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DEPARTMENT OF MECHANICAL ENGINEERING

INSTITUTE VISION AND MISSION
VISION: |

To emerge as a Centre of excellence in technical education with a blend of effective student
centric teaching learning practices as well as research for the transformation of lives and
community.
MISSION:

1. Provide theI best class infrastructure to explore the field of engineering and research.

2. Build a passionate and a determined team of faculty with student centric teaching,

imbibing e;};periential and innovative skills.
3. Imbibe liféiong learning skills, entrepreneurial skills and ethical values in students for

addressing societal problems.

=

PRINCIPAL
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DEPARTMENT OF MECHANICAL ENGINEERING

DEPARTMENT VISION AND MISSION
VISION:

To strive for making competent Mechanical Engineering Professionals to cater the real time
needs of Industry and Research Organizations of high repute with Entrepreneurial Skills and
Ethical Values.

MISSION:

MI1. To train the students with State of Art Infrastructure to make them industry ready
professionz';ls and to promote them for higher studies and research.

M2. To emplo;ir committed faculty for developing competent mechanical engineering
graduates to deal with complex problems.

M3. To support the students in developing professionalism and make them socially

committed mechanical engineers with morals and ethical values.
1
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DEPARTMENT OF MECHANICAL ENGINEERING

PROGRAM EDUCATIONAL OBJECTIVES (PEOs)

PEO 1: Excel in profession with sound knowledge in mathematics and applied sciences
PEO 2: Demonstrate leadership qualities and team spirit in achieving goals

PEO 3: Pursue higher studies to ace in research and develop as entrepreneurs.

L]
l
i

PROGRAM SPECIFIC OUTCOMES (PSOs)

PSO1. The students will be able to apply knowledge of modemn tools in manufacturing
enabling tol conquer the challenges of Modern Industry.

PSO2. The students will be able to design various thermal engineering systems by applying
the principles of thermal sciences.

PSO3. The students will be able to design different mechanisms and machine components of

transmission of power and automation in modern industry.
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PROGRAM OUTCOMES (POs):

Engineering Graduates will be able to:

1. Engineering knowledge: Apply the knowledge of mathematics, science,
engineering fundamentals, and an engineering specialization to the solution of complex
engineering problems.

2. Problem analysis: Identify, formulate, review research literature, and analyse complex
engineering problems reaching substantiated conclusions using first principles of
mathematics, natural sciences, and engineering sciences.

3. Design/development of solutions: Design solutions for complex engineering problems
and design system components or processes that meet the specified needs with
appropriate consideration for the public health and safety, and the cultural, societal, and
environmental considerations.

4. Conduct invéstigations of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of data, and
synthesis of the in:formation to provide valid conclusions.

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and
-modern engineering and IT tools including prediction and modelling to complex engineering
activities with an understanding of the limitations.

6. The engineer and society: Apply reasoning informed by the contextual knowledge to
assess societal, health, safety, legal and cultural issues and the consequent responsibilities
relevant to the professional engineering practice.

7. Environment and sustainability: Understand the impact of the professional engineering
solutions in sociétal and environmental contexts, and demonstrate the knowledge of,
and need for sustainable development.

8. Ethics: Apply Fthical principles and commit to professional ethics and responsibilities and
norms of the engineering practice.

9, Individual and team work: Function effectively as an individual, and as a member or
leader in diverse teams, and in multidisciplinary settings.

10. Communicafion: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and write
effective reports and design documentation, make effective presentations, and give and receive
clear instructions.

11. Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member
and leader in a team, to manage projects and in multidisciplinary environments.

12. Life-long learning: Recognize the need for, and have the preparation and ability to
engage in independent and life-long learning in the broadest context of technological change.
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Bloom’s Taxonomy Action Verbs

Definitions Knowledge Comprehension Application Analysis Synthesis Evaluation
Bloom’s Remember Demonstrate an Apply knowledge to Break down objects or | Compile component Make and defend
Definition Previously understanding of the | actual situations. ideas into simpler parts | ideas into a new whole | judgement based on

Learned facts. and find evidence to or propose alternative internal evidence or
Information support generalizations. | solutions. external criteria.
Verbs o Arrange o Classify s Apply e Analyze » Arrange e Appraise
o Define e Convert e Change *  Appraise e Assemble s Argue
e Describe e Defend e Choose e Breakdown s Categorize e  Assess
e Duplicate e Describe » Compute e Calculate o Collect e Attach
e Identify o Discuss ¢ Demonstrate s Category e Combine e Choose
¢ Label ¢ Distinguish e Discover s Compare s  Comply ¢ Compare
e List ¢ Estimate e Dramatize ¢ Contrast e Compose ¢« Conclude
¢ Match ¢ Explain ¢« Employ s (Criticize = Construct s Contrast
e Memorize e Express ¢ [llustrate s Diagram e Create e Defend
e Name e Extend e Interpret ¢ Differentiate e Design o Descry
e Order o Generalized e Manipulate ¢ Discriminate s Develop + Discriminate
s Qutline o (ive »  Modify s Distinguish s Devise o Estimate
e Recognize example(s) s Operate ¢ Examine e Explain ¢ Evaluate
¢ Relate o Identify e Practice e Experiment « Formulate e Explain
e Recall o Indicate o Predict o Identify e Generate o Judge
¢ Repeat e Infer e Prepare o Jllustrate e Plan o Justify
s Reproduce » Locate s Produce e Infer e Prepare o Interpret
e Select e Paraphrase » Relate e Model e Rearrange e Relate
o state e Predict ¢ Schedule e Outline ¢ Reconstruct e Predict
* Recognize e Show » Point out e Relate e Rate
e Rewrite o Sketch e Question s Reorganize e Select
e Review e Solve e Relate » Revise e Sum
e Select  Use e Select » Rewrite » Support
¢ Summarize e Write ¢ Separate e Setup e Value
s Translate o Subdivide e  Summarize
o Test e Synthesize
o Tell
o Write




|

| REVIS_ED Bloom’s Tax

-

-

3

6n-'gh1y Action Verbs

Definitions I. Remembering | Il. Understanding 111. Applying IV. Analyzing V. Evaluating VL. Creating
Bloom's Exhibit memory | Demonstrate Solve problems to | Examine and break| Present and Compile
Definition of previously un&erstanding of new situations by | Information into defend opinions | information
learned material | facts and ideas by applying acquired | parts by identifying| by making togetherina
by recalling facts, organizing, knowledge, facts, | motives or causes. | judgments about | different way by
terms, basic comparing, techniques and Make inferences | information, combining
concepts, and translating, rules in a different | and find evidence | validity of ideas, | elementsina
answers. interpreting, giving | way. to support or quality of work | new pattern or
descriptions, and generalizations. based on a set of | proposing
stating main ideas. criteria, alternative
solutions.
Verhs » Choose * Classify ' = Apply T : Analyze = Agree s  Adapt
e Define e Compare = Build =  Assume = Appraise = Build
* Find Contrast = Choose e ' Categorize ®= Assess = Change
= How Demonstrate = Construct e Classify * Award e Choose
* Label = Explain » Develop e Compare * Choose = Combine
i ® List e Extend = Experiment with| * Conclusion * Compare * Compile
= Match e [llustrate = [dentify * Contrast Conclude = Compose
O = Name = [nfer * Interview = Discover Criteria = Construct
e Omit = [Interpret Make use of = Dissect Criticize = Create
* Recall = Qutline Model = Distinguish Decide » Delete
e Relate Relate = Organize Divide e Deduct * Design
e Select Rephrase = Plan = Examine e Defend = Develop
e Show Show = Select = Function e Determine = Discuss
e Spell * | Summarize = Solve = [nference = Disprove * Elaborate
= Tell * ' Translate = Utilize * |nspect Estimate e Estimate
= What e List Evaluate * Formulate
*  When * Motive = Explain = Happen
»  Where - ' v i‘ Relationships [ « Importance | » Imagine
=  Which =  Simplify = [nfluence * [mprove
= Who . Survey * Interpret * Invent
= Why e Takepartin | = Judge = Makeup
Test for e Justify = Maximize
Theme = Mark * Minimize
* Measure e Modify
4 = Opinion *  Original
* Perceive = Originate
=  Prioritize s Plan
Prove e Predict
= Rate *  Propose
Recommend Solution
Rule on Solve
Select Suppose
Support = Test
. Value * Theory

o

"

*

) ' ) Yoo
lderson, L. W., & Krathwohl, D. R. (2001). A taxonomy for learning, teaching, and assessing, Abridged Edition. Boston, MA: Allyn and Bacon.
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COURSE OUTCOMES

nts will be able to; .
C323.1 Analyse the effect of precession motion on the stability of motor cycles, aero
" | planes and ships, under gyroscope

R .

CO | After successful completion of this course; the stude

C323.2 | Compaute the frictional losses and transmission in clutches and Brakes.

C3233 Analyze the stability of different types of governors under dynamic analysis and
~ | study ) _—

C323.4 Analyze balanci;lg of rotating and reciprocating masses for primary and
* | secondary forces by analytical and graphical methods

Analyse balancing of reciprocating masses for primary and secondary forces by
C323.5 . ! .
analytical arid graphical methods

EL)
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Narasaraopeta Engineering College
(Autonomous)
Yallmanda (Post), Narasaraopet- 522601
Department of Mechanical Engineering

COURSE INFORMAT}O}\I SHEET

PROGRAMME: B.TECH MECHANICAL ENGINEERING .

COURSE: DYNAMICS; OF MACHINERY | Semester: VI CREDITS: 3

COURSE CODE: R20ME3203 COURSE TYPE (CORE /ELECTIVE / BREADTH/ S&H):
REGULATION: R20 CORE ) ’

COURSE AREA!DOMAIN: DESIGN PERIODS: 6 Per Week.

COURSE PRE-REQUISITES:

C.CODE DESCRIPTION SEM

COURSE
NAME

R20CC1107

Engineering | Knowledge of free body diagram, kinematics and dynamics,
Mechanics impulse and momentum. ,

R20ME2105

Mechanics of | Knowledge of stress, stréin,"éhear force and .bending moment,
Solids center of gravity and torsion: .

R20ME2202

Kinematics of | Knowledge of Kinematics of Mechanisms, Velocity and
Machinery | Acceleration Diagrams and Mechanics of Gears and Gear Trains

COURSE OUTCOMES:

S.NO

COURSE OUTCOME STATEMENT

CO1

Analyse the effect of precession motion on the stability of motor cycles, aero planes
and ships, under gyroscope

Co2

Compate the frictional losses and transmission in clutches and Brakes

CO3

Analyse the stability of different types of governors under dynamic analysis and study
the difference between governor and flywheel

CO4

Analyse balancing of rotating masses for forces by analytical and graphical methods

CO5

Analyse balancing of reciprocating masses for primary arld-secondary
forces by analytical and graphical methods

SYLLABUS:

UNIT

DETAILS

GYROSCOPE AND GYROSCOPIC EFFECTS: .
Introduction, Precessional Angular Motion, Gyroscopic Couple, Effect of precession motion on the
stability of moving vehicles such as, Aero plane and Naval ship, Four wheel vehicle moving in a
curved path, Two wheel vehicle Taking a Turn.

FRICTION CLIIITCHES: Friction clutches- Single disc or plate clutch, Muitiple disc clutch, Cone
clutch, Centrifugjal clutch.
BRAKES: Types of Brakes, Single Block or Shoe Brake, Simple Band Brake, Differential Band

Brake, Internal Expanding Brakes.




[t

j ,
GOVERNERS: Types of Governors, Terms used ig governors, Watt governor, Porter governor,
Proell governor, Hartnell governor, Hartung governor, Sensitiveness of governors,

flywheel analysis for I-C Engines and presses.

by analytical and graphical methods, Balancing of several rotating in different planes.

Couple, Hammer Blow, Balancing of V-engines.

TEXT BOOKS

T [BOOK TITLE/AUTHORS/PUBLISHER .

T1 | Theory of Machines, Thomas Bevan, Pearson educa%ion ﬁub]ications.

T2 | Theory of machines, SS Rattan, Tata MoGraw Hill publications.

REFERENCE BOOKS

R | BOOK TITLE/AUTHORS/PUBLISHER

R1. | Theory of Machines, W.G.Green, Blackie publications.

R2 | Mechanism and Machine Theory / JS Rao and RV Dukkipati / New Age

R3 | Theory of Machines / Shigley / MGH2. .

R4 | Theory of Machines, R.S. Khurmi & J.X.Gupta, S. Chand Publications

\
TOPICS BEYOND SYﬂLABUS/ADVANCED TOPICS:

S.NO DESCRIPTION Associated PO & PSO
] In.trodt.lctlon to Whirling of Shaft and PO1,PO2,P03, PO4, PSO3
Vibrations, e
WEB SOURCE REFERENCES:

1| htips://nptel.ac.in/courses/112/104/112104114//

2 | https://nptel.ac.in/corses/112/104/112104121/

DELIVERY/INSTRUCTIONAL METHODOLOGIES:

v" Chalk & Talk v PPT 01 Active Learning

v" Web Resources | v" Students Seminars O Case Study

O Blended Learning 8 Quiz O Tutorials

O Project based learning "1v" NPTEL/MOOCS [ Simulation

v Flipped Learning ' |0 Industrial Visit - ¥" Model Demonstration
O Brain storming l 10 'Role Play o v" Virtual Labs

FLYWHEELS: Functions, Differences between flywheel and governor, turning moment diagrams,

BALANCING OF ROTATING MASSES: Static balancing, Dynamic balancing, Balancing of a
single rotating mass by a single mass rotating in the same plane, Balancing of a single rotating mass
by two masses rotating in different planes, Balancing of several masses rotating in the same plane

BALANCING OF RECIPROCATING MASSES: Unbalanced force, Primary and Secondary
unbalanced forces of reciprocating masses, Partial Balancing of unbalanced Primary force in a
reciprocating engine, Partial balancing of Locomotives, Variation of Tractive force, Swaying




MAPPING CO’S WITH PO’S:

o o PO | PO [ PO [ PO | PO | PO | PO | PO | PO | PO PO | PO | PSO | PSO | PSO
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3
Col1 2 ] 3 1 - - - - i = - . ” - 3
CO2 2 2 3 1 . - . - - - 5 b = . 3
C03 2 2 3 1 - < " 8 - : - : - " 3
Co4 2 3 3 2 2 - - p i - . g - R 3
Cos 2 3 3 2 2 . - - . . - 5 p - 3
Average 2 24 3 1.4 2 - - - - - - - - E 3
MAPPING COURSE WITH POs & PSOs:
Course | PO1 | PO2 . PO3 | PO4 | PO5 | POG | PO7 | POS | POY | POI0 | POIL | POI2 PSO1 | PSO2 | PSO3
Lcslos 2 | 24 ' 3 14 | 2 - 4 A - . s - v r 3
Course Outcome Assessment Methods Weightages ]
Direct Cumulative Internal Descriptive Test Final
- — ina
Assessment Examinations Objective Test 30%
- = 90% Course
(CIE) | Assignment Test Outcome
Semester End Examinations (SEE) 70% (100%)
0
Indirect Course End Survey
10%
Assessment

Rubrics for overall attainment of course outcomes:

If 50% of the students crossed 50% of the marks: Attainment Level 1

If 60% of the students crossed 50% of the marks: Attainment Level 2

If 70% of the students crossed 50% of the marks: Attainment Level 3

Cohsse Coordinator

%
bﬂule Coordinator




t ANNEXUREI:
(A) PROGRAM OUTCOMES (POs) Engineering Graduates will be able fo:
1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering fundamentals, and an
engineering specia]izationito the solution of complex engineering problems.
2. Problem analysis: Identify, formulate, review research literature, and analyze complex engineering
problems reaching substantiated conclusions using first principles of mathematics, natural sciences, and
engineering sciences.
3. Design/development of solutions: Design solutions for complex engineering problems and design system
components or processes that meet the specified needs with appropriate consideration for the public heaith
and safety, and the cultural, societal, and environmental considerations.
4. Conduct investigations of complex problems: Use research=baded knowledge and research methods including
design of experiments, analysis and interpretation of data, and synthesis of the information to provide valid
conclusions. j ‘ b
5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern engineering and
IT tools including prediction and modeling to complex engineering activities with an understanding of the limitations,
6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess societal, health,

7. Environment and sustainability: Understand the impact of the professional engineering solutions in societal and
environmental contexts, and demonstrate the knowledge of, and need for sustainable development.
8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms of the engineering

9. Individual and team work: Function effectively as an individual, and as a member or leader in diverse teams,
and in multidisciplinary settin 25,

10. Communication: Communicate effectively on complex engineering activities with the engineering community
and with society at large, such as, being able to comprehend and write effective reports and design documentation,
make effective presentations, and give and receive clear instructions.

11. Project management and finance: Demonstrate knowledge and understanding of the engineering and
management principles and apply these to one’s own work, as a member and leader in a team, to manage projects
and in multidisciplinary environments, e b

12. Life-long learning: Recognize'the need for, and have the preparation and ability to engage in independent and
life-long learning in the broadest context of technological change,

(B) PROGRAM SPECIFIC OUTCOMES (PSOs):

1. The students will be able to understand the modern tools of machining which gives them good expertise on
advanced manufacturing methods. ) .

2. The students are able to design different heat transfer devices with emphasis on combustion and power production,
3. The students are able to design different mechanisms and machine components suitable to automation industry.

