Foundation with 

Temperature Gradient

Advances in Mechanical 
Engineering

ICRAMERD 2020 International 2021

978-981-33-4795-3 
https://link.springer.c
om/chapter/10.1007/9
78-981-33-4795-3_13

IGIT Sarang springer

CHEMICAL

29
H.K.Sutar, R .Murmu

Lecturer notes in 
Mechanical Engineering

Current Advances in 
mechanical engineering 

ICRAMERD 2020 International 2021

978-981-33-4794-6 
https://link.springer.c
om/book/10.1007/978-

981-33-4795-3

springer

30

Mr K Barik
Advances in Mechanical 
Processing and Design

Effect of Cold Work on 
Microstructure and Corrosion 

Properties of 304L Stainless Steel

Lecture Notes in 
Mechanical Engineering

ICAMPD International 2021

978-981-15-7779-6 
https://link.springer.c
om/chapter/10.1007/9
78-981-15-7779-6_37

Springer

31

Dipa Das & Liku Swain
Advances in Chemical, Bio 

and Environmental 
Engineering

Preparation and 
characterization of amine 

modified activated carbon from 
Corncobs for carbon dioxide 

capture

Springer

2nd international 
conference on 

chemical, bio & 
environmental 

engineering

International 2021

Print ISBN978-3-030-
96553-2 

https://link.springer.
com/chapter/10.100
7/978-3-030-96554-

9_16

Springer

Metallurgy

32

July Randhari, Suchsmita 
Senapati, Biren Samal, 

Prafulla K.Mallik

Mechanochemical synthesis of 
CaTiO3 powders: 

Microstructure and surface 
morphology

Materials Today: 
Proceedings (2021).

Global Conference 
on Recent 

Advances in 
Sustainable 

Materials 2021

International 2021

https://doi.org/10.1016
/j.matpr.2021.08.017 

https://www.sciencedi
rect.com/science/articl
e/abs/pii/S2214785321

054444

AJ Institute of 
Engineering and 

Technology, 
Mangalore

Elsevier

33

Diptiranjan Barala, 
Rahul Mohanta, 

Bhaghyashree Sahoo, 
Renuprava Dalai, 
Prafulla K.Mallik

Dielectric properties of Steel 
Melting shop (SMS) slag

Materials Today: 
Proceedings (2021).

Global Conference 
on Recent 

Advances in 
Sustainable 

Materials 2021

International 2021

https://doi.org/10.1016
/j.matpr.2021.08.081 

https://www.sciencedi
rect.com/science/articl
e/abs/pii/S2214785321

055152

AJ Institute of 
Engineering and 

Technology, 
Mangalore

Elsevier

ETC



34

Dr.(Mrs)Urmila Bhanja
: Lecture Notes in Electrical 
Engineering ((LNEE,volume 

771))

Design & Performance analysis 
of an encrypted Two 

Dimensional Coding Technique 
for Optical CDMA

Optical Wireless 
Technology, 2020 

International 2021
https://link.springer.c
om/chapter/10.1007/9
78-981-16-2818-4_61

IGIT Sarang Springer

35

Dr.(Mrs)Urmila Bhanja
An Attack Resistance Model for 
Trustworthiness Evaluation in 

VANET

2020 IEEE 17th 
India Council 
International 
Conference 
(INDICON)

International 2021

Print ISBN978-981-16-
2817-7 

https://ieeexplore.ieee.
org/document/934230

2

IGIT Sarang IEEE

36
Dr.(Mrs)Urmila Bhanja

 Advances in Intelligent 
Systems and Computing

. Impact of Presence of 
Obstacles in Terrain on 

Performance of Some Reactive 
Protocols in MANET | 

International 2021

Print ISBN
978-981-33-4858-5 

https://link.springer.c
om/chapter/10.1007/9

Springer

37
Dr.(Mrs)Urmila Bhanja

AI in Manufacturing and 
Green Technology

Effect of Adaptive Depth-First 
Sphere Decoding Scheme to 

MIMO-OFDM System in FSO
2020

eBook 
ISBN9781003032465

38
Chinmayee Panda

AI in Manufacturing and 
Green Technology

2020
eBook 

ISBN9781003032465

39 Dr.(Mrs)Urmila Bhanja
QPSK subcarrier index 
modulated FSO system

IEEE ISES 2020 International 2021
Electronic ISBN:978-1-

7281-8586-6
IGIT Sarang IEEE

40

Dr. Ashima Rout Intelligent Systems
Mental Stress Detection using 

GSR Sensor Data with Filtering 
Methods

ICMIB-2021
INTERNATIONA

L
2021

Print ISBN978-981-19-
0900-9 

https://link.springer.c
om/chapter/10.1007/9
78-981-19-0901-6_47

IGIT Sarang Springer

CSE

41

Ramesh K. SahooSrinivas 
Sethi,  Siba K. Udgata

Lecturer notes in 
Networks and Systems

A Smartphone App Based 
Model   for Classification of 
Users and Reviews (A Case 

Study for Tourism Application)
International 2021

Print ISBN 978-981-
33-6080-8 

https://link.springer.c
om/chapter/10.1007/9
78-981-33-6081-5_30

Springer

42

Umakanta 
Samantsinghar; Srinivas 

Sethi; Dhruba Ch. 
Panda; Ramesh K. Sahoo

 2020 IEEE International 
Symposium on Sustainable 
Energy, Signal Processing 

and Cyber Security 
(iSSSC)

