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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 hdl

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.
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Learning Outcome-2
2.1 Introduction to Modal Analysis | #tse fa=awor &1 aR=g

MODAL ANALYSIS OVERVIEW | Hifsel fageyo sfaeiih

Trade Theory

[ MERITS | 7or Purpose of Modal Analysis
* Prevents vibration failure — ﬂ | witse fageryor 1 389
| R bl Undeformed §tructure &'To iveid Condmon1 fozfy (No Resonance)
o Improves design safety | |aRpadmET (o= o ), | e | FRAR1: f, # o (37T TE)
| e e i g - L | Natural Frequency: resonance
Mode 1 (First Bending) Frequency of condition =
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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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2.1.4 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
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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.
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It causes large amplitude vibration and may lead to
failure.

2.2.4 Mode Shape

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

Flexible modes occur due to stiffness and mass
distribution of the structure. When subjected to
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
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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
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step is to prepare the model in analysis software.
Geometry preparation includes importing the CAD
model properly, checking the model in the software
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.
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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
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such as frames, shafts, and trusses.

2D (Shell): Used for thin components like plates,
brackets, and sheet metal parts.

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.
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2.6.1 Required Material Properties (Fig. 2.6)

In modal analysis, correct material properties must
be defined to calculate natural frequencies.
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.
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g9 (p) - U Sh1S S GaH | I8 3MTEaTh & lich
o gega IR AR raT 81

2.6.2 ©cd &l g

T UTehpfdeh 3Tgi <t Higt gertfad ehear g1

31fdeh gegHT (S-cd) WHTI: UTehideh g hl A ehdl
=

TTeld g-7cd O chUA oh TTeld UiRUTTH U gid ¢ |

2.6.3 hSIAT &l YN

31Tk HRAT UTepfdeh ST ol T &

HH HORAT § TG A il g 3R fazyur sifdes giar 81

2.7 Boundary Conditions in Modal Analysis | ftae fascraor & diar ord
TYPES OF BOUNDARY CONDITIONS (CLASSIFICATION) AND EFFECTS | Iiw1 fRuferal & v (ffeeun) ok wura

FREE-FREE CONDITION
Had-ad Rt

7;('Ty |'

1

FIXED SUPPORT
fRrR gadq

PINNED SUPPORT
T o gom =

5 | (o S

)
}’Tvy ;\(-: R
- ~<
T, | 3w R Ry, Ry, R, | 3 Q0

NO SUPPORTS | &1 g gt

SIX RIGID BODY MODES (FREQUENCY = 0)
B3 3¢ [Us AIs (3mgf ~ 0).
(3 TRANSLATIONS | 3 RITferuT,

3 ROTATIONS | 3 guf)

b3

MK

ALL DEGREES OF FREEDOM RESTRICTED
it wadmar ot {33t et
NO TRANSLATION | 1§ ®ITia=ur g1
NO ROTATION | Bi5 qui -Tgt

A

TRANSLATION RESTRICTED
TR gfaafira

ROTATION ALLOWED
Gl

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

3 Wipfdd

IN FREE CONDITION | 9o f&fa & —> RIGID BODY MODES APPEAR (FREQUENCY = 0) | 3¢ fiis oite fewars ¢a & (smgfa ~ 0)

Fig. 2.7: Types of Boundary Conditions and Their Effects | Tar fafaat & uehR iR 399 aum@

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.

www.teachtoindia.com

2.7.1 Tt ot & uahR (Fig. 2.7)

T o1 g RNl &t € b o fasawor & R
TTT ot foh YR TgRT faar mar 81

Herd-ga fRAf - IS TRt oy 481 fohar Sirar 81 damr
quia: god gid! &1 B8 oK fUs #@1E (3 srgare ok 3 gui)
Uehe gl 9ohd 8

oIk ggrT - ot @daar i SRt ufasfaa gid €1 dam
GgR O A dl 311G o Gehdl! g 3R 7 gt guiH|

%ﬁﬂm—wqﬁa@asﬁm%mﬁuﬁmm
[
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Pinned Support - Translation is restricted but
rotation is allowed.

2.7.2 Effect of Constraints

More constraints increase stiffness of the structure

2.7.2 ufasien «r v
3rferes Ufdder TRaT i HARAT deTd & TR RS

and result in higher natural frequencies. wﬁaa@ﬁﬁaﬁzﬁgﬁ?ﬁ@
In free condition, rigid body modes appear with o fRfS & ek fUis At 3= & Rape smgfay & a1 vepe
frequency close to zero. g &l
2.8 Selection of Solution Type - Modal Analysis | HHTYT YRR <kl A -
Hise fAsayor
MODAL ANALYSIS FUNDAMENTALS | fite« fasetwor & f&Agia
{ WORKING PRINCIPLE | &1 Rggia } .
(o Frequency depends on Mass
2| ; &Sti fn%?z Matrices
VES EIGENV. El S\ i Zean
§§€ SO oBLem - | computes | (S i e
ST Fow EEE EIGENVECTORS
STRUCTURAL MODEL kit S (MODE 3(';{;,"53) )
- ( TYPES OF MODAL ANALYSIS | s fasciwor & uenr } \

FREE-FREE MODAL ANALYSIS
hl-1ht Az fasdwor < No bound@a%conditions applied
« Identifies rigid body modes & inherent

%m

vibration characteristics

N

COI%STRAINED MODAL ANALYSIS
e Atee sy, Boundary conditions (supports) applied
?ﬁm@%{mﬂ’-r) GIud

= Simulates actual working conditions
qrafasd

\

|\ R 7t ok ke e Rdtwarsil i vger awar @ 1 SN )
- { MODAL RESPONSE CLASSIFICATION | stger wfafoha auffeor } N
FREE CONDITION FIRST 6 MODES: RIGID BODY MODES ADDITIONAL FLEXIBLE MODES 7
(FREE-FREE) Tgd 6HE GERWRAT & * > afdRen el wle ~> 7
) AR G-t Identify inherent characteristics (Translation, Rotation) Requested to study Bending & Torsion behavior
(vhl-1h) gﬁa arait (wriaRor, o) &t vgam & S & AGR I VA IR & forg gt fobarr man 2

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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2.8.1 Az« fasawor & UhR (Fig. 2.8)