Cognitive levels as per Revised Blooms Taxonomy:

Cogmt!ve Level Key words
Domain
. Choose, Define, Find, How, Label, List, Match, Name, Om{t, Recall, Relate, Select,
Remembering K1

Show, Spell, Tell, What, When, Where, Which, Who, Why.

Classify, Compare, Contrast, Demonstrate, Explain, Extend, Tliustrate, Infer, Interpret,

Understanding K2 Outline, Relate, Rephrase, Show, Summarize, Translate.

K3 Apply, Build, Choose, Construct, Develop, Experiment With, Identify, Interview,

Applying Make Use of, Model, Organize, Plan, Select, Solve, Utilize.

Analyze, Assume, Categorize, Classify, Compare, Conclusion, Contrast, Discover,
Analyzing K4 Dissect, Distinguish, Divide, Examine, Function, Inference, Inspect, List, Motive,
Relationships, Simplify, Survey, Take part in, Test for, Theme

Agree, Appraise, Assess, Award, Choose, Compare, Conclude, Criteria, Criticize,
Decide, Deduet, Defend, Determine, Disprove, Estimate, Evaluate, Explain, -

Evaluating K5 Importance, Influence, Interpret, Judge, Justify, Mark, Measure, Opinion, Perceive,
Prioritize, Prove, Rate, Recommend, Rule on, Select, Support, Valne
Adapt, Build, Change, Choose, Conibine, Compile, Compose, Construct, Create,
Creating K6 Delete, Design, Develop, Discuss, Elaborate, Estimate, Formulate, Happen, Imagine,

Predict, Propose, Solution, Solve, Suppose, Test, Theory

i
i Improve, Invent, Make up, Maximize, Minimize, Modify, Original, Originate, Plan,
:

o~




, UNIT WISE SAMPLE ASSESSMENT QUESTIONS

COURSE OUTCOMES:

S.NO

i COURSE OUTCOME STATEMENT

Analyse the effect of precession motion on the stability of motor cycles, aero planes

Cot .
and ships, under, gyroscope
CO2 | Compute the frictional losses and transmission in clutches and Brakes
co3 Analyse the stability of different types of governors under dynamic analysis and study
the difference between governor and flywheel
CO4 | Analyse balancing of rotating masses for forces by analytical and graphical methods
COo5 Analyse balancing of reciprocating masses for primary and secondary
forces by analytical and graphical methods e b
S. KNOWLEDGE
NO: | QUESTION LEVEL CO
UNIT 1
1 | Differentiate ‘Natural Precession’ from ‘Forced Precession’, K2 COi1
What is the effect of the gyroscopic couple on the stability of a four-wheeler
2 . i K2 Cco1
while negotiating a curve?
3 | What is the principle of gyroscope? K2 COo1
4 | Analyze Precessional Angular Motion and Gyroscopic Couple? K4 CO1
} UNIT 2
1 | Describe with a ncat sketch the working of a single plate friction clutch. K3 Cco2
2 | What are the various types of the brakes? . K3 co2
3 | Describe with the help of a neat sketch the principles ‘of operation ofan K3 co2
internal expanding shoe. Derive the expression for the braking torque
UNIT 3
Explain the difference in the construction features of a Watt governor, Porter
1 K3 Co3
governor, and Proell governor. _
Differences between flywheel and governor? K2 CO3
Explain about the turning moment diagrams . K3 CO3
UNIT 4
1 | What is static balancing? K2 CO4
2 | Analyze the Dynamic balancing? K5 CO4
3 I}JEI:;II)]Em the method of balancing of different masses revolving in the same K3 co4
4 | How the different masses rotating in different planes are balanced?
_ UNITS _ ,
Explain the terms: variation of tractive force, swayfng couple, and hammer
1 blow : A K5 CO5
2 | Write a short note on primary and secondary balancing. K3 COs5
Compare Partial B‘alancing of unbalanced Primary force in a reciprocating
3 . . ool . . K3 CO5
. | engine and Partial balancing of Locomotives, . :

]
|




e

and Y is 400h1m and between Y and D is 200 mm, If the balancing
masses revolve at a radius of 100 mm, find their magnitudes and
angular positions.

t OR

Explain the fnethod of balancing of different masses revolving in

b the same plane. Yy K3 co4 [7M]
How the different masses rotating in different planes afe balanced? | K3 CO4 [7M]
- Unit-V .
a | Analyze the Balancing of V- engines K4 COs [7M]
Write a short note on primary and secondary balancing. K3 COs5 [7M]
OR

A four cylinder vertical engine has cranks 150 mm long.- The
planes of rotation of the first, second and fourth cranks are 400
mm, 200 mm and 200 mm respectively from the third crank and
b [ their reciprocating masses are 50 kg, 60 kg and 50 kg respectively. | K4 COs [14M]
5 Find the mass of the reciprocating parts for the third cylinder and
the relative angular positions of the cranks in order that the engine
may be in complete primary balance

e N ARASARAOPETA
NECiEP{GINEERIMG COLILEGE

| (AUTONOMOUGS)
{III B.Tech II Semester Regular Examinations
Sub Code: R20ME3203. SUBJECT NAME: DYNAMICS OF MACHINERY

(ME)
; MODEL PAPER-II

Time: 3 hours Max. Marks: 70

Note: Answer All FIVE Questions.
All Questions Carry Equal Marks (5X 14="70M)

Q. QUESTION KL | CO |MARKS

Unit~1

Explain about the terminology of an Aeroplane and the effect of
a | Gyroscopic Couple on an Aeroplane?

#

cot | [mM]

Explain the gyroscopic effect on four wheeled vehicles,

&

cot | [7M]

OR. ..

An aeroplane makes a'complete half circle of 50m rddius, towards
left, when flying at 200km’ per hr, The rotary engine and propelier
b of the plane has a mass of 400kg and a radius of gyration of 0.3m.
The engine rotates at 200 r.p.m. clockwise when viewed from the
rear. Find the gyroscopic couple on the aircraft and state its effect
on it? . :

K4 CO1 [14M]

Unit - 11

Describe with a neat sketch the working of a multi plate friction | K3

clutch. co2 [7M]

A car engine has its rated output of 12 kW. The maximum torque
2 | |developed is 100 N-m. The clutch used is of single plate type
having two active surfaces. The axial pressure is not to exceed 85 K4
KN/m2.The external diameter of the friction plate is 1.25 times the
internal diameter. Determine the dimensions of the friction plate
and the axial force exerted by the springs. Coefficient of friction =

co2 | M

. [
r; cTe
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‘NEC ENGINEERING COLLEGE

(B. T:ech 2020 Admitted Batch, Academic Year 2022-23)

¢

{AE}TONOMOUS)
ACADEMIC I',’ALEN DAR

|

2020 Batch 3" Year 1* Semester

J - Description From Date ToDate | Duration
‘ Commencement of Cla,ss Work 25-07-2022
. |1 Speh of Instructions i 25072022 | 10092022 | 7 Veeks
¢ Assignment Test-I 15:08-2022 20-08-2022
¢~ [FMid examinations 12-09-2022 17-09-2022 1 Week
Q N 2% Spell of Instructions 19-09-2022 05-11-2022
g Assignment Test-II 10-10-2022 15-10-2022 7 Weeks
8 11 Mid examinations 07-11-2022 12-11-2022 1 Week
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Commencement of Class Work 05-12-2022
1%t Spell of Instructions Ea 05-122022+ | 21-01-2023 | 7 Weeks
Assignment Test-I 26-12-2022 31-12-2022
: I Mid examinations 23-01-2023 28-01-2023 1 Week
i@ 204 Spell of Instructions _ 30-01-2023 18-03-2023  Weeks
©7 N |Assignment Test-II | 20-02-2023 | 25-02-2023 |
IT Mid examinations 20032023 | 25-03-2023 | 1Week
| Preparation & Practicals 27032023 | 01-04-2023 | 1Week
Semester End Examinations 03-04-2023 15-04-2023 | 2 Weeks
Commencement of 4% Year 1* Sem Class Work 05-06-2023 '
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Code: R20ME3203 - DYNAMICS OF MACHINERY
COURSE OBJECTIVES:. .

1. To undeistand ths effect gyroscopic couple in motor cycles, aeroplanes and ships.
2. To analyze the forces in clutches and brakes involving friction.

3. To analyze the speed and stability of governors and fly wheels

4. To learn analytical and graphical methods for calculating balancing of rotary and
reciprocatingi'masses.

COURSE OUTCOMES:
After successful completion of this course, the students will be able to: .
CO1 Analyse the effect of precession motion on the stability of motor cycles, aero planes
and ships, under gyroscope
CO2 Compute the frictional losses and transmission in clutches and Brakes.
CO3 Analyze the stability of different types of governors under dynamic analysis and study
the difference between governor and flywheel
CO4 analyze balancing of rotating and reciprocating masses for primary and secondary
forces by analytical and graphical methods
CO5 Analyse balancing of reciprocating masses for primary and secondary forces by analytical and
graphical methods ‘ .
UNIT ~1I: : Co
GYROSCOPE AND GYROSCOPIC EFFECTS: Introduction, Precessional Angular Motion,
Gyroscopic Couple, Effect of precession motion on the stability of moving vehicles such as, Aero
plane and Naval ship, Four wheel vehicle moving in a curved path, Two wheel vehicle Taking a Turn.

UNIT -1I:

FRICTION CLUTCHES: Friction clutches- Single disc or plate clutch, Multiple disc clutch, Cone
clutch, Centrifugal clutch,

BRAKES: Types of Brakes, Single Block or Shoe Brake, Simple Band Brake, Differential Band
Brake, Internal Expanding Brakes,

UNIT - III
GOVERNERS: Types of Governors, Terms used in governors, Watt governor, Porter governor, Proell
govetnor, Hartnell governor, Hartung governor, Sensitiveness of governors,

FLYWHEELS: F unctions, Differences between flywheel and govemnor, turning moment diagrams,
flywheel analysis for I-C Engines and presses.

e [
b Cxhe
L i

UNIT-1V . .

BALANCING OF ROTATING MASSES: Static balancing, Dynamic balancing, Balancing of a
single rotating mass by a single mass rotating in the same plane, Balancing of a single rotating mass by
two masses rofating in .different planes, Balancing of several masses rotating in the same plane by
analytical and graphical ]methods, Balancing of several rotating in different planes,

UNIT-V !

BALANCING OF RECIPROCATING MASSES: Unbalanced force, Primary and Secondary
unbalanced forces of reciprocating masses, Partial Balancing of unbalanced Primary force in a

NEC :
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reciprocating engine, Partial balancing of Locomotives, Variation of Tractive force, Swaying Couple,
Hammer Blow, Balsfncin g of V-engines.
|
TEXT BOOKS: .
1. Theory of Machiries, Thomas Bevan, Pearson education publications.
2. Theory of machines, SS Rattan, Tata McGraw Hill publications,

REFERENCES:
1. Theory of Machines, W.G.Green, Blackie publications.
2. Mechanism and Machine Theory /JS Rao and RV Dukkipati / New Age
3. Theory of Machines / Shigley / MGH2.
4. Theory of Machines, R.S. Khurmi & J -K.Gupta, S. Chand Publications

WEB REFERENCES:
1. httus://nntel.aic.in/courses/l12!104/112104114// -

fda

2. https://nptel.ac.in/courses/112/104/112104121/ - i .
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S.NO COURSE OUTCOME STATEMENT
CO | After successful completion of this course, the students will be able to:
Analyse the effect of precession motion on the stability of motor cycles, aero planes
CO1 | and ships, under gyroscope
Cc0o2 | Compute the frictional losses and transmission in clutches and Brakes
Analyse the stability of different types of governors under dynamic analysis and study
CO3 | the difference|between governor and flywheel © ™ ,
Cco4 | Analyse balar}cing of rotating masses for forces by analytical and graphical methods
CO5 Analyse balaricing of reciprocating masses for primary and secondary
forces by analytical and graphical methods
. Ref
Unit . .. Total Delivery
No Outcome Topics/Activity bT::Ii Periods Method
UNIT-1: GYROSCOPE AND GYROSCOPIC EFFECTS
L1 Introduction to Dynamics TI, T2, 5 Chalk, Talk,
CO 1, o RLR3 PPT
Analyse the 1.2 | Precessional Angular Motion, T1, T2, Chalk, Talk,
effect of " | Gyroscopic Couple R1,R3 2 PPT
precession Effect of precession motion on the T1. T2 2 Chalk, Talk,
motionon | 1.3 | stabilify of Aero plane taking a RIR3 | PPT, Web
1 the stability Turn. - L ’ Resources
of motor ' | Effect of precession motion on the TL T2 2 Chalk, Talk,
cycles, aero | 1.4 | stability of Naval ship taking a RIR3 PPT, Web
plzzlne;. Tutn, ’ Resources
and snips, Effect of precession motion on the . 12 .
under 1.5 | stability of Four wheel vehicle T1, T2, Chalk, Talk,
. 7. RI,R3 Case Study,
gyroscope i | moving in a curved path.
" | Effect of precession motion on the T1. T2 2 Chaik, Talk,
1.6 | stability of Two wheel vehicle Rf R3’ PPT, Case
, Taking a Turn. ’ Study,
2 CO2. : UNIT-2: FRICTION CLUTCHES AND BRAKES
Compute | 2.1 | Introduction to Friction cluiches | T1, T2, | 2 | Chalk Talk,
|




the . RI,R3 PPT,
frictional Single disc or plate clutch and TL. T2 2 Chalk, Talk,
losses and 2.2 | Multiple disc clutch. Rf R3’ PPT, Students
transmission| » ’ Seminar,
in clutches . 2 Chalk, Talk,
Cone clutch, Centrifugal clutch. TI, T2,
d
i Brefes |23 RLR3 Diil%nzgi?in
24 Types of Brakes. T1, T2, 2 Chalk, Talk,
) RI1,R3 PPT
25 Single Block or Shoe Brake, T1, T2, 2 Chalk, Talk,
| “~ | Simple Band Brakes. R1,R3 PPT
Differential Band Brake, Iute.mal;..., TL T2 2 ‘Chalk, Talk,
2.6 Expandmg Brakes RI’ R3’ ' PPT, Model
' Demonstration
CO3,. UNIT-3: GOVERNERS AND FLYWHEELS:
Analyse the Types of Governors, Terms used in
stability of | 3.1 | governors. 1L, T2, 2 Chalk, Talk,
different RLR3 | PPT
types of 39 Watt governor, Porter governor, T1, T2, 2 Chalk, Talk,
governors ' R1,R3 PPT
under Proell governor, Hartnell governor, 4
dynamic 3.3 | Hartung governor, Sensitiveness of ?1’ g’ p(lil';‘alll\{igglé’s
analysis and governors. i ’
study Functions, Differences between T1. T2 2 Chalk, Talk,
the 3.4 | flywheel and governor. Rl, R3, PPT, Model
lcjift‘t‘;c‘:{rence ‘ ’ Demonstration
etween Turning moment diagrams, 2
governor 3.5 | flywheel analysis for I-C Engmes T1, T2, g;f}l kl,VITalk,
and . Y, , Model
and presses RI1,R3 ' D .
flywheel emonstration
MID I EXAMINATION DURING SIXTH WEEK
UNIT 4: BALANCING OF ROTATING MASSES
Static balancing, Dynamic T1. T2 Chalk, Talk,
4.1 | balancing. RI’ R3, A 2 PPT, Virtual
Co4. ’ Labs
Analyse Balancing of a single rotating mass T1. T2 2 Chalk, Talk,
balancing | 4.2 | by a single mass rotating in the . Rf R3’ PPT, Virtual
of rotating same plane. ’ Labs
masses for | | Balancing of a single rotatmg mass | o 2 Chalk, Talk,
forcesby | 4.3 | by two masses rotating in different Rf R3, PPT, Virtual
analytical planes.. ’ Labs
and Balancing of several masses T1. T2 2 Chalk, Talk,
graphical | 4.4 | rotating in the same plane by Rf R3’ Quiz, Virtual
methods | analytical and graphical methods. ? Labs
' Balancing of several rotatmg in , T1, T2, 4 ‘Chalik, Talk,
4.5 | different planes RIR3 : PPT, Virtual
' Labs
COs. UNIT 5. BALANCING OF RECIPROCATING MASSES
Analyse ; Unbalanced force, Primary and
balancing | 5.1 Secondary unbalanced forces of '11;11’ g’ 4 ChaIl)%I"I‘alk,
of | reciprocating masses, ST ’
reciprocati Partial Balancing of unbalanced
ngmasses | 5.2 | Primary force in a reciprocating 11;11’ 1’133’ 2 ChaII)I;TTalk,
for engine. ’ ’
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primary 5 33 Partial balancin T1, T2, 2 Chalk, Talk,
and e 7 RI1,R3 ' PPT,
secondary 5 h Variation:o: TI1, T2, 2 " Chalk, Talk, )
forces by " | Swaying: R1LR3 I PPT,
analytical 5.5 Balane T1, T2, 2 Chalk, Talk, *| -
and ) R1,R3 PPT,
graphical ‘ s : -
methods ) Total | . ,60
MID II EXAMINATION DURING EIGHTEENTH WEEK
' END EXAMINATIONS
TEXT BOOKS

T | BOOK TITLE/AUTHORS/PUBLISHER

T1 | Theory of Machines, Thomas Bevan, Pearson education publications.