Analysis on Trustworthiness of 
Secondary Users using Machine 

Learning Approaches in 
Cognitive

Radio Network Environment.

IEEE Conference Isssc National 2021

Electronic ISBN:978-1-
7281-8880-5 

https://ieeexplore.ieee.
org/abstract/documen

t/9358906

IEEE

43

Ashima Rout, Ramesh K. 
Sahoo, Sangita Pal & 

Divyajyoti Dehury 

 Lecture Notes in 
Networks and Systems

Cognitive Function of Human 
Memory Using Machine 

Learning
International 2021

Print ISBN978-981-33-
6080-8 

https://link.springer.c
om/chapter/10.1007/9
78-981-33-6081-5_36

Springer
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Abstract
Health monitoring is emerging topic in recent era for safety and healthy public life in remote place. In health monitoring

system, sensor devices have major role to collect data, communication and analysis the data for real time applications, such

as automation of old-age home, industry, ICU, etc. It can measure different parameters of the body through different

physiological body sensors. The body sensors can be used to sense the data from the body and send to the remote system

for analysis. The condition of the health of a body can be analyzed and monitor remotely by using concept of body sensors in

health monitoring system through different communication media, such as WiFi, ZigBee, etc. The parameter values of body

can be transmitted to remote data centre with reliability, simplicity, low power, low bandwidth and low cost, in lightweight

wireless networks. This may be used in real time application like; emotion and stress analysis, psychological study,

physiological study, health condition, etc.

Chapter Preview

1. Introduction

The rapid growth in Physiological sensors, low-power integrated circuits, and wireless communication has enabled a new

generation of wireless sensor networks (WSNs), can be used for monitoring the health. The body sensor network (BSN) field

is an interdisciplinary area which could allow inexpensive and continuous health monitoring with real-time updates of medical

records. It can be used to analyze the data in WSN environment. With recent advances in wireless body sensor networks

(WBSN) and embedded computing technologies, reduced pervasive health monitoring system has become practically

feasible. In addition to providing nonstop monitoring and analysis of physiological parameters, the newly proposed BSN

includes environment aware sensing for improved sensitivity and specificity. To assist research and development in wireless

body sensor networks and multi sensor data fusion, a WBSN hardware development platform is required to present. With its

low power, elastic and close design, the WBSN nodes provide a multipurpose environment for wireless sensing research and

development. The community can benefit greatly from learning the most salient human measures of Physiological parameters
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Abstract- Among all dc-dc converters, the Buck-Boost converter 
is the most prominent one which plays major role in stepping 
up/down the input dc voltage without incorporating any 
intermediate ac stage. The output voltage equation mentioned in 
literature is based on the continuous conduction of shunt 
inductor/boost inductor.  So this equation fails to comply when the 
current in the shunt inductor becomes discontinuous. So the 
theoretical average output voltage differs from discontinuous one at 
a common duty-ratio and the magnitude of deviation in voltage is 
again based upon the gravity of discontinuity of the inductor 
current. The buck-boost converter lacks in maintaining linearity of 
voltage with reference to duty-ratio. So in this paper, a soft-
switching buck-boost converter under close-loop environment is 
proposed to achieve desired regulated voltage thus enhancing 
efficiency of the power supply equipment. 

 
Keywords:- Buck-Boost Converter, Soft-Switching (ZCS/ ZVS), 

Voltage Regulation, Enhancement of efficiency. 

 

I. INTRODUCTION  

The buck-boost converter  is known as a prominent dc-dc 
converter having action similar to ac transformer (i.e., stepping 
up/down input dc voltage) but without any  intermediate ac 
stage, containing minimum number of components  and 
compact in size, thus reduction in volume and weight.  The 
importance of soft-switching technique and their different 
topologies are described[1]. Also the basic theories and 
analysis of various dc-dc converters (boost /buck-boost) are 
detailed in [1]. Y. P.Siwakotiet.al[2] has focused upon a new 
concept of boost converter using quasi-resonant technique. The 
use of soft-switching buck-boost converter is extended in field 
of PV cell application[3]. A good number of papers associated 
with boost/ buck-boost converters are reviewed [4,5] with their 
basic topologies, applications as well as limitations.  
M.Nguyenet.al[6] uses three switches for boost operation. The 

design and simulation of a new soft-switching buck-boost 
converter is presented[7], which lacks voltage regulation.  A 
dc-dc buck-boost converter is designed and analyzed to achieve 
high efficiency and low voltage gain by using a buck boost 
topology into buck topology[8]. The modeling, simulation of a 
buck boost converter is analyzed with MPPT so as to control of 
battery charging application [9]. A new concept using high 
efficiency non-isolated buck boost converter is proposed based 
on ZETA Converter[10]. After all, the soft-switching buck-
boost converters lack in research publications.  