Herd-Ha Hise fAsaAwor - ohis 1 2rd o] T8t Y St
&1 YT ITANT ok fus At iR siafifed su= fatudrsi
& uga & forg fokar Sar 81

ufadfad sz fA=awor - arafaes i &Gt o
3TN e o felg WER a1 ufdse o] fohg Sird g1

2.8.2 i RAgia

HSe fAAWor TREAT hY Sy THRT hl gel el Bl
FieeRr 1Ay (Urepfder sngfaar) SR smgiders (A8
31ThR) <hl ITOHET ST B

Mg geAT 3R hoRaT Afgad R R &t 8|

2.8.3 F3R 3R R #is &1 SRy

AT Jord A J ugdt 6 HiE SR fUs At o
gfafafda a=d &1

g 3R Wi AR & e & feiw sifafkea @it @i
ST SR fohar ST 81
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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

¥

EaE

IMPORT / CREATE CAD MODEL | CAD HTSd 3T / §91¢

¥

)

NEine

—?/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 | Tiqg fagaer # #iser fAscvor wrivarg

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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Hise fascrwor A ford) srara a1 GeFT Y urpfae
gt e Ais sepfadt @1 fAefor wa & g RgaE
TIUedIR | TRUTEG UfehdT ohl Ui fohar STTaT 81
fA=fafea sa Rga, uaifie gast qar gE aen—da=t
& folg 3uged &1 (Fig. 2.9)

1. fSgea™ AivedR @l it

TIY Ugel Hisd fa=eiwor & fg uged CAE a1 fagesH
Tioedar, ST& ANSYS, SolidWorks Simulation 32t
31 U GIUeaaR, WiAT STl § | I8 GIUedaR Alsd daR
e, fAseiwoT e e aUT IRUIHT ST Hedich et o
AT 3maLaess T UeH HRdT 8l

2. CAD #is« 3mad [ fAfifa s

39ch 91 3199d oh! SR ot Ae CAD TitedwR & g1
ST ¢ AT STEP 3727 IGES Si¥ =Igel HIgel Ui &
A1egH 9§ fRAHcie ararerer # Srard fohar Sirdr g1 gat
Saifafa Aafor @ gise o 3fd SR, A1g qer sifdeedr
3e%d ghAfaa gar g1

3. SaTfAfa dIR &AT 34’ T ST

Hisel 3R T & 91g SATHTA Sl JARY Y ST §1 Srdd
Bie Bg, fhete de srfafRed fAaror S sHmaTes Hier
BCTU STTd & | Ta! 31T, Sehls YTl 9T Srdeet! a1
1 ot Sitg & STt 81 T saTiafa fasawor 6 ggar
FTdl § 3R dgax BT dUR e T g/l b 8

4. sfafa sk A et fi wira

g1 fRerTe 9§ Uget Afsal | sarafd aur affT Ffeat & sta
3L g | AfNT b R GT=T ot DA Sragat dem
Tiga # fanfSrd favar Sirar &1 fapd sragat @ == & fag
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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

AT TUTGT & AIFeh, SIY 3Tl M, WA a1
Steptferd, ST ST €1 fasivee ot Aiser 7 98l At
JATRIAAT UT e o 3aId AT AA=ATH T Tat g+ ot
I Agaquf g

5. ggref & 1ot fAfde wer

59 9TG Aisd ol ggref & 10T M Ry Sird &1 A
farsctwor & ey 1701 I <hT ATGih, UTSEH U dUT 99
Bid &1 3 70T TTT ol FHdRdT 3R geaq i AfAd Ped
8, St e urepfdes srrgi aT dhu= agR ol urfad ed
gl

6. ¥ o1 ARy AT

1 o1d ardfden e gemai & FHR AN i ST &
TG o1 fasetwor 1hi-3hi ger, fthars TOid 3rerar fuws gaid
& oiaefa fohar ST Uehar &1 Tat T o1 S1id 31TaLTh &,
Rfh & TRAAT T haIRAT JAT ShuT Ufafehar ol siget et
gl

7. IS GHTHT Rl TG AT

quié Reiika o= & 91g Al GHIT HT YRR AT ST
g1 Ig hI-1h Aisa fasawur a1 ufasfaa aisa fasawor g
TohdT g1 3MMagh Ais! i g ff RafRa &t st g, arfes
Rigid body modes dT RIT-tg adiet Atel Ft Tg! uga
&Y ST gk |

8. Gicar I

3id H GicaR TN STl 8| WIoedIR T I Mgideg,
AT T GATYT hdT & 3R UTepfden Srgiiat derm dsfdd
HYS 3MTepfd Y U1 T g1 d1G H g1 uRRuTHT i Uie-
mAfET § gefien 6 Sirdt €, 9 $u9 SagR &t 99
3R f3aiTeg # GuR o 7 "graar fAerdt g1

2.10 Review of Results | afRormsy i gefien

| UNDERSTANDING MODAL ANALYSIS RESULTS | U faeor aiRommf ot wisrgr

- P WA BY J HUT Hal 2

MODE SHAPES (Deformation Patterns)
faequr 3R (faeyor wfawu)

J

[ TYPES OF RES%.TS (CLASSIFICATION) 1 riGiD B(?Dg)MODE LOC?fL(h)v;ODE | [ CONFIRMATION OF RESULTS |
gfRomHl & TR (Fffeon N > ’
( ) gefis iz (f~0) | rita#Ais (f>0)
fa Frequency values at which Compare results with
fy f, structure vibrates freely 0 theoretical calculations
3yrqfer A foRT W WA ol 6t dzifes

TOATHT & G HY
Check physical behavior
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Q AT $ ulfid aagr
& S By

.