T2 | Theory of machines, SS Rattan, Tata McGraw Hill publications,
REFERENCE BOOKS - o rok
, R | BOOK TITLE/AUTHORS/PUBLISHER .
& e R1 | Theory of Machines, W.G.Green, Blackie publications. 7

i R2 | Mechanism and Machine Theory /JS Rao aid RV Dukkipati / New Age
R3 | Theory of Machines / Shigley / MG, '
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Explanation of Course Articulation Matrix Table to be ascertained:
» Course Articulation Matrix correlates the individual COs of a course with POs and PSOs.

» The Course Outcomes are mapped with POs and PSOs in the scale of 1 to 3.
» The strength of correlation is indicated as 3 for Substantial (High) correlation, 2 for Moderate

O

(Medium) correlation, and 1 for Slight (Low) correlation.
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Introduction.

Precessional Angular
Motion.

Gyroscopie Couple.

Effect of Gyroscopic Couple
on an Aerop[anel.

Terms Used in a Naval Ship.
Effect of Gyroscopic Couple
on a Naval Ship during
Steering.

Effect of Gyroscopic Couple
on a Naval Ship during
Pitching, :

Effect of Gymscc}pic Couple
on a Navalship during
Rolling.

Stability of a Four Wheel
drive Moving in ('z Curved
Path.

Stability of a Tivo Wheel
Vehicle Taking a Turn,
Effeet of Gyroscapic Couple
on aDise Fixed Rigidly at a
Certain Angle to a Rotating
Shafi.

3

Gyroscopic
Couple and
Precessional
Motio

Rl e T Wk e

14.1. Introduction

We have already discussed that,

1. When a body moves along a curved path with a
uniform linear velocity, a force in the direction of centripetal
acceleration (known as centripetal force) has to be applied
externally over the body, so that it moves along the required
curved path. This external force applied is known as ective

A e

Sorce.

2. When a body, itself, is moving with uniform lin-
ear velocity along a circular path, it is subjected to the cen-
trifugal force® radially outwards. This centrifugal force is
called reactive force. The action of the reactive or centrifu-
gal force is to tilt or move the body along radially outward
direction.

Note: Whenever the effeét of any force or couple over a moving or
rotating body is to be considered, it should be with respect to the
reactive force or couple and net with respect 1o active force or
couple,

*  Centrifugal force is equal in magnitude to centripetal force but

opposite in direction.
480

L¥N




481

Chopter 14 : Gyroscopic Couple and Precessional Motion

Spin axis . Input axis

Cyorscope
fwill resist
movement
f In these
directions

Gyroscopic inertia prevents a spinning top from falling sideways,

14.2. Precessional Angular Motion

We have already discussed that the angular acceleration is the rate of change of angular
velocity with respect to time. It is a vector quantity and may be represented by drawing a vector
diagram with the help of right hand screw rule (see chapter 2, Art. 2.13),

'

(X —
/ w Direction
Axis of spin of viewing

@ ®»

Fig. 14.1, Precessional angular motion,

Consider a disc, as shown in Fig. 14.1 (g), revolving or spinning about the axis O.X (known as
axis of spin) in anticlockwise when seen from the front, with an angular velocity  in a plane at right
angles to the paper.

After a short interval of time 5z, let the disc be spinning about the new axis of spin OX’ (atan
angle §0) with an angular velocity (o + ). Using the right hand screw rule, initial angular velocity
of the disc (w) is represented by vector ox; and the final angular velocity of the disc (@ + So) is
represented by vector ox” as shown in Fig, 14.1 (). The vector xx" represents the change of angular
velocity in time 8¢ 7.e. the angular acceleration of the'disc. This may be resolved into two components,
one parallel to ox and the other perpendicular to ox.

Component of angular acceleration in the difection of o,

_X _or—ox _ox cos 80— ox

Y & 5t

_ (0 +dw) cosdd — w _ cosd8 + 8w cosd0 — w
ot B 5t
Since 80 is very small, therefore substituting cos 80 = 1, we have
0+dv-w dw
al’ =-—— =
&t St
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In the limit, when 8¢ - 0,

o = Lt [ﬁg] = do
&0l &t dt L
Component of angular acceleration in the direction perpendicular to ox,
iy = ' _ ox’ sin§0 _ (0 +8w)sind6 _ wsindd + dw.sind0
i 5t 5t &t .
Since 86 in very small, therefore substituting sin 56 = 86, we have -
o = .60 + 50,50 _ .56
i ot ot £
' .(Neglecting 5.86, being very small)
It the limit when & — 0,
! o, = a:Lto ma_:SG =X % =m0 (Substituting %} = mp)

. Total angular acceleration of the disc
= vector xx” = vector sum of o and o,

dw d0 . do
—-_+0JX'—'=7'+(D.(DP

where dB/dt is the angular velocity of the axis of spin about a certain axis, which is perpendicular to
the plane in which the axis of spin is going to rotate. This angular velocity of the axis of spin (i.e.
dB/dt) is known as tmgu[ar velocity of precession and is denoted by wp,. The axis, about which the
axis of spin is to turn, is known as axis gf precession. The angular motion of the axis of spin about the
axis of precession is known as precessional angrlar motion.

Notes: 1. The axis of precession is perpendicular to the plane in which the axis of spin is going to rotate.

2. If the angular velacity of the disc remains constant at all positions of the axis of spin, then d0/dt is
zero; and thus o is zero,

3. If the anguldr veldcity of the disc changes the direction, but remains constant in magnitude, then
angular acceleration of the disc is given by

o, = w.do/dt = 0.0,

The angular accelcratlon*oc is known as gyroscopic acceleration.

.t g

o i N “ Evaporators change I:quu:F
i

P ’ 4
fhydrogen to gas - . ‘“Wf A

Engine

3
i
§ f we

B e nl Lt PR S, Ak o -

This experimental cariburns hydregen fuel In an ordinary piston engine. lts exhaust gases cause no pollution,
! because they contain only water vapour.

Note : This picturejis givgn as addilional information and is not a direct example of the current chapter.
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14.3. Gyroscopic Couple 7

Consider a disc spinning with an angular velocity w rad/s about the axis of spin OX, in
anticlockwise direction when seen from the front, as shown in Fig. 14.2 (). Since the plane in which
the disc is Totating is parallel to tiie plane YOZ, therefore it is called plane of spinning. The plane
XOZ is ahorizontal plane and the axis of spin rotates in & plane paraliel to the horizontal plane about
an axis O ¥ In other words, the axis of spin is said to be rotating or processing about an axis O ¥ In
other words, the dxis of spin is said to be rotating or processing about an axis O ¥ (which is perpendicular
to both the axes O.X and OZ) at an angular velocity w,, rap/s. This horizontal plane XOZ is catled
Plane of precession and O Y is the axis of precession,

Let I = Mass moment of inertia of the disc about OX, and

¥

® = Angular velocity of the disc.
-~ Angular momentum of the disc
=lo
Since the angular momentum is a vector quantity, therefore it may be represented by the
vector gx, as shown in Fig, 14.2 (b). The axis of spin O.X is also rotating anticlockwise when seen
from the top about the axis O ¥, Let the axis 0.X is turned in the plane XOZ through a small angle 60

radians to the position Q.X”, in time §¢ seconds. Assuming the angular velocity o to be constant, the
angular momentum will now be represented by vector ox”,

-
-~

~
! ¢ Plane of active
1

Plarie gyro. couple
v 0f spinning
f S I W
' :
f ]
! 1
Y] is of active ; :
/ ayro. couples 7 ' Reactive gyro.
Rxis } ~~~~~~~ e touple
of o Plane of g x
. P X' precession..”
precession m\ Pf U X i '
9 ’\ i "’;(/O’ € . ¢] ¥ X
e Axis of spin b Direction .
£ Axis of reactive Dia of Active gyro. couple
z gyro. couple viewing
(@ ®)

Fig. 14.2. Gyroscopic couple.
- Change in angular momentum

=0 ~ &t = x% = .50 ...{in the dircction of ¢’ )
=1 (.50
and rate of change of angular momentum

=1.mx@
dt

Since the rate of change of angular momentum will result by the application of a couple to the
dise, therefore the couple applied to the disc causing precession,
ol¢] dB

C= Lt lox—=Ilox—=I.0.w @:
8550 &t dt r ( @
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where ©, = Angular velocity of precession of the
axis of spin or the speed of rotation of the axis of
spin about the axis of precession O ¥

In 8.1. units, the units of C'is N-m when 7 is
inkg-m2,

It may be noted that

1. The couple Lo.w, in the direction of §
the vector xx’ (representing the change in angular ;
momentum) is the active gyroscopic couple, which
has to be applied over the disc when the axis of
spin is made to rotate with angular velocity w;, about
the axis of precession. The vector xx’ lies in the ;
plane XOZ or the horizontal plane. In case of a very
small displacement 59, the vector xx” will be 7
perpendicular to the vertical plane X ¥, Therefore ® & é
the couple causing this change in the angular '
momentum will liein the plane XOY The vector ~_Above picture shows an aircraft propetler.
xx’, as shown in ‘I}Fi g. 14.2 (), represents an These rotors play role in gyroscopic couple.
anticlockwise couple in the plane XOY Therefore, the plane XOY is called the plane of active
gyroscopic couple and the axis OZ perpendicular to the plane YO ¥, about which the couple acts, is
called the axis of ac’tive gyroscopic couple,

2. When the axis of spin itself moves with angular velocity @y, the disc is subjected to
reactive conple whose magnitude is same (e, /. 0.0p) but opposite in direction to that of active
couple. This reactive couple to which the disc is subjected when the axis of spin rotates about the axis
of precession is known as reactive gyroscopic couple. The axis of the reactive gyroscopic couple is
represented by OZ"in Fig. 14.2 (a).

3. The gyroscopic couple is usually applied through the bearings which support the shaft.
The bearings will resist equal and opposite couple,

4. The gyroscopic principle is used in an instrument or foy known as gyrescope. The
gyroscopes are installed in ships in order to minimize the rolling and pitching effects of waves. They
are also used in aeroplanes, monorail cars, gyrocompasses efc.

Example 14.1. 4 uniform disc of diameter 300 mm and of mass 5 kg is mounted on one end
of an arm of length 600 mm. The other end of the arm is fiee:to rotate in-a universal bearing. If the
disc rotates about th;e arm with a speed of 300 r.p.m. clockwise, looking.from the front, with what
speed will it precess. about the vertical axis?

Solution. Given: d=300mm or r=150mm=0.15m;m=5kg;/= 600 mm=0.6m;
N =300 rpm. or w=2x x 300/60 = 31.42 rad/s

We know that the mass moment of inertia of the disc, about an axis through its centre of
gravity and perpendicular to the plane of disc,

I = m.r*2=5(0.15)*2 = 0.056 kg-m?
and couple due to mass of disc,
C =mgl=5%981x0.6=2943 N-m

Let wp = Speed of precession.

We know that couple (C),

29.43 = Lonwp = 0.056 x 3142 x @, = 1.76 w,
w, = 29.43/1.76 = 16.7 rad/s Ans.
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Example 14.2. 4 uniform-disc of 150 mm diameterhas a 1
mass of 5 kg. It is mounted centrally in bearings which maintain ; 1
its axle in a horizontal plane. The disc spins about it axle witha ' |
constant speed of 1000 r.p.m. while the axle precesses uniformly -—-=
about the vertical at 60 r.p.m. The directions of rotation are as VA
shown in Fig. 14.3. If the distance between the bearings is 100
rm, find the resultant reaction at each bearing due to the mass
and gyroscopic effects. Fig. 14.3

Solution. Given: 4= 150 mm or = 75 mm = 0.075 m;m=35kg;N=1000 rp.m. or
o =21 x 1000/60 = 104.7 rad/s (anticlockwise); Np =60 r.p.m. or @, = 2% % 60/60 = 6.284 rad/s
(anticlockwise); x = 100 mm = 0.1 m

We know that mass moment of inertia of the disc, about an axis through its centre of gravity
and perpendicular to the plane of disc,

I = mr42=5(0.075)%2=0.014 kgm?
- Gyroscopic couple acting on the disc,
C=1w0,=0014x%1047 x 6284 =92 N-m
The direction of the reactive gyroscopic couple is shown in Fig,14.4 (b). Let Fbe the force at
each bearing due to the gyroscopic couple,
F=0Chk=9201=92N

The force #will act in opposite directions at the bearings as shown in Fig. 14.4 (@). Now let
R, and Ry, be the reaction at the bearing 4 and B respectively due to the weight of the disc. Since the
disc is mounted centrally in bearings, therefore,

Ry, =Ry;=5/2=25kg=25%x981=245N

.

Axis of precession

F ’Y ZF

Axis of active Reactive gyro. couple
couple oo

X
; X /
Axis of spin g =

Active gyro.couple

(&)
Fig. 14.4
Resultunt reuction at each bearing
Let R, and Ry, = Resultant reaction at the bearings 4 and B respectively.

Since the reactive gyroscopic couple acts in clockwise direction when seen from the front,
therefore its effect is to increase the reaction on the left hand side bearing (i.e. 4) and to decrease the
reaction on the right hand side bearing (i.e. B).

Ry =F+R,=92+245=1165N (upwards) Ans.
and Ry =F-R,=92-245=67.5N (downwards) Ans.
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14.4, Effect of the Gyroscopic Couple on an Aercplane

The top and front view of an aeroplane are shown in Fig 14.5 (a). Let engine or propeller
rotates in the clockwise direction when seen from the rear or tail end and the acroplane takes a turn to
the left,

Let

® = Angular velocity of the engine in rad/s,
m = Mass of the engine and the propeller in kg,
k = Its radius of gyration in metres,
I =Mass moment of inertia of the engine and the propeller in kg-m?

P——

&
rld

l =m. k2,
’ v = Linear velocity of the aeroplanein m/s,
R =Radius of curvature in metres, and

w0, = Angular velocity of precession = % rad/s

.. Gyroscopic couple acting on the aeroplane,
C=1low,

Axis of

Left furn precession
Direction of N
viewing Nose
Rearor 7o j X
Propeller
tall end P
, — Wings
Top view active gyvo. couple
Z
Y
Plane of
couple )
Plang
Ol of
Plane of sprn)
recession

Front view

z
Fig. 14.5. Aecroplane taking a left turn.
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Before taking the left turn, the angular momentum vector is represented by ox, When it takes
left turn, the active gyroscopic couple will change the direction of the angular momenturn vector from
ox to ox’ as shown in Fig, 14.6 (a). The vector xx’, in the limit, represents the change of angular
momentum or the active gyroscopic couple and is perpendicular to ox. Thus the plane of active
gyroscopic couple XOY will be perpendicular to xx’ » L.e. vertical in this case, as shown in Fig 14.5
(8). By applying right hand screw rule to vector xx', we find that the direction of active Zyroscopic
couple is clockwise as shown in the front view of Fig. 14.5 {q). In other words, for left hand turning,
the active gyroscopic couple on the aeroplane in the axis OZ will be clockwise as shown in Fig. 14,5
(b).The reactive gyroscopic couple (equal in magnitude of active gyroscopic couple) will act in the
opposite direction (Z.¢. in the anticlockwise direction) and the effect of this couple is, therefore, to
raise the nose and dip the tail of the acroplane.

X o X
i)
% |
rx xl
(a) Aeroplane taking left tum, (6) Aeroplane taking right turn.

Fig. 14.6. Effect of gyroscopic couple on an aeroplane.
Notes : 1, When the acroplane takes a right turn under similar conditions as discussed above, the effect of the
reactive gyroscopic couple will be to dip the nose and raise the tail of the aeroplane,

2. When the engine or propeller rotates in anticlockwise direction when viewed from the rear or tail
end and the aeroplane takes a left turn, then the effect of reactive gyroscopic couple will be to dip the nose and
raise the tail of the aeroplane.

3. When the acroplane takes a right turn under similar conditions as mentioned in note 2 above, the
effect of reactive gyroscopic couple will be to raise the nose and dip the tail of the aeroplane.

4. When the engine or propeller rotates in clockwise direction when viewed from the front and the
aeroplane takes a lefi turn, then the effect of reactive gyroscopic couple will be to raise the tail and dip the nose
of the aeroplane.

5. When the aeroplane takes a right turn under similar conditions as mentioned in note 4-above, the
effect of reactive gyroscopic couple will be to raise the nose and dip the tail of the acroplane.

Example 14.3. An acroplane makes a complete half circle of 50 metres radius, towards left,
when flying at 200 km per hr. The rotary engine and the propeller of the plane has a mass of 400 kg
and a radius of gyration of 0.3 m. The engine rotates at 2400 v.p.m. clockwise when viewed firom the
rear. Find the gyroscopic couple on the aircraft and state its effect on i,

Solution. Given: R = 50 m ;v = 200 km/hr = 55.6 m/s: m = 400 ke; k=03 m;
N =2400 rp.m. or © =27 x 2400/60 = 251 rad/s

We know that mass moment of inertia of the engine and the propeller,
I=m.k*=400(0,3)? = 36 kg-m?
and angular velocity of precession,
®p = v/R=155.6/50=1.11 rad/s
We know that gyroscopic couple acting on the aircraft,
C=1 @ 0, =36x251.4 x 1.11 = 100 46 N-m
= 10.046 kN-m Ans.

We have discussed in Art. 14.4 that when the aeroplane turns towards left, the effect of the
gyroscopic couple is to lift the nose upwards and tail downwards. Ans,
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14.5. Terms Used in a Naval Ship d

The top and front views of a naval ship are shown in Fig 14.7. The fore end of the ship is
called bow and the rear end is known as stern or aft. The left hand and right hand sides of the ship,
when viewed from the stern are called porf and star-board respectively. We shall now discuss the
effect of gyroscopic couple on the naval ship in the following three cases:

L. Steering; 2. Pitching, and 3. Rolling.

Port

Direction
0 .
viewing |1 ongitudinal axis
Stern I pow
(Rear and) {Fore-end)

N ' Rotor

Star board
Top view

w_wl [0
mBearing\srG g/#)

Front view Propeller

Fig. 14.7. Terms used in a naval ship.