 The average output voltage equation available in literature  
is put-forth based upon continuous conduction of current in 
boost inductor.  But in reality, this equation is not applicable 
when there is a situation of discontinuous current in this 
inductor. The discontinuous current phenomena is based upon 
the various factors, such as duty-ratio, the switching frequency, 
load condition and rating  of passive components 
(inductor/capacitor). So when the output voltage regulation is 
of much importance, the normal duty-ratio control under open 
loop will not solve the problem. Also the voltage equation 
differs from linearity as far as the duty-ratio is concerned. This 
behavioral phenomena under discontinuous current conduction 
is not mentioned in any of the literatures. In this paper, this 
reflection of average output voltage in case of discontinuous 
current of boost inductor has been focused critically and 
accordingly for voltage regulation, a regulated soft-switching 
power supply using buck-boost converter is presented.   

 

II. ANALYSIS  WITH PROPOSED TOPOLOGY AND MODES OF 

OPERATION 

The basic diagram of a conventional buck-boost converter is 
shown in Fig.1. The output voltage equation [1] is derived by 
equating energy balance equation (i.e., energy absorbed by 
inductor during switching on with energy delivered by 
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ÒRTTRÜKS?FP?NXK?@ABC?SKDQRSETHNRI?EOKS?HN?NXK?IKGKJÙKI?OJSK?
ÒRI?IKGRÙKIJM�?NXK?RIJ�JMHT?OJ�MHT�?ÏXK?@ABC?SKQRSETHNRI?
GRMOJONO?RÒ?GHIIJKI?IKGRÙKIP?GJIGEJNx?OPQFRT?IKGRÙKIP?NJQKx?
SKGJOJRM?GJIGEJNx?QETNJyTKäKI?EMJN�?UJMHTTP?NXK?OJ�MHT?JO?
IKGRÙKIKS?HN?NXK?IKGKJÙKI?HMS?NXK?FJN?KIIRI?IHNK?ÕvÛwÖ?JO?
GHTGETHNKS�??

ÏXK?yXRNR?GEIIKMN?HN?NXK?IKGKJÙKI?ÒRI?HM?JMNKMOJNP?
QRSETHNKS?HMS?SJIKGN?SKNKGNJRM?OGXKQK?JO?KäyIKOOKS?JM?
KÓEHNJRM?Õ|Ö?×êØ�?

Ly?ëìíîïðñîëòóôõ?Lv?ÕNÖÖ?ö?M?ÕNÖ????????????????????????????????????????Õ|Ö?
?
÷XKIKx?w?JMSJGHNKO?NXK?yXRNR?SKNKGNRI?IKOyRMOJÙJNPx?L?
SKMRNKO?ìøùîúûüýîþÿ��ù�ì�îôî��?NHÔKM?HO?QRSETHNJRM?JMSKäx?Lv?
ÕNÖ?SKMRNKO?NXK?FHOKFHMS?OJ�MHT?HMS?M?ÕNÖ?JMSJGHNKO?NXK?MRJOK?
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Ù´±¾¿´ Ð¿¬¸ Ñ°¬·³·¦¿¬·±² ±º Ø«³¿²±·¼
ÒßÑ ·² Í¬¿¬·½ Û²ª·®±²³»²¬ Ë·²¹ Ð®·³Ž

ß´¹±®·¬¸³

Ó¿²±¶ Õ«³¿® Ó«²·ô Ü¿§¿´ Îò Ð¿®¸·ô Ð®·§¿¼¿®¸· Þ·°´¿¾ Õ«³¿®ô

Ý¸·²³¿§¿ Í¿¸«ô Ð®¿¿²¬ Î¿²¶¿² Ü¸¿´ô ¿²¼ Í¿®±¶ Õ«³¿®

ß¾¬®¿½¬ Ì¸· °¿°»® º±½«» ±² ²¿ª·¹¿¬·±² ±º ¿ ¸«³¿²±·¼ ®±¾±¬ ½´«¬¬»®»¼ ©·¬¸

±¾¬¿½´»ô ¿ª±·¼·²¹ ½±´´··±² ·² ¬¿¬·½ »²ª·®±²³»²¬ «·²¹ Ð®·³Ž ¿´¹±®·¬¸³ò Ð®·³Ž

¿´¹±®·¬¸³ · ¿ ³·²·³«³ °¿²²·²¹ ¬®»» øÓÍÌ÷ ³»¬¸±¼ ©·¬¸ ¹®»»¼§ ¿°°®±¿½¸ ©¸·½¸

«» ¬¸» ½±²½»°¬ ±º »¬ò ×¬ ¹»²»®¿¬» ¬¸» ÓÍÌ ¾§ »´»½¬·²¹ ´»¿¬ ©»·¹¸¬ º®±³ ¬¸»