=

Visual representation of
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‘/ _ PRI | | e o ¥ formwor 78t
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G e || DT

J

\
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g 3R & Hat
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Fig. 2.10: Understanding Modal Analysis Results | @y fascwor gRomat &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 & R (Fig. 2.10)

Higel faeayor Hice e o a1, TRUMH URe-IafET #
UTed gid 8|

UTepideh gl - 3 g A {99 IR EaHT W wu 9
U Sl B

HIE 3MHR - UAeh Mg & Y [aEqur STehR |
faequr Ge - A fadRur 1 goa Ay

2.10.2 ®eR fUs Als &Y ygaE

R fie Hig <l 3gf T - Bl 8l
TR | i faxeygur 81 giar 81

GR1 fig ek Uehel ShTs o U H Tfd hear 81
2.10.3 @y=g wig & uga=

T A1 7 WE A a1 )i wrs 2ar g
gIht g LT el gl &1

g 3R fApfa Seif 3= gidt &1

2.10.4 gRom=i 6t gfe

gRuTHT ht JaT Sgifces TOMTR & LI
TR & i FIGER Y ST Pe |

AT 1At T LG T BT FATIH |

2.11 Modal Analysis of Brackets| sidhe b1 Hitse fa=awor
UNDERSTANDING BRACKETS: CONSTRUCTION, FAILURES, AND APPLICATIONS | &3¢ &t wrwst: fiwfur, fawserat, 3 st

MOUNTING HOLES
(FOR BOLTS)
A3 8 (diee & fow)

THIN PLATE STRUCTURE
e HEAT

SMALL THICKNESS
FLANGES (FOR STIFENESS
T Herg IMPROVEMENT)
Je Felai (FERaT YR
MOUNTING HOLES —1 far)
(FOR BOLTS) SUPPORTED
LE COMPONENT
(e & fete) T TeP
BASE

-~

BENDING VIBRATION TORSIONAL VIBRATION
(VERTICAL DEFLECTION) (TWISTING ABOUT AXIS)
A (Feafer fQgem) | defaw dua (3121 & 9RY 3R V)

MOUNTING
AXIS
CAUSES VERTICAL MOVEMENT |  CAUSES TWISTING DISTORTION
| Feafer 7 &1 SROT A 8 Vo eI TSRO FAAE
>~ AUTOMOTIVE INDUSTRIAL
Z{ ENGINE MOUNT SUPPORT
BRACKET BRACKET
5 UT3e d%e sde
APPLICATION PURPOSE: VIBRATION SAFETY & DURABILITY
k FEAGCAPS | 203 U GRam 3R R

Fig. 2.11: Bracket Construction, Vibration Failures and Applications | siche &1 [Rior, dhae Rpfaat ik

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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2.11.1 sithe &t TREATHS fAAwary (Fig. 2.11)

! TERT e & fai fobar Siram g1

T4 diee & fg AT g au waRdr # ger &g Wi
gid 8!
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Thickness is small compared to length and width, so  HieTg, ciaTs 3R T8 &Y T & HH Bl 8, AT Alga
shell elements are commonly used in modal analysis. f2ayor & GHTIT: ST Tl hT SUANT T SITaT 21

2.11.2 Common Failure Modes 2.11.2 9= fasherdr Al

Brackets mainly fail due to vibration. Siche HRA: U & HRUT [A%hd 8id &1

Bending Vibration - Causes deflection in vertical g &y - Heafer e & fagy 3o axar gl

direction.

Torsional Vibration - Causes twisting about TR o - TS 3181 & IR # ¢fae 3Od T 8
mounting axis.

2.11.3 Applications 2.11.3 SrguanT

Used in engine mounting brackets and support U gre 3R feaprsu gRfdd A & fAg sifetifea aur
brackets in automotive and industrial machines to 3ftenfires Afi=T & g5 A8feT sche 3k 9Uld sidhe & wU A
ensure vibration safety and durability. IUANT fohar ST 21

2.12 Modal Analysis of Assemblies | 3rae &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
. C—Jm==C—]  NO-SEPARATION E> [ ST LT FIReT Y I Fecl! &
BONDED |31 FRICTIONAL | 8991 o yreprra 7

SIMULATE ACTUAL BEHAVIOR | aRifae SIdgR 1 3101 ¥ @
- = HIGHER STIFFNESS HIGHER NATURAL FREQUENCY
g0y BOLT CONNECTIONS | &l FaRM I=T FORAT Il WIPpfad AGR
INCREASE STIFFNESS ) Proper Modeling Improves 'WVWW\N\).
@ TRm:?gAD Frequency Accuracy |:>
gty (IO HISfenT 3t
Proper Modeling Improves Errors Accuracy LS g LOWER NATURAL FREQUENCY

- LOOSE OR FLEXIBLE 0 TS gy

Y WELD CONNECTIONS | 3¢S SaaeM CONNECTIONS

ST et B MAY CAUSE VIBRATION
MODELED AS BONDED CONTACT

A3 AU & w9 H At b I/ |:> m%omﬂm
«— ENSURE CONTINUITY WV > WIPAE
FRARAT GRTRA B

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 et daeft =R (Fig. 2.12)
In modal analysis of assemblies, correct connection 3/ deft & Agd fasdwor & Tgl daaR™ uRvTeT Agayyf
definition is important. gl 21

Contact Definition - Define bonded, frictional, or Tk gRUTYT - aIEdfdeh HagR Al SR CTEEAGIY
no-separation contact between parts to simulate "I & o si-2g, Er'SfUTg'cH T -9 Iuch giRefeg

actual behavior. I

Bolt Connections - Bolts increase stiffness and diee FAFI - e HORAT Terd & 3k Tea! & dig uR
transfer load between components. Proper bolt 1 R0 A 1 3R dee lﬁgﬁﬂ Mgy Y Tepa &
modeling improves frequency accuracy. TR et 2|

Weld Connections - Welded joints are generally s TR - deds Tiig AR FRARAT R a5 &
modeled as bonded contact to ensure continuity. Wﬁ%@éﬁ%mﬁﬁﬁaﬁmaﬁgl

2.12.2 Effect of Assembly Constraints 2.12.2 3raett ufasient &1 gumg

Assembly constraints directly affect stiffness of the 3reet! ufderer GaAT 6 HRAT ol WY garfad a2
structure. 31fdIeh ShARdT UTepfdes Mg ot Igret 81

Higher stiffness increases natural frequency. <t a1 Ffiet e STgf &t HH dhed § SR U

Loose or flexible connections reduce frequency and  gaem¥ 3a0a o Toha &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

RIGID BODY MODES | #3R fig #ie

— 7
Az
| ——|

=

Hypothetical
free-floating position

« Structure moves as a single unit | YT TP Ud 315 & &4 A Taidl §
» No Deformation (no shape change) | 13 fowuu T (e & 21§ uftad 7¢)
» 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=m

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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Tisa fa=duor & R HoRk fUs A8 iR W (Fdi)
AIS i gga™ Hi A1t g1 TieT 3R Uil - & fog
gTch 3faR ! 99T Agaqul g1 (Fig. 2.13)

HeR fig Atg & G A i3 fawqur 781 giar 81 @1 fus
Qeh Qehel SchTs oh WU H 1A el g | ST LT TT T
I BIdT 81 IS d-1a a1 faepfa I =6t gidt 81 31 bl
faepfa St d@ugia =gt gidt 31