14.6. Effect of Gyroscopic Couple on a Naval Ship during Steering

Steering is the tuming of a complete ship in a curve towards left or right, while it moves
forward. Consider the ship taking a left turn, and rotor rotates in the clockwise direction when viewed
from the stern, as shown in Fig. 14.8. The effect of gyroscopic couple on a naval ship during steering
taking left or right tuzi'n may be obtained in the similar way as for an aeroplane as discussed in Art.14.4.

Axis of precession Axis of aclive gyre. couple

Y4 Transverse axls  Feactive gyro.
( ‘\ couple
Dif@cﬁp n i L.eft turn ) )
of viewing Longitudinal axis Q Ax:i of spin
P e b N ~ Active gyro.
Stern |0 X
(Rear end) couple

Fig. 14.8. Naval ship taking a left tum.
When the rotor of the ship rotates in the clockwise direction when viewed from the stern, it will have
its angular momentum vector in the direction ox as shown in Fig. [4.9 (0). As the ship steers to the
left, the active gyroscopic couple will change the angular momentum vector from ox to ox’. The
vector xx” now represents the active gyroscopic couple and is perpendicular to ox. Thus the plane of
active gyroscopic couple is perpendicular to xx’ and its direction in the axis O for left hand turn is
clockwise as shown ih F ig. 14.8. The reactive gyroscopic couple of the same magnitude will act in the
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opposite direction (7,e. in anticlockwise direction). The effect of this reactive gyroscopic conple is to
raise the bow and lewer the stern,

Notes: 1. When the ship X o B X
steers to the right under simi- 50

lar conditions as discussed

above, the effgct of the reac-

tive gyroscopic couple, as 50

shown in Fig. 14.9 (), will o Py 'y
be to raise the stern and

lower the bow. {a) Streeing to the left . (6) Streelng to the right
2. When the rotor rates in Fig. 14.9. Effect of gyroscopic couple on a naval ship during steering.

the anticlockwise direction,

when viewed from the stern and the ship is steering to the
left, then the effect of reactive gyroscopic couple will be
to lower the bow and raise the stern.

3. When the ship is steering to the right under similar }
conditions as discussed in note 2 above, then the effect of |
reactive gyroscopic couple will be to raise the bow and
Iower the stern.

4. When the rotor rotates in the clockwise direction when
viewed from the bow or fore end and the ship is steering
to the left, then the effect of reactive gyroscopic couple will be to raise the stern and lower the bow.

5. When the ship is steering to the ri ght under similar conditions as discussed in note 4 above, then the effect of
reactive gyroscopic couple will be to raise the bow and lower the stern.

6. The effect of the reactive gyroscopic couple on a boat propelled by a turbine taking left or right turn is similar
as discussed above.

14.7. Effect of Gyroscopic Couple on a Naval Ship during Pitching

Pitching is the movement of a complete ship up and down in a vertical plane about transverse
axis, as shown in Fig, 14.10 (q). In this case, the transverse axis is the axis of precession. The pitching
of the ship is assumed to take place with simple harmonic motion i.e. the motion of the axis of spin
about transverse axis is simple harmonic.

f L -
red
ﬁe Axls of spin
PO, S T B N TP SN Bflednid —_
[~ -
]
[ ™~ m[‘ma.x

i‘& h
1
Transverse axis

(«) Pitching of a naval ship

x! O o X

86
Q x X

(&) Pitching upward (¢) Pitching downward
Fig. 14.10. Effect of gyroscopic couple on a naval ship during pitching,
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Gryroscapic couple plays its role during ship's turning and pliching.
~ Angular displacement of the axis of spin from mean position after time ¢ seconds,
B=¢sinw,./
where ¢ = Amplitude of swing ie. maximum angle turned from the mean
position in radians, and
®, = Angular velocity of S.H.M.

I 2% 2%
=0 ; - = —- rad/s
Timeperiod of S.H.M. in seconds £,
Angular velocity of precession, i
de _d ., .
Wp = — = —(0sinw,.1) = ¢ cosw, ¢
P = a & (¢sinw;.2) = ¢, coswy

The angular velocity of precession will be maximum, if cos a,.#= 1.
. Maximum angular velocity of precession,
] Oppge = 900, = ¢ % 211 1 ..(Substituting cos ©,.1=1)
Let I =Moment of inertia of the rotor in kg-m?, and
o = Angiar velocity of the rotor in rads.
Mamimu]m gyroscopic couple,
Cmax =L uma:

When the pitching is upward, the effect of the reactive gyroscopic couple, as shown in Fig. 14,10
(b), willtry to move ihe ship toward star-board. On the other hand, ifthe pitching is downward, the effect
of the reactive gyroscopic couple, as shown in Fig. 14.10 (¢), is to turn the ship towards port side.
Notes : 1. The effect of the gyroscopic couple is always given on specific position of the axis of spin i.e.
whether it is pitching downwards or upwatds.

2. The pitching of a ship produces forces on the bearings which act horizontally and perpendicular to
the motion of the ship?

3. The maximum gyroscopic couple tends to shear the holding-down bolts.

4, The angular acceleration during pitching,

o= iﬁg =—b (00,)2 sin, [Diﬂ’ercnﬁating a8 with respect to t]
dart = ' dt
The angular acceleration is maximum, if sin w,f = 1.
-~ Maximum angular acceleration during pitching,

= ()2
Cpar = (ml)
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14.8. Effect of Gyroscopic Couple on a Naval Ship during Rolling

We know that, for the effect of gyroscopic couple to occur, the axis of precession shounld
always be perpendicular to the axis of spin. If, however, the axis of precession becomes parallel to the

axis of spin, there will be no effect of the gyroscopic couple acting on the body of the ship,

In case of rolling of a ship, the axis of precession (i.e. longitudinal axis) is always parallel to
the axis of spin for all positions. Hence, there is no effect of the gyroscopic couple acting on the body
of a ship.

Example 14.4. The rurbine rotor of a ship has a mass of 8 tonnes and a radius of gyration
0.6 m. It rotates at 1800 r, p.n. clockwise, when looking Jrom the stern. Determine the gyroscopic
couple, if the ship travels at 100 km/hr and steer to the lefi.in a curve of 75 m radius.

Solution. Given: m = 8 t = 8000 kg; A=06m;N = 1800 Lp.m. or @ = 21 x 1800/60
= 188.5 rad/s ; v = 100 km/h = 27.8 m/s s R=75m

We know that mass moment of inertia of the rotor,
1= m.k* = 8000 (0.6)2 = 2880 kg-1m?
and angular velocity of precession,
W, =v/R=278/75=0.37rad/s
We know that gyroscopic couple,
C= Lo.0,=2880 x 188.5 x 0,37 =200 866 N-m
=200.866 kN-m Ans.

We have discussed in Art. 14.6, that when the rotor rotates in clockwise direction when
looking from the stern and the ship steers to the lefi, the effect of the reactive gyroscopic couple is to
raise the bow and lower the stern. . -

Example 14.5. The heavy turbine
rotor of a sea vessel rotates at 1500 r .. P
clockwise looking from the stern, its mass |
being 750 kg. The vessel pitches with an
angular velocity of I rad/s. Determine the
groscopic couple transmitied to the hull when &
bow is rising, if the radius of gyration for the
rotor is 250 mm. Also show inwhat direction
the couple acts on the hull?

Selution. Given: N = 1500 rpm, or {
= 2x = 1500/60 = 157.1 rad/s; m = 750 ke;
Wp=1rad/s; k=250mm=0.25m

We know that mass moment of inertia ’ '
of the rotor,

I=m.F*=750(0.25)" = 46.875 kg-m? i - :
. . Ship's propeller shown as a separate part. A ship’s
- Gyroscopic couple transmitted to propeller is focated at backside {stern) of the ship
the hull (i.e. body of the sea vessel), below the water surface.

C=Ilw.w,=46.875x 157.1 x 1= 7364 N-m = 7.364 kN-m
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We have discussed in Art. 14.7, that when the bow is rising i.e. when thie pitching is upward,
the reactive gyroscopic couple acts in the clockwise direction which moves the sea vessel towards
star-board.

Example 14.6. The turbine rotor of a ship fias a mass of 3500 kg. It has a radius of gyration
0of 0.45 i and a speed of 3000 r-p.m. clockwise when looking from stern. Determine the gyroscopic
couple and its effect upon the ship:

1. when the ship is steering to the left on a curve of 100-m radius.at a speed of 36 kim/h.

2. when the ship is pitching in a simple harmonic motion, the bow falling with its maximum
velocity. ~Theperioc! of pitching is 40 seconds and the total angular displacement between the two
extreme positions of pitching is 12 degrees.

Solution. Given : m = 3500 kg ; £ =0.45 m; N = 3000 r.p.m. or @ = 2% % 3000/60 = 314.2 rad/s
1. When the ship is steering to the left

Given: R=100m ;v =km/h=10m/s

We know thlat mass moment of inertia of the rotor, )

| 1= m.k*=3500 (0.45)* = 708,75 kg-m?
and angular velocity of precession,
o, = WR =10/100 = 0.1 rad/s
*. Gyroscopic couple,
; C=1l0.w,=708.75x314.2 x 0.1 =22 270 N-m
\ =22.27 KN-m Ans.

We have dxscussed in Art. 14.6, that when the rotor rotates clockwise when lookmg from the
stern and the ship takes a left turn, the effect of the reactive gyroscopic couple is to raise the bow and
lower the stern. Ans.

2. Wihen the ship i§ pitching with the bow falling

Given: 1,=140s

Since the total angular dlsplacement between the two extreme positions of pitching is 12°
(ie. 20 =12°), therefore amplitude of swing,

¢=12/2=6°=6 % /180 =10.105 rad
and angular velocity of the simple harmonic motion,

o, =2n/t,=2r/40 = 0.157 rad/s
We know that maximum angular velocity of precession,

0, = .0, = 0,105 x 0.157 = 0.0165 rad/s
.~ Gyroscopic couple, d

) C=ILo.w,=T708.75 x 314.2 x 0.0165 = 3675 N-m
= 3.675 kN-m Ans.

We have discussed in Art. 14.7, that when the bow is falling (i.e. when the pitching is down-
ward), the effect of the reactive gyroscopic couple is to move the ship towards port side. Ans.

Example 14.7. The mass of the turbine rotor of a ship is 20 tonnes and has a radius of
gyration of 0.60 m. Its speed is 2000-r.p.m. The ship pitches 6° above and 6° below the horizontal
position. A complete oscillation takes 30 seconds and the motion is simple harmonic, Determine the
Jollowing:

|
*.f




L

Chapter 14 ; Gyroscopic Couple and Precessional Motion ® 493

L. Maximum gyroscopic couple, 2. Maximum angular acceleration of the ship during pitch-
ing, and 3. The direction inwhich the bow will tend to.turnwhen rising, ifthe rotation of the rotor is
clockwise when looking from the left

Solution. Given : m =20 t=20 000 kg ; k=0.6m ;N =2000 r.p.m, or @ =21 % 2000/60 =
209.5 rad/s; ¢ = 6°=6 = /180 = 0.105 rad 34,=30s

L. Maximum gyroscopic couple
We know that mass moment of inertia of the rotor,
I'=m.k*=20000 (0.6)2 = 7200 kg-m?2
and angular velocity of the simple harmonic motion,
©, =21/ t,=2r/30 = 0.21 rad/s
<. Maximum angular velocity of precession,
Opye = §.10, = 0.105 x 0.21 = 0,022 rad/s
We know that maximum gyroscopic couple,
Coae = L.y =7200 x 209.5 x 0,022 = 33 185 N-m
=33.185 kN-m Ans,
2. Maximum angular acceleration during pitching
We know that maximum angular acceleration during pitching
= ¢(e,)? = 0.105 (0.21)% = 0.0046 rad/s?
3. Direction in which the bow will tend to turn witen rising

We have discussed in Art. 14.7, that when the rotation of the rotor is clockwise when looking
from the left (i.e. rear end or stemn) and when the bow is rising (i.e. pitching is upward), then the
reactive gyroscopic conple acts in the clockwise direction which tends to turn the bow towards right
(i.e. towards star-board). Ans.

Example 14.8. A ship propelled by a turbine rotor which has a mass of 3 tonnes and a speed
of 2100 r.p.m. The rotor has a radius of gyration of 0.5 m and rotates in g clockwise direction when
viewed from the stern. Find the gyroscopic effects in the following conditions:

1. The ship sails at a speed of 30 km/h and steers to the left in a curve having 60 m radius,

2. The ship pitches 6 degree above and 6 degree below the horizontal-position. The bow is
descending with its maximum velocity. The motion due to pitching is simple harmonic and the periodic
time is 20 seconds. l

3. The ship rolls and at a certain instant it has an angular velocity of 0.03 rad’s clochwise
when viewed from stern,

Determine also the maximum angular acceleration during pitching. Explain how the direction
of motion due to gyroscopic effect is determined in each case.

Solution. Given : m = 5 t = 5000 kg ; N =2100 r.p.m. or o = 2% x 2100/60 = 220 rad/s ;
k=05m

1. When the ship steers to the left
Given: v=30km/h=833m/s; R=60m
We know that angular velocity of precession,
Wp = /R =18.33/60=10.14 rad/s
and mass moment of inertia of the rotor, -
1= m. k= 5000(0.5) = 1250 kg-m?




494 Theory of Machines

. Gyroscopic couple,
C=Iw.e,= 1250 x 220 x 0.14 = 38 500 N-m = 38.5 kN-m

We have discussed in Art. 14.6, that when the rotor in a clockwise direction when viewed
from the stern and the ship steers to the left, the effect of reactive gyroscopic couple is to raise the
bow and lower the stern. Ans.

2. When the ship pitches with the bow descending

Given: §=6°=6 x /180 =0.105 rad/s ; 1,=20s

We know that angular velocity of simple harmonic motion,

®; =21 /1,=2n/20=0.3142 rad/s
and maximum angular velocity of precession,
Op, e = G0, = 0.105 x 0.3142 = 0.033 rad/s
~ Maximum gyroscopic couple,
Copae = L0.0,, = 1250 x 220 x 0.033 = 9075 N-m

Since the ship is pitching with the bow descending, therefore the effect of this maximum
gyroscopic couple is to turn the ship towards port side. Ans.
3. When the ship rolls

Since the ship rolls at an angular velocity 0f£0.03 rad / s, therefore angular velocity of precession
when the ship rolls,
‘ ©, =0.03rad /s
. Gyroscopic couple,
C=Lo.w, = 1250 x 220 x 0.03 = 8250 N-m

In case of rolling of a ship, the axis of precession is always parallel to the axis of spin for all
positions, therefore ithere is no effect of gyroscopic couple. Ans.
Muxinum .rmgular;acce]emtimz during pitching

We know thfat maximum angular acceleration during piiching.

o, = ¢ (®) = 0.105 (0.3142)2 = 0.01 rad/s? Ans.

Example 1?.9. The turbine rotor of a ship has a mass of 2000 kg and rotates at a speed of
3000 r.p.m. clockwise when looking fiom a stern. The radins of gyration of the rotor is 0.5 m.

Determine the gyroscopic couple and its effects upon the ship when the ship is steering to the
right in a curve of 11'00 m radius at a speed of 16,1 knots (1 knot = 1855 m/hr),

Calculate also the torque and its effects when the ship is pitching in simple harmonic motion,
the bow fulling with its maximum velocity. The period of pitching is 50 seconds and the total angular
displacement between the two extreme positions of pitching is 12° Find the maximum acceleration
during pitching motion.

Solution. Given : m = 2000 kg ; N = 3000 rp.m. or @ = 21 x 3000/60 = 314.2 rad/s;
k=05m;R=100m;v=16.1knots=16.1 x 1855/3600=28.3 m/s

Gyroscopic couple

We know that mass moment of intertia of the rotor,
I'=m.k?=2000 (0.5)* = 500 kg-m?
and angular velocity| of precession,
®p, =v/R=8.3/100=0.083 rad /s
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- Gyroscopic couple,
C = I, =500 x 314.2 % 0.083 = 13 040 N-m = 13.04 kN-m
We have discussed in Art. 14.6, that when the rotor rotates clockwise when locking from a

stern and the ship steers to the right, the effect of the reactive gyroscopic couple is to raise the stern
and lower the bow. Ans,

Torque during Pitching
Given ; 1,=508;2¢=12°0or ¢ =6° x /180 = 0.105 rad
We know that angular velocity of simple harmonic mgtion,
W, =2r /tp=2n /50 =0.1257 rad/s \
and maximum angular velocity of precession,
Opyygr = 9.0 =0.105 x 0.1257 = 0.0132 rad/s
- Torque or maximum gyroscopic couple during pitching,
Coae =L0.0, =500 %3142 x 0,0132 = 2074 N-m Ans.

We have discussed in Art. 14.7, that when the pitchin g is downwards, the effect of the reac-
tive gyroscopic couple is to turn the ship towards port side.