©»·¹¸¬»¼ ¹®¿°¸ ¿²¼ ®¿²¼±³´§ º±®³ ¼·¶±·²¬ »¬ ©·¬¸ °·½µ·²¹ ±²» ´»¿¬ ©»·¹¸¬

»¼¹» º®±³ ¬¸» ±²» ®»³¿·²·²¹ º±® ½®»¿¬·²¹ ²±¼» ·²½·¼»²¬ ¬± º±®³ ¬¸» ¬®»»ò Í·³·´¿®

¿°°®±¿½¸ ®»°»¿¬ º±® »´»½¬·²¹ ¿´´ �² Š ïŽ »¼¹» ¬± ¬¸» ¬®»» ©¸·½¸ · ¬¸» °¿¬¸ ¼·®»½¬·±²

¬± ¸«³¿²±·¼ ÒßÑò Ì¸» ¼»ª»´±°»¼ ¿´¹±®·¬¸³ · ·³°´»³»²¬»¼ ·² ¾±¬¸ ·³«´¿¬·±²

¿²¼ »¨°»®·³»²¬¿´ °´¿¬º±®³ ¬± ±¾¬¿·² ¬¸» ²¿ª·¹¿¬·±²¿´ ®»«´¬ò Ì¸» ·³«´¿¬·±² ¿²¼

¿ ¬¸» °»®½»²¬¿¹» ±º ¼»ª·¿¬·±² ±º ²¿ª·¹¿¬·±²¿´ °¿®¿³»¬»® · ¾»´±© êûò

Õ»§©±®¼ Ø«³¿²±·¼ ÒßÑ i Ð®·³Ž ¿´¹±®·¬¸³ i ÊóÎÛÐ i Í·³«´¿¬·±² i
Û¨°»®·³»²¬ i Ð®±¾¿¾·´·¬§ °´±¬

Óò Õò Ó«²· øÞ÷ i Üò Îò Ð¿®¸· i Íò Õ«³¿®

Î±¾±¬·½ Ô¿¾±®¿¬±®§ô Ó»½¸¿²·½¿´ Û²¹·²»»®·²¹ Ü»°¿®¬³»²¬ô Ò¿¬·±²¿´ ×²¬·¬«¬» ±º Ì»½¸²±´±¹§

Î±«®µ»´¿ô Î±«®µ»´¿ éêçððèô Ñ¼·¸¿ô ×²¼·¿

»ó³¿·´æ ³¿²±¶ïçèê²·¬®à¹³¿·´ò½±³

Üò Îò Ð¿®¸·

»ó³¿·´æ ¼¿§¿´¼±½à§¿¸±±ò½±³

Íò Õ«³¿®

»ó³¿·´æ ¿®±¶ìµà¹³¿·´ò½±³

Ðò Þò Õ«³¿®

Ó»½¸¿²·½¿´ Û²¹·²»»®·²¹ Ü»°¿®¬³»²¬ô Ò¿¬·±²¿´ ×²¬·¬«¬» ±º Ì»½¸²±´±¹§ Ø¿³·®°«®ô Ø¿³·®°«®

ïééððëô Ø·³¿½¸¿´ Ð®¿¼»¸ô ×²¼·¿

»ó³¿·´æ °ò¾·°´¿¾µ«³¿®à¹³¿·´ò½±³

Ýò Í¿¸«

Í½¸±±´ ±º Ó»½¸¿²·½¿´ Û²¹·²»»®·²¹ô Ê»´´±®» ×²¬·¬«¬» ±º Ì»½¸²±´±¹§ Ê»´´±®»ô Ê»´´±®» êíîðïìô

Ì¿³·´ Ò¿¼«ô ×²¼·¿

Ðò Îò Ü¸¿´

Ó»½¸¿²·½¿´ Û²¹·²»»®·²¹ Ü»°¿®¬³»²¬ô ×²¼·®¿ Ù¿²¼¸· ×²¬·¬«¬» ±º Ì»½¸²±´±¹§ô Í¿®¿²¹ éëçïìêô

