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Preface | udra+T

This book, Virtual Analysis and Designer FEM (Finite
Element Method), has been specially designed to help
students succeed in both academic examinations and
career-oriented preparation.

It includes detailed Trade Theory, Workshop Calculation and
Science, Engineering Drawing, Employability Skills, and a
question bank in mock test format based on the NIMI exam
pattern.

This book follows the latest syllabus prescribed by
DGT/NCVT and is aligned with the latest NIMI
examination pattern. It is structured for easy
understanding and practical application.

The MCQs in this book have been designed at multiple
levels—Remembering, Understanding, Application, and
Analysis—in a dual-language format to enhance
conceptual clarity and examination readiness.

Our goal is not only to help students excel in ITI courses
and NCVT examinations, but also to prepare them for
competitive employment opportunities in both the
government and private sectors.
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How to Study This Book | 39 Y¥dd &l eI hd

The Trade Theory section is covered in detail. Students are
advised to study this section thoroughly and carefully, and
to develop a clear conceptual understanding with the help
of detailed explanations, diagrams, and a flow-based
presentation.

Except for the Trade Theory section, the other sections
contain important summaries. These summaries are
sufficient in accordance with the weightage of the
respective sections.

Practice the MCQs only after completing the theory part of
the module.

Students are advised to study this book in only one
language, either Hindi or English. They should not compare
the Hindi version with the English version during study.

In case of any discrepancy in technical terminology,
translation, or conceptual interpretation, the English
version shall be considered authoritative.

At the end of the book, practice sets based on the NIMI
exam pattern have been provided. Students are strongly
advised to practice these questions at least twice before
appearing for the examination.

To practice the question bank in a computer-based mock
test format, scan the QR code provided in the last part of the
book.
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Syllabus

Learning Trade Theory

Outcomes

LO-1 Analyse the components by inertial relief method and by non-linear analysis.

LO-2 Perform modal analysis of component, brackets and assemblies and apply the concept
about the mode shapes (Rigid and local body) and frequencies.

LO-3 Execute basic thermal analysis of simple components like plate, beam for conduction and
convection in variable temperature.

LO-4 Perform frequency response analysis of beam and any suspension component.

LO-5 Perform Thermo-mechanical analysis of engine components, welded joints etc.

Modules Workshop Calculation & Science

Friction Friction - Advantages and disadvantages, Laws of friction, co-efficient of friction, angle of

friction, simple problems related to friction. Lubrication. Friction - Co- efficient of friction,
application and effects of friction in workshop practice.

Centre of Gravity

Centre of gravity - Centre of gravity and its practical application

Area of cut out
regular surfaces
and area of
irregular surfaces

Area of cut out regular surfaces - circle, segment and sector of circle. Related problems
of area of cut out regular surfaces - circle, segment and sector of circle. Area of irregular
surfaces and application related to shop problems.

Estimation and

Simple estimation of the requirement of material etc., as applicable to the trade.

Costing Estimation and costing - Problems on estimation and costing.
Modules Engineering Drawing
Reading of drawing of nuts, bolt, screw thread, different types of locking devices e.g.,
Module-1 Double nut, Castle nut, Pin, etc.
Module-2 Reading of foundation drawing
Module-3 Reading of rivets and rivetted joints, Welded joints
Module-4 Reading of drawing of pipes and pipe joints
Module-5 Reading of job drawing, sectional view & assembly view.
Modules Employability Skills

Basic Career Skills

Learners will be able to build a resume, cover letter & a job application, Learners will be able to use
basic English Skills to communicate in Formal Situations, Learners will be able to use basic English
Skills to communicate in Informal Situations, Learners will be able to demonstrate workplace
etiquette, effective teamwork in real-life situations.

Future Work Skills

Learners will be able to list out the essential skills required for the Future Workplace, using online
& offline modes to collect information, Learners will be able to use their knowledge of platform &
gig economy to identify jobs relevant to them, Learners will be able to identify self-employment
opportunities relevant to them, Learners identify and solve for challenges in migrating for work
opportunities, Learners explore the SDIP platform to identify potential international job
opportunities available to them, Learners will be able to differentiate workplace practices that
align/misalign with green mindset.

Engagement Activity | Family members gain awareness of the career aspirations, job opportunities available for the

1: Family learners and develop an encouraging mindset Learners get a more conducive environment for
Engagement career development.

Entrepreneurial Learners will be able to identify the stages of the design thinking process, Learners will be able to
Skills apply design thinking principles to solve a real-life problem, Learners will be able to apply design

thinking principles to identify a potential business idea, Learners will be able to build and present a
comprehensive business plan including marketing, finance, scale up, accounting, reflecting
entrepreneurial mindset.

Internet Skills...

Learners will be able to use the internet to find, sort & present information on a given topic and
reflect on their self-learning process, Learners will be able to use the internet to explore key job
portals, identify and apply for potential jobs, Learners will be able to apply for jobs by attaching their
resume, cover letter & other relevant documents via email, Learners will be able to identify how to
use social media tools such as WhatsApp, YouTube, Instagram etc to build alternate career paths.

Engagement Activity
2: Alumni
Engagement

Learners gain deeper insights about the workplace, its challenges and new ideas to solve for the
problems, Learners feel a greater sense of motivation and confidence towards their career.




Professional Skills

Learners will be able to demonstrate people skills, personality skills, thinking skills required in
various workplace scenarios, Learners will be able to state the importance of CPD for their career
growth, Learners are able to identify relevant online courses for upskilling/continuous learning,
Personality Skills: Adaptability, Flexibility, Growth Mindset, Thinking Skills: Creative Thinking,
Negotiation & Decision Making, Future Thinking

Engagement Activity
3: HR Interaction

Learners will be able to resolve their workplace and career related queries, Learners feel a greater
sense of motivation and confidence towards their career.




Table of Contents

Part 1: Trade TREOIY | 8 BRE....ccciiieeieieieieeesi ettt sttt st se st s bbb b bbb s ettt ee s a e e snenenens 1
Learning Outcome | JfRATTEH TROTE = 1ottt ettt e e 2
1.1 Introduction to Finite Element Analysis (FEA) | ®zarge tfodie fa&Wor (FEA) & ORET ..o, 2
1.2 Importing and Creating Geometry | SAfATT 3MATA BTAT 3R TATT c.coeiceciieeircicceeeeeeceeeeeseeseieeseseseienas 3
1.3 Creation of Finite Element Model (Meshing) | wsarse tfodie Afsel & AT (@A) oo, 5
1.4 Assignment of Material Properties | & 0T &7 TTUIROT ...c.ocviiieercee e 6
1.5 Inertial Relief MethOd | SToca TTaa O @ . ettt e e et e e et e et et eseestesaeetestessessestessessessesneensessseneeneans 8
1.6 Non-Linear Analysis | R-I8EIT TIBWOT.......cciiiieeeess ettt bbb s e sa s s sssssnnenas 9
1.7 Application of Loads and Boundary Conditions | #R 3R AT Al BT T .ccveereecerencerieireereereeeneenns 1"
1.8 RUNNING the ANalySis | FABTOT BT FTTEIT....c.curueeeeieirercieiet sttt eae ettt bbbttt eaeb s 12
1.9 Review Of ReSUILS | TROTET BT EaITETT ....eovieeeieeieeee et ettt e st este st et et esee st et ssessete e sressessestsressessensenesressesensone 13
1.10 Comparison Between Linear and Nonlinear Analysis | ¥{&% 3R IR-3@6 @HT0T & T Jolell oo 14
1.11 Block Diagram of FEA Process | FEA UfShaT &l ol 3TRW...c.ccevevvirieeriiereieeesesesesssssesesssesessssssssssssssssssssesens 15
1.12 Safety Precautions During Simulation Work | f&aeie & & a1 GR&T Faifadl ..o 16
MCQ'S | SEIITURT T ....oovvrrieiiieiiesse ittt bR bbb st et 18
Learning Outcome | 3fRATTE TROTME = 2.ttt b e bt s s 25
2.1 Introduction to Modal Analysis | FSel FISEUT BT TR .....cevreveireeeireicrcecreeree ettt 25
2.2 Basic Concepts of Vibration | &uel & Fe HAUTTIML........c.orimerreeerereireeesreseisesessesessesessessssesessesessessssessssensssssesssssens 26
2.3 Types of Mode Shapes | FIS MERT B T .....c.cueurerreuerreeeesessesesesessaesssessestsssessssssssessssssssessssssssessssssssesssssssessssens 27
2.4 Geometry Creation and Import | SAART fAATOT 3R HTITA c..ovvevierere e 28
2.5 Creation of Finite Element Model | T3 aca ATl T T c..oviieieceeeee ettt st sve s e st ere st s 29
2.6 Assignment of Material Properties | STl T[0T &7 fAUROT.....c.ovuriveieireineireeeese e 30
2.7 Boundary Conditions in Modal Analysis | FTEel T80T 3 FTAT 2Tt 31
2.8 Selection of Solution Type - Modal Analysis | FATUA TR & TIA — A FAFTT.......cvoviniererricereieireeieireenas 32
2.9 Procedure of Modal Analysis | #TEel IS0 I URFTT.......cciiiccceeeeee e s 33
2.10 Review Of ReSUIts | TROTET Sl TAHTETT ...ttt ettt et et et e b et et s r et e b entenesbesaentensanes 34
2.11 Modal Analysis of Brackets | SIhe & FTST fAHTTT........cccveeiiereeeeeereetesesetss et se s s s sesessns 35
2.12 Modal Analysis of Assemblies | EEeN T AISE FAHTTT......ccuiieeereeeeeeeer st eaes s 36
2.13 Comparison Between Rigid and Local Modes | &R 3R TATAT AS & @ Golell...c.cveecrieerneecnneeneenseeennenenne 37
2.14 Applications of Modal Analysis | FISe TIHTOT & HTTTI......cuvuerrieerreierreeeireieereseirese e sseses et sese st seseens 38
2.15 Safety Precautions in Modal Analysis | A faSoT 3 & FaUTAT . .....coeeerrierieeeceernee e 39
MCQ'S | BERITIEUIRE T o1 evvvveressseeeeeessssse s s8R0 41
Learning Outcome | 3fRATTE TROUTET = 3.t ettt bbb a s s s 48
3.1 Introduction to Thermal Analysis | dTdRT TISTOT &1 TRT ...cucuveeeereieieieeieeeeseseseseese e sse e sesssesesesesesses 48
3.2 Basics of Heat Transfer | AT TATATARTT & JTUTRHIT FHGTT cvvuvvveeverreieereirieetesseeesessesesssessesesssessssesssesssssssssssssens 49
3.3 Thermal Properties of Materials | AT & dTW— T[0T ..o 50