Maximum acceleration during pitching
We know that maximum acceleration during pitching
e = O ()7 = 0,105 (0.1257)% = 0.00166 rad/s? Ans,

14.9. Stability of a Four Wheel Drive Moving in a Curved Path

Consider the four wheels 4,B,Cand D ofan
automobile locomotive taking a turn towards left as shown, - Inner wheel _ Outer wheel
inFig, 14.11. The wheels 4 and Care inner wheels, whereas ‘

. AN
B and D are outer wheels. The centre of gravity (C.G.) of A Left turn \'ﬂ B
: 1
Al

the vehicle lies vertically above the road surface,
Let m = Mass of the vehicle in kg,

UN e
W4 Wi4
W = Weight of the vehicle in newtons = m.g, P2 o
ry = Radius of the wheels in metres, . Qe o
R =Radius of curvature in metres
(rR> rw)s

Ty e e

h = Distance of centre of gravity, vertically
above the road surface in metres,

ey ————3

eI N
j g

Wia Wi4
x = Width of track in metres, P12
1y, = Mass moment of inertia of one of the ! rFi2
wheels inkg-m?, @2 ) Q2
wy, = Angular velocity of the wheels or ve-
locity of spin in rad/s, * - Fig 14.11. Four wheel drive
g = Mass moment of inertia of the rotating moviign & curved path,
parts of the engine in kg-m?,

®g = Angular velocity of the rotating parts of
the engine in rad/s,

G = Gear ratio = 0 /00y,
v = Linear velocity of the vehicle in m/s = Wyl
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A little considereation will show,
that the weight of the vehicle (W) will be
equally distributed over the four wheels
which will act downwards. The reacticn
between each wheel and the road surface
of the same magnitude will act upwards.
Therefore :

Road reaction over each wheel
= W/4 =m.g /4 newtons

Let us now, consider the effect of
the gyroscopic couple and centrifugal couple on the vehicle.

L. Effect of the gyroscopic couple

Since the vehicle takes a turn towards left due to the precession and other rotating parts,
therefore a gyroscopic couple will act.

We know tliat velocity of precession,
y m, =v/R
- Gyroscopic couple due to4 wheels,
v Cy=dlyoye,
and gyroscopic couple due to the rotating parts of the engine,
!
1 Cg = fp 0,00, = 1. G.oog,.0, - (0 G=wgioy)
- Net gyroscopic couple,
C=Cyx =41 050 I;.Gwy.m,
| = 04,0, (4 1y = G.I)
The positivg sign is used when the wheels and rotating parts of the engine rotate in the same
direction, I the rotating parts of the engine revolves in opposite direction, then megative sign is used.

Due-to the gyroscopic couple, vertical reaction on the road sgrface will be produced. The
reaction will be vertically upwards on the outer wheels and vertically downwards on the inner wheels.
Let the magnitude of this reaction at the two outer or inner wheels be P newtons. Then

Pxx=C or P=Clx
.~ Vertical r1eaction at each of the outer or inner wheels,
! P2=Cl2x
Note:  We have discussed above that when rotating parts of the engine rotate in apposite directions, then —ve
sign is used, i.¢. net gyroscopic couple,
C=Cy-Cg

When Cy, > C,,,, then C will be ~ve. Thus the reaction will be vertically downwards on the outer wheels
and vertically upwards on the inner wheels.
2. Effect of the cenirifugal couple

Since the vehicle moves along a curved path, therefore centrifugal force will act outwardly at
the centre of gravity of the vehicle. The effect of this centrifugal force is also to overturn the vehicle.
We know that centrifugal force,

_mxv2

= 2
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. The couple tending to overturn the vehicle or overturning couple,
2
Co =ch1:=”"fo;1
This overturning couple is balanced by vertical reactions, which are vertically upwards on

the outer wheels and vertically downwards on the inner wheels. Let the magnitude of this reaction at
the two outer or inner wheels be Q. Then

2
0xx=Cy o 0= 210
- Vertical reaction at each of the outer or inner wheels,
0 _ mih
2 2Rx .
= Total vertical reaction at each of the outer wheel,
B = .in -+ E + =
4 2 2
and total vertical reaction at each of the inner wheel,
w P Q
=y

A little consideration will show that when the vehicle is running at high speeds, Py may be
zero or even negative. This will cause the inner wheels to leave the ground thus tending to overturn

the automobile. In order to have the contact between the inner wheels and the ground, the sum of
P72 and Q2 must be Tess than /4.

Example 14.10. 4 four-wheeled trolley car of mass
2500 kg runs on rails, which are 1.5 m apart and travels i
around a curve of 30 m radius at 24 km/ br. The rails are at :
the same level. Eachwheel of the trolley is 0.75 m in diameter
and each of the two axles is driven by a motor running ina
direction opposite to that of the wheels at a speed of five
times the speed of rotation of the wheels. The moment af
inertia of each axle with gear and wheels is 18 kg-m?. Each
motor with shaft and gear pinion has a moment of inertia of |
12 kg-m’. The centre of gravity of the car is 0.9 m above the
rail level. Determine the vertical force exerted by each wheel
on the rails taking into consideration the centrifigal and 3

gyroscopic effects. State the centrifugal and gWrosegpic effects
on the trolley,

Solution. Given : nr = 2500 kg:x=15m;R=30m
¥ = 24 kim/h = 6.67 m/s ; dy =075 m or ry =0375m;G= O/wy, =55 [, = 18 kg-m? ;
L=12kg-m?; h=09m

The weight of the trolley (W =m .g) will be equally distributed over the four wheels, which
will act downwards. The reaction between the wheels and the road surface of the same magnitude will
act upwards.

.. Road reaction over each wheel = WiA=m.gl4=2500%981/4=613125N
We know that angular velocity of the wheels,

Wy = virg, =6.67/0.375 = 17.8 rad/s
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and angular velocity of precession, @, = v/R=6.67/30=0.22 rad/s
- Gyroscopic couple due to one pair of wheels and axle,
Cyw = 210450, =2 % 18 x 17.8 x 0.22 = 141 N-m
and gyroscopic couple due to the rotating parts of the motor and gears,
Cg = 2L 0p0, =2 L. Guoytop, . (v ;=G ody)
=2x12x5x17.8 = 0.22 =470 N-m
.. Net gyroscopic couple, C=Cy,—-C;=141-470=-329 N-m
- {(—ve sign is used due to opposite direction of motor)

Due to this net gyroscopic couple, the vertical reaction on the rails will be produced. Since
C;, is greater than C!‘ , therefore the reaction wilt be vertically downwards on the outer wheels and
vertically upwards on the inner wheels. Let the magnitude of this reaction at each of the outer or inner
wheel be P/2 newton,

o PI2=CRx=329/2x15=109.7N
We know tl;at centrifugal force,  F, = m.v¥R =2500 (6.67)%30 =3707 N
. Overturhing couple, Co = Fo x h=3707 x 0.9 = 3336.3 N-m

This overturning couple is balanced by the vertical reactions which are vertically upwards on
the outer wheels and vertically downwards on the inner wheels. Let the magnitude of this reaction at
each of the outer orjinner wheels be /2 newton.

‘ Q/2=0C,/2x=33363/2x15=1112.1 N
We know that vertical force exerted on each outer wheel,

W P 0

b= 73 + ;~=6131.25 —109.7+ 1112.1 = 7142.65 N Ans.
and vertical force exerted on each inner wheel,
W P , L.
l R= s + 77 % =6131.25+ 109.7 - 1112.1 = 5128.85 N Ans.

Example 14.11. 4 rear engine automobile is travelling along a track of 100 metres mean
radius. Each of the four road wheels has a moment of inertia of 2.5 kg=m? and an effective diameter
of 0.6 m. The rotating parts of the engine have a moment of inertia of 1.2 kg-m?. The engine axis is
parallel to the rear axle and the crankshaft rotates in the same sense as the road wheels. The ratio of
engine speed to back axle speedis 3 : 1. The automobile has a mass of 1600 kg and has its centre of
gravity 0.5 m abovelroad level, The width of the track of the vehicle is 1.5 m.

Determine the limizting speed of the vehicle around the curve for all four wheels to maintain
contact with the road surface. Assume that the road surface is not cambered arid centre of gravity of
the automobile lies centrally with respect to the four Wwheels.

Solution. G;ven tR=100m; Iy= 2.5kg-m?; dy;=0.6m or Fe=03m;I,=1.2 kg-m?;
G=uyfoy,=3;m $1600kg; h=05m;x=1.5m

The weight of the vehicle (m.g) will be equally distributed over the four wheels which will act
downwards. The reaction between the wheel and the road surface of the same magnitude will act
upwards.

~. Road reaiction over each wheel
=Wid=mg/4=1600x9.81/4=3924 N
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Let | v = Limiting speed of the vehicle in m/s.
We know that angular velocity of the wheels,
Wy =~ =—1 =333 v rad/s
Hy 0.3
and angular velocity, of precession,

wp = 2= —001v rad/s
I R 100

* Gyroscopic couple due to 4 wheels,

_ _ 4 v o 2
! Cw"“w-‘”w-wp““x 25% 3 % ﬁmo.ﬁ v" N-m

and gyroscopic couple due 1o rotating parts of the engine,
Cg = Ip 0.0, = I G000,
=12x3x3.33v x0.0lv=0.12v* N-m
». Total gyroscopic couple,
C=Cy+C=033v+0.1212=0.45 v2N-m
Due to this gyroscopic couple, the vertical reaction on the rails will be produced. The reac-
tion will be vertically upwards on the outer wheels and vertically downwards on the inner wheels, Let
the magnitude of thisireaction at each of the outer or inner wheel be P12 newtons.
PI2=C2x=045v}2x15=0.15v2N
We know that centrifugal force,
Fo =my¥R=1600x v¥100=16 v} N
-~ Overturning couple acting in the outward direction,
Co=Fxh=16v*%0.5=8vN-m
This overturning couple is balanced by vertical reactions which are vertically upwards on the
outer wheels and vertically downwards on the inner wheels. Let the magnitude ofthis reaction at each
of the outer or inner wheels be {/2 newtons.
0/2=Cy/2x=8v¥2x15=267v2N
We know thatl- total vertical reaction at each of the outer wheels,
W P 0
h=—=+=+= W
T4 7272 @
and total vertical reaction at each of the inner wheels,
w P O W (P 0
P=—‘——"“"—"=—'— —+._. .
1472727, [2 2) )
From equation (i), we see that there will always be contact between the outer wheels and
the road surface because /4, P/2 and O/2 are vertically upwards. In order to have contact between
the inner wheels and road surface, the reactions should also be vertically upwards, which is only
possible if

PO
2 2 4
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ie 0.15v2+267v2<3924  or 2.82v2<3924
-~ v2<3924/2.82 = 1391.5
or v <37.3 m/s = 37.3 x 3600/ 1000 = 134.28 km/h Ans.

Example 14.12. 4 four wheeled motor car of mass 2000 kg has a wheel base 2.5 m, track
width 1.5 m and height of centre of gravity 500 mm above the ground level and lies at I metre from
the front axle. Each wheel has an effective diameter of 0.8 m and a moment of inertia of 0.8 kg-m°.
The drive shafi, engine flywheel and transmission are rotating at 4 times the speed of road wheel, in
a clockwise direction vhen viewed from the front, and is equivalent to a mass of 75 kg having a
radius of gyration of 100 mm. If the car is taking a right turmof 60 m radius at 60 km/h, find the load
on each wheel.

Solution. Given : m=2000kg:p=25m:x=1. Sm; A=3500mm=05m;L=1m; dy =
08morr,=04m;/l,=08kgm?; G= u)E/mW 4;my=75kg; k=100 mm=0.1m;
R=60m;v= 60km/h“ 16.67 m/s

Since the centre of gravity of the car lies at 1 m from the front axle and the weight of the car
(W = m.g) lies at the centre of gravity, therefore weight on the front wheels and rear wheels will be
different. .

Let W, = Weight on the front wheels, and
W, = Weight on the rear wheels.
Taking moment about the front wheels,
W,%x2.5 =W x 1 =mgx1=2000 % 9.81 x 1 = 19 620
W, =19620/25="T848 N
We know that weight of the car or on tle four wheels,
W =W +W,=mg=2000x981=19620N

or W, = W—W,=19620~7848 = 11 772N floar wheels
o,
" Weight.on each of the front wheels - . = S
=W,/2=11772/2=5886 N A w2 W,f2
. Y P2 P2
and weight on each of the rear wheels A F2 £io
= W,/2=7874/2=3924 N 192 @ @2y 25m

Since the weight of the car over the four wheels will act T-(-_1,5 m
downwards, therefore the reaction between each wheel and the m Engine
road surface of the same magnitude will act upwards as shown ¢ ( ] 1 @ 5
in Fig. 14,12,

Front wheels|

Let us now consider the effect of gyroscopic couple w2 w2
due to four wheels and rotating parts of the engine. P2 / Direction & A2
We know angular velocity of wheels, Fi2 of viewing Fi2
Oy =Viry=1667/04=41675rad/s Q2 ¥ g Q2
and angular velocity of precession, - Fig, 1412

W, = v/R=16.67/60=0278rad/s
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-~ Gyroscopic couple due to four wheels,
Cy = 4100,
=4 x 0.8 x41.675 % 0278 =37.1 N-m

This gyroscopic couple tends to lift the inner wheels and to press the outer wheels. In other
words, the reaction will.be vertically downward on the inner wheels (i.e. wheels 1 and 3) and verti-
cally upward on the outer wheels (f.e. wheels 2 and 4) as shown in Fig. 14.12, Let P/2 newtons be the
magnitude of this reaction at each of the inner or outer wheel.

Pl2=Cyl2x=37.1/2% 15=1237N

We know that mass moment of inertia of rotating parts of the engine,

I = mg (ke =75 (0. 123 =0.75 kg-m? W I=mkR)
Gyrosco;iic couple due to rotating parts of the engine,
Cp = Ipwp@p=my (k) G. 0.0,

=75(0.1)*4 x 41.675 x 0.278 = 34.7 N-m

This gyroscopic couple tends to lift the front wheels and to press the outer wheels. In other
words, the reaction vu:rill be vertically downwards on the front wheels and vertically upwards on the

rear wheels as shown'in Fig. 14.12. Let F/2 newtons be the magnitude of this reaction on each of the
front and rear wheels:

F/2=Cy/2b=347/2%25=694N

Now letus coinsider the effect of centrifugal couple acting on the car, We know that centrifiigal
force, ’

Fy = my?/ R=2000 (1667 60=9263 N~
- Centrifugal couple tending to overturn the car or over turning couple,
s = Fo x h=9263 x 0.5 =4631.5 N-m

This overturning couple tends to reduce the pressure on the inner wheels and to increase on
. . . ¥
the outer wheels. In other words, the reactions are vertically downward on the inner wheels and

vertically upwards onlthe outer wheels. Let 0/2 be the magnitude of this reaction on eiich of the inner
and outer whiels.

o = Co/2x=46315/2x1.5=1543.83 N
From Fig. 14.! 12, we see that
Load on the front wheel 1

P F .
= % BCOEC % = 5886 —12.37 — 6.94 — 1543.83 = 4322.86 N Ans.
Load on the front wheel 2

= U + i;i £ + 14 = 5886 + 12.37 — 6.94 + 1543.83 = 7435.26 N Ans.

2 2 2 )
Load on the réar wheel 3
= f’;l - g + g— -‘% =3924 1237 + 6.94 — 1543.83 = 2374.74 N Ans.

Load on the réar wheel 4

= E’Z—z + g + {; + % =3924 -+ 12.37 + 6.94 + 1543.83 = 5487.14 N Ans.
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Example 14.13. 4 four-wheeled trolley car of total mass 2000 kg running on rails of 1.6 m
gauge, rounds a curve of 30 m radius at 54 km/h. The track is banked at 8°. The wheels have an
external diameter of 0.7 m and each pair with axle has a mass of 200 kg, The radius of gyration for
each pair is 0.3 m. The height of centre of gravity of the car above the wheel base is 1 m. Determine,
allowing for centrifugal force and gyroscopic couple actions, the pressure on each rail,

Solution. Given : m =2000 kg ;x = 1.6 m ; R=30m; ;v=54km/h=15m/s;0=8";
dy=07morr,=035m;m, =200kg;k=03m;A=1m

First ofall, let us find the reactions R, and R atthe wheels 4 and B respectively. The various
forces acting on the trolley car are shown in Fig. 14.13.

Resolving the forces perpendicular to the track,
]
. myv' .
R, +Ry=WcosB+F.sin0=mgcos0+ 2 sin 6

2
2000 (15) < si

= 2000 x 9,81 cos 8° + in 8°

=19 620 x 0.9903 + 15 000 % 0.1392=21 518 N

Fig. 14.13

Now taking moments about B,

R, %xx = (W cos 8+ F_sin 6) §-+Wsin9><h—~FCcosBXk

2 2
myv: . 1 . my h
R mgeos+——smnl|—+imgsm——cos 8 |—
A= ME R 2 T R )x

2
2000 x 9.81 cos §° + % sin SJ%

5 2
+ | 2000 x 9.81 sin 8° - 2000 @5)” cos 8° L
30 1.6

1
= (19620 % 0.9903 + 15 000 % 0.1392) 5

1
+ (19620 % 0.1392 — 15 000 x 0.9903) 16
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= (19 430 + 2088) -;— + (2731 — 14 855) -il—6

=10759-7577=3182N
. Ry=(@R,+R)-R,=21518-3182=18336N
We know that angular velocity of wheels,

o =2 =12 _ 42 86 rad/s
rw 0.35

. ) .
and angular velocity, of precession,

wpzl E=0.5rad/s
R 30

. Gyroscopic couple,
booc=#g Wy €03 8 x o, = my k2w, cos B, w( T=m %)
=200 (0.3)* 42.86 cos 8° x 0.5 =382 N-m
Due to this gyroscopic couple, the car will tend to overturn about the outer wheels, Let Pbe
the force at each paii of wheels or each rail due to the gyroscopic couple,
: P=C/x=382/16=23875N
We know that pressure (or total reaction) on the inner Tail,
Py=R, - P=3182-23875=2943.25 N Ans.
and pressure on the onter rail,

Py =Ry +P=18336+238.75 = 18 574.75 N Ans.