I (e<fiet) |tz A g | Ao giar g1 smgia 3=
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HSR AE Hord-Heord [T A Uehe gl 8, STaifh afiet #Atg
qrafde $Hud FIER ! g2ATd 8
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2.14 Applications of Modal Analysis | H’I?,?-r f=dtwor & srgut

"AVOID RESONANCE IN MACHINES | mefit i arrg @ awma |
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Resonance Condltlon Prevent vibration failure
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;
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O
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Fig. 2.14: Modal Analysis for Studying Vibration Behavior | &a+ sagR & sieaaH & fag wisa 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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Hiset fa=Awor &1 IeT § Tdeh ®9 T IYANT hu- AR
1 A A 3R f3re & faa-iaar # gur gg fan
Sar el (Fig. 2.14)

a2t & orgATE @ T=E

UTcpideh Mgl hl gt SaTer g § <t STt 81
TG AT 3fR oot fathetdT ot Aehe & forg f3smeT
Terrer fohar STar g1

MR & et

Agayul Sy A1 I UgaH dhech, Siictmifed iR A=t
Heoh! § GIa-Tdeh TRMeT gIRT TR bl o fohaT ST gahal
gl

HIIATH R GREMT

oset fA=ATor HHSR &1 T gdT i 37R Uep fAhetdr
I Aokt & felY HARAT H IR et H g1 el 8l
feersa gur

FOMAAR dgaR hu- UG 3R ciell daT 3R UTed et &b
fore wierd, armft 3fik TgRT @il & Sgge Pd &
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2.15 Safety Precautions in Modal Analysis | #itse fasawor & gren gramfAat
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
k) — R A e e .
* 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 FRAIR | | IR e Aled 3 SoRa B agedi @
7 ]
CHECK MESH QUALITY (VALIDATE WODE SHAPES PHYSICALLY) [ FINAL CHECKING | sifdwwig
| !l aﬁrmﬁ tﬁg t 'ﬁ'j o Review Units, Density,
u o 1S M Constraints, & Mesh errors
APt B e
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 ) e st .

Fig. 2.15: Reliable Modal Analysis Key Checks | fAusia wiea fascwor Y qw=a 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
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Hee fAAvoT ot S1did Araeigden fokan ST =nfay, darfds
TTeTd UTepfaieh S, TTerd Atg sfepfaal au srgfaa
f2oTmea fAofa 3= 7 81| fasuaia aRomy urd A & feig
THIYH ¥ Ugal 3R 915 & 3fad g 31aedss g1 (Fig. 2.15)
gH2N Sehreal Y ST R

R ATSel H Qeh THI TS UTTel! ST JUINT e, S mm),
N, kg a1 MPa| aTg, I, G a1 8- i ghrsal
PI +ft Ffe Terd ST A dT YT TRUTH ST Y
Gohelt B

gl uerf uae gfAfaa o

Y T TR & GeHT Afga a7 UTepfdes Sgia &R
UIeT U1 USdT &1 Al g-cd TTeld &of [ehal SITdT g, af
SaTfRfY ok ueref 6t aRkar T8t g w oft o Y 7
o faRard et gl

Hiwia 2rat [ ufaeet o1 g &

Sird o foh ATsel arafdes fRIfa & srgaR free-free, fixed
T partially constrained g1 Teld fdsiy Aiee bl halRdr
! g5 3t § 3R ST TTeld UTpfaes gt da
JraTdfdes HIg Tpfaar UTed gidt g

A1 qoraT 6 ST HY

3T AT STHR, 37T aspect ratio, Fal element
connectivity 9o 3 fdgd elements &t srufEfa
GAfAd o | @RIe A1 ureT T et dUT Teld
hU Ufd%T 3= he Tehdl

His siepfaal &1 Wifas T &

UTeT Hig 3Mepfadt i Jorm a1 & srifaid aragiRe
ZagR ¥ &2 Rigid body modes, bending modes,
torsional modes @ flexible modes d1fhas T &
faaTs & T1fey ofR I7eh! WEt Ugam &l St ATy |
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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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gehTedl, O-ica, Ufaset aum #er et fi sifaw s
URUTH ! EhR e T Ugel TR Afsd i sifam Fefter &3
gop1edl, UeTd 89, support conditions, element
quality 4T mesh connectivity & g Sirg 3| I8

e g7 Aise fascwor & gk t adter, Grfaa ek
STAATHeh SUAIT & 1T Sugerd S | Hgdeh gidil g
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MCQ's | srgfaeredta as

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

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

(b) Natural frequencies and mode shapes/9Tfds
gt ek Al TR

(c) Thermal conductivity/ e aTerehdr

(d) Fluid pressure/sd gama

Ans. b | Sol. /a&r=T: Modal analysis determines the
natural frequencies and mode shapes of
structures/msa fAsaor TXa-T3T S UTepfaes Mg ik
Tl 3Rl ot ReiRa sear g1

Q2. Local modes represent/®r=a #ls g2fa &

(a) Overall body motion/aw iy SRR Tfd

(b) Vibration of small parts/@t¢ ST &1 Shu=

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

Ans. b | Sol. /amreT: Local modes involve vibration in
small or localized parts of the structure/=ita als
TeTT & B a1 @ gt & o ot i &1

Q3. The mode shape in rigid body motion

shows /@R Rema nfa A #is e fREmar &

(a) Twisting/aRg=T

(b) Translation and rotation without strain/femT fagfa
& 1TSS o

(c) High deformation/3=a fasfa

(d) Plasticity/wmfeefadt

Ans. b | Sol. /e Rigid body mode shapes involve
motion without deformation/&aR R Mg 3R &
faepfa o fomm nfr gt 81

Q4. A structure with lower mass will have/&s
SHHH Tl ST A ghft

(a) Lower natural frequency /e Uigpfdes gt

(b) Higher natural frequency/3ifae urepfae smgit

(c) Constant natural frequency/f@R urpfde smgii

(d) No natural frequency/es Ui sgfy &l

Ans. b | Sol. /a&rET: Lower mass increases natural
frequency because it reduces inertia/eHd g8 STgd
P! HH T &, FoIad UTepfdes Mg Fg &l