3.4 Geometry Creation and Import | SATATT fAATOT 3R T c..covveicececrc e 52



3.5 Creation of Finite Element Model (Meshing) | Eif&d dca A &1 TAATOT (RTRAIT) ..o 53

3.6 Application of Loads and Boundary Conditions | X Td HIHAT Al BT U ...cuvrevvreverrererresesreseeseseesesesnesenne 54
3.7 Working Principle of Thermal FEA | ATdRI FEA &1 BRI FHGT....cuevvevmeeerrierereneieiseisesessesessessesessesessessesessesesenns 56
3.8 Block Diagram of Thermal Analysis Procedure |drdir fa&wor Ufshar &7 €olfeh 3R ...c.eevececeeireneeieessceieineenas 57
3.9 ReView Of RESUILS | TiROITET BT TaTET.....ccveeeiiieeeeeee ettt e e st et et et erestet et eressessestestesessensenteneesessensentaressensentenes 58
3.10 Thermal Analysis of Plate | Tt &7 AT BT ..ottt s et eaeses 59
3.11 Thermal Analysis of Beam | &a & AT TIBWOT ......cccoviiieieeeee ettt sessaes 61
3.12 Comparison Between Conduction and Convection | @Teled 3R Fa&a & ST AT covvverrererrererrererreseeresesrenenne 62
3.13 Safety Precautions in Thermal Analysis | A fI&wor 3 FI&T FAUTADT ...ocvvvvnrercrcreireeeeseieeeeeenenne 63
MCQ'S | SERITIEUIRE T o1 evvvveeeseeeeeseessssse s ssss s ssse 2585580 64
Learning Outcome | fRATTH TROTE = 4.ttt ettt ss s 71
4.1 Introduction to Frequency Response Analysis | 3Ry gfafohar R8T &1 aRE....ccovvcccrrcrccce 71
4.2 Basic Concepts of Vibration | &uel &I Fq@ HAURTITU.......ccouerririererrieeeieeseeiesesseeesessessssssssessssssssesssessssssssessssens 72
4.3 Sinusoidal Loading | FTEaaISEe TE0T....cciiiiieieeeeeeetesist ettt b ettt ss s e s enenens 73
4.4 Geometry Creation and Import | SIfATE TAATIT 3R 3T ...t 74
4.5 Creation of Finite Element Model | @fAT aca AST BT fAAT.c.coviiiiieccec ettt sbeneaeas 75
4.6 Assignment of Material Properties | & T[0T BT AU ...ocouivieernciirreieeccreieieee et 76
4.7 Boundary Conditions and Load Application | T it 3R HR BT HGTTIT.coovueencveecreiereiereeeieeseseesesensesennes 77
4.8 Selection of Solution Type | FATUTA TR BT TUT ..ucuverrereuererreeresriresesessasesesesessesesessssesssessesessessssesssessssssssessssencs 78
4.9 Block Diagram of Frequency Response Analysis Procedure | 3mgfa ufafsear fagiwor ufshar &1 <o 3@ .. 79
4.10 Review Of ReSUILS | TRUITHT o TaTGTT.....ouieeieeeeeieeeeece ettt ettt et st et et et sreste st et eressesenteneenessesenteneasessensenene 80
4.11 Frequency Response of Beam | @& &1 3Ry TR ... 81
4.12 Frequency Response of Suspension Component | S¥4ee g &1 IGRT TfARa. .o 82
4.13 Comparison Between Static and Dynamic Analysis | ¥3fde® 3R aifasiia R&wor & T gadl..oeveevcenee 83
4.14 Safety Precautions in Frequency Response | 3mgfa ufafar fa8iwor & geam aaamfadi .. ...ovevececencenennes 84
MCQ'S | SERITIEUIRE THAT v eeveveresseeseeessssse s ssss 258580 85
Learning Outcome | fRATTE TROTE = 5.ttt sttt ss s s e e nenens 92
5.1 Introduction to Thermo-Mechanical Analysis | #f-#bawe ST &1 ORET ..o, 92
5.2 Basic Concepts of Thermo-Mechanical Behavior | at-#dfadma caaeR & e FTURTMT ... 93
5.3 Engine Components and Welded Joints | 357 G2& 3R A633 SECH.covvererererirerereeeeeesesesseessseseseseseseses 94
5.4 Geometry Creation and Import | AT FAATIT 3R AT .o 95
5.5 Creation of Finite Element Model | ST aca ATST BT T ..coiveieeeeeere ettt sa et erestsve st ss e sasrenes 96
5.6 Assignment of Material Properties | Il oM T fAUROT ...cooceiiiiiiccc e 97
5.7 Conversion Of LOAds |HRT BT TUTATTT ....ccviueiiriiiiiriteretereststesessesessssessssesessesessssessssessssesessssensssesessesessosensssenessssenes 98
5.8 Working Principle of Thermo-Mechanical Analysis | ¥&f-#&fawea AISWT &1 FF G, 99
5.9 Block Diagram of Thermo-Mechanical Analysis | 2af-HbfAdme TTEUT BN B ITRW ..o 100

5.10 Review Of RESUILS | TR Bl TaETT...c.eiciiiieeeeeceeeeeee ettt et erese et et et s essesteeesessensenesseesenseneentesessenseneone 101



5.11 Comparison Between Thermal, Mechanical and Thermo-Mechanical Analysis | ad, aif3s 3R -

HBTADE TIHTOT B TTT GAHAT covveerreeerrirerreneirese ettt ese sttt et es b ese bbbttt b e bbb enseee 105
5.12 Applications of Thermo-Mechanical Analysis | J&f-#HfAEa AT & HTTT ..o 106
5.13 Case Studies of FEA Analysis | FEA fI8TUTT & B TCE ...ccceeerereeeieesiseseseeeesese st sesesesesens 107
MCQ'S | FERITEERE AT vvereseevrrssessessssssssss s 11
Part - 2: Workshop Calculation and Science | a&h2iiT HelGeidfed T8 HISH.......c.vureuemermererrernesemsessessesessessessessesessessessesees 119
T FFICHION | BOT..ceeieieieeeee ettt e e te et et e e e et et st sae st et e st eae st et et ene et essententesess et enteneasesenseneesessensenteressensenseneene 120
MCQ'S | TEIIBCUIT T ....oovvrricrecteiic st 122
2. Centre Of GraVvity | T[EAIBNTT G ....c..eueeerecuerreeesesseesesseseesessessesseseese e tsebsesesse sttt ese st sese s saeseses 128
MCQ'S | FERITEERE AT .vvreseeverseessesssss e85 130
3. Area of Cut out Regular Surfaces and Area of Irregular Surfaces | @r¢ 71¢ fAafda Gdel @ aawe AR AfaafHa
TR BT BTTTCT 1ueuvuveveueueseseesesesasesesessesesesesesssesesesasesssesesasesessssesesasesensnsesesesessnsnssesesesesessnsesesesessssesesesesensssesesesasesnsesesesasenenes 136
MCQ'S | TEIIBCUIT T ....oovvrrcieciieise st a bbb bbb 138
4.  Estimation and Costing | 3egaTe 3R AT FAURIT ....ceviecicrcrc e 142
MCQ'S | FERITEERE AT vvereseevesssessesesss s 144
Part - 3: Engineering Drawing | iR T fF0T......cccoiiiicccce ettt 148
1. Reading of Drawing of Nuts, Bolt. Etc. | A, ATeT, 31T B BTEIT UGeT.....coveeeereeeeceeeeeeere s sesesessssssssssssssssaens 149
MCQ'S | TEIIBCUIT T ....oovvrvicrrciicisc st a bR bbb 151
2. Reading of Foundation Drawing | TTES0a ST8T UGT ......eveveereereesesesesesssesssesssesesesesssssessssssssssssssssesssssssssssssssssesssess 156
MCQ'S | FERITEERE AT .vvreseeverssessesssss e85 159
3. Reading of Rivets and Riveted Joints, Welded Joints | Rdea 3R Rdes A1z, 3628 S5 Ueel.oecevccecennccicreneees 162
MCQ'S | FERITEERE AT ..vvrrseeverssessessss s s 164
4. Reading of Drawing of Pipes and Pipe Joints | UizT 3R UI3T T3 & S139T UG ...c.cuveeeeeeeeeceeeeeeeeseeseseesesesesenens 169
MCQ'S | TEIIBCUIT T ....oovurvicricieisic iR bbb 171
5. Reading of Job Drawing, Sectional View & Assembly View | & 31597, @3 TT Td TSI T3 UG ..oveveeveveeee. 175
MCQ'S | TEIIBCUIT T ....oocvvrricvecresic st a bbb bbb 177
Part - 4: Employability SKills | IroToTREITHAT B .....ceveeeeeieeieeireeeieieeeis s seieeseseeses s s s bbb sns s essssenes 183
1. Basic Career SKills | FaT TRET BIT .....evvuiueiririeieieirieetetsiees ettt sttt es st b et b s et ess s sssssesesneans 184
MCQ'S | TEIIBTUIT T ....oovvrricviricise et bbb 187
2. FULUTrE WOTIK SKillS | SRS 85 TR IR .....veeeeeeeierieeeeeeeeereeeestetssesseesetentssessensestssessessetesessessessentsnessessensoressessessenees 196
MCQ'S | FERITEERE AT vvereseevrrssessessssssssss s 200
3. Entrepreneurial SKills | STIaT @RT0T......cccviieeeieeeieisrs sttt sttt sa e s e se e es s esnsesesanas 208
MCQ'S | FERITEERE AT ..vvreeeverssessesssss e85 210
4. INEEINETL SKIllS | STTTT BRI ..ttt ettt et ettt e st et st st et et e st sr e st et entenssbe b et enseresee st entensseessensansanis 218
MCQ'S | TEIIBCUIT T ....oocvuivicrictiesse sttt b bbb 221
5. Professional SKills | STaTREs IR, .....ceiiiiiriiireectesst et et eb ettt ebe s st ese st ebe st sbensssenssserensstensasareasas 229
Q'S | TERIGEITE AT evvrseerrseeessssss s ssss s8R 232

Part — 5: MOCK TESES | 0 TETH ..vvueueveererireieirieseietsesesesessasess et esess s st esssessasssssessssesssssesssesesssassssessssssssesessssssessssnssesssnens 240



Mock Tests | #Hied e¥e - 1
Mock Test | & eFe - 2



“Every Concept Brings You One Step Closer to Success.”



Teach To India Publication Trade Theory

Part 1: Trade Theory | ¢35 2ai¥t

www.teachtoindia.com 1




Teach To India Publication

Trade Theory
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2.1 Introduction to Modal Analysis | #tse fa=awor &1 aR=g

MODAL ANALYSIS OVERVIEW | H’i?:?fl faeyor srqelich

e

MERITS | 701 Purpose of Modal Analysis
o Prevents vibration failure — ﬂ | wiset fazetwor 1 38T
| SR Undeformed §tructure o« To avold ( Condition 1: f, # fn (No Resonance) )
o Improves design safety | | 3rfdepa de o ey | ST | FRfR 1: o # i (311G TE)
e - L | Natural Frequency: resonance
Mode 1 (First Bending) Frequency of condition T=
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Fig. 2.1: Modal Analysis Overview with Natural Frequency and Mode Shapes | urpfas sigfat ik ds
SRR Hfga AT fA=awor &1 sraeia

2.1.1 Definition of Modal Analysis (Fig. 2.1)
Modal Analysis is the study of vibration
characteristics of a component or structure.
It determines the natural frequencies and
corresponding mode shapes.
Natural frequency is the frequency at which a

structure vibrates freely.

Mode shape shows the deformation pattern during

vibration.

2.1.2 Purpose of Modal Analysis
Modal analysis is performed to avoid resonance

condition.

Resonance occurs when operating frequency
matches natural frequency.
It improves structural stability and increases service

life of components.

2.1.3 Applications

Used in automotive brackets, machine frames,
aerospace structures, and rotating equipment to

study vibration behavior.
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2.1.1 Az« fAsawor & gl (Fig. 2.1)
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2.1.4 Merits and Demerits

Merits:

Prevents vibration failure.

Improves design safety.

Reduces noise level.

Demerits:

Requires correct mass and stiffness data.
Needs proper boundary conditions.