Example 14.;1 4. 4 pair of locomotive driving wheels with the axle, have a moment of inertia
of 180 kg-m?. The diameter of the wheel treads is 1.8 m and the distance between wheel centres is
1.5 m. When the locomotive is travelling on a level track at 95 km/h, defective ballasting causes one
wheel to fall 6 mm and to rise again in a total time of 0.1 s. If the displacement of the wheel takes
place with simple harmonic motion, find : 1. The gyroscopic couple sef up, and 2. The reaction
between the wheel and rail due to this couple.

Solution. Given : /=180 kg-m?; D=18morR=09m ;x=15m;v=95km/h=264m/s
1. Gyrescopic couplj’z set up

We know that angular velocity of the locomotive,
®=vR=264/0,9=293rad/s

Since the defective ballasting causes one wheel to fall 6 mm and to rise again in a total time
(D) of 0.1 s, therefore E

1 1 1
i A=—=—TFall=Z Rise=—x6 =3 mm
Amplitude, 2 5 >

and maximum velocity while falling,

Vinax -—-%x A =—2~T—t-x3 =118.5 mmn/s =0.1885m/s
’ 0.1

t
‘Maximum} angular velocity oftilt of the axle or angular velocity of precession,

P 0.1885

: _ Ymax _
umax - -
X

=0.126 rad /s

*  Angular momentunjl about axle = Lay,
-« Angular mementum about horizontal = Loy cos 8
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We know that gyroscopic couple set up,
C=10.00p,, =180 x 29.3 x 0,126 = 664.5 N-m Ans.
The gyroscopic couple will act in a horizontal plane and this couple will tend to produce

swerve i.e. it tends to turn the locomotive aside.
2. Reaction between the wheel and rail due 1o the gyroscopic couple
We know that the reaction between the wheel and rail due to the gyroscopic couple is
P= Clx=664.5/1.5=443 N Ans.

14.10. Stability of a Two Wheel Vehicle Taking a Turn

Consider a two wheel vehicle (say a scooter or motor cycle) taking a right turn as shown in
Fig. 14.14 (a).

e
! ! v Axis of precession
F
ftv Reactive gyro. H Z
I
[| Frontwheel ¥ couple™ ©
T ™ r
Cent. coupie
Engine ! Axis of
. / active gyro. couple
A ;\...\ iy sich
| h 5
1 FC f v~
}. Rear wheel ] hcosd 0
! .. ® COS
A Radius of - Pr—X
1 ‘A\/— track 0 ©
W=m.g E

Axis of spin iy A
{a) 5] (e)
Fig. 14.14. Stability of a two wheel vehicle taking a turn

Let m = Mass of the vehicle and its
rider in kg,
W = Weight of the vehicle and
its rider in newtons = m.g,

h = Height of the centre of
gravity of'the vehicle and
rider,

ry, = Radius of the wheels,

R =Radius of track or
curvature,

Motorcycle takin a turn.

1, = Mass moment of inertia of each wheel,
Iz = Mass moment of inertia of the rotating parts of the engine,
wy, = Angular velocity of the wheels,
®; = Angular velocity of the engine,
G = Gear ratio = W/ Wy,
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v = Linear velocity of the vehicle = Wy X Ny
8 = Angle of heel. It is inclination of the vehicle to the vertical for equilibrium.

Letusnow consider the effect of the gyroscopic couple and centrifigal couple on the vehicle,
as discussed below.

L. Effect of gyroscopic couple

We know thzflt V=g Xy or oy, =v/r,
! Vv
a.nd 035=G.G)W=GX—
w
- Total {Ixm) =21y, x WES AN

=2 Iy X+ [y xGx == (2 Iy % GIg)
Fy w Hy

and velocity of prece]ssion, ©,=v/R

A little consideration will show that when the wheels move over the carved path, the vehicle
is always inclined at an angle 8 with the vertical plane as shown in Fig. 14.14 (5). This angle is known
as angle of heel. In other words, the axis of spin is inclined to the horizontal at an angle 8, as shown
in Fig. 14.14 (c). Thus the angular momentum vector fo due to spin is represented by (24 inclined to
OX atan angle 8. But the precession axis is vertical. Therefore the spin vector is resolved along OX.

LY
Gyroscoplc couple,

C =Locos OX wp = — (2 Iy + GIg) cos B x ~
Ry R
2

Y (2 Iy +G.I;) cos 6
.rw

i

Notes : (@) When the engine is rotating in the same direction as that of wheels, then the positive sign is used in
the above expression and if the engine rotates in opposite direction, then negative sign is used.

" Thq gyroscopic couple will act over the vehicle outwards i.e. in the anticlockwise direction
when seen from the front of the vehicle. The tendency of this couple is to overturn the vehicle in outward
direction,

An aircraft of 1920's model.
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2. Iffect of centrifugaf couple
We know that centrifugal force,

2
.y
fe="%
This force acts horizontally through the centre of gravity (C.G.) along the outward direction,

. Centrifugal couple,
2
Cy=F,xhcos @ =[%:—-}h cos 6

Since the centrifugal couple has a tendency to overturn the vehicle, therefore
Total overturning couple,
Co = Gyroscopic couple + Centrifugal couple
2

2
Vv my-
== 21y + Gl €05 6 4 — i
Ry W E R

v {20y +Gly
R Py
We know that balancing couple = m.g.4 sin 8

The balancing couple acts in clockwise direction when seen from the front of the vehicle,
Therefore for stability, the overturning couple must be equal to the balancing couple, i.e.

ﬁ[z Iy + Gl

+ m.hj' cos 6

R Hr

From this expression, the value of the angle of heel (8) may be determined, so that the vehicle
does not skid.

Example 14.15. Find the angle of inclination with respect to the vertical of a two wheeler
negotiating a turn. Given : combined mass of the vehicle-with its rider 250 kg ; moment of inertia of
the engine flywheel 0.3 kg-m? ; moment of inertia of each road wheel 1 kg-m? ; speed of engine
Sfhwheel 5 times that of road wheels and in the same direction ; height of centre of gravity of rider
with vehicle 0.6 m ; two wheeler speed 90 km/h ; wheel radius 300 mm ; radius of turn 50 m.

Solution. Given : m =250 kg ; I = 0.3 kg-m? s Iy=lkgm’; 0 =5w or G=6 =5 :
Wy

]120.6m;v=90km/h=25m/s;rw=300mm=0.3m;R350m

+ m.h]‘cos 6=mghsin @

Let & = Angle of inclination with respect to the vertical of a two wheeler.
We know that gyroscopic couple,
2 2
. v (25)
C = 21y +Glg)cos 0=—""2 _(2x1+5x0.3) cos O
'S Ry W G 50% 03 . ) cos
= 146 cos O N-m
2 9 2
and centrifugal couple, G = % X hcos 8= :% X 0.6 cos 6= 1875 cos 8 N-m

.. Total overturning couple,

=C,+C, =146 cos 8+ 1875 cos © = 2021 cos © N-m
We know that balancing couple

= m.g.hisin 0 =250 x 9.81 x 0.6 sin 8 = 1471.5 sin 0 N-m




Chapter 14 : Gyroscopic Couple and Precessional Motion * 507

Since the overturning couple must be equal to the balancing couple for equilibrium condi-
tion, therefore

2021 cos © = 1471.5sin @
- tan & = sin 8/ cos 8=2021/1471.5 = 1.3734 or 6 = 53.94° Ans.
Example 14.16. 4 gyrowheel D of mass 0.5 kg, with a radius
of gyration of 20 mm, is mounted in a pivoted frame C as shown in ;
Fig. 14.15. The axis, AB of the pivots passes through the centre of
rotation Q of the wheel, but the centre of gravity G of the frame C is
10 mm below O. The frame has a mass of 0:30 kg and the speed of B~

rotation of the wheel.is 3000 r.p.. in the anticlockwise direction as
shown. :

The entire uf%rit is mounted on avehicle so.that the axis AB is
parallel to the direction of motion of the vehicle. Ifthevehicle travels
at 13 mis in a curve of 50 metres radius, find the inclination of the 2 »
gyrovheel from the Jertical, when

Fig. 14.15
1. The vehicle moves in the direction of the arrow ‘X’ taking

a left harid turn alonig the curve, and

2. The vehicle reverse at the same speed in the direction-of arrow ‘Y’ along the same path.

Solution. Given : m; = 0.5 kg ; ¥ =20 mm = 0.02 m ;0G=h=10mm=00lm;
my,=03 kg;N=3090 rpm.or®=2x % 3000/60=3142rad/s ;v=15m/s; R=50m

We know that mass moment of inertia of the gyrowheel,
I'=m.k*=0.5(0.02)2 = 0.0002 kg-m>
and angular velocity of precession,
(JJP‘ =v/R=15/50=0.3rad/s
Let 0 = Angle of inclination of gyrowheel from the vertical,
1. When the velticle jroves in the direction of arrow X taking a left turn along the curve
We know that gyroscopic couple about O,
C; = Tonw, cos 8=0.0002 x 314.2 x 0.3 cos 8 N-m
= 0.019 cos 8 N-m (anticlockwise)
and centrifugal coupI? about G,

[

2
My

C, = X ficos ©=

2
E'g—- % 0.01 cos 6 N-m

. = 0.0135 cos 8 N-m (anticlockwise)
- Total overturning couple
=C;~C,=0.019 cos 6—0.0135 cos ©
- (~ ve sign due to opposite direction)
= 0.0055 cos 6 N-m (anticlockwise)
We know thatlgbalancing couple due to weight (W, = m,.g) of the frame about O,
l = m,ghsin 0=0.3 x 9.81 x 0.01 sin 6 N-m
= 0.029 sin 6 N-m (clockwise)
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Since the overturning couple must be equal to the balancing couple for equilibrium condi-
tion, therefore

0.0055¢c0s 6 = 0.029sn O

or tan 0 = sin 0/ cos 0 = 0.0055/ 0.029 = 0.1896
6 = 10.74° Ans,
Active gyro.
couple

Moment of W,
/ ;:Cem. couple

Reactive
gyro. couple

Fig. 14.16
2. When the vehicle reverses at the same speed in the direction of arrow 'Y along the sene path

When the vehicle reverses at the same speed in the direction of arrow ¥, then the gyroscopic
and centrifugal couples (C, and C,) will be in clockwise direction about O and the balancing couple
due to weight (W, = m,.g) of the frame about O will be in anticlockwise direction.

. Total overturning couple
= Cy+ €, =10.019 cos 8 +0.0135 cos 8 = 0.0325 cos 8 N-m
Equating the total overturning couple to the balancing couple, we have
0.0325 cos § = 0.0295in 6
or tan © = sin 8/ cos 8=0.0325/0.029 = 1.1207
6 = 48.26° Ans.

~

14.11. Effect of Gyroscopic Couple on a Disc Fixed Rigidly at a Certain
Angle to a Rotating Shaft

Consider a disc fixed rigidly to a rotating shaft such that the polar axis of the disc makes an
angle O with the shaft axis, as shown in Fig. 14.17. Let the shaft rotates with an angular velocity w
rad/s in the clockwise direction when viewed from the front. A little consideration will show that the
disc will also rotate about O.X with the same angular velocity ® rad/s. Let OP be the polar axis and

OD the diametral axis of the disc.
Polar axis
P / Disc
’f\
4

V\w cosf
_—_)x_lj.:m_“.._._ﬂéi, e e R —— Sh:a.!t_aXiS
Direction ~~._ @ ~.
of viewing T~ /-

wsng "~
44— Diametral axis

Fig. 14.17. Effect of gyroscopic couple on a disc fixed rigidly at a certain angle to a rotating shaft.
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- Angular velocity of the disc about the polar axis OP or the angular velocity of spin
= wcos O - {Component of w in the direction of OP)

Since the shaft rotates, therefore the point P will move in a plane perpendicular to the plane
of paper. In other words, precession is produced about OD.

<. Angular velocity of the disc about the diametral axis OD or the angular velocity of precession
=wsinH
I£ 1}, is the mass moment of inertia of the disc about the polar axis OP, then gyroscopic couple
acting on the disc,

i
Cp = I,.cosB.0sin B = 3% L% sin 20

("7 2'5in 8 cos @ =sin 26)
The effect ofithis gyroscopic couple is to turn the disc in the anticlockwise when viewed from
the top, about an axis through O in the plane of paper.

Now conside;r the movement of point D about the polar axis OP. In this case, OD is axis of
spin and OP is the axis of precession.

.~ Angular v;relocity of disc about OD or angular velocity of spin
=wsin0
and angular velocity of D about OP or angular velocity of precession
" =wcosB

If I, is the mass moment of inertia of the disc about the diametral axis OD, then gyroscopic
couple acting on the disc,

1
Cp = I, @sin0.0cos 8= 5 % 407 sin 20

The effect of this couple will be opposite to that of Cp.
- Resultant gyroscopic couple acting on the disc,

—_— — 1 3
C=Cp=Cp= 5% 0P sin20 (I,~ Ip)

. .

This resultant gyroscopic couple will act in the anticlockwise direction as seen from the top.
In other words, the sha:ﬁ tends to tumn in the plane of paper in anticlockwise direction as seen from the
top, as a result the horizontal force is exerted on the shaft bearings.

Notes: 1. The mass moment of inertia of the disc about polar axis OP,

, o = m.22
and mass moment of inertia of the disc about diametral axis 0D,
12 ?‘2
In=m|—+=—
L [ 12 4 ]
where m = Mass of disc,

r = Radius of disc, and
{ = Width of disc.
2. If the disc is thin, 7 may be neglected. In such a case
Iy = maP4

= —8—x @’ .r? 5in 20

mr® mr’) m
4

C=Lxwsin20) M _mr’
2 2
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Example 14.17. 4 shaft carries a uniform thin disc of 0.6 m diameter and mass 30 kg. The
disc is out of truth and makes an angle of 1° with a plane at right angles to the axis of the shaft. Find
the gyroscoprc couple acting on the bearing when the shaft rotates at 1200 r.p.m.

So!utmn. Given : d=06morr=03m,m=30kg;0=1°; N ="1200 rp.m. or

| W= % 1200/60 =125.7rad /s - % : .
i . =~ ¥We know that gyroscoplc couple acting on the bearings, " °* e , g ) ’
] L . P U > K e 2
. . C= —8- ‘% w2 sin 29 == (12;5.7)' (0.3)2 si}j. 2° = 186,N-m Ans.
T . ‘ 3’ ¥ o

EXERC!SES e Mo

1. A flywheel of' mass 10 kg and radius of gyration 200 mm is spinning about its axis, wlugh is horlzontdl
and is suspended at a point distant 150 mm from the plane of rotation of the ﬂywheel Determyine the
angular velocity of preccssmn of the ﬂywheel The spin speed of ﬂywht.el is900r. -D- m
v, AnS. 039 radis]
2. Ahorizontalaxle 4B, 1 m long, js vaoted at the mid point C. It cames a wclght of 20, N at A anda
wheel wcighmg 50N at B. The wheel i5 made to spin at a speed of 600 r.p.m ina c]ockw:se{dlrecnon
ldokmg from its front. Assuming that the wei ight of the ﬂywhcel is umformly dlstnbuted around the
“" rim whose mean'didmater is 0:6 m, éalculate: the angular velocity 6f precessmn*of the"systcm around
~the vertical 2 axis'through C. [Ans' 0. SZ‘m(Us]
3% An aeroplane rung at 600 km T T}}e rotor, ofthe engine welghs 4000 N wnh radnusfof gyratmn of '
St | ‘metté. The spced of rotor 1s 3000 Lp.HL, m antmlock\vlse direction when scen from” rear side of the
G ‘acroplane o v SR Srd.. " ‘?:M
¥t If the plane takes a loop upwards ina curye of 100 metres radlus, find 1 gymscop:c couploﬁcvcl—
* Gpe ed; ‘and 2:%effect of reaction gyroscoplc couple dcveloped o thc bady of aemplane
f““‘ S R e MR T A I Lms.zxsnﬁ\l-mj

e RS U A
: An aeroplane makes A compiete half cirble of 50 metres radius, t{owardqv[glt,whcn ﬂymg at 200 km
per huur The rotary cngme and the propeller of the planc has a mags of 400 kg with a radlus of ,
gyratmn of 300'mm, 'The ehgine uns at 2400°'t.p.m. clockwlse, when v:ewed from the rear. Find the
gyroscop:c couplc on‘the aircraft and siate its effect on it. What w:ll lJ(.. the effect, 1f the“aeroplanc
" "tums to its right § instead of to the'left? |, * * 7 - @ns. 10 kN-m]
5. ‘~. . Each paddle wiibel of a steamerhavc amass of 1600 kg and a rad:us of “gyration.of 1, 2 m, T he bteamer
s toport in a c:rc[e of 160 m raqu 24 km? &, the speed of the: paddles bemg 90 rp m. Fmd the
magmtude and effect 'of the gyroscopm couple actmg on the steamer. [Ans. 905.6 N-m]
The roto,of the turbme of ayacht makes 12001, p.m. clockwise when viewed from stem. The rotor has
R A mass of 750 kg and its radius of gyration is 250 . Find the maximum gyroscopic couple transmit-
“ted o] thie bl {body ofthe yacht) when yacht pltches with maximum angular velogity of 1 rad /b tht is
:** the’ cffect of this couple 3" lAns 5892’N—m1
7.7 " Thc rotor of a turb:ne installed in a boat with its axns along the longltudmdl ax:s o‘f the boat makes
* 1500 r.p.m. clockwise when viewed from the stern, The rotor has, .a mass of. 750 kg and a radius of
gyratlon of 300 mm. If at an instant, the boat pitches in the Iongltudmal Vcrtlcal | plane sg. that the bow
¢ riSes from the horizdntal plane with ai anguia: velocity of 1 fad7s, determme the lorque - actin gonthe
*  boatand the d:recnon in which it ténds 1o turn ‘the boat at the instant._ . {Ans 10. 6 kN- m]
8. The mass of a turbma rotor of aship is 8 tonnes and has a radius of gyrauon 0.6m. It rotates ‘at 1800
Lp.m. élockwise when looking from the stem Detcnﬁme the gymscopw effccts in the following
cases:
LI the ship trave!hng at 100 ki / h stregs to the lcﬂ inzcurve of 75 m radms, 3. Ifthe ship is pitching
" and the bow is descending with maximum velocity, The pitching is qlmple harmonic, the periodic time
bung 20.seconds dnd the total angular movement between the extreme posmons is 10°, and 3. If the
. Shlp is rollmg and; at a certain instant ]1'13 an angular vélocity of 0.03 rad/s clockw1se when locking
from stu‘n