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

(a) Zero/3=@

(b) Very high/srga sifares

(c) Medium/gegg

(d) Negative /U

Ans. a | Sol. /@ Rigid body modes are associated
with zero or near-zero frequencies/&3R ™ Aiga
I T ST LT SATG 9 S8 8id 8

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

(a) Performing dynamic analysis/mfasfier fasawor e &
uget

(b) Static load application/®ifde @g suaRT 9 Ugat
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(c) Applying thermal loads/uHe @t &= & Uget

(d) Material testing/amft gteror & ugat

Ans. a | Sol. [am@@r: Modal analysis is a prerequisite
for dynamic studies/tea fasetwor nfasfier sreaa=t & fag
Teh 31T <0 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
Hear' o1 R for wed & fag &nr et @2

UNDEFORMED STRUCTURE

qAl
(a) Calculating the final stress. / sifd® gfded (stress) &t
TUMET A & felql
(b) Measuring the displacement of a single node. / e
Qehel A1 & AT &l AT9A & fag)
(c) Comparing with a deformed shape to visualize
strain distribution. / fa=fUd SRR & AT g1 s fapfd
(strain) faaRor &t @+ & fergl
(d) Determining the material's failure mode. / Grft &
fatherar #is &t i wa & 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. / "3ifdgpa TRa=T" fohdt awg &t
o, YR:fed fRfa @1 ufafafda sedt 81 sergeemat an
TN fasctwor &, ¥qut fAeerr & faefa ofik fazeaor @r
FEH qedich 3R AT RefRa aa & feg sifaw, fasfua
3ThR hI 39 g AT & 1 g1 1 31Tk 81 I8 U
STHTh & w4 | B el g | gTetiteh g faepfa TorT a1 fgwam
& (IR <aTE & w9 H), v qvf 813 gor T & &7 & 55T
refae e faqeregie 8| fatherdr dtg ok sifaw ufdad &
ferq wiika fafaat 6 smaegerar gidt g1 s fawm= & fag
fafele feig gt <l STTaRachdT gid! &, 7 foh hael Ty TXa-T
G h
Q8. If a structure has six rigid body modes, it
means/afe freht e A ©g wek Rar wigw §, at
gt 31 &
(a) Six deformation patterns/®g fagfa de-
(b) Six independent rigid motions/®g @da ®aR Tfaar
(c) Six failure points/®g fatwerdr feig
(d) Six damping modes/ag sf&iT Alga
Ans. b | Sol. /arET: Six rigid body modes correspond
to three translations and three rotations/®g ®oR
R Hig A arare oK di ol & arged &1 &
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Q9. Resonance can be dangerous because it
can/3FATE WeR-Teh gl Hehell g Hifh a8

(a) Reduce noise/3MR A & TehdT &

(b) Cause material softening/amt &t 937 < TehdT &
(c) Lead to sudden failure /3 faherdT & hdT &

(d) Increase strength/dTehd agT TehdT &

Ans. c | Sol. /aar&r: Resonance amplifies motion,
which can suddenly lead to structural failure/ 3T
Tf Pl IGTAT &, S AT GXA-THD [Aherdl el HRUT &
Ghdl g

Q10. The basic equation for natural frequency ()
is/urepfaes Mg (w) o1 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/9rfde smgf
HSRAT el AT ¥ RAVIST R 39 avfge & FATGUT gid!
gl

Q11. In modal analysis, the structure is assumed
to/wtse fasayor & ag A= SiTan € foh e

(a) Experiences plastic deformation/wifeees faepfa @t
34 Pl §

(b) Remains elastic/easfter = &<t &

(c) Undergoes thermal expansion /e fadR &1 3r+a
FRAT g

(d) Buckles under load /e & dgd Sehfeli oed! &

Ans. b | Sol. /&r=t: Modal analysis assumes small
deformations and elastic behavior/asa fasawor st
fapfaat ok rasiiel agR &t AH TadT &

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

(a) Strain energy/a-ma &Hait

(b) Translational motion/3rgars ifd

(c) Rotational motion/guf 7ifa

(d) Movement as a unit/gfc & ¥4 & 7fd

Ans. a | Sol. /arEr: Rigid body motion has no internal
strain and thus no strain energy/@aR ™ 71fd & a5
St Rigpfar 71 gl afie gafer g ama ot 7t gl
Q13. The major cause of resonance is/ 311G T &=
HRUT g

(a) Nonlinear damping/TR-3&ta afeir

(b) Matching of forcing frequency and natural
frequency /e @ aTett Mg 3R UTepfdes smgit &1 A
(c) Decrease in mass/gead= # hHT

(d) Increase in temperature/dga = & gfg

Ans. b | Sol. /ear@r: Resonance happens when
external excitation matches a structure’s natural
frequency/STa gLt ot fohed} Tt & UTehfdes amgf @
A @t §, I SAG I B

Q14. Which of the following describes
resonance/fRm=faf@a & & @i 3rg-g o1 quis et 82
(a) Energy loss due to friction/=wor & RUT Sl g1
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(b) Maximum vibration amplitude at natural
frequency/9aTepfde ST W Sifeiehad Su= ™

(c) Temperature-induced deformation/arga™ aRka
fagur

(d) None of the above/3Wiad A 4 g Tai

Ans. b | Sol. : Resonance occurs when the frequency
of external vibrations matches the natural frequency,
causing large amplitude vibrations. /S STg<t &u
JTgft UTepfaes ST & AT Wit 8, af I8 SR & oA Iaa
gid &, for orgrTTe e €

Q15. Local body modes are characterized by /=g
R st &Y RAgtvar gidt 82

(a) Overall movement without distortion/faefd & fe=
BEPRICH

(b) Deformation confined to a specific area/fe fafere
&3 d HifAd fasgor

(c) Thermal expansion effects/arda faedrR gvma

(d) No movement/&'s nifa agf

Ans. b | Sol. : Local modes involve deformation
restricted to certain regions, critical for detecting
localized weaknesses. /®I1g At # fawqul dhad o &3
deh HifAa gt 8, STt R FASIRAT o1 gdT o & folg
"gaquf &1

Q16. Which factor does not affect the natural
frequency/&H-9T1 &R UTgpfde sngf & gwrfaa =l
T 8?2

(a) Mass/geoHH

(b) Stiffness/&aRdar

(c) External temperature/aTg< argq™

(d) Boundary conditions/&taia fefaat

Ans. ¢ | Sol. : Natural frequency mainly depends on
mass, stiffness, and boundary conditions, not
temperature unless extreme./UTpideh g I&a &9 &
GHH, ShoRdr R Wi fR&faal R AR et 8, araame R
e 51a1 deh o a8 Srcafdes T 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
R # afor 1 T Hia G2 fRar SraT 8, @t dua &
SITITH kT T gHTT?