Trade Theory

2.1.4 1Y 3R gifar

ATY:

U fatherdT opl JAehar B

eI QRem & R &hear 8

TR TR hl T T gl

gifaar:

et SHT 3R ThaIRdT 321 hl SMThdT gidl &
Ifra T <1t St 3agehdr gkl gl

2.2 Basic Concepts of Vibration | eu= &l e raemRomg

MECHANICAL VIBRATION: TYPES AND KEY CONCEPTS | Gif3® $U+: YR 3R TS AYRUMY
TYPES OF VIBRATION (CLASSIFICATION) | 94 & W& (aiffewun)

EFFECT OF DAMPING | fRm (3ra¥GA) BT UHE CAUSE OF VIBRATION | &Y &1 $IRUT
UNDAMPED VIBRATION DAMPED VIBRATION FREE VIBRATION FORCED VIBRATION
- 3 S - f Push
g : %MM-D/\/\/\/* %W\w[f(\)f\,”
z z WITHOUT EXTERNAL FORCE DUE TO CONTINUOUS EXTERNAL
NO ENERGY LOSS ENERGY LOSS AFTER DISTURBANCE
St 3t gif= gt Fuf 3t gy MuFagfRmaiad %W
NATURAL FREQUENCY AND RESONANCE | Sife agfy o o
VARIABLE FREQUENCY FORCE w iy
SPRING ___ NATURAL FREQUENCY (f, or w,) . g !
m (k) f w G{Tqﬁ[ é E POTENTI% ;A‘%E
MASS _, DEPENDS ON MASS & STIFFNESS OFF-RESO_\I:Iég[CE RESONANCE :
SSHH (m) FAM 3R FIRAT R R Fvar g S ) EXCITATION FREQUENCY RATIO (t/uw,)
(w#w,) (w=uwy) Fater Mgl U
MODE SHAPE | #itS 3TPR
MODE 1| W5 1 MODE 2 | WIS 2 MODE 3 | W3 3

fiefy<fy
DEFORMATION PATTERN | faequr S+

1
NODE | 73 (I3 e faig)
VIBRATION AT PARTICULAR NATURAL FREQUENCY | faRiw wrgsfaas amgfer R daa

f|<f2<f3

Fig. 2.2: Mechanical Vibration Types and Key Concepts | Iifaes &= & TR R Uq@ qeromy

2.2.1 Types of Vibration (Fig. 2.2)

Vibration is oscillatory motion of a body about its
equilibrium position.

Free Vibration - Occurs without external force after
initial disturbance.

Forced Vibration - Occurs due to continuous
external excitation.

Damped Vibration - Amplitude decreases with time
due to damping.

Undamped Vibration - No energy loss; amplitude
remains constant.

2.2.2 Natural Frequency

Natural frequency is the frequency at which a
structure vibrates freely without external force.

It depends on mass and stiffness of the structure.

2.2.3 Resonance

Resonance occurs when excitation frequency equals
natural frequency.

It causes large amplitude vibration and may lead to
failure.
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2.2.4 Mode Shape

Mode shape is the deformation pattern of a
structure during vibration at a particular natural
frequency.

Trade Theory

2.2.4 His 3THR
Hig MR fohelt faiy UTepfaen gy &R &hue & &R
TG T fa=eTor Oe gl

2.3 Types of Mode Shapes | #ilg fTHRI & YR

COMPARISON OF RIGID BODY MODES AND LOCAL (FLEXIBLE) MODES | #31R TR 8 3R ®JH1Y (areiteh) 7S 3t gor

RIGID BODY MODES | 3R IR /S

| LOCAL (FLEXIBLE) MODES | &Fita (wiei) @5

Stress and

Examples

Translationin X, Y, Z Rotation about X, Y, Z axes

D

Vs

R X, Y, ZH A X, Y, Z 31aif & TR 3R

Structure moves without deformation Rotation | 3z Deformation occurs Straln Development
T R ”a;m\amﬂ% 5 T & x___S_SS_S__}Kmsﬁ?fﬁmmm
—— - élsl 22?:&:1;\]"? together Aooly =+ :f_Structure changes its shape
A\ ] m‘
qarg <— > Wit AlE U 3918 & F Y dynamic ~~ i AT SRR
@ f AEAI T E forces > ! Different parts deform
. based on stiffness
Rotation O] No shape change A
I H3RAT & MR
AeA 7I7777777777777 R & @ e T Ak AR
@ | Natural Frequency is Zero or = Zero | s amgf e an =9 # | | | ]/\> | Natural Frequency is Non-zero | spfevs amgf -2 &
AW | No Strain Energy Developed | ®1§ a=ra St fawfRia =&l gt AWM | Strain Energy is Stored | T Sl Wiz Xt &
Occurs with insufficient boundary conditions | % Stress and strain are developed RGICH am%am ﬁa;ﬁ;a 3
b | s < fRl 5 e e & N\~ ped| il
Examples

= I

Bending mode of a beam Torsion mode of a shaft Twisting of a bracket

fMagaaaE RIS ES de P ¥

Fig. 2.3: Comparison of Rigid Body Modes and Local Flexible Modes | #aR RR #ts 3k =irfig a<fiat Atz 7
GEEL

2.3.1 Rigid Body Modes (Fig. 2.3)

Definition

Rigid body modes are vibration modes in which the
structure moves without deformation. There is no
change in shape of the component.

Working Principle

In rigid body mode, the entire body moves as a
single unit. All nodes have equal displacementin a
particular direction.

Characteristics

There is no strain energy developed in the structure.
The natural frequency is zero or very close to zero.
It occurs when no sufficient boundary conditions are
applied.

Examples

Translation in X, Y, and Z directions.

Rotation about X, Y, and Z axes.

2.3.2 Local (Flexible) Modes

Definition

Local or Flexible modes are vibration modes in which
deformation occurs in the component. The structure
changes its shape during vibration.

Working Principle

Flexible modes occur due to stiffness and mass
distribution of the structure. When subjected to
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dynamic excitation, different parts deform according
to their stiffness.

Characteristics

Natural frequency is non-zero.

Stress and strain are developed in the structure.
Strain energy is stored during deformation.
Examples

Bending mode of a beam.

Torsion mode of a shaft.

Twisting of a bracket under dynamic load.

Trade Theory

I gid 8| fasiie IEu= o srefie ga o fafa= T
T HSRAT & IR faefua g1 &1
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2.4 Geometry Creation and Import | saifafa fAafor siir smara

GEOMETRY CREATION AND PREPARATION FOR MODAL ANALYSIS (MODELLING AND CLEANUP)
Hisd fasawor & forg safafa @t fFAmfor ik dart (wisfc sik aws)

METHOD 1: CAD MODELING GEOMETRY CREATION
fafe) 1: cap wrefeiT safafa fAmfor }

C YEp= CREATE COMPONENT DIRECTLY IMPORT EXISTING CAD MODEL INTO CAE
;| I Vot IN CAD SOFTWARE SOFTWARE VIA NEUTRAL FILE FORMATS
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et Jram, 3FE BN, l o7l Hise g@e CAD aieedwy # fwme fwan
t;at?amanszm T g, e Iyanft

GEOMETRY PREPARATION AND CLEANING
saifafa dart 3k qwE

_IMPORTANCE OF CLEAN GEOMETRY

MET;%%) 2: MPORT FROmM ST -51 ImGES FILES IMPORT CAD MODEL & CHECK MODEL ENVIRONMENT T HE
2: STEP/IGES -’{ CAD Wifeet 3T 3 ok ied F Aot B sta 3 ] | [ IMPROVEDMESH | [ REDUCED ELEMENT
IMPORT EXISTING CAD MODEL INTO QUALITY DISTORTION
CAE SOFTWARE VIA NEUTRAL FILE Sl ,“EM""EOU,{‘:,%%‘}SEQE‘SYJL%T”“Es g A rEEr | W e e
FORMATS (STEP OR IGES) Tiny fillets o gz
e o > NN Logos WP SOLVERWORKS | [ RELIABLE NATURAL
| Bifted (STEP 4T IGES) & wream & Sharp edges Shap edges [”|| WITHOUT ERRORS FREQUSE,ﬂ',f;éMODE
X Bef | After cl -
r=ht Chﬁmﬁmaﬁ efore cleanup er cleanup Wﬁqua; ﬁQ
= | [ VERIFY UNIT SYSTEM & CORRECT DIMENSIONS | | B BT & m' gm' f ',ﬂg“' fmﬁ' i
o USEFUL WHEN MODEL DESIGNED = e
TG0 IN OTHER CAD SOFTWARE
@ TanEa {H’\’ CAD Wi § R CHECK CONTACTS, JOINTS, & CONNECTIONS SOLUTION TIME ANALYSIS PROCESS
e 771 &1, 79 IO —> (IN ASSEMBLIES) — | o T 3 Fera fiaao
T, SISt 3R St B g B (3R #) wfen

Fig. 2.4: Geometry Creation and Preparation for Modal Analysis | wsaﬁﬂéwai%qmrﬁrﬁﬁﬂfw )4
s

2.4.1 Methods of Geometry Creation (Fig. 2.4)
Geometry for modal analysis can be created by two
main methods. The first method is CAD Modeling, in
which the component is created directly in CAD
software by using solid modeling features. This
method gives accurate dimensions, proper shape,
and maintains the original design intent. The second
method is Import from STEP/IGES Files, in which an
already prepared CAD model is imported into CAE
software through neutral file formats such as STEP
or IGES. This method is useful when the model is
designed in other CAD software and needs to be
analyzed in simulation software.

2.4.2 Geometry Preparation

After creating or importing the CAD model, the next
step is to prepare the model in analysis software.
Geometry preparation includes importing the CAD
model properly, checking the model in the software
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environment, and cleaning the geometry before
meshing. Unnecessary features such as very small
holes, tiny fillets, sharp edges, logos, and extra
details should be removed because they do not
affect modal results significantly but increase mesh
complexity. Correct dimensions and unit system
must also be verified. In assembly models, contacts,
joints, and connections between parts should be
checked carefully.

2.4.3 Importance of Clean Geometry

Clean geometry is very important for accurate modal
analysis. It improves mesh quality, reduces element
distortion, and helps the solver work properly
without errors. A clean and simplified model gives
more reliable natural frequency and mode shape
results. It also reduces solution time and makes the
analysis process easier and more efficient.

Trade Theory
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2.5 Creation of Finite Element Model | @ifaq a« Ats« a1 Aafor

Meshing in Finite Element Analysis (FEA) | T8¢ Tferde TATfeif&w (FEA) & AfSmT

Definition of Meshing | RS &I afvymer Types of Elements (Classification) | @i & WebR (affemeon)
_— o &5 D Divided into Elements 1D (Beam) | 1D (<) 2D (Shell) | 2D (3) 3D (Solid) | 3D (wifcrs)
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l!\%i“‘ Connected at Nodes ||  Node Node
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Node %A, ki ‘ﬂm,ﬁ%ﬁ;l,?ﬁ?ﬁﬁ w1 e & gt
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Mesh Quality Check & Errors | 99 T[oraraT siid 3iR Jfeat Element Orientation | a sifafa=ama
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00 .;; a !ae':m ( ﬂ;:»(o e ag;en ) em;n;n orm‘a%ﬂl[r ion  Stiffness Pr;;:;re Mode Shapes
| Aspect Ratio (High) ~ Skewness (High) ~ Warpage (High) Normal Direction S IR
g aguE @=) fRewaEw) Rgli =) = e Pressure
7 & S99
[ P Ao i
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W m ewer Numerical Errol JHTHP aﬂ'ﬂl
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Fig. 2.5: Meshing in Finite Element Analysis (FEA) | wiz-Tse gfade gfafas (FEA) & afr

2.5.1 Definition of Meshing (Fig. 2.5)

Meshing is the process of dividing a structure into
small finite elements connected at nodes. It converts
the continuous body into a discrete model so that
numerical analysis can be carried out accurately and
efficiently.

2.5.2 Types of Elements

1D (Beam): Used for long and slender members
such as frames, shafts, and trusses.

2D (Shell): Used for thin components like plates,
brackets, and sheet metal parts.
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3D (Solid): Used for thick, bulky, and complex
machine components where stresses vary in all
directions.