Ñ¼·¸¿ô ×²¼·¿

»ó³¿·´æ °®¼¸¿´à¹³¿·´ò½±³

w Ì¸» ß«¬¸±®ø÷ô «²¼»® »¨½´«·ª» ´·½»²» ¬± Í°®·²¹»® Ò¿¬«®» Í·²¹¿°±®» Ð¬» Ô¬¼ò îðîï

Íò Õò Ë¼¹¿¬¿ »¬ ¿´ò ø»¼ò÷ô ×²¬»´´·¹»²¬ Í§¬»³ô Ô»½¬«®» Ò±¬» ·² Ò»¬©±®µ

¿²¼ Í§¬»³ ïèëô ¸¬¬°æññ¼±·ò±®¹ñïðòïððéñçéèóçèïóííóêðèïóëÁí

îë



Ð®±¾¿¾·´·¬§ Ð´±¬ Î»«´¬ Ý±³°¿®·±²
©·¬¸ Î»½«®®»²¬ Ò»«®¿´ Ò»¬©±®µ

ß°°®±¿½¸ º±® Ð¿¬¸ Ò¿ª·¹¿¬·±²
±º ¿ Ø«³¿²±·¼ ·² Ý±³°´»¨ Ì»®®¿·²

Ó¿²±¶ Õ«³¿® Ó«²·ô Ü¿§¿´ Îò Ð¿®¸·ô Ð®·§¿¼¿®¸· Þ·°´¿¾ Õ«³¿®ô

Ð®¿¿²¬ Î¿²¶¿² Ü¸¿´ô Í¿®±¶ Õ«³¿®ô Ý¸·²³¿§¿ Í¿¸«ô

¿²¼ ß¾¸·¸»µ Õ«³¿® Õ¿¸§¿°

ß¾¬®¿½¬ Ì¸· ®»»¿®½¸ ©±®µ «¬·´·¦» ¬¸» ½±²½»°¬ ±º ®»½«®®»²¬ ¬®¿¬»¹§ ±º ²»«®±²ô

©¸·½¸ °»®º±®³ »¯«»²¬·¿´ ¬¿µ ©¸»®» ¬¸» ±«¬°«¬ ¿²¼ ·²°«¬ ¼¿¬¿ ¿®» ¼»°»²¼»²¬

©·¬¸ »¿½¸ ±¬¸»®ò Ì¸» ³¿¶±® ¿¼ª¿²¬¿¹» ±º «·²¹ ®»½«®®»²¬ ²»«®¿´ ²»¬©±®µ øÎÒÒ÷ º±®

¸«³¿²±·¼³±¬·±² °´¿²²·²¹ ´·» ·² °»²¼·²¹ ¬¸» °®»ª·±« «»¼ ´±²¹ »¯«»²½» ·²º±®³¿ó

¬·±² ¬¸®±«¹¸ ³»³±®§ò ÎÒÒ º±®³ ¼·®»½¬ ½§½´» ¸¿ª·²¹ ·²¬»®²¿´ ¬¿¬» ¿²¼ º±®³ °®·³»

½¿²¼·¼¿¬» º±® ¸¿²¼´·²¹ ´»¿®²·²¹ °®±½»¼«®»ò ×² ¬¸· °¿°»®ô ´±²¹ ¸±®¬ó¬»®³ ³»³±®§

øÔÍÌÓ÷ ÎÒÒ · ·³°´»³»²¬»¼ ·² ¸«³¿²±·¼ ®±¾±¬ ¬± ¬»¬ ¬¸» ³±¬·±² °´¿²²·²¹ ¿²¿´ó

§·ò ×² ¬¸» ²»«®¿´ ²»¬©±®µ ³±¼»´ô ¬¸» ±¾¬¿½´» ¼·¬¿²½» º®±³ ®±¾±¬Ž ´±½¿¬·±² ¿®»

º»¼ ¿ ·²°«¬ °¿®¿³»¬»®ô ¿²¼ ³±ª·²¹ ¿²¹´» øÓß÷ · ±¾¬¿·²»¼ ¿ ¬¸» ±«¬°«¬ °¿®¿³»¬»®

Óò Õò Ó«²· øÞ÷ i Üò Îò Ð¿®¸· i Íò Õ«³¿® i ßò Õò Õ¿¸§¿°

Î±¾±¬·½ Ô¿¾±®¿¬±®§ô Ó»½¸¿²·½¿´ Û²¹·²»»®·²¹ Ü»°¿®¬³»²¬ô Ò¿¬·±²¿´ ×²¬·¬«¬» ±º Ì»½¸²±´±¹§

Î±«®µ»´¿ô Î±«®µ»´¿ô Ñ¼·¸¿ éêçððèô ×²¼·¿

»ó³¿·´æ ³¿²±¶ïçèê²·¬®à¹³¿·´ò½±³

Üò Îò Ð¿®¸·

»ó³¿·´æ ¼¿§¿´¼±½à§¿¸±±ò½±³

Íò Õ«³¿®

»ó³¿·´æ ¿®±¶ìµà¹³¿·´ò½±³

ßò Õò Õ¿¸§¿°

»ó³¿·´æ ¬»½¸³»½¸ìêà¹³¿·´ò½±³

Ðò Þò Õ«³¿®

Ó»½¸¿²·½¿´ Û²¹·²»»®·²¹ Ü»°¿®¬³»²¬ô Ò¿¬·±²¿´ ×²¬·¬«¬» ±º Ì»½¸²±´±¹§ Ø¿³·®°«®ô Ø¿³·®°«®ô