A UNDAMPED VIBRATION

/\/\
\/\/Tlme

NO ENERGY LOS_'S
St ot

Displacement

a) It would increase over time. / I8 I9d & 1Y T
b) It would decrease over time. / Ig 9T & 1Y G|
c) It would remain constant. / Ig f@&Rk &I

d) It would fluctuate unpredictably. / a8 T T
Y IAR-TGTT BT

—_ 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. / G807 3sii i g1 T Teh w4 &1 B
@Ik g1 TvfuT I g1 A & T afAd (damped) Fer ST 8
ST81 U Tk | SHell I & BT &, O T9g & a1g
Sifepad faemue (smamm) fR-oR &4 gt SaT 81

Q18. In a free vibration analysis, damping is
assumed to be/qTa gart &u fsdwor &, ggarvor i
HIET 1T 82

(@) Maximum/31faeras

(b) zero/s=

(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./qgad &= fascwor &, urepfde sgiaat
3R HIZ 3R & 37eFT ! el T o Iy FgeRvor Y
Jaer & STt 21

Q19. Which statement best describes a local

mode /R A &1 G 3BT Ui HIH-TT HAT T
14

(a) Entire structure moves as a unit/gt ¥XET Uk 18
& w9 A gadl §

(b) Deformation is localized to a specific area/fawqor
7o fAf2re & ae G gt @

(c) Vibration is absent/a&u+ Srgufeld &

(d) Material properties change /St 70T SGeTd &

Ans. b | Sol. : Local modes involve deformation in a
restricted area, important in detecting localized
faults./@rg s @ifaq & § fawuor snfad axd 8, St
@1 ST T udT o # Agayqul gidT gl

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/9 % @ URd =
(b) Vibration pattern at a natural frequency /v
JMgf R &aA de

(c) Forced vibration pattern/a@rd &u- e

(d) Random noise pattern/drgfwee R de

Ans. b | Sol. : A natural mode describes how a system
vibrates naturally at specific frequencies without
external forcing./dTefde Alg ag auiF Fear & o @ig gomelt
fafere srgfal W amest a1 & fomT @renfas w9 € &6 e
CaGik

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 &=

(d) Gradual slowing/ffaT gt
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Ans. b | Sol. : Resonance leads to uncontrolled and
potentially damaging vibrations, risking system
failure. /s Siffad ok Ferfaa wu 9 gIfAcRS & o1
PHRUT ST &, [T Yot fathel g1 Tahdt gl
Q22. What describes mode shapes in an
assembly/fhs ara # fohelt srdareht # wie srpfaal @1
guiq gar g?
(a) Direction of vibration of each part/ucd HIT & &hu
& faam
(b) Material composition of assembly/ el &t Trft
T
(c) Load path in static condition/f@R f@fd & ¥R oy
(d) Size change during heating/TH &% TR AR &
gRada
Ans. a | Sol. : Mode shapes show the vibration
direction and relative displacement of parts during
resonance. /s 3Tepfadl SgATG o IR WM o U <l faem
3fik Trder faweme ot gerfdt &1
Q23. What are degrees of freedom in modal
analysis/atse R=awor & wesrar $i 2Rt wr g2
(a) Number of masses/geaami &t Twer
(b) Number of independent movements/&@ds Tfaat i
&=
(c) Number of joints /St & @&
(d) Number of external loads/aTgd} 9R} & T
Ans. b | Sol. : Degrees of freedom refer to the
number of independent ways in which a structure can
move. /TcdadT & 30T 37 Wda d<tep! i Twr &t defdfa
Pl & FOrTH Top GXaHT 1T o el 8
Q24. Which mechanical property is primarily being
tested and analyzed in the scenario depicted
above? [ 3wiad fa= # g21fe ¢ aRgea A g wu @
ot Tifes 1or 1 adigror SR fAr=cwor favar s <@ @2
----------- iy

!

\
4

-

(a) Elastic Limit / gcarerar AT

(b) Shear Strength / sra&qur g

(c) Tensile Strength / a4 T

(d) Hardness /| @aiRdr

Ans. b | Sol.: The image shows a force acting parallel
to the surface of the body, causing angular
deformation from its original rectangular shape (solid
line) to a parallelepiped (dashed line). This is a classic
example of shear force and shear strain, making it an
analysis of shear strength. / I8 8fa e 9 &t g &t
g & IR B A gQ faware 8, fored 59 e
STIATRR ThR (ST M) ¥ FAFIR gy (321 areft @) &
SIvfi faegur giar 81 I8 319%yur g (shear force) 3R
SUwquT fapfd (shear strain) o1 Gk 3pE IGTEX01 &, I 0
SUFYUT AT T fI=AWor 1T 31

43



Teach To India Publication

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-Tg fRfaaf &t
Ugd™ Ik

(c) Reducing material cost/amft @RTd geTRR

(d) Eliminating damping completely/qgeRur &t I3t @@
IS ch

Ans. b | Sol. : By identifying and addressing
resonance risks, modal analysis helps prevent
structural failure./3rg-Tg ST Fi Tga™ ik FHIa
Hch, HISe fA=y0T TRETTh fatherd o Akt & AGG el
gl

Q26. Which physical properties are crucial for
calculating the natural frequency of a component?
| et wreer Y urepfaes sngf <t mTor & forg &ia-@
iferes o1 HErgot &2

(a) Length and width / @18 3R TtEE

(b) Mass and stiffness / gaad™ 3R HaRar

(c) Color and density / 1 3R g9/

(d) Volume and surface area / 3mad- 3iiR Idg &thel
Ans. b | Sol. : Natural frequency depends on the mass
and stiffness of the structure, following the basic
vibration equation. / UTepfaes STgft TRET & gHH SR
FHORAT W AR w8, S JeT U= THIHRUT T SEROT el
gl

Q27. In modal analysis, what does a "rigid body
mode" indicate? / #isa fAsAwor &, "HskR R wiz"
a1 garfar &2