2.5.3 Mesh Quality Check

Mesh quality must be checked carefully before
solving the model. Important parameters are aspect
ratio, skewness, warpage, and Jacobian. Poor-quality
or distorted elements may produce inaccurate
results, convergence problems, or unrealistic stress
values. It is also necessary to check mesh-related
errors such as free edges, duplicate elements, badly
connected nodes, gaps, and highly distorted
elements. These errors should be corrected before
analysis to ensure reliable results.

2.5.4 Element Orientation

Correct element orientation is important, especially
for shell elements. The normal direction must be

proper to obtain correct stiffness, pressure direction,

and mode shapes in the analysis.

2.5.5 Merits of Good Mesh

A good mesh improves the accuracy of stress,
displacement, and natural frequency results. It also
gives smooth mode shapes, better convergence,
fewer numerical errors, and more reliable finite
element analysis.

Trade Theory
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2.6 Assignment of Material Properties | |t orf a1 fAerfRor

MODAL ANALYSIS MATERIAL PROPERTIES | ifed fa=eteor |t 1ot

REQUIRED MATERIAL PROPERTIES & DEFINITIONS
AT TR T[0T 3R TfRvumaTd

Young's Modulus (E) | T &T T[UN® (3)
—! « Defines Stiffness | FoRaT St IRHIAT Hear &

KEY FACTORS & EFFECTS ON NATURAL FREQUENCY (f)
TR (TB) TR THA RS 3R THTT

EFFECT OF STIFFNESS | HSINGT BT YHE
» Higher Stiffness increases Natural Frequency

[ Poisson’s Ratio (v) | 0Ye™ &1 U (1) | .

» Defines Lateral Strain Effect |
e Rpfa a1 TR L. ++
(e.g., small illustrative effect of lateral ry
deformation under axial load)

Density (p) | I ()

+ Controls Resistance to Deformation | 1 GET' Stauffl n[Eelsl o E; )! E _)I ! TINI iafuljﬁequency 0 l /
faregur & ufa vfedty &1 Fafa e, 1 F3RdI (5) > 1 WPplaep syl

ANV
Natural Frequency (f)

* Low Stiffness results in lower Frequency, higher Deformation

H HORAT aH i

IMPORTANCE OF DENSITY | 9-Tcd &1 Hgd
Density directly affects Natural Frequency |
e mﬁpéﬁ? g Bt wIfad v &

(T®) ™d Bl 6.

(Vibration depends on Mass | $U g | fAsRk Far 2)
* Higher Density (Mass) generally reduces Natural Frequency |

+ Mass per Unit Volume |

= ufa 3o Smaas geamE

» Essential for Mass calculation |
FOIH VAT & o SM1aRu §.

(7
ndig)

A4

I U (FHM) 3 aR R B P P 5.
1 Density (Mass) - { Natural Frequency (f) |

1T 9 (FwH) > | Tgphad (T@)
* Incorrect Density gives Wrong Vibration Results

TTeid 99Icd TTeld U

Fig. 2.6: Material Properties in Modal Analysis | #ifeet fa=ctwor & @mft 7o

2.6.1 Required Material Properties (Fig. 2.6)
In modal analysis, correct material properties must
be defined to calculate natural frequencies.
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Young's Modulus (E) - Defines stiffness of the
material. It controls resistance to deformation.
Poisson’s Ratio (v) - Defines lateral strain effect
during axial loading.

Density (p) - Mass per unit volume. It is essential
because vibration depends on mass.

2.6.2 Importance of Density

Density directly affects natural frequency.
Higher mass (density) generally reduces natural
frequency.

Incorrect density gives wrong vibration results.
2.6.3 Effect of Stiffness

Higher stiffness increases natural frequency.

Low stiffness results in lower frequency and higher
deformation.

Trade Theory
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2.7 Boundary Conditions in Modal Analysis | #itze fasawor & o ord
TYPES OF BOUNDARY CONDITIONS (CLASSIFICATION) AND EFFECTS | i1 fRufivdil & WorR (avffaun) 3R wuma

FREE-FREE CONDITION
Had-qad fRufa

7;(lry ’

| b2

FIXED SUPPORT
R gudq

PINNED SUPPORT
o foan gam s

5 | (o 3

)
‘)—%y A
- ~<
T, | 3R R Ry, Ry, R, | 3 Q0

NO SUPPORTS | ®1 qwe gt
SIX RIGID BODY MODES (FREQUENCY = 0)
% 3¢ firs Wl (amqfir ~ 0).
(3 TRANSLATIONS | 3 RTfeRU,
3 ROTATIONS | 3 guf)

MUK

>

ALL DEGREES OF FREEDOM RESTRICTED
¥t Sacar ot {3t wfafera
NO TRANSLATION | 1§ IRl Tgi
NO ROTATION | Hi5 gl -Tgt

A

TRANSLATION RESTRICTED
TAFTRT wfdafera

ROTATION ALLOWED

YOI &t SrgAfe

SUMMARY OF EFFECTS | WHTGT &1 SRIxT
MORE CONSTRAINTS | 3if¥ie a1emg —> INCREASED STIFFNESS | 9t g8 ®aar —» HIGHER NATURAL FREQUENCIES

3o

Wipfad sgferai

IN FREE CONDITION | Tat f®ifa & —> RIGID BODY MODES APPEAR (FREQUENCY = 0) | 3 fif wits forars ¢a € (amgfRi = 0)

Fig. 2.7: Types of Boundary Conditions and Their Effects | Har fafaat & ueR 3R 37k v

2.7.1 Types of Boundary Conditions (Fig. 2.7)
Boundary conditions define how a structure is
supported during vibration analysis.

Free-Free Condition - No supports are applied. The
structure is completely free. Six rigid body modes (3
translations and 3 rotations) may appear.

Fixed Support - All degrees of freedom are
restricted. The structure cannot translate or rotate at
the support.

Pinned Support - Translation is restricted but
rotation is allowed.

2.7.2 Effect of Constraints

More constraints increase stiffness of the structure
and result in higher natural frequencies.
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2.7.1 e i & "R (Fig. 2.7)
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In free condition, rigid body modes appear with
frequency close to zero.

Trade Theory

o fRfq # ok fUs Ats Y & Mene g & 91 ek
B §l

2.8 Selection of Solution Type - Modal Analysis | HHTYT YRR <kl A -

s fasauor
MODAL ANALYSIS FUNDAMENTALS | Ao fagetuor & f&gid |
{ WORKING PRINCIPLE | @14 fRigid | .
'g Frequency depends on Mass |
2 & Sti fn%shs! Matrices
ﬁ Sm"ifffe'ﬁ'”“ ] compures [ (ILA N, R At
!W'RIT J ITUFITW% (" Mode1 Mode 2 (ﬂg%bévssgxggg)
STRUCTURAL MODEL ! Moded  Moded St Gop Sred)
- { TYPES OF MODAL ANALYSIS | Ated fasawur & ueR | N
N\

FREE-FREE MODAL ANALYSIS

CONSTRAINED MODAL ANALYSIS

ShY-tht Fiteet fascwor « No b°”"%é°°"diti°“s applied afera s fasA9V 4 goundary conditions (supports) applied
i R (Fwef) @
L?gpat;ﬁ)%sé;]%'gagg%w&des &inherent = Simulates actual working conditions

\ FoR 28R g IR PR A R Y wgar a2 arfas F ORI
. { MODAL RESPONSE CLASSIFICATION | sitset nfafiar affeswur }

FREE CONDITION FIRST 6 MODES: RIGID BODY MODES ADDITIONAL FLEXIBLE MODES

(FREE.FREE) e R - =i v %

) AR G-t Identify inherent characteristics (Translation, Rotation) Requested to study Bending & Torsion behavior

[ (351-h1) g Rt (s, ) ) v o 3 R 3 TR T AV 3 b R gt v |

Fig. 2.8: Modal Analysis Fundamentals | #itse fasawor & Rgia

2.8.1 Types of Modal Analysis (Fig. 2.8)

Free-Free Modal Analysis - No boundary conditions
are applied. Used to identify rigid body modes and
inherent vibration characteristics.

Constrained Modal Analysis - Supports or
constraints are applied to simulate actual working
condition.

2.8.2 Working Principle

Modal analysis solves the eigenvalue problem of
the structure.

The solver computes eigenvalues (natural
frequencies) and eigenvectors (mode shapes).
Frequency depends on mass and stiffness matrices.
2.8.3 Requesting Rigid and Local Modes
Generally, first 6 modes represent rigid body modes
in free condition.

Additional flexible modes are requested to study
bending and torsion behavior.
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2.9 Procedure of Modal Analysis | @tse fa=awor &t ufehar
MODAL ANALYSIS WORKFLOW | Aisd fazaiu srfvdarg

[@}@{? OPEN SIMULATION SOFTWARE | f&fciem Witedar @iel
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EaE
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—?/rr o=
Ly

PREPARE AND CLEAN GEOMETRY | SaTfifd daR 3R |1 &Y ’

v

s

(% CHECK GEOMETRY AND MESH ERRORS | Sanfiife 3ite i 3feaif b it ¥

¥

= ASSIGN MATERIAL PROPERTIES
gcg" ' {z . (Young's Modulus, Poisson's Ratio, Densnty)

| TRt 3 TOT 3T BN (I Ao, UgH ATUTd, )

v, 'I%' APPLY BOUNDARY CONDITIONS
'f-‘;:‘\ 33;‘ m&» (e.g., Fixed, Pinned Supports)

|@mf§|ﬁmmm(mésﬁm.ﬁ@a,ﬁqﬁmmméa)
¥

SELECT MODAL SOLUTION
(e.g., Free-Free, Constrained)

EASEN

l nﬁawmgﬁ(masﬁm -1, Widataa)

RUN SOLVER

= 0< Im

REVIEW FREQUENCIES ANQ MODE SHAP'ES
© el 3R A

Tutem B

Fig. 2.9: Modal Analysis Workflow in CAE Simulation | ¥fieg Rua= # afsa Rscvor srivare

Modal analysis follows a step-by-step procedure in
simulation software to determine the natural
frequencies and mode shapes of a component or
structure. The following sequence is suitable for
theory, practical understanding, and drawing
examination. (Fig. 2.9)

1. Open Simulation Software

First, open the CAE or simulation software used for
modal analysis, such as ANSYS, SolidWorks
Simulation, or similar software. This software
provides the platform for model preparation,
analysis setup, and result evaluation.

2. Import / Create CAD Model

The component geometry is then created directly in
CAD software or imported into the simulation
environment using neutral file formats such as STEP
or IGES. Correct geometry creation ensures proper
shape, size, and design intent of the model.

3. Prepare and Clean Geometry

After importing the model, geometry preparation is
carried out. Unnecessary features such as very small
holes, fillets, and extra details are removed. Correct
dimensions, unit system, and assembly connections
must also be checked. Clean geometry improves
analysis accuracy and helps in generating a better
mesh.

4. Check Geometry and Mesh Errors

Before solving, the model must be checked for
geometry and meshing errors. During meshing, the
structure is divided into finite elements and nodes.
Mesh quality parameters such as aspect ratio,
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skewness, and Jacobian are checked to avoid
distorted elements. Proper element orientation is
also important, especially for shell models, to obtain
correct mode shapes.

5. Assign Material Properties

Material properties are then assigned to the model.
In modal analysis, the important properties are
Young's Modulus, Poisson’s Ratio, and Density.
These properties control the stiffness and mass of
the structure, which directly affect natural frequency
and vibration behavior.

6. Apply Boundary Conditions

Boundary conditions are applied according to actual
working condition. The structure may be analyzed
under free-free condition, fixed support, or pinned
support. Correct boundary conditions are essential
because they change the stiffness and vibration
response of the model.