- w —
- : LI %
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In each case, explain clearly how you determine the direction in which the ship tends to move as a
result of the gyroscopic action, [Ans. 201 kN-m ; 14.87 kN-m ; 16.3 iN-m|]
The turbine rotor of a ship has a mass of 20 tonnes and a radius of gyration of 0.75 m. Its speed is 2000
r.p.m. The ship pitches 6° above and below the horizontal position. One complete oscillation takes 18
seconds and the motion is simple harmonic. Calcnlate :
1. the maximum couple tending to shear the holding down bolts of the turbine, 2. the maximum
angular acceleration of the ship during pitching, and 3. the direction in which the bow will tend to turn
while rising,! if the rotation of the rotor s clockwise when looking from rear.
[Ans. 86,26 kN-m ; 0.0128 rad /52, towards star-hoard|
A motor car takes a bend of 30 m radius at a speed of 60 km / hr. Determine the magnitudes of
gyroscopic and centrifugal couples acting on the vehicle and state the effect that each of these has on
the road reac%tions to the road wheels. Assume that ;
Lach road wheel has a moment of inerfia of 3 kg-m? and an effective road radius of 0.4 m.
The rotating ]')arrs of the engine and transmission‘are equivalent to a flywheel of mass 75 kg with a radius
of gyration of 100 mm. The engine turns in & clockwise direction when viewed from the front.
The back-axle ratio is 4 : 1, the drive through the gear box being direct. The gyroscopic effects of the
half shafts af the back axle are to be ignored.
The car has a mass of 1200 kg and its centre of grayity is 0.6 m above the road wheel,
The turn is in a right hand direction,
If the turn has been in a left hand direction. all other details being unaitered, which answers, it any,
-need modification. [Ans. 347.5 N-m : 6570-Nem]
A rail car has a total mass of 4 tonnes. There are two axles, each of which topether with its wheels and
gearing has a.!tmal moment of inertia of 30 kg-m2, The centre distance between the two wheels on an
axle is §.5 metres and each wheel is of 375 mm radius, Each axle is driven by amotor, the speed ratio
between the two being 1 @ 3. Each motor with its gear hias a moment of inertin of 15 kg-m? and runs
in a direction opposite to that of its axle. The centre of gravity of the car is 1.05 m above the rails,
Determine the limiting speed for this car, when it rounding a curve of 240 metres tadius such that no
wheel leaves the rail, Consider the centrifugal and gyroscopic effects completely, Assume that no cant
is provided for outer rail. [Ans, 144 km / i)
A racing car weighs 20 kN. It has a wheel base of 2 m, track width [ m and height of €.G. 300 mm
above the ground level and lies midway between the front and rear axle, The engine flywhee! rotates
at 3000 rp.m. clockwise when viewed from the front. The moment of inertin of the. flywheel s
4 kg-m? and moment of inertia of each wheel is 3 kg-m®. Find the reactions between.the wheels and
the ground wien the car takes a curve of 15 m radius towards right at 30-km / h. taking into considet-
ation the gyn‘)'scopic and the centrifugal effects, Each wheel radius is 400 mm, T
{Ans. Front inner wheel = 33417 N ¢ Front outer wheel = 63095 IN-;
‘Rear inner wheel = 3690.5 N ; Rear outer wheel = 66583 N|
A four wheel trolley car of total mass 2000 kg running on rails of 1 m gauge, rounds a curve of 25 m
radius at 40 km / h, The track is banked at 10°, The wheels have an extenal diameter of 0.6 m and
cach pair of an axle has a mass of 200 kg. The radius of gyration for each pair is 250 nun. The lreight
of C.G, of the car above the wheel base is 0.95 m. Allowing for centrifugal force and gyroscopic
couple action, determine the pressure on each rail. [Ans. 4328 N ; 16 704 N|
A 2.2 tonne racing car has 2 wheel base of 2.4 m and a track of 1.4 m from the rear axle. The equiva-
lent mass of engine parts is 140 kg with radius of gyration of 150 mm. The back axle ratio is 5. The
engine shaft and flywheel rotate clockwise when viewed from the front. Each wheel has a diameter of
0.8 m and 2 moment of inertia of (1.7 kg-m®. Determine the load distribution on the wheels when the
caris rounding a curve of 100 m radivs at a speed 6f 72 km / b.to the left.
A dischas a mass of 30 kg and a radivs of gyration about its axis of symmetry 123 mm while its radius
of gyration ab'gsut a diameter of the disc at right angles to the axis of symmetry is 75 mm. The disc is
pressed on to the shaft but due to incorrect boring, the angle between the axis of symmetry and the
actal axis of rotation is 0.25°, though both these axes pass through the centre of gravity of the disc.
Assuming that the shafi is rigid and is cacried between bearings 200 mm apart, determine the bearing
forces due to the misalignment at a speed of 5000 r.pm. [Ans, 1810 N]
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A wheel of a locomotive, travelling on a level track at 90 km / b, falls in 2 spot hole 10 mm deep and
rises again in a total time of 0.8 seconds. The displacement of the wheel takes place with simple
harmonic motion. The wheel has a diameter of 3 m and the distance between the wheel centres is 1,75
m. The wheel pair with axle has a moment of inertia of 500 kg-m?2. Determine the magnitude and the
effect of gyrocouple produced in this case. [Ans. 186.6 N-m|
Each road wheel of a motor cycle has a mass moment of inertia of 1.5 kg-mZ. The rotating parts of the
engine of the motor cycle have a mass moment of inertia of 0.25 kg-m2. The speed of the engine is 5
times the speed of the wheels and is in the same sznse. The mass of the motor cycle with its rider is 250
kg and its centre of gravity is 0.6 m above the ground level.

Find the angle of heel if the cycle is travelling at 50 km /h and is taking a turn of 30 m radius. The
wheel diameter is 0.6 11 [Ans. 35.7°]
A racing motor eyclist travels at 140 km/h round a curve of 120 m radius measured horizontally. The
cycle and rider have mass of 150 kg and their centre of gravity lies at 0.7 m above the ground level
when the motor cycle is vertical. Each wheel is 0.6 m in diameter and has moment of inertia about its
axis of rotation 1.5 kg-m? The engine has rotating parts whose moment of inertia about their axis of
rotation is 0.25 kg-m® and it rotates at five times the wheel speed in the same direction. Find : 1. the
correct angle of banking of the track so that there is no tendency to side slip, and 2, the correct angle
of inclination of the cycle and rider to the vertical. |Ans. 52.12°; 55.57°]
[Hint. In calculating the angle of banking of the teack, neglect the effect of gyroscopic couple]

DO YOU KNOW ?

Write a short note on gyroscope.

What do you understand by gyroscopic couple ? Derive a formula for jts magnitude,
Explain the application of gyroscopic principles to afrcrafis.

Describe the gyroscopic effect on sea going vessels.

Explain the effect of the gyroscopic couple on the reaction of the four wheels of a véhicle negotiating
a curve.

Discuss the effect of the gyroscopic couple on a two wheeled vehicle when taking a turmn.
What will be the effect of the gyroscopic couple on a disc fixed at a certain angle to a rotating shaft ?

OBJECTIVE TYPE QUESTIONS

A disc is spinning with an angular velocity o rad/s about the axis of spin. The couple applied to the
disc causing precession will be

i 1
(0) Ef.mz (3) Lo? (@ 5loop @ Low,
where I = Mass moment of inertia of the disc, and

"

W, = Angularvelocity of precession of the axis of spin.

A disc spinning on its axis at 20 rad/s will undergo precession when a torque 100 N-irt is applied about
an axis normal to it at an angular speed, if mass moment of inertia of the disc is the 1 kg-m?

(@) 2radfs (b) Sradis {¢) 10radfs {(d) 20radfs

The engine of an acroplane rotates in clockwise direction when seen from the tail end and the aeroplane
takes a turn to the left. The effect of the gyroscopic couple on the aeroplane will be

{a) to raise the nose and dip the tail (b) to dip the nose and raise the tail
(¢} to raise the nose and tail (d) to dip the nose and tail




-

Chaprer 14 : Gyroscopic Couplé and Precessional Motion @ 513

The air screw of an aeroplane is rotating clockwise when looking from the front. If it makes a left turn,
the gyroscopic effect will

(a) tend to depress the nose and raise the tail
{(5) tend to raise the nose and depress the tail

“{c) tiltthe aeraplane

{d) none ofthe ahove

The rotor of a ship rotates in clockwise direction when viewed from the stern and the ship takes a left
turn. The effect of the gyroscopic coupls acting on it will be

{a) toraise the bow and stern {6) tolower the bow and stern

(c) to raisé the bow and lower the stern {(d) to lower the bow and raise the stern
When the pitching of & ship is upward, the effect of gyroscopic couple acting on #t will be

(@) to move the ship towards port side (5) tomove the ship towards star-board

(¢) to raise the bow and lower the stern () toraise the stern and lower the bow

In an automobile, if the vehicle makes a left turn, the gyroscopic torque

(@) increases the forces on the outer wheels (8) decreases the forces on the outer wheels

i
{c) does not affect the forces on the outer wheels
{d) none of the above

A motor car;moving at a certain speed takes a left turn in a curved path. If the engine rotates in the
same directi§m as that of wheels, then due to the centrifugal forces

(@) the reaction on the inner wheels increases and on the outer wheels decreases
(b) the reaction on the outer wheels increases and on the inner wheels decreases
(¢) the reaction on the front wheels increases and on the rear wheels decreases
(d) the reaction on the rear wheels increases and on the front wheels decreases

ANSWERS

L (@, 2. () 3. (a) 4. by
5 (o) 6. () 7. (@ 8. (b




UNIT-2

Friction

Types of Friction

1. Staric friction. It is the friction, experienced by a body, when at rest.

2. Dynaniic friction. It is the friction, experienced by a body, when in motion. The dynamic
friction is also called Xinetic friction and is less than the static friction. It is of the following three
types:

(@) Sliding friction. It is the friction, experienced by a body, when it slides over another
body.

(8) Rolling friction. It 1s the friction, experienced between the surfaces which has alis or
roliers interposed between them.

() Pivot friction. 1t is the friction, experienced by a body, due to the motion of refation as
in case of foot step bearings.

i
Laws of Static Friction

Following are the laws of static friction -

1. The force of friction always acts in a direction, opposite to that in which the body tends to
move.

2. The magnitude of the force of friction is exactly equal to the force, which tends the body
to move,

3. The magnitude of the limiting friction (F) bears a constant ratio to the normal reaction
(Ryp) between the two surfaces. Mathematically

FIRN; constant

4. The force of friction is mmdependent of the area of contact, between the two surfaces.
5. The force of friction depends upon the roughness of the surfaces.

Laws of Kinetic or Dynamic Friction

1. The force of friction always acts in a direction, opposite to that in which the body 1s
moving,

2. Themagnitude of the kinetic friction bears a constant ratio to the normal reaction between
the two surfaces. But this ratio is slightly less than that in case of limiting friction.

3. For moderate speeds, the force of friction remains constant. But it decreases slightly with
the increase of speed.,

|
|
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Laws of Solid Friction

1. The force of friction is directly proportional to the normal load between the surfaces.

2. The force of friction is independent of the area of the contact surface for a given normal
load.

3. The force of friction depends upon the material of which the contact surfaces are made,

4. The force of friction is independent of the velocity of sliding of one body relative to the
other body.

Laws of Fluid Friction

et

- The force of friction is almost independent of the load. ‘

- The force of friction reduces with the increase of the temperature of the lubricant.
- The force of friction ic independent of the substances of the bearing surfaces.

- The force of friction is different for different lubricants.

S 7V I WY

Coelficient of Friction

It 1s defined as the ratio of the Limiting friction (F) to the normal reaction (R, between the
two bodies. It is generally denoted by 1, Mathematically, coefficient of friction,

WSFiRy

Limiting Angle of Friction

A £ j}nu
¢ A

Farfy (N p

L v rr sy
B
w ﬁ\

Limiting angle of
friction.

Qano =F/Ry= Ry Ry=p

Angle of Repose

Wsina=F=p_RN=u.Wcosa
Asgle of repose. Ve =p=tand or g=¢




Minimum Force Required to Slide a Body on a Rough Horizontal
Plane r

[

A Body, resting on arough horizontal, ‘plane required o pull; of 180N inclined
at30°%to the planejust to move it. Itwas Jound that g push:Gf 220N inclined at 30°t0 the; plam jzzst
‘movaaﬁ the body Determine the weight of the body ana' thecogfficient afﬁ'chzon '

b, T

Solution. Given : 6=30°
Let ¥ = Weight of the body in newtons,
Ry = Normal reaction,
it = Coeffictent of friction, and
F = Force of friction.

Firstof all, letus consider a pull of 180 N. The force of friction (F) acts towards left as shown
in Fig. 10.5 (a).

Resolving the forces horizontally,
F=180cos30°= 180 x 0.866 =156 N

;o Py 180N R, 220 N
~130°, 30°,
]
F E__,
PP AT T PP P I s
k4 L3
w w
@) ()]

Now resolving the forces vertically,
Ry = 7 -180sin30°= 17 - 180 x 0.5 = (7 —90) N
We know that F=nuRy or 156=p (7 -90) I f)

Now letus consider a push of 220 N. The force of friction (F)actstowardsright as shown inFig,
10.5 (5).

Resolving the forces horizontally,
F=230cos30°=220x 0866 =1905 N

Now resolving the forces vertically,
Ryg = W +2205in30°= 7 +220 x 0.5 = (IF + 110) N
We know that F=pRy or 190.5=p (7 + 110) D)
From equations (7) and (i),
V= 1000N, and p=0.1714 Ans.




Friction of a Body Lying on a Rough Inclined Plane .

An effort of 1500°N:ss

required o just move a cmf%ﬁodﬁﬂpan% ined:
Plane of angle 120, Jorceacting. parallel fggiﬁayf_ane;lfff{e angfe"pf Incliiation is ﬁfﬁ@@asedﬂfg
then the effort required is 1720N. Find thei veight ofthe body and the cogffs mtofﬁzcizan

Solution. Given - P =1500N; 0y =12°; o, =15°; Py=1720N

Let JF=Weight of the body in newtons, and
R = Coefficient of friction.
Bﬂl
1500 N
Fy
i2°
Yw
@
First of all, let us consider a body lying on a plane inclined at an angle of 12° with the
borizontal and subjected to an effort of 1500 N parallel to the plane as shown in Fig. 10.10 (a@.
. Let RNI = Normal reaction, and
£ =Force of friction.
We know that for the motiog of the body up the inclined plane, the effort applied paralle] to
the plane (),
) 1500=17 (sin 04 T cos o) = IF (sin 120+ Hcos 129 ()}
Now let us consider the bodyIyingona plane inclined at an angle of 15° with the horizontal
and subjected to an effort of 1720 N parallel to the plane as shown in Fig. 10.10 ().
Let Ry, =Normal reaction, and
F, = Force of friction.
We know that for the motion of the body up the inclined plane, the effort applied parallel to
the plane &),
| 1720 =17 (sin oy + L cos o) = I7 (sin 150+ JLcos 15°%) D)
| Coefficient of friction

Dividing equation (#0) by equation ),
1720 _ Wisin15° + It cos 15°)
1500 I {sin 12° + t cos 12°)




1720 sin 12°+ 1720 1t cos 12°= 1500 sin 15°+ 1500 H cos 15°
£ (1720 cos 12°— 1500 cos 15 =1500 sin 15° - 1720 sin 12°

. p= 1500 sin 15° - 1720 sin 120 _ 1500 0.2588 — 1720 x 0.2079

1720 cos 12° ~ 1500 cos 15° 1720 X 0.9781 — 1500 X 0.9659
- _3882-3576 _ 306

16823 -1448.5 2338

——=0.1314ns,

Weight of the body
Substituting the value of p in equation (i),
1500 =17 (sin 12°+ 0.131 cos 129
=1 (0.2079 + 0.131 x 0.9781) =0336 I
I7=1500/0.336 = 4464 N Ans,

Torque Required to Lift the Load by a Screw Jack

Solution. Given : =75 kN=75 x logN;vn'ﬂOOmm!min;p:Gmm;d =40 mm ;
R=tand=01

We know that mean diameter of the screw,

d=dy~pl2=40-6/2=3T mm=0.037m

and tnag=E oS __ 00

- Force required at the circumference of the screw,

]
4

tana*‘-rtaaév

4

00516+ 0.1
=75x103
>X10 [1 - 00516 % 0.1

]:11.43xm3 N

and torque required to overcome friction,
T=Pxdl2=1143x% 103 x 0.037/2 =211.45 N-m




Friction of a Body Lying on a Rough Inclined Plane :

An efforf of 15 OONas“regmerO,}zISt move a ¢ erfainbody Huﬁmz?{é'lme? f
plane of angle 12°, force acting parallel to the plane. If the angle 'of?nclfgq{i in:isincreased to 5,
then the effort reguired 151720 N Find theveight of the body and the cogfficient offriction.”