Ø·³¿½¸¿´ Ð®¿¼»¸ ïééððëô ×²¼·¿

»ó³¿·´æ °ò¾·°´¿¾µ«³¿®à¹³¿·´ò½±³

Ðò Îò Ü¸¿´

Ó»½¸¿²·½¿´ Û²¹·²»»®·²¹ Ü»°¿®¬³»²¬ô ×²¼·®¿ Ù¿²¼¸· ×²¬·¬«¬» ±º Ì»½¸²±´±¹§ô Í¿®¿²¹ô Ü¸»²µ¿²¿´ô

Ñ¼·¸¿ éëçïìêô ×²¼·¿

»ó³¿·´æ °®¼¸¿´à¹³¿·´ò½±³

Ýò Í¿¸«

Ó»½¸¿²·½¿´ Û²¹·²»»®·²¹ Ü»°¿®¬³»²¬ô Ê»´´±®» ×²¬·¬«¬» ±º Ì»½¸²±´±¹§ô Ê»´´±®»ô Ì¿³·´ Ò¿¼«

êíîðïìô ×²¼·¿

»ó³¿·´æ ³»½¸½¸·²«à¹³¿·´ò½±³

w Ì¸» ß«¬¸±®ø÷ô «²¼»® »¨½´«·ª» ´·½»²» ¬± Í°®·²¹»® Ò¿¬«®» Í·²¹¿°±®» Ð¬» Ô¬¼ò îðîï

Íò Õò ß½¸¿®§¿ ¿²¼ Üò Ðò Ó·¸®¿ ø»¼ò÷ô Ý«®®»²¬ ß¼ª¿²½» ·² Ó»½¸¿²·½¿´

Û²¹·²»»®·²¹ô Ô»½¬«®» Ò±¬» ·² Ó»½¸¿²·½¿´ Û²¹·²»»®·²¹ô

¸¬¬°æññ¼±·ò±®¹ñïðòïððéñçéèóçèïóííóìéçëóíÁëî

ëéç



Ò¿ª·¹¿¬·±²¿´ Ý±²¬®±´ ¿²¼ Ð¿¬¸
Ñ°¬·³·¦¿¬·±² ±º Ó±¾·´» Î±¾±¬ Ë·²¹

Ë°¼¿¬»¼ Í·²»ŠÝ±·²» ß´¹±®·¬¸³
·² Ñ¾½«®» Û²ª·®±²³»²¬

Í¿®±¶ Õ«³¿®ô Ü¿§¿´ Îò Ð¿®¸·ô ß¾¸·¸»µ Õ«³¿® Õ¿¸§¿°ô

Ó¿²±¶ Õ«³¿® Ó«²·ô ¿²¼ Ð®¿¿²¬ Î¿²¶¿² Ü¸¿´

ß¾¬®¿½¬ Ì¸» ³»¬¿¸»«®·¬·½ ±°¬·³·¦¿¬·±² ¬»½¸²·¯«»ô «°¼¿¬»¼ ·²»Š½±·²» ¿´¹±®·¬¸³

øËÍÝß÷ô · ¾¿·½¿´´§ ¾¿»¼ ±² ¬¸» ³¿¬¸»³¿¬·½¿´ »¨°´¿²¿¬·±² ±º ·²» ¿²¼ ½±·²» º«²½ó

¬·±²ò ×¬ · ¿°°´·»¼ ±² ²¿ª·¹¿¬·±²¿´ ½±²¬®±´ ±º ³±¾·´» ®±¾±¬ ¬± ±°¬·³·¦» ¬¸» °¿¬¸ò Ì¸»

¿°°´·½¿¬·±² ±º ËÍÝß · ª¿´·¼¿¬»¼ ©·¬¸ ÊóÎ»° ·³«´¿¬·±² ¿²¼ ´¿¾±®¿¬±®§ »¨°»®·³»²¬

©·¬¸ Õ¸»°»®¿ó××× ®±¾±¬ ·² ¿² «²µ²±©² »²ª·®±²³»²¬ò Î±¾±¬ »ºº»½¬·ª»´§ ¿½¸·»ª»¼ ¬¸»

·² »¿½¸ ®«² ±º ®±¾±¬ «²¼»® ëû ©¸·½¸ · ½±²·¼»®¿¾´» ®¿²¹» ±º ¼»ª·¿¬·±² ·² ®»«´¬ò

Õ»§©±®¼ Ð¿¬¸ ±°¬·³·¦¿¬·±² iÓ±¾·´» ®±¾±¬ i Í·²»Š½±·²» i Ñ¾½«®»