7. Select Modal Solution

After defining supports, the modal solution type is
selected. It may be free-free modal analysis or
constrained modal analysis. The required number of
modes is also specified so that rigid body modes and
local flexible modes can be identified properly.

8. Run Solver

Finally, the solver is run. The software solves the
eigenvalue problem of the structure and calculates
natural frequencies and corresponding mode
shapes. These results are later reviewed in post-
processing for vibration behavior and design
improvement.

Trade Theory
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2.10 Review of Results | afRormsy i aefien
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Fig. 2.10: Understanding Modal Analysis Results | @&u= fascwor gRomst &t awgn
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2.10.1 Types of Results (Fig. 2.10)

After solving modal analysis, results are obtained in
post-processing.

Natural Frequencies - Frequency values at which
structure vibrates freely.

Mode Shapes - Deformation shape corresponding
to each frequency.

Deformation Pattern - Visual representation of
displacement distribution.

2.10.2 Identification of Rigid Body Modes

Rigid body modes have frequency nearly zero.
There is no deformation in the structure.

Entire body moves as a single unit.

2.10.3 Identification of Local Modes

Local modes show visible bending or twisting.
They have non-zero frequency.

Stress and strain energy are developed.

2.10.4 Confirmation of Results

Compare results with theoretical calculations.
Check physical behavior of structure.
Validate boundary conditions for correctness.

Trade Theory

2.10.1 gRummsi & kR (Fig. 2.10)
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2.11 Modal Analysis of Brackets| siahe b1 Hitset fa=awor
UNDERSTANDING BRACKETS: CONSTRUCTION, FAILURES, AND APPLICATIONS | &3¢ &t wrwst: fiwfur, fawserat, 3 st
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Fig. 2.11: Bracket Construction, Vibration Failures and Applications | siche &1 [Rior, dha= Rpfaat ek

et

2.11.1 Constructional Features of Brackets (Fig.
2.11)

Brackets are generally thin plate structures used to
support components.

They contain mounting holes for bolts and flanges
for stiffness improvement.
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Thickness is small compared to length and width, so  #eTE, daTs SR F1erg &Y g1 # &H gl 8, 3afely Alsd
shell elements are commonly used in modal analysis. e or & IHATRIC: A Tl el ITANT fHaT ST &1

2.11.2 Common Failure Modes 2.11.2 9= fasherdr A

Brackets mainly fail due to vibration. Siche J@&Id: Shu & HRUT fAthd gid &

Bending Vibration - Causes deflection in vertical g &y - iR fexn d fagy 3= w=ar 8|

direction.

Torsional Vibration - Causes twisting about TR A - ASIET 3187 & IR A gfe 30T AT &
mounting axis.

2.11.3 Applications 2.11.3 ST

Used in engine mounting brackets and support Shu grer 3R feapraus gt & o forg sifeifea qun
brackets in automotive and industrial machines to 3itenfes Aafal & S99 AkfeT dohe 3k guic dhe & Su A
ensure vibration safety and durability. IuANT fohar SraT 21

2.12 Modal Analysis of Assemblies | 3raet &1 Hige fa=awor
EFFECT OF ASSEMBLY IN MODAL ANALYSIS | 594 faeeivor & Haei &1 U419

ASSEMBLY CONSIDERATIONS | ¥diter & faaR EFFECT OF ASSEMBLY CONSTRAINTS |
E CONTACT DEFINITION | s 9feuTeT TS qrensi &1 yure

= — —T ASSEMBLY CONSTRAINTS AFFECT STIFFNESS
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Fig. 2.12: Effect of Assembly Constraints in Modal Analysis | @u= fascwor & Satsr arenait &1 gva

2.12.1 Assembly Considerations (Fig. 2.12) 2.12.1 3wt Haeft R (Fig. 2.12)
In modal analysis of assemblies, correct connection  3r&delt & Aled fI=AwoT & Tt g TRHTT Agayuf
definition is important. gl 81

Contact Definition - Define bonded, frictional, or Tk gRUTYT - IIdfdeh SHagR &t STROT & & fog
no-separation contact between parts to simulate uT & g di=g, a‘@fﬂ]’aa;[ g7 -89 Iuch gRymia

actual behavior. oy

Bolt Connections - Bolts increase stiffness and e G - SieT FORAT T & 3R Tea! & i IR
transfer load between components. Proper bolt 1 TR A &1 IR dee H‘Eﬁlﬂ MY P e &
modeling improves frequency accuracy. TR et 21

Weld Connections - Welded joints are generally s TR - 32 SiTe qrHTE: FRawar gREE o &
modeled as bonded contact to ensure continuity. Wﬁ%@ﬂﬁ%@ﬁﬁ?ﬂﬁmaﬁ%l

2.12.2 Effect of Assembly Constraints 2.12.2 raett ufasiet &1 guma

Assembly constraints directly affect stiffness of the 3t} ufdeier G3=T Sl hRAT bl WY yaTfad ad &
structure. 31k ShaRdT UTehfden SMTgft et TgIet g1

Higher stiffness increases natural frequency. &t a1 ofiet e gy i P & SR huA

Loose or flexible connections reduce frequency and  greTd U & Tena &1
may cause vibration problems.
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2.13 Comparison Between Rigid and Local Modes | #aR 3ik @-fia ais &

= g

COMPARISON OF VIBRATION MODES | Wﬁ?ﬁm
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» Frequency is zero or nearly zero (w = 0) | 3 X A1 ETHT 2137-7% (w=0)
* No Stress or Strain developed | 3¥$ wfawa a1 fagfa faafra et it

« No Strain Energy stored | 1 fawpfa Sl wnga 7l gt
Typically seen in free-free conditions | 3w W Fad-ga fRifel & a1 orar 8.

LOCAL (FLEXIBLE) MODES | RIIT (Tdiat) HiS

\Shape change and intemnal displacement
PR & vRac 3R ialts e

» Deformation occurs in the component | 9e& ¥ fawyur gl ¢

(e.g., bending, twisting | | o1 d, TRIg)
» Frequency is non-zero (w > 0) | 3Mgfa R-IT 8 (w > 0)
* Stress and Strain are developed | ot 3R il ool 2 @

» Strain Energy is stored in the structure | T # fpfa Fefl wwd €t &
| TR HU TR FT Hha &l 2.

Indicates actual vibration behavior

Fig. 2.13: Comparison of Vibration Modes | @u= #tg &t ga=T

Rigid body modes and local (flexible) modes are
identified during modal analysis. Understanding
their difference is important for exam and practical
verification. (Fig. 2.13)

In Rigid Body Mode, there is no deformation of the
structure. The entire body moves as a single unit.
Frequency is zero or nearly zero. No stress or strain
is developed. Therefore, no strain energy is stored.
In Local (Flexible) Mode, deformation occurs in the
component. Frequency is non-zero. Stress and strain
are developed due to bending or twisting. Strain
energy is present in the structure.

Rigid modes appear in free-free condition, while
flexible modes indicate actual vibration behavior.
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2.14 Applications of Modal Analysis | H’I?,?-r fa=dtwor & srgurt
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&Y Rwerar &t A
Frequency

;

Frequency

Frequency

NOISE REDUCTION | 2R & &t

Z

Identify critical vibration modes

) weeqUl A faursi &t ggam

i)
/Reduced noise in

O
Structural modifications

After design modlf cation MOD AL ANALYSIS t
L RALE L Frequency Huq fe fAeayor WA HMeT a_:%? %r;slgg?
" STRUCTURAL SAFETY | SRaHITea i STUDE‘ESA‘GI%?T'ON DESIGN IMPROVEMENT | f2sirg7 # guR
Z Detect weak regions Support locations

HHGR &1 BT qar

L

Prevent fatigue failure
B

Detect weak regions
N FTUAT AT >

Improve stiffness

FoRAT ¥ QIR

N J/

& longer service life
g wef iR # Far
Sita W AT

Optimize thickness

AT B AP

Support locations
TR WA

\

Fig. 2.14: Modal Analysis for Studying Vibration Behavior | &a+ sagR & sieaaH & fag #isa fasawor

Modal analysis is widely used in industry to study
vibration behavior and improve design reliability.
(Fig. 2.14)

Avoid Resonance in Machines

Natural frequencies are compared with operating
frequencies. Design is modified to prevent resonance
condition and vibration failure.

Noise Reduction

By identifying critical vibration modes, structural
modifications can reduce noise in automotive and
machinery components.

Structural Safety

Modal analysis helps in detecting weak regions and
improving stiffness to prevent fatigue failure.
Design Improvement

Engineers optimize thickness, material, and support
locations to achieve better vibration performance
and longer service life.
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AISd fAsAoT o1 e H MU T F IUANT hu- AdgR
I 3T heA 3R fEome 6t fagaiiaar § gur g foma
Sar gl (Fig. 2.14)

a2t & orgeTE @ TUE

UTcpfden MG hl JoiT Tt STgiat & hl STt g
e fRAY 3R o fatherar &t Aapa & fag fesmeT &
Serter fopar ST 8|

AR F et

HAEAYUT ShUH HIE chl UgaT ohich, SilciHiied 3R AL
HCehl A GRA-TTH TRMET gRT MR bt hH fhaT ST GehdT
gl

HIIATH R GREMT

e fosAwor ATk &3l T UdT o1 3R UhH fatherar
&l Ak & fIY HSRAT A YR e H TRIAT T B
feersa gur

SofIfATR SR &huH e SR el Jar 3y ured & &
forq Aterd, arft SR TERT WY e e o 8|
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2.15 Safety Precautions in Modal Analysis | #itse fsawor & gren graafAat
RELIABLE MODAL ANALYSIS: KEY CHECKS | faya-ta wigd fasayur: J&1 &g

’ CHECK UNITS _ ( CORRECT MATERIAL DENSITY 1 ( VERIFY BOUNDARY CONDITIONS
| DI oG PN | g8 el e | i fRufal &t geanfud &
Fl & S ,{\ PJ|F <> _m * Directly affects mass =N
EW i (:) ’L ‘% p'_[\rl" matrix & natural frequency % E @ M
— ) R A e 7 7
* Consistent System (e.g., mm, N, kg, MPa) —— g ot die * Free-Free, Fixed, or Partially Constrained
| T ol (39, o, g, v, ) LN\ TR e 8 P38, R, a1 3ifre = A e
* Preventincorrect frequency values * Ensures correct mass distribution o Actual constr_ain}s change model stiffness‘
| e amqfy A )| ud e Rew A | | e auAled o dord B agad §
7 ]
CHECK MESH QUALITY (VALIDATE WODE SHAPES PHYSICALLY) [ FINAL CHECKING | ifdusiig
| !l aﬁrmﬁ tﬁg t 'ﬁ'j o Review Units, Density,
u o 1S M Constraints, & Mesh errors
B | FN et || RS
Frorartizs Boeeranieer | | s s & Q) R wR
® Froper size, aspect ratio, connectivi * Compare with expected practical behavior .
| 3R TR, TET T, et 8 PECIEa P & e e o géﬁﬁ?é’fé ;gglﬂ?gng mistakes for safe,
. Avond hlghl distorted elements & errors * Identify modes logically | fera, Wt afvumat & forg wisferm @
el 3R FReA A e | Bafde wud J L )

Fig. 2.15: Reliable Modal Analysis Key Checks | fAusia wiea fascwor Y gwa stiw

Modal analysis must be performed carefully to avoid
incorrect natural frequencies, wrong mode shapes,
and unsafe design decisions. Proper checking before
and after solving is essential for reliable results. (Fig.
2.15)

Always Check Units

Use a consistent unit system throughout the model,
such as mm, N, kg, and MPa. Any mistake in length,
force, mass, or density units can produce incorrect
frequency values and misleading results.