(a) Deformation without translation / fo=T srgaTg &
faspfa

(b) Rotation or translation without deformation / fa=r
fagpfat & gofr ar srgara

(c) Maximum stress points / 3if&iehas a4 foig

(d) Energy loss [ St g1+

Ans. b | Sol. : Arigid body mode represents motion
without deformation, typically translation or rotation
as a whole. / ®aR AR #Yg 71fa & famT fapfa & gerfan 2,
SR TR Goh $hls o ©U H aTG I guiH|

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

(b) Pattern of deformation / faepfa &1 e

(c) Surface finish / gag fhfAar

(d) Material properties / @t 7o

Ans. b | Sol. : Mode shapes show the deformation
patterns at specific frequencies, critical for design
improvement. / Htg 3R fafre sngfat wr fAgfa de- ot
gIfd &, <t fasms gur & faw ggayguf 81

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

(a) Decreases / gt

(b) Increases / T&ft
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(c) Remains constant / f@R &ft

(d) Fluctuates / 3dR-TgTa &t

Ans. b | Sol. : Higher stiffness raises the natural
frequency according to the vibration equation. / 3=
HSIRAT U FHIRRUT & TIR Ui ST ol TgIe g
Q30. What is one typical approach to increase the
natural frequency of a flexible bracket? / T @dfiat
siche &Y uTepfae sngft ag™ &1 T fafre adfier Far 82
(a) Add mass / geaHT= SHigAT

(b) Decrease stiffness | TaRdl H T

(c) Increase stiffness / &Rl d@™T

(d) Reduce damping / SfeiT & &z

Ans. ¢ | Sol. : Increasing stiffness without significantly
changing mass will raise the natural frequency. /
gegH d Hgaqul URad fehe a1 shalkar e @ urepfden
S g Se|

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

(a) Applied frequency equals natural frequency / @
! T3 IMgfT UTepfdeh Mgy & aRTeR &t

(b) Applied force equals damping force / @R] o SfafT
el o SRTER &1

(c) Temperature equals pressure [ ATUHH TE1G & SRIER
gl

(d) Load equals mass / R S&GHT & SRTeR g

Ans. a | Sol. : Resonance happens when the external
forcing frequency matches the system's natural
frequency. / S1a STg<Y IRUT Mg HoTTed! Y UTepfaen smgf
At @1t 8, 99 SIS BT &

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? / grgutdfesre (Hypothetical)
thr-wetfé w@en & R i) faar &ed gu, siiafers, aame
3R faudia (equal-and-opposite) s =1 (force
arrows) & IUART & 19 A1 fAgid o 3r=) avg weffa
g 8?

=7

\\,/ Hypothetical
y free-floating position

(a) Newton's First Law of Motion (Inertia) / =g &1 Tfd
o1 Ugell A (ST8d)
(b) The Principle of Conservation of Linear
Momentum / 3 T & TR&UT T fRAgid
(c) Newton's Third Law of Motion (Action-Reaction) /
=Ie 1 i T et e (ferar-afafehan)
(d) D’Alembert's Principle of Static Equilibrium /
B 3rctwerc o1 Dfdes dge o1 Agia
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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 Teh HIca-h
Sfefad yomedt &1 =0T &1 sriaRes ofk amed tha & ffa
"fig" (gaps) ® f&d ¢k & I3 (arrow pairs) T @aTs & &
3R faqdia feemant # $fa avd €1 a8 =gaw Te o iR
ITh! Ueh 1 g1 dTett, GAM 3R fawsta ufafehar ser
(reaction force) @1 T 3Lt g ufafAfaa 8, St =g &
dreR e &t gRwTeT 81 gTetifos & §a Tfdeht (dynamics) &
oo # aridRes St sreirae-oid 'gaRIfuATdS' (restoring) it
2 Tha &, T ST 12 Wi AaTRe 590 & e &
dreR e o1 9o W ufaffda e g

Q33. What aspect differentiates rigid body modes
from local modes? / ek A Al siR A Al &
fa -9 uge iR At 8?2

(a) Material type / SrTift 4R

(b) Deformation occurrence / faefa &t Sufefa

(c) Temperature behavior / A9 SFagR

(d) Surface finish / 9ag feefAsr

Ans. b | Sol. : Rigid body modes involve no
deformation, while local modes involve localized
deformation. / &R R Al # &lg faepfd =1 gidl, Stafe
w1 Ate A wr fApfa gidt 81

Q34. During modal analysis, what is the
consequence of having incomplete boundary
conditions? / wiea fa=cwor & R sredt Hrar erat @t
a1 gk gt deher 82

(a) Incorrect mode shapes / Teid AI8 3THR

(b) Improved results / sgax aRomm

(c) Higher thermal conductivity / 3T & aTetehdr

(d) Reduced stress [/ & a1

Ans. a | Sol. : Incomplete boundary conditions cause
unrealistic movements, leading to wrong mode
shapes. / 31 AT o1 Srardfdes Tt &1 HRUT = &,
I TTetd HlS SMThR U7 & &

Q35. How does resonance affect fatigue life of
components? [ I TehI & YR Sfia- hl Fd
g et 8?2

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

(b) Decreases fatigue life / &M Siia- gerdT §

(c) No effect / @IS gaTTa =Tgt

(d) Doubles the strength / dTed &t GR[AT R 3T &

Ans. b | Sol. : Resonance creates high stress cycles,
accelerating material fatigue and reducing life. /
G I aTG Ieh 37 hedl g, Forad Tt gehr dsit &
gidt 8 3R Sfia= &H gl ST 8|
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Q36. Which device is commonly used to measure
vibration frequencies in structures? / Tx==Tai &
U srrefal @t AT & fAe sdR oR fah Suekvor @t
IuAnT fohaT SiTar 82

(a) Voltmeter | atceHier

(b) Accelerometer |/ @R Hiex

(c) Thermometer / emfHtex

(d) Barometer [ sRiHiex

Ans. b | Sol. : Accelerometers detect vibrations and
measure frequency responses effectively. / @R Hiex
U ohT T oI & 3R Tt &7 9 st ufafehar st drad
gl

Q37. What defines the number of mode shapes a
system can have? / fort orret & wie srepRT fif =
o T W hear 8?2

(a) Material type / GrTift 4R

(b) Number of degrees of freedom / @d=ar &t 3 i
&=

(c) Color [ 3

(d) Operating temperature / &/ draHH

Ans. b | Sol. : The number of degrees of freedom
determines how many independent mode shapes
exist. [ T@dFar & 3t &Y T ag Reiika w=dl g & foha
W Al 3ThR HISG 8