»²ª·®±²³»²¬ i Ý±²¬®±´

Íò Õ«³¿® øÞ÷ i Üò Îò Ð¿®¸· i ßò Õò Õ¿¸§¿° iÓò Õò Ó«²·

Ü»°¿®¬³»²¬ ±º Ó»½¸¿²·½¿´ Û²¹·²»»®·²¹ô Ò¿¬·±²¿´ ×²¬·¬«¬» ±º Ì»½¸²±´±¹§ Î±«®µ»´¿ô Î±«®µ»´¿ô

Ñ¼·¸¿ éêçððèô ×²¼·¿

»ó³¿·´æ ¿®±¶ìµà¹³¿·´ò½±³

Ðò Îò Ü¸¿´

Ü»°¿®¬³»²¬ ±º Ó»½¸¿²·½¿´ Û²¹·²»»®·²¹ô ×²¼·®¿ Ù¿²¼¸· ×²¬·¬«¬» ±º Ì»½¸²±´±¹§ô Í¿®¿²¹ô Ñ¼·¸¿

éëçïìêô ×²¼·¿

w Ì¸» ß«¬¸±®ø÷ô «²¼»® »¨½´«·ª» ´·½»²» ¬± Í°®·²¹»® Ò¿¬«®» Í·²¹¿°±®» Ð¬» Ô¬¼ò îðîï

Íò Õò ß½¸¿®§¿ ¿²¼ Üò Ðò Ó·¸®¿ ø»¼ò÷ô Ý«®®»²¬ ß¼ª¿²½» ·² Ó»½¸¿²·½¿´

Û²¹·²»»®·²¹ô Ô»½¬«®» Ò±¬» ·² Ó»½¸¿²·½¿´ Û²¹·²»»®·²¹ô

¸¬¬°æññ¼±·ò±®¹ñïðòïððéñçéèóçèïóííóìéçëóíÁçï

çèç



Í¿º» Ò¿ª·¹¿¬·±² ±º Ø«³¿²±·¼ Î±¾±¬
·² Ý´«¬¬»®»¼ Ì»®®¿·² Ë·²¹ ß²¬ Ô·±²

Ñ°¬·³·¦»® Ì«²»¼ Îß ß°°®±¿½¸

ß¾¸·¸»µ Õ«³¿® Õ¿¸§¿°ô Ü¿§¿´ Îò Ð¿®¸·ô Í¿®±¶ Õ«³¿®ô ß²·¸ Ð¿²¼»§ô

Ó¿²±¶ Õ«³¿® Ó«²·ô ¿²¼ Ð®¿¿²¬¿ Î¿²¶¿² Ü¸¿´

ß¾¬®¿½¬ ß«¬±³¿¬·±² ·² ¬¸» ·²¼«¬®§ «·²¹ ®±¾±¬ · ¿¬¬®¿½¬·²¹ ³¿²§ ®»»¿®½¸»®

¾»½¿«» ·¬ ·²½®»¿» ¬¸» »ºB½·»²½§ ¿²¼ ¯«¿´·¬§ ±º ±«¬°«¬ò Ì¸· ¿®¬·½´» °®±°±» ¬¸»

¿²¬ ´·±² ±°¬·³·¦»® øßÔÑ÷ ¬«²»¼ ®»¹®»·±² ¿²¿´§· øÎß÷ ¿°°®±¿½¸ ¬± ¹«·¼» ¬¸»

¸«³¿²±·¼ ®±¾±¬ ·² ½´«¬¬»®»¼ ¬»®®¿·²ò Ì¸· ¿°°®±¿½¸ ±°¬·³·¦» ¬¸» ¬®¿ª»´ ´»²¹¬¸ ¿²¼

¬¸» ½±³°«¬¿¬·±²¿´ ¬·³» ¾§ ¬¿µ·²¹ ¿² ±°¬·³«³ ¬«®²·²¹ ¿²¹´» ¬± ¿ª±·¼ ¬¸» ½±´´··±²

©·¬¸ ¬¸» ±¾¬¿½´» ·² ¬¸» ®±¾±¬K °¿¬¸ò Ì¸» »²±®§ ¬¿¬·¬·½ô ·ò»òô ¬¸» °±·¬·±² ±º ¬¿®¬ô

¹±¿´ ¿²¼ ±¾¬¿½´»ô ¿®» º»¼ ·²¬± ßÔÑ ¿ ·²°«¬ô ©¸·½¸ °®±ª·¼» ¿² ·²·¬·¿´ ¬«®²·²¹ ¿²¹´»ò