Ensure Correct Material Density

Density has a direct effect on the mass matrix and
natural frequency of the structure. If density is
entered incorrectly, the calculated vibration
characteristics will be wrong even when the
geometry and material stiffness are correct.

Verify Boundary Conditions / Constraints

Check whether the model is free-free, fixed, or
partially constrained as required by the actual
condition. Wrong constraints change the stiffness of
the model and lead to incorrect natural frequencies
and unrealistic mode shapes.

Check Mesh Quality

Ensure proper mesh size, good aspect ratio, correct
element connectivity, and absence of highly
distorted elements. Poor mesh quality can cause
numerical errors and inaccurate vibration patterns.
Validate Mode Shapes Physically

Compare the obtained mode shapes with the
expected practical behavior of the structure. Rigid
body modes, bending modes, torsional modes, and

www.teachtoindia.com

Meet fasiwor ot S1did AraeTigden foran ST arfay, arfe
T UTehfes SRIAT, Terd Hig STt aum SrgRfea
fesire Al 3aa= 7 &f | faygg afkome o &=A & forg
THTYH ¥ Uga 3R 918 # 39 S 3y g1 (Fig. 2.15)
g2 Sehreal Y ST Rl

TR AiSd H Yeh YA SIS YUTTRT T STINT e, S mm,
N, kg a1 MPa| i€TE, &, ZedH a1 99T i Shrsal &
1S off IR Tora sngf wE qr yres Uy IaE A
Gohelt g1

Tl uerf uae gfAfaa o

G ohT TXIT h G AT AfEeR a1 Urepfaes Srgfdl IR
UIET U9TE USdT g1 IS O+ TTeTd &of fhdT STl §, ot
ST SR garef i aiRar 98t g W ot 7T i 18
o faivamd mera gt

Hiwia 2rat [ ufaeet o1 G &

Sird & foh ATeet ardfde AR & SraR free-free, fixed
a1 partially constrained g1 Teid ufdeiy Aiget i dhoRdT
I §&e &d € SR 9 TTefd Hiehfch Sl qa
Jardfdes Hig 3Rl ured gt 81

A1 qorar i ST HY

3T AT JTHR, 3BT aspect ratio, Gl element
connectivity 9T ek fagd elements &t srufEAfa
gAY e | @RIe AL UreT ST T a7 Teid
hue ufdey 3= e end! gl

His siepfaal &1 Wifas T &

YTt A STl hl JeriT TXa-T & SUfed ATagiRen
ZagR 9 &< Rigid body modes, bending modes,
torsional modes @ flexible modes dTfches 0 &
fezarg 33 =nfey iRk Iht T8t ugan= i St =Ryl
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flexible modes should appear logically and must be
identified correctly.

Final Checking for Units, Density, Constraints, and
Mesh Errors

Before accepting the result, perform a final review of
the complete model. Recheck units, material density,
support conditions, element quality, and mesh
connectivity. This final checking helps detect
modeling mistakes, reduces solution errors, and
ensures that the modal analysis result is accurate,
safe, and suitable for engineering use.
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gehTsdl, u-ica, Afaset aum #er et fi sifaw s
URUTH cht THhR i & Ugel GR AlSe ohl SifaH FHier el
goh1adl, uardf g1, support conditions, element
quality a1 mesh connectivity &l g=: Sifd &< | I8
A qAT Hisd fsawor & uRome it adte, TRfGE ik
SifAgTf=ren IuAT & folg Iugerd s | Hgraeh gidt g
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MCQ's | srgfaeredta as

Q1. Modal analysis is performed to find/stse
fr=ctwor foRar stTar & arfes aar e i 9

(a) Stress and strain/d=a 3R faepfa

(b) Natural frequencies and mode shapes/dTfda
gl 3R A7l R

(c) Thermal conductivity/ e aTerehdr

(d) Fluid pressure/gd gama

Ans. b | Sol. /areT: Modal analysis determines the
natural frequencies and mode shapes of
structures/Atga fasawor TxaATeH &t UTpfae sgfa ik
AYS 3R] &t RUiRa aar g1

Q2. Local modes represent/®nta #ls g2fa &

(a) Overall body motion/T# T SRR Tfd

(b) Vibration of small parts/®te “T 1 du=

(c) Complete structural failure/quf TRaTHS fatherdar
(d) Material heating/amift &1 T g1

Ans. b | Sol. /areT: Local modes involve vibration in
small or localized parts of the structure/®ta Al
T & Bi¢ a1 W el & dhue ot gufa 81

Q3. The mode shape in rigid body motion

shows /@R Rem nfa A #is ererrR fRamar &

(a) Twisting/a=ieT

(b) Translation and rotation without strain/feT faefa
< 31gaTe 3R oi

(c) High deformation/3=a fagfa

(d) Plasticity/wmee &

Ans. b | Sol. /e Rigid body mode shapes involve
motion without deformation/&aR A A MR &
faepfar o fomm fa gt 21

Q4. A structure with lower mass will have/&%
SHHH aTefl ST A ghft

(a) Lower natural frequency/ed UTfaes gt

(b) Higher natural frequency/31fde Urepfae sgia

(c) Constant natural frequency/f@R urpfaes srgt

(d) No natural frequency/ei Ut smgft gt

Ans. b | Sol. /arET: Lower mass increases natural
frequency because it reduces inertia/eH gHM S
I T e &, FoIras urepfdes smgf agdt 81

Q5. In rigid body modes, the natural frequency is
typically/@aR R #igw # urgpfas sngfa s
it g

(a) Zero/3=@

(b) Very high/siga sifres

(c) Medium/gem

(d) Negative/>UTTcHen

Ans. a | Sol. /e Rigid body modes are associated
with zero or near-zero frequencies/&sR e Alga
[T T ST S AgRAAt & T3 8id 8

Q6. Modal analysis is necessary before/#stse
fA=dwor smaas g fhed uga?

(a) Performing dynamic analysis/wfasfie farsawor e 9
uge

(b) Static load application/Tifde @8 ST & Uget
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(c) Applying thermal loads/J#e dtg @ & Ugat

(d) Material testing/amft gteror & uger

Ans. a | Sol. [am@r: Modal analysis is a prerequisite
for dynamic studies /et faseiyor nfasiter sreaast & forg
Uch 31T 2T gl

Q7. In a solid mechanics experiment, what does
this image of an 'UNDEFORMED STRUCTURE' serve
as a reference for? / atw gif3hl wahr &, ag *sifdgpa
e o fo for ot & fAg vt e @2

UNDEFORMED STRUCTURE

qAl
(a) Calculating the final stress. / Sifa# ufdse (stress) i
UM e & folg|
(b) Measuring the displacement of a single node. / e
Uehdl 18 & AT ot 7194 & foig|
(c) Comparing with a deformed shape to visualize
strain distribution. / fa=fta SR & ATy gomT xah fapfa
(strain) faaRor &t 3@ & ol
(d) Determining the material's failure mode. / arTift &
fatherar #ie @l RafRa & & fog
Ans. ¢ | Sol.: The 'undeformed structure' represents
the original, unloaded state of an object. In
computational or experimental analysis, it is essential
to compare the final, deformed shape to this original
state to visually assess and quantify strain and
deformation across the entire body. It acts as a
benchmark. While it's part of the strain calculation (as
initial length), its primary function as a complete
image comparisonis visualization. Failure modes and
final stress require loaded states. Node displacement
requires a specific point comparison, not just the
overall structure reference. / "sifdegpd TRemT fohelt aeg &
7o, TRfed FRAfa o1 ufafafda ot 81 sregdame an
g fasatwor #, Tquf e 7 faefa ofik fasaor &t
FeH gedich 3R A RafRa oA & forg sifow, fasfua
3TRR hI 39 g (AT & A1 g1 T 31Tk 81 Ig Uk
STHTh & =0 | hrd Sedl 8| gTctiteh ag faepfal TorT ot fgwem
& (IR dard & ®U H), 3 quf 813 gorT & &7 F 3957
grefAe e fassesaie g1 fatherdr dte ok sifaw ufdee &
forw wRa ffaat &Y smagerdr gidt g1 Ais fawmu= & forg
fafere foig et <hl STaaehdT gidt 8, = o dhael THY T
e I
Q8. If a structure has six rigid body modes, it
means/afe freht e A og wek Rar #igw §, at
gt 31 &
(a) Six deformation patterns/®g fagfa det
(b) Six independent rigid motions/®g W@da ®aR Tfaar
(c) Six failure points/®g fatedr fag
(d) Six damping modes/g sfi Aigd
Ans. b | Sol. /earET: Six rigid body modes correspond
to three translations and three rotations/®g ®oR
g Higy i ergare ok diF gofei & srgeu gid &
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Q9. Resonance can be dangerous because it
can/3FATE WeR-Teh gl Jehell g Hifh a8

(a) Reduce noise/MR A &R ehdT &

(b) Cause material softening/am it &t 737 &= Tohdl &
(c) Lead to sudden failure /3 fatherdr AT YehdT &

(d) Increase strength/drehd agT Tehdl &

Ans. c | Sol. /ear&T: Resonance amplifies motion,
which can suddenly lead to structural failure/3rg1g
T hl IETAT §, STt STITTeh TRATHTh fAtheTdT el ShIRUT &
qohdl gl

Q10. The basic equation for natural frequency ()
is/urepfaes Mg (w) &1 Jo THfiaror g

(a) w =V(k/m)/w = V(k/m)

(b)w=kxm/w=kxm

(c) w=m/k/w=m/k

(d) w =vV(Mm/k)/w = V(m/k)

Ans. a | Sol. /arer: Natural frequency is proportional
to the square root of stiffness over mass/drefden smgfd
HORAT ol GegH & fATTSia e I8 aifel & eI gt
gl

Q11. In modal analysis, the structure is assumed
to/wtse fasawor # ag A= Siran € foh e

(a) Experiences plastic deformation/wfeee faepfa
34T AT B

(b) Remains elastic/asfter s+ &<t &

(c) Undergoes thermal expansion /¥ fadR T 4@
FAT g

(d) Buckles under load/ds & dg&d FehfelT adl &

Ans. b | Sol. /et Modal analysis assumes small
deformations and elastic behavior/aisd fasawor st
faepfaat ok rasiie TR st ATHHRR T 8|

Q12. Arigid body mode does not involve/Te& &aR
FPerr wts fhaw nfaer adi glar 82

(a) Strain energy/aTa i

(b) Translational motion/srgars fa

(c) Rotational motion/guf 7ifa

(d) Movement as a unit/gfe & &4 & 7fa

Ans. a | Sol. /arEr: Rigid body motion has no internal
strain and thus no strain energy/@aR ™ i 7 &g
3faRes faepfa 781 gidt iR safeig hiE aHra St =l g
Q13. The major cause of resonance is/ 311G T &=
HRUT g

(a) Nonlinear damping/TR-3dta &

(b) Matching of forcing frequency and natural
frequency/sd @ T aTett STTgfT 3R Ui srgit &1 da
(c) Decrease in mass/eadT | &Y

(d) Increase in temperature/drad = # gfg

Ans. b | Sol. /et Resonance happens when
external excitation matches a structure’s natural
frequency/Sia a8t I<teTT foheht AT i UTepfaes sgf &
A @t §, I ST BIT 8

Q14. Which of the following describes
resonance/fRw=faf@a & @ @i 3rg-g o1 quis Hear 82
(a) Energy loss due to friction /ot & SRUT el g1
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(b) Maximum vibration amplitude at natural
frequency/daTgfde sMgt &R tfdehdd shue S

(c) Temperature-induced deformation/arga = oRa
faeqor

(d) None of the above/3Wiad # 4 @i 71

Ans. b | Sol. : Resonance occurs when the frequency
of external vibrations matches the natural frequency,
causing large amplitude vibrations. /e STg< &hu Y
Mg UTpfaes sMgit & A @l €, dt I3 A & oA 3=
gld 8, O ergTe e €1

Q15. Local body modes are characterized by /=g
Ao Ate 6 favar gidt 82

(a) Overall movement without distortion/faefd & fem
quy i

(b) Deformation confined to a specific area/fes fafre
& deh Hifaa faeuor

(c) Thermal expansion effects/arda faeR gvra

(d) No movement/&g nifa wgf

Ans. b | Sol. : Local modes involve deformation
restricted to certain regions, critical for detecting
localized weaknesses. /®ITHg A8 # fa&qur dhadt $s &1
Jop Hiffd glar 8, ST QT wasiRal a1 udt & & forg
Hgagut 8|

Q16. Which factor does not affect the natural
frequency/@9-91 &R UTgpfde sgf & gwrfaa 7l
AT 82

(a) Mass/gegHm

(b) Stiffness/&aRdr

(c) External temperature/aTg<s araq™

(d) Boundary conditions/fHia fefaat

Ans. ¢ | Sol. : Natural frequency mainly depends on
mass, stiffness, and boundary conditions, not

temperature unless extreme./HThfder Mg I&a €U &
A, HhaRdT 3R WHid TGt ) R axdt 8, aamE W=

T8l STa deh foh a8 ercafdes A gt

Q17. What would happen to the amplitude of the
vibration in image if a source of friction were
introduced into the system? / af¢ image # fRg g
fRrerra & afur 1 T Hia 921 fRar SraT 8, 9t e &
SITITH kT T gHTT?