Q38. Which method is most effective to avoid
resonance in design? / f35msa & 3191 & s== &1
TR gUTdt aiept hiH-91 82

(a) Decrease damping / Sf&fT @t g T

(b) Increase mass without stiffness / fa1 &aRdT &
QAT dal-T

(c) Separate operating and natural frequencies /
giaTe 3R UTepfdes gt vt 1T et

(d) Reduce number of parts / 9T &t TEAT HH BT
Ans. ¢ | Sol. : Design should ensure that operating
frequencies are far from natural frequencies to
prevent resonance. / fe3ie &t g gfad s aifeg fh
gfaTe gl Urepfaes srgiadt & st g g difdh 31gA1g
@ &7 S 9oh |

Q39. Which phenomenon occurs when external
vibration matches a structure’s natural frequency
| 51a aredt s foheft w@vae i wrpfaes sgfA | A«
@rar g, df @i Tt ge gidt 82

(a) Buckling / 7t

(b) Resonance / 31T

(c) Shear failure / 2R fawerdr

(d) Creep / fepu

Ans. b | Sol. /e&r=aT: Resonance is the amplification of
vibration that occurs when external frequency equals
the natural frequency / 311G 8 &u- Uae g STt ad gidr
& ST9 Tt SMgh Urepfdes Sigfxy & aRTeR gl 81

Q40. What distinguishes local modes from rigid
body modes in assemblies / datsl # I Aigw &t
TSR IR A5 T T 31T haT 8?2

(a) Higher damping / 3= sf&im

(b) Involvement of deformation / faepfa i smfierRt

(c) Uniform translation / §H 31T
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(d) Constant stress / f@R a=ma

Ans. b | Sol. /am=&T: Local modes involve relative
deformation within parts of the structure, unlike rigid
body modes that involve entire movement without
deformation / R Higd TRaAT & 9N & fiaR arder
fapfar snfet @ed €, STaifch FoRk R Jigd fagpfa & fomm @
STt oht eMfAeT d B

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 fRIR Tgan &, at suh! urpfaes smgfa
TR T U9 US?

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

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

(c) It increases by V2 times | I8 V2 AT 9 1T &

(d) It doubles / I8 N &1 STIcit &

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 / urgpfass emgfx (f) Faikar (k) R segam
(M) & 3FIUTT & TG & THIUIT Bl 8, ST PHSRaT
SR A & gy V2 AT I ST

Q42. During resonance, the amplitude of vibration
becomes [ 3 TG & R, U ST AHTATH HAT &t ST
8

(a) Negligible / 710

(b) Constant / f@r

(c) Very large / Sgd ssT

(d) Very small / sigd ®ter

Ans. c | Sol. /amr&r: Resonance causes the amplitude
to dramatically increase, which can lead to structural
failure / SIFIG U= & STATH Bl ATChT & § ¢ &dT &,
fSad da e fAthedT gt @l 81

Q43. What happens to the natural frequencies
when the stiffness of a structure is reduced / S1a
et wae it waiRar wa hi et @ At uiepfaes sgfaat
TR T U9 USdT 82

(a) They increase [ @ 9g<t &

(b) They remain constant / & f@R &t &

(c) They decrease / @ gedt &

(d) They oscillate irregularly / & sifafia &4 & gl
FAT 8

Ans. ¢ | Sol. /@& Reduction in stiffness lowers the
system’s ability to resist deformation, thus decreasing
natural frequencies / FaRar & T youTTelt St fAepfa
TIfcIRTey e ehY &I bl & il 8, Forad UTepfaies srgfiat
gedt gl

Q44. In practical applications, how is damping
related to modal analysis / @magRe srgu= &,
3fdiT o1 Ase fAectuor & o Haiw g?

(a) Damping reduces vibration amplitudes / 3/ &=
ST I HH AT &

(b) Damping increases natural frequency / 3T

UIpfdeh ST FTdT &
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(c) Damping creates more resonance / Sf&fT a1feies
JFAIG IUF T &

(d) Damping stiffens the structure / Sf&iT dxamT &t
HSR I §

Ans. a | Sol. /am@r: Damping reduces the amplitude
of vibrations, especially during resonance, thus
protecting the system from damage / 3T %o &
ST T HH T &, [AT &G § 3G & IR, 39 UBR
YUTTe! <t &1fdl & & g1

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

(a) Local mode / @rig A

(b) Bending mode / #ig |18

(c) Rigid body mode / %aR Rk At

(d) Torsional mode / guff #Atg

Ans. ¢ | Sol. /@ Rigid body modes occur without
visible deformation, involving simple translation or
rotation / ®aR eRR A AT ggA™ fApfa & gid 8, 5=
TR JrgdTe 1 guid MiAe giar g1

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

MOUNTING
AXIS

a) Translation along an axis / T 31&7 & A1 3Jd1G
b) Shear force | &at I

(c) Rotation and angular displacement / e 3R
Hivfta fawmaa

(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. /gﬁﬁlﬂ??ﬁ?
e ot fiig & T 9k g Y T T Wbl 24 €, 7t ot
AT @l uRINT &R 81 gTelifeh siche et aTell Ueh aiith
&I gt Tehd 8, fafe Aeet R R i ge aRefa

AR 318t & IRY 3R grA & felw Aes ufafAfda g1

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

(a) Material failure / amft fAtetar

(
(
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(b) Structural flexibility / E@-TcT® FdtemaT

(c) High stiffness / 3= @aRar

(d) Perfect design / quf fesmga

Ans. b | Sol. /@&ret: Multiple local modes close
together often suggest that the structure is flexible in
multiple deformation directions / fread! @8 @it At
SRR Gohdl T g foh TR chg faepia faemat # er<fiell 81
Q48. What characterizes a local mode in
mechanical assemblies / gifaes datsHT & s =T
At & farvar = 82
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(a) Overall rigid motion / T ®aR Tfd

(b) Deformation concentrated in specific areas / fafere
&5t 7 hfad faepfa

(c) Uniform stress distribution / @9 d1g fad=or

(d) No visible displacement / &I A fawma= &t
Ans. b | Sol. /aReT: Local modes show deformation
concentrated in a particular area or part of the
assembly without affecting the entire structure /

ST Aigd ot faiy &= a1 gt o 9 7 dhigd fagpfa @t
gerfd & fomm gt e @t yefad g
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