Ì¸» ±«¬°«¬ ±º ßÔÑ · ·²¼«½¬»¼ ¬± Îß ¿´±²¹ ©·¬¸ ¬¸» »²±®§ ¼¿¬¿ô ©¸·½¸ °®±ª·¼» ¿²

±°¬·³«³ ¬«®²·²¹ ¿²¹´»ò Ì¸» ±°¬·³«³ ¬«®²·²¹ ¿²¹´» · «»¼ ¿ ¿ ½±²¬®±´´»¼ °¿®¿³»¬»®

º±® ¬¸» ¸«³¿²±·¼ ®±¾±¬ ¬± ¹«·¼» ¬¸» ®±¾±¬ ¬± ¬¸» ¬¿®¹»¬ò Ì¸» ·³«´¿¬·±² ·² ¿ íÜ

·³«´¿¬±® · ½¿®®·»¼ ±«¬ô ©¸·½¸ · º«®¬¸»® ª¿´·¼¿¬»¼ «·²¹ ®»¿´ó¬·³» »¨°»®·³»²¬ ±²

¸«³¿²±·¼ ®±¾±¬ ÒßÑò Ì¸» ®»´¿¬·±² ¾»¬©»»² ¬¸» ·³«´¿¬·±² ¿²¼ »¨°»®·³»²¬ ¸±©
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Performance Evaluation
of Graphene-Gear Oil Nanolubricants
in Rayleigh Step Bearing

Gaurab Kumar Ghosh, Ankit Kotia, Niranjan Kumar,
and Subrata Kumar Ghosh

Abstract In this paper, the contribution of dispersed graphene nanoparticles in
graphene-gear oil nanolubricant has been analyzed. Synthesis of nanolubricant has
been performed using the two-stepmethod. The nanoparticles have been dispersed in
the range of 0.03–1.8% by volume in industrial gear oil (SAE EP90). Viscosity and
density of nanolubricant are measured by using Stabinger viscometer (SVM 3000,
M/SAnton-Paar). Rheological properties have been experimentally tested in the tem-
perature range of 20–80 °C, and the results have been compared with theoretically
available models in open literature. The performance characteristics of nanolubri-
cants in hydrodynamic lubrication regime have been evaluated by considering the
standard Reynolds equation. For this purpose, the geometry of an infinite Rayleigh
step slider bearing (one dimension) is considered with defined boundary conditions.
Finite difference method (FDM) is used to obtain the solution of boundary value
problem. Results confirm that the dispersion of graphene nanoparticles in gear oil
enhances the performance of lubrication.

Keywords Graphene-gear oil nanolubricant · Rayleigh step bearing · Reynolds
equation · FDM

Abbreviations

X Non-dimensional pad width
l Pad width
P Non-dimensional pressure of the nanolubricant film
h(x) Thickness of nanolubricant film
H Non-dimensional film thickness
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Free Vibration Analysis of Laminated
Composite Tapered Beam

Pradeepa Kumar Mohanty and Ritesh Kumar Patel

Abstract Laminated composite tapered beams have been implemented significantly
within engineering domain, e.g. military aircraft, e.g. yokes engaged in helicopter,
arms manoeuvring in robots, blades sprawling over turbines as well as helicopter,
antennas signalling/towering over satellites and wing structures spreading around
aeronautical structures are few. The objective of the current endeavour is to establish
the aspects of natural frequencies and mode shapes concern to a laminated composite
tapered beam dealing with Euler–Bernoulli beam hypothesis of various limiting
criteria via ANSYS. In addition to that the outcome of limiting values, assessment
among natural frequencies on behalf of arrangement like cantilever, simply supported
and fixed type has also been developed. It has been experienced that the natural
frequencies augmented with raise in approach of vibration. Concern to the influence
of limiting values in favour of the tapered beam configuration has been examined
in the current endeavour. Consequently, it has been monitored that the numbers of
natural frequencies (first five) on behalf of the simply supported beam appeared as
the highest (639.04 Hz), fixed beam and cantilever beam executed the 2nd position
(550.72 Hz) and 3rd position (378.90 Hz) correspondingly.

Keywords FEM · Laminate composite tapered beam · Free vibration

1 Introduction

Being one of the critical configuration elements, beam executed to shift loads
upon machines and structures. Composite substance has exceptional engineering
attributes, namely raised power or rigidity to mass proportion and complimentary
tiredness quality. It has also successfully spreading over the art of modelling of gyra-
tory structure in particular aircraft turbine fans, wind turbine blades and helicopter
rotor blades a few. A number of occasions demand rigid at one position and must to
elastic at the other site, e.g. arms of the robot, blades of a helicopter as well as one

P. K. Mohanty (B) · R. K. Patel
Department of Mechanical Engineering, IGIT, Sarang, Dhenkanal, Odisha, India
e-mail: pkmohanty12188@gmail.com

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021
S. K. Acharya and D. P. Mishra (eds.), Current Advances in Mechanical
Engineering, Lecture Notes in Mechanical Engineering,
https://doi.org/10.1007/978-981-33-4795-3_9

85

















 