A UNDAMPED VIBRATION

/\/\
\/\/Tlme

NO ENERGY LOS_'S
St ot

Displacement

a) It would increase over time. / g I9d & 1Y TG
b) It would decrease over time. / Ig 99T & 1Y G|
c) It would remain constant. / ag f@= I

d) It would fluctuate unpredictably. / I8 U 4
Y IAR-TGTT AT

—_ e~
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Ans. b | Sol. : Friction is a form of energy loss. The
image shows an "undamped vibration" with "no
energy loss," where the amplitude is constant.
Introducing friction creates a damped system where
energy is dissipated in each cycle, causing the
maximum displacement (amplitude) to decrease
gradually over time. / a¥0T JSif &t g1 &1 Y €U &1 Bfa
@R g1 o1 @t g2 A @ U gfAd (damped) A a9ar @
T8l Ueh deh | Holl ol &7 gidT g, oy a7 & a1g
Sfrad o (smam) oR-4R &4 gt Srar 81

Q18.1In a free vibration analysis, damping is
assumed to be/qTe o &u fa=ctwor &, Hgervor i
HIET SATAT 82

(@) Maximum/31fderas

(b) zero/g=

(c) Infinite/sd

(d) Variable/uRad=a

Ans. b | Sol. : In free vibration analysis, damping is
neglected to simplify the study of natural frequencies
and mode shapes./qad o fasawor 7, uepfaes smgfat
3R At spfaal & Srema dhl TR s & g ggeaor di
Iaer Y ST g1

Q19. Which statement best describes a local

mode /RITHI A &1 G 3BT Ui HIH-TT HAT AT
14

(a) Entire structure moves as a unit/q3t T=T Teh SHhS
& FgH gordl 8

(b) Deformation is localized to a specific area/fa=qor
ue fafe &5 a9 diffa glar

(c) Vibration is absent/&u+ ufRd &

(d) Material properties change/Sm it 70T s&eTd &

Ans. b | Sol. : Local modes involve deformation in a
restricted area, important in detecting localized
faults./@rig At difa &7 7 fasuor snfae &<d €, 5t
@Y ST &l ud1 o # Agayuf gidr 8l

Q20. What does the term 'natural mode' refer to in
vibration analysis/@u fa=awor & 'urepfaes Al 2eg
fre defifa awar g2

(a) Artificially induced vibrations/&R% ¥ @ URd shu=
(b) Vibration pattern at a natural frequency/9Tfde
Mg O hue e

(c) Forced vibration pattern/aerd &u- g

(d) Random noise pattern/argfee MR G-

Ans. b | Sol. : A natural mode describes how a system
vibrates naturally at specific frequencies without
external forcing./dTepfde S a8 guiH &z & foh g gomel!
fafare srgfial &R ared s« & fomr @rfae wu & &9 Hue
CaGikd

Q21. What happens to a system if it operates at
resonance /3 R &1 WOl 3IHTE TR I el € af T
garg?

(a) Smooth operation/&g& HdTe™

(b) Excessive vibrations/3rafdes shu=

(c) Total silence/qui &9

(d) Gradual slowing/¢aT gt
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Ans. b | Sol. : Resonance leads to uncontrolled and

potentially damaging vibrations, risking system

failure./srg-Te SifRifad iR Seifad & & gIfAcRe oo

PRUT §1dT g, [oTaS HoTTet! fathet g1 Tendt g1

Q22. What describes mode shapes in an

assembly/fhs ara # fohelt srdaeht # wie srpfaal @1

guiq gar g2

(a) Direction of vibration of each part/ucd T & &hu

o faam

(b) Material composition of assembly/3rGeett &t Trdt

AT

(c) Load path in static condition/f@R f@&fa & ¥R oy

(d) Size change during heating/TH &= TR 3R &

gRad

Ans. a | Sol. : Mode shapes show the vibration

direction and relative displacement of parts during

resonance. /g 3Mefal SgATE o SR T & ehu i faam

3R TTder faeTu= ot gerfeht €1

Q23. What are degrees of freedom in modal

analysis/atse R=awor & wd=rar $i 2Rt wr &2

(a) Number of masses/geaami Y Tzean

(b) Number of independent movements/&@d Tfaat &t

&=

(c) Number of joints /SISt &t @

(d) Number of external loads/aTg<t R &ht Tzeam

Ans. b | Sol. : Degrees of freedom refer to the

number of independent ways in which a structure can

move./TdadT & ST 37 Wds aiehi dht I of Tefdd

Tl & fH Top T 1fd o Gahd! 81

Q24. Which type of mechanical loading and

deformation is primarily illustrated in the figure? /

R # g U & fhw ueR &1 gifds uR R fagfa gaufd
e g S R i Y -

T 8?7

(a) Elastic deformation due to tensile force / FT g &
FHRUT TR faepfa

(b) Shear deformation due to shear force / MUYl g1
% RO XU faepfd

(c) Compression deformation due to compressive
force [ ddte 91 & hROT fapfa

(d) Surface indentation due to hardness testing /
THSIRAT UIEIUT & HRUT Hlg! &ard

Ans. (b)Sol.: The figure shows forces acting parallel to
the surface of the body, causing angular distortion.
The shape changes from its original form to a skewed
form, which is characteristic of shear force and shear
deformation (shear strain). /R d s fUs A Tdg &
TAFIR & o 38 &, orad sntofta faepfa Scu= gidt 81 axg ot
TR 04 Je ¥U & foke T H Il ST 8, ST 07 e
3R sru=yur fdepfd (Shear Strain) & fasiwdr g1
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Q25. Modal analysis helps prevent failure by/stse
=gt fherdr ot &t A=t A Aeg e &2

(a) Increasing load /¥R sigren?

(b) Identifying resonance conditions/3r-Te fRfaat &t
Ugd Xk

(c) Reducing material cost/am™ifl ARTT TR

(d) Eliminating damping completely/qga=ur &t Gt aRE
AT hch

Ans. b | Sol. : By identifying and addressing
resonance risks, modal analysis helps prevent
structural failure./3rg1E ST Fi uga™ ik THTU™
Tch, HISe fI=AT0T TREATHR fAthetdT &t Aeh | AGg dedl
gl

Q26. Which physical properties are crucial for
calculating the natural frequency of a component?
| et wreer Y urepfaes sngf <t mTor & forg &ia-@
ifcres 1ot Hgergot &2

(a) Length and width / @eg iR dters

(b) Mass and stiffness / gead™ 3R waRar

(c) Color and density / &1 3R &9/

(d) Volume and surface area / 3ad- 3R 9dg &thel
Ans. b | Sol. : Natural frequency depends on the mass
and stiffness of the structure, following the basic
vibration equation. / UTefaes STt TREAT & gegqM SR
FHSRAT IR AR St 8, S g7 hu=T FHIeh0T BT HFERIT el
gl

Q27. In modal analysis, what does a "rigid body
mode" indicate? / #isa fAsAwor &, "Hsk R wiz"
T garfar &2

(a) Deformation without translation / fomT srgame &
fagpfer

(b) Rotation or translation without deformation / fa=r
faepfar 3 qof am srgare

(c) Maximum stress points / 3if&rds a-1q foig

(d) Energy loss | &t g1

Ans. b | Sol. : Arigid body mode represents motion
without deformation, typically translation or rotation
as a whole. / ®aR fAr #g 7fa @t famr fepfa & arfar g,
STHAR TR Yeh §ohTS o &0 # 31aTe a1 gui |

Q28. A mode shape describes which characteristic
of a structure during vibration? / &u= & R T
Hea & pi-H fatwar i e Adts R afofa e 82
(a) Temperature variation / amoH gRada

(b) Pattern of deformation / faefa &1 g

(c) Surface finish / gag fhfasr

(d) Material properties / St 7o

Ans. b | Sol. : Mode shapes show the deformation
patterns at specific frequencies, critical for design
improvement. / At 3mehR fafAE srgftat wR fAefa de At
z1fd €, St fasims gur & fag ggwayuf 21

Q29. If stiffness increases while mass remains
constant, what happens to natural frequency? /
afe geawm fRR @ §Y weRdr a¢ S § af wigpfas
S IR AT UG UST?

(a) Decreases [ et

(b) Increases / st
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(c) Remains constant / @R &t

(d) Fluctuates / IdR-TgTa et

Ans. b | Sol. : Higher stiffness raises the natural
frequency according to the vibration equation. / 3=I
S IRAT U GHIRRUT oh STIR Ui ST ht It gl
Q30. What is one typical approach to increase the
natural frequency of a flexible bracket? / T @dfiat
siche &Y uTepfas sigft g™ &1 T fafre adfier Far 82
(a) Add mass / geaH SitgAT

(b) Decrease stiffness | BhaRdT hH &AT

(c) Increase stiffness | SaRdT dGHT

(d) Reduce damping / 3R &5 &

Ans. ¢ | Sol. : Increasing stiffness without significantly
changing mass will raise the natural frequency. /
o B Agayquf aRad- fohg foeT aRdT sig @ Urepfae
Mgt §1g STt

Q31. Which condition must be satisfied for
resonance to occur? / 1S g & forg wiF-+t o gt
g+t arfge?

(a) Applied frequency equals natural frequency / @
I TS STg Ui ST & sRIeR &1

(b) Applied force equals damping force / @R] a7 SfimT
T & SRIER 8

(c) Temperature equals pressure / AMIH &G S SRR
gl

(d) Load equals mass / YR &&HM o sRTeR &l

Ans. a | Sol. : Resonance happens when the external
forcing frequency matches the system's natural
frequency. / Ta sTgLt OROT STTgfT HoTTelT <t Tepferen gy
Y A Wil &, 99 S1FATE giaT 81

Q32. Considering the diagram of the hypothetical
free-floating structure, which principle is best
demonstrated by the use of internal, equal-and-
opposite force arrows? / grzutadfesre (Hypothetical)
th-wetfée wen & R i) faar &ed gu, siiafers, aame
3R faudia (equal-and-opposite) s =Y (force
arrows) & IUART & 9 A1 fAgid o 3r=) avg weffa
g 8?

=7

\\,/ Hypothetical
y free-floating position

(a) Newton's First Law of Motion (Inertia) / =g @1 fa
o1 Uge W (ST$<a)
(b) The Principle of Conservation of Linear
Momentum / &g Tt & TR&T0T T fRAigid
(c) Newton's Third Law of Motion (Action-Reaction) /
e o1 i ot <t e (forar-ufaferan)
(d) D’'Alembert's Principle of Static Equilibrium /
2 e a1 Wifdes dge o1 Rigid
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Ans. ¢ | Sol.: The diagram illustrates a hypothetical
unconstrained system. The arrow pairs located within
the "gaps" between the inner and outer frames are of
equal length and point in diametrically opposite
directions. This arrangement is a textbook visual
representation of an action and its simultaneous,
equal, and opposite reaction force, which is the
definition of Newton's Third Law. While these forces
could be internal d'Alembert-like 'restoring' forces in
a dynamics context, their geometric pairs most
directly represent Newton's Third Law in a static
conceptual visualization. / g 3TRE T dledf-ich
Smfasifara vorett st =T 81 sifaRen ok amgdt th & st
"fig" (gaps) & f&¥a Ik & S (arrow pairs) I8 A€ &
& ofk fgdia Ramait & g w=a &1 a8 g uas fobar ok
3T Ueh 1Y g1 aTetl, IuE iR fauda ufafehar s«
(reaction force) @1 Uk a1t =g ufaffaa g, st gea &
dreR e &t g 81 gTeifes & &t Tifaeht (dynamics) &
e # aridRes St sretrae-SY "gARITuATHe' (restoring) I
Bl Fend 8, I ST g e daTRe g A e &
JreR e o1 g8 W ufafafda wd 81

Q33. What aspect differentiates rigid body modes
from local modes? / ek A Az siR WA Al &
fa I-91 uge SR At 8?2

(a) Material type / SrTift 4R

(b) Deformation occurrence / fagfa &t IufEfa

(c) Temperature behavior / dUH SagR

(d) Surface finish / 9ag ftefAsr

Ans. b | Sol. : Rigid body modes involve no
deformation, while local modes involve localized
deformation. / &aR e At # IS fAgfa 61 gidt, STafd
W Ats 7 R A gidt 81

Q34. During modal analysis, what is the
consequence of having incomplete boundary
conditions? / wtea fa=ctwor & R sredt Har erat ar
a1 gfkur gt deher 82

(a) Incorrect mode shapes / Teid AIE 3THR

(b) Improved results / sgax aRomm

(c) Higher thermal conductivity / 3Ta S TTelehdT

(d) Reduced stress |/ & aa

Ans. a | Sol. : Incomplete boundary conditions cause
unrealistic movements, leading to wrong mode
shapes. / 31 AT 21t srardfaen ot et SR s 8,
O Tetd TS SRR I g &

Q35. How does resonance affect fatigue life of
components? [ 3G Gehl o AR Sfa- il Fd
g et 8?2

(a) Increases fatigue life / &M Sita- IgraT &

(b) Decreases fatigue life / YoM Sfia- gerdT &

(c) No effect / &g gvTa =gl

(d) Doubles the strength / dTed @Y GRAT & a1 &

Ans. b | Sol. : Resonance creates high stress cycles,
accelerating material fatigue and reducing life. /
G I IA1d Tsh e hedl &, [Sod Traft yeh dsft &
it & 3R Sfta= a1 gt ST 81
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Q36. Which device is commonly used to measure
vibration frequencies in structures? / Tx=AT3i &
9= srrefal @t AT & fAe sdR oR fahe Suekwor @t
IuAnT fohaT SiTar &2

(a) Voltmeter / ateerier

(b) Accelerometer | ©Ren Hiex

(c) Thermometer / aHfHftex

(d) Barometer [/ SRR

Ans. b | Sol. : Accelerometers detect vibrations and
measure frequency responses effectively. / @R Hlex
U AT TdT &TTd ¢ SR et &1 © sgft ufaferar &t Amod
gl

Q37. What defines the number of mode shapes a
system can have? / foreft yorret & wie srepRT 6t T
ol T RV &hedr 82

(a) Material type / SrTift 4R

(b) Number of degrees of freedom / Sd=ar &1 fefrat &t
=1

(c) Color [z

(d) Operating temperature / &Rf dTqHH

Ans. b | Sol. : The number of degrees of freedom
determines how many independent mode shapes
exist. [ @daar & {3t 6 T ag FuiRa et § fh fhaa
W Alg R HING &

Q38. Which method is most effective to avoid
resonance in design? / f35msa & o191 & s== 1
IR Tt adtepr pi=-TT 82

(a) Decrease damping / Sf&iT & gemT

(b) Increase mass without stiffness / fo=T &aRar &
ST dGM T

(c) Separate operating and natural frequencies /
gfaTe 3R UTepfen Sgiiat et STerT et

(d) Reduce number of parts / 9T &t TEAT HH HAT
Ans. ¢ | Sol. : Design should ensure that operating
frequencies are far from natural frequencies to
prevent resonance. / f&3e= ot g gMAfAa s a1feg fh
gRaTe gt Urepfaes gt & srthl o &1 dTfch TG
T ST ST Gk |

Q39. Which phenomenon occurs when external
vibration matches a structure’s natural frequency
| 51a aredt s fohedt w@vae i wrpfaes g | A«
@rar g, af = S gear gidt 82

(a) Buckling / #ita=

(b) Resonance / 31T

(c) Shear failure / SR faherdr

(d) Creep / feru

Ans. b | Sol. /e&r=Tt: Resonance is the amplification of
vibration that occurs when external frequency equals
the natural frequency / 3T1G g8 U+ UaeH & ST a9 gidT
& ST9 Mgt SMTg UTepfaieh ST & sRTeR gl &

Q40. What distinguishes local modes from rigid
body modes in assemblies / datsl # I Aigw &t
TSR IR A5 T T T el g2

(a) Higher damping / 3= &

(b) Involvement of deformation / faepfa &t wirflert

(c) Uniform translation / IH 31gdTe
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(d) Constant stress / /@R am@

Ans. b | Sol. /areT: Local modes involve relative
deformation within parts of the structure, unlike rigid
body modes that involve entire movement without
deformation / @a Mgy Txa-1 & T & offar qmder
faepfar snfaet @ed €, STafch ek AR Algd fapfd & o @
3figIe aht AMHA P g

Q41. If the stiffness of a component doubles but
the mass remains constant, what happens to its
natural frequency / afe freft aees Y walzar S gt
STet & AT gegwT fRR Tgan &, at suh! urpfas smgfa
TR T Y9I US?

(a) It becomes half / ag st g STt &

(b) It remains unchanged / ag smaRafdd &t &

(c) It increases by V2 times | a8 V2 A1 3¢ ST &

(d) It doubles / Tg a1 gt It &

Ans. c | Sol. /e Natural frequency (f) is
proportional to the square root of stiffness (k) over
mass (m), so doubling stiffness increases natural
frequency by V2 / urfaes smgfR (f) Fatear (k) ok segam
(M) & SUTd & T & U gidt 8, safay Hhakar
TR et T STgfRY V2 TAT 96 STt 8|

Q42. During resonance, the amplitude of vibration
becomes [ 3 ATE & R, U ST AHTRATH HAT gt ST
&

(a) Negligible / 7110

(b) Constant / f@x

(c) Very large / sga aIs1

(d) Very small / siga ®ter

Ans. c | Sol. /ear=r: Resonance causes the amplitude
to dramatically increase, which can lead to structural
failure / SIFTE U & SITATH o ATChIT U I IGT &dT &,
S99 dxaTaTe fatherdr gt it g

Q43. What happens to the natural frequencies
when the stiffness of a structure is reduced / S1
et wxae it FwaiRar wa hi et @ at uiepfaes sgfaat
TR T U9 USdT 82

(a) They increase / @ sig<t &

(b) They remain constant / & @R &t §

(c) They decrease [ 3 et §

(d) They oscillate irregularly / & sifafia ®u @ gl
FAT

Ans. ¢ | Sol. /@& Reduction in stiffness lowers the
system’s ability to resist deformation, thus decreasing
natural frequencies / FaRdT & T qouTTelt &t fAepfa At
gfaRieY e I &FdT Sl hF el 8, FER UTepfaes smgfar
gedt gl

Q44. In practical applications, how is damping
related to modal analysis / @magRe srgu= &,
et ot Aise RA=Awor @ or d9u §?

(a) Damping reduces vibration amplitudes / Sf&T du=
SITITH hl A Tl &

(b) Damping increases natural frequency / Sf&T

UTepfcieh Mgt Sgrar &
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(c) Damping creates more resonance | & sifda
TG I T &

(d) Damping stiffens the structure / SffiT TR==T @t
HSR I &

Ans. a | Sol. /ear@r: Damping reduces the amplitude
of vibrations, especially during resonance, thus
protecting the system from damage / S &u=1 &
ST Y A T 8, fIAT T T G & &R, 39 TR
JUTTel! 2t &ifd & ar=rmar 1

Q45. When a mechanical structure exhibits no
visible deformation during vibration, the vibration
mode is classified as / 519 RIS FifAes GI==T Hua &
R g gau i veffa i w=et &, at du= Al
&l fohe sioft & affepa favar strar 82

(a) Local mode / &g Atg

(b) Bending mode / #ig At

(c) Rigid body mode / ®aR ¥R At

(d) Torsional mode / guff Atg

Ans. ¢ | Sol. /et Rigid body modes occur without
visible deformation, involving simple translation or
rotation / ®aR RR A foT geaa™ fapfa & gid 8, o=
TR STATG T Ui M giar gl

Q46. What mechanical concept is most directly
illustrated by the arrows around the "Mounting
Axis" in the given image? [ &t 7 afa & "ar3fén
e R o= qarfar mam 82

MOUNTING
AXIS

a) Translation along an axis / Ueh 318l & 1Y 3G
b) Shear force | &a<t s

(c) Rotation and angular displacement / @M 3R
it faema

(d) Uniform bending moment / ST e aTelT &70T
Ans. ¢ | Sol.: The curved arrows indicate a turning
motion around the central pivot point, which defines
rotational displacement. While the bracket could be a
leaf spring undergoing bending, the specific label and
arrow notation are standard representations for
rotation about a defined mounting axis. /E[HWEﬂ?
SN ot g & I 3R g Y IR BT Gt 24 &, STt o
faaTo &t aRIa hear 81 gTeiifch siohe ehet aTell Ueh ofith
& 8t Wend 8, fAfe daret ik ik e gen uRwTfya

AR 318t & IRY 3R grA & forg A ufafafaa g1

Q47. If a bracket shows multiple local modes in a
close frequency range, it indicates / afe faft she &
Repe srgfa Wmn 7 &g wia Az Rard 24 §, at ag
ot o1 Hohe 87

(a) Material failure / amft fAtherar

(
(
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(b) Structural flexibility / @S FrteTa—T

(c) High stiffness / 3= @waar

(d) Perfect design / qof fesme=

Ans. b | Sol. /earet: Multiple local modes close
together often suggest that the structure is flexible in
multiple deformation directions / fAdread! &g wI-
HIS SRR Hohd ohd 8 foh TaT e faepfa feemant # i<t 81
Q48. What characterizes a local mode in
mechanical assemblies / gifaes dateHT & e R
At &l farvar = 82
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(a) Overall rigid motion / T %ok Tfd

(b) Deformation concentrated in specific areas / fafre
&1 7 ohfed foepfa

(c) Uniform stress distribution / T9= 1 fad=or

(d) No visible displacement / IS gaaT fawmas &
Ans. b | Sol. /areT: Local modes show deformation
concentrated in a particular area or part of the
assembly without affecting the entire structure /
g Atgy fondt ARty &5 a1 Taisr & 9T | Shfed fagpfa &t
gfd & form ot TR ot geifad g
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