Solution. Given : Py =1500N; oy =12°; o, = 15°; Py=1720N

Let ¥="Weight of the body in newtons, and
it = Coeflictent of friction.
Ay, fiey
4500 N g
i2° is°
¥ w Yw
@ ®

First of all, let us consider a body lying on a plane inclined at an angle of 12° with the
horizontal and subjected to an effort of 1500 N parallel to the plane as shown in Fig. 10.10 (q).

Let RN; = Normal reaction, and
F} = Force of friction.

We know that for the motion of the body up the inclined plane, the effost applied paraliel to
the plane ().

1500 = J¥ (sin Oy +pcos o) = IF (sin 12°+ pLcos 12°) ()
Now let us consider the body lying on a plane inclined at an angle of 15° with the horizontal
and subjected to an effort of 1720 N parallel to the plane as shown in Fig. 10.10 ().
Let Ry, =Normal reaction, and
F, = Force of friction.
We know that for the motion of the body up the inclined plane, the effort applied parailel to
the plane &),
1720 =17 (sin ; *+ . cos o) = 7 (sin 15°+ L.cos 159) i)
Coefficient of friction

Dividing equation (i7) by equation (),
1720 _ 77 (sin 15° + 1t cos 15°)
1500 77 (sin 12° + t cos 12°)




Chapter 21 : Balancing of Rotating Masses * 847
Again by measurement from couple polygon, -
—0.18 m,.y = vector o’d’ = 3.6 kg-m®

~018%x20y=36 or y=-1m
The negative sign indicates that the plane 4 is not towards left of B as assumed but it is
1 m or 1000 mm towards right of plane B. Ans.

e o

SR

‘and D are four

L Re mreomp.ete paid p e,
Solution. Given : r, =100 mm=01m;r,
rp= ISOmm=0.15m;mB= IOkg;mC=5kg;mD=4kg
The position of planes is shown in Fig. 21.10 (q). Assuming the plane of mass 4 as the
reference plane (R P.), the data may be tabulated as below :

Table 21.4
TR ds e ’ﬁﬁf_j@%ﬁ ' :r;:efdggg}rg K-
= b ;-x = ""‘"%
o 4 g@sﬁ}%& :

i1 | 4 0
) 0125 075z
& . 5 02 |ios 12 12y
b L A P IR ' 18 . -108. -

First of lall, the angular setting of masses C and I is obtained by drawing the couple
polygon from the data given in Table 21.4 (column 6). Assume the position of mass B in the
horizontal direction OB as shown in Fig. 21.10 (). Now the couple polygon as shown in Fig.
21.10 (c) is drawn as discussed below :

t. Draw vector 0" 4" in the horizontal direction (i.e, parallel to OB) and equal to 0.75 kg-m?,
to some suitable scale.

2. From points o and ¥, draw vectors o’ ¢’ and &' ¢’ equal to 1.2 kg-m* and 1.08 kg-m?
respectively. These vectors intersect at ¢,

3. Now injFig. 21.10 (b), draw OC parallel to vector o’ ¢’ and OD parallel to vector &' ¢
By ieasirement, we find that the angular setting of mass C from mass B in the anticlockwise
direction, i.e.
£ BOC = 24(0° Ans.
and angular setting of mass D from mass B in the anticlockwise direction, i.e,

Z BOD = 100° Ans.

In order to find the required mass 4 (m ) and its angular setting, draw the force polygon to
some suitable scale, as shown in Fig. 21.10 (d), from the data given in Table 21.4 {column 4).

Since the closing side of the force polygon (vector do) is proportional to 0.1 m ,» therefore
by measurement,

0.1 my =0.7kg-m* or m, =7kg Ans.

Lar
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Now draw O4 in Fig, 21.10 (b), parallel to vector do. By measurement, we find that the
angular setting of mass 4 from mass B in the anticlockwise direction, i.e,

£ BOA = 155° Ans.

R.P + ve

® ©

[«600—+« soo-»-*-soo-i
All dimensions in mm
() Position of planes. (5 Angular position of masses,
CF
e 1'=2 S b
1. 0.1 my ™,
1.08
. ' 0.6
'
o o7s Y c
{c) Couple polygon. (d) Force polygon,
Fig. 21.10

g,%‘r*e‘?aw- o u
injcomplete’dy
: D i2hine distarice between
p : Y ’ . ‘.ﬁ E\ &*‘4{}5& o v ;
rojthe. et e, SEESROER B e ML ‘ S N
Solution. Given : mp=18kg; n = kg;rp= re=60mm=0.06 m;: ry=rp=280
=008m; ZBOC=100°; £ BOA = 190°
1. Magnitude of the masses at A and D
Let M, =Mass at 4,
M, = Mass at D, and

x = Distance between planes A and D.
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It may be noted that equation (i) represents the condition for static balance, but in order to
achieve dynamic balance, equations @) or {iti) most also be satisfied.

2. When the plane of the disturbing mass lies on one end of the planes of the balancing

masses

m

gimg Fig. 21.3. Balancing of a single rotating mass by two rotating masses in different planes, when the
plane of single rotating mass lics at one end of the planes of balancing masses.

In this case, the mass a1 lies in the plane 4 and the balancing masses lie in the planes I and
M, as,shown in Fig..21.3. As discussed above, the following conditions must be satisfied in order
to balance the system, ie.

Fot+Foy = Fy or m-m2-r'+m2-m2-r2=ml-mz-q

m-P+ My -y = my coa (i)

Now, to find the balancing force in the plane L (or the dynamic force at the bearing O of a
shaft), take moments about P which is the point of intersection of the plane M and the axis of
rotation. Therefore

FgxI=Fxl ot my-o -nxi=m-of -rxl,
ml.;-l.]=m-r-f2 or ,n!.rl=m.rx% .‘..(l’)

-+« [Same as ‘équation (D]

Similarly, to find the balancing force in the plane A (or the dynamic force at the bearing P

of a shaft), take motments about ¢ which is the point of intersection of the plane L and the axis of
rotation, Therefore

Fbﬁ([:ﬁbx[l or mz-mz-rlezm.(oz.rxll

I}
my-ry-l=mr- or mz""z-=”"“'>“"ll R 4]
-+ . [Same as equation {#)]
21.5. Balancing of Several Masses Rotating in the Same Plane
Consider any number of masses (say four) of magnitude my, m,, my and m, at distances of

) 1y, 13 and r, from the axis of the rotating shaft. Let 8,,0,,8; and 6, be the angles of these

masses with the horizontal line 04X, as shown in Fig. 21.4 (). Let these masses rotate about an axis
through O and perpendicular to the plane of paper, with a constant angular velocity of @ rad/s.
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The magnitude and position of the balancing mass may be found out analytically or
graphically as disciissed below @

g Fez
Resultant
% F
i ml
§ o
% X
:
; m
\ Fc
{a) Space diagram. (b) Vector diagram.

e Fig. 21.4. Balancing of several masses rotating in the same plane.
1. Analytical method
The magnitude and direction of the balancing mass may be obtained, analytically, as
discussed below :
1. First of all, find out the centrifugal force* (or the product of the mass and its radius of
rotation) exerted by each mass or the rotating shaft,

A car assembly line.
Nate : This plctire is given as additional infognatiori and is not a direct example of the current chapter.

*  Since o is same for each mass, therefore the magnitude of the centrifugal force for each mass is propor-
tional to the product of the respective mass and its radius of rotation.
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m = Balancing mass; and

0 = The angle which the balancing mas
Since the magnitude of
Propartional to the Product of ea

centrifugal forces. are
ch mass and its. radiys

s makes with my.

-5 =200%0,2 = 40 kg-m
1y =300X0.15 = 45kg 1y
My 13 =240%0.25 =60 kg-m
myory =260%0.3=178 kg-m
The problem may,

or graph‘ically.iBut we sha
methods one by one,

now, be solved ejther analytically
It solve the problem by both the

L. Analytical r;rzet'lzod

The space diagram is shown in Fig. 21.5.

Resolving m, 1 MyTy, myry and hig.ry horizontally,

ZH=m.p, cosB; +m, -r, €088, +my -, cos
=40cos0°+45 €0s45°+60.cos120°

=40+31.8-30~20.2 = 21,6 kg
Now res;oiving vertically,

5 ity -1y cos@,
+78cos255°

ZV =my - SinGy +m, -, SN, +7y, -p, sin€; -+, -, sin g,

=40sin0°+455in45°+ 605in120° 4 75jn 255e
=0+31.8+52-753=85 ko
~Resultant, R = \fopi EV) =216 +85) =232 kg-m )
We know!that

mr=R=232 or m=23.2/r=23:2/0.2=116kg Ans.

(a8’ =V /51 =8.5/21.6 = 03035 or § =2]4g°

Since g’ i;.e the angle of the resultant R from
angle of the balancing m

and

the horizontal mass of 200 kg, therefore the
ass from the horizonta] mass of 200 kg, *

6 = 180°+ 21 48° = 201.48° Ans,
2. Graphical method

The magnitude and the position of the balancing mass may also be found graphically as
discussed below :

1. First of all, draw the Space diagram showing the positions of al] the given masses as
shown in Fig 21.6 (a).

2. Since the centrifugal force of each mass g proportional to the product of the mass and
radius, therefore

mr =200 x 0.2 = 49 kg-m
nn.ry =300 % 0.15 = 45 kg-m
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2. Resolve the centrifugal forces horizontally and verticaily and find their sums, i.e, TH
and T . We know that
Sum of horizontal components of the centrifugal forces,
IZH =m, 1 co%@, +imyryeoshy +... .,
and sum of vertical components of the centrifugal forces,
ZV =my -sin® +m,-rysin® +.....,
3. Magnitude of the resultant centrifugal force,

Fo =J(ZHY +(Z)

4. If @ is the angle, which the resultant force makes with the horizontal, then
tan@=ZV/XH
5. The balancing force is-then equal to the resultant force, but in opposite direction.
6. Now find out the magnitude of the balancing mass, such that
F=mr
where m = Balancing mass, and
r = Iits radius of rotation.
2. Grapliical method
The magnitude and position of the balancing mass may also be obtained graphically as
discussed below : ’
1. First of all, draw the space diagram with the positions of the several masses, as shown in
Fig. 21.4 (a).
2. Find out the centrifugal force (or product of the mass and radius of rotation) exerted by
each mass on the rotating shaft.

3. Now draw the vector diagram with the obtained centrifugal forces (or the product of the
masses and their radii of rotation), such that ab represents the centrifugal force exerted by
the mass m, (or m,.r,) in magnitude and direction to some suitable scale. Similarly, draw
be, od and de to represent centrifugal forces of other masses my, my and m, (or my.Fy,
myry and myr,).

4. Now, as per polygon law of forces, the closing side ae represents the resultant force in
magnitude and direction, as shown in Fig. 21.4 (d).

5. The balancing force is, then, equal to the resultant force, but in opposite direction.

6. Now find out the magnitude of the balancing mass (1) at a given radius of rotation ),
such that

m-of -r = Resultant centrifugal force

or m.r = Resultant of m.r\, m,.r,, my.r, and myr,

E{: Exnmple@lf'oﬁ??mas&s my, mhtyand, }fng;c'g” 200 kg, 300 kg, 40-kg and J60°ke
“réspectively. The corresporid dii.of rotation.are 0.2'm;, 0.15 m, 0.25 i and 0.3

P31y A Ta v L e e v e £

kand the angles.bétiveen siiccessive masses 4 7

ey
of the balance mass required, if s radius:of rotativnis 0 2m  -

- cg i3

_m and.0:-3:m; gpfﬁ%lyﬁ
nd<d 35 Findthe position’and magnitiide, :
S DS [

Solution. Given : m, =200 kg ; m, =300 kg ; m, = 240 kg ; me=260kg;r,=02m;
7=015m;r,=0.25m i7,=03m; 6, =0°; 8, =45°; 0; =45°+75°=120°; 6, =45°+75°
+135°=255° =02 m

E # ok
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myry =240 x 0.25 = 60 kg-m
myry =260 x 0.3 = 78 kg-m
3. Now draw the vector diagram with the above values, to some suitable scale, as shown in

Fig. 21.6.(8). The closing side of the polygon ae represents the resultant force. By mea-
sureiment, we find that ge = 23 kg-m.

~Resultant

force
i 200 kg
4
%i?*
i c
g Flt?sultant
= orce
&
& . a 40 b
i
g {(a) Space diagram, (5) Vector diagram
Fa Fig, 216

4, The bal;ancing force is equal to the resultant force, but appasite in direction as shown in
Fig. 21.6 (a). Since the balancing force is proportional to m.r, therefore

mx 0.2 =vector ea=23kg-m or m=23/02 =115 kg Ans,

By measurement we also find that the angle of inclination of the balancing mass () from
the horizontal mass of 200 kg,

i 6 = 201° Ans:

21.6. Balancing of Several Masses Rotating in Different Planes

When several masses revolve in different planes, they
may be transferred to a reference plane (briefly written as
R.P.); which may be defined as the plane passing through a
point on the axis of rotation and perpendicular 'to it. The
effect of -transfer:ring a revolving mass (in one plane) to a
referenice plane is to cause a force of magnitude equal to the
centrifugal force of the revolving mass to act in the reference
plane, together with a couple -of magnitude equal to the
product of the force and the distance between the plane of
rotation and the reference plane. In order to have a complete
balanice of the several revolving masses in different planes,
the following two conditions must be satisfied :

L. The forces in the reference plane must balance, i.e.
the resultant force must be zero. -
2. The couples about the reference plane must balance,
Le. the resultant couple must be zero.
Let us now consider four masses m,, m,, m, and m,
revolving in p!am'es 1, 2, 3 and 4 respectively as shown in

&

i

Diesel engine.
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Fig. 217 (@). The relative angular positions of these masses are shown in the end view [Fig, 21.7
(5)]. The magnitude of the balancing masses my, and my in planes J, and M may be obtained as
discussed below :

L. Take one of the planes, say I as the reference plane (RP). The distances of aJ the other
planes to the left of the reference: plane may be regarded ag Regative, and those to the
right as posifive,

2. Tabulate the data as shown jn Table 21.1, The planes are tabulated in the same order in
which they occur, reading from left to right,

Table 21.1
e 7 e
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3. A couple may be represented by a vector drawn perpendicular to the plane of the couple.
The couple C, introduced by transferring m, to the reference plane through 0 js propor-
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L4

tional to my.ridy and acts in a-plane through Om; and perpendicular to the paper. The
vector representing this couple is drawn in the plane of the paper and petpendicular to
Omy as shown by OC, in Fig. 21.7 {c). Similarly, the vectors 0G,, OC; and OC, are
drawn perpendicular to Omy, Omy and Om, respectively and in the plane of the paper.
4, The\t:&c")uple vectors as discussed above, are turned counter clockwise through 4 right angle
for convenience of drawing as shown in Fig. 21.7 (d). We see that their relative positions
remains unaffected. Now the vectors 0C,, OCy and OC, are parallel and in the same
direction as Om,, Omy and Om,, while the vector OC, is parallel to Om, but in *opposite
direction. Hence the couple vectors are drawn radially outwards for the masses on' one
side of the reference plane and radially inward for the mnasses on the other side of the

reference plane.
5. Now draw the couple polygon as shown in Fig, 21.7 (e). The vector & o’ represents the
balanced couple the balanced: couple CM is proportional to mygry 4, therefore

. Since

el
- . : Tashlin:
From this expression, the value of the balancing mass nty in the plane M may be obtdined,

and the angle of inclination & of this miass may be measured from Fig, 21.7 (3).

6. Now draw the force polygon as shown in Fig. 21.7 (f). The vector eo (in the direction

from e to o ) represents the balanced force. Since the balanced force is proportional to
my .1y, therefore,

E':wv s \ fr{aé?n.‘ 2
4 . ;}_ ‘:'w gl ;

From this expression, the value of the balancing mass my, in the plane L may be obtained
and the angle of inclination o of this mass with the horizontal m

prs

P
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£ Example:21.2:.4 shaff carr sifour masses 4B,
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£ g e e ;;;x AR Lol o T o NI
tmedsuréd. ffont A:at, 300.muri A minand 700 mu: The es béty: casure
I, PO s S L - s L L AR
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Solution. Given : m, =200 kg ; mg = 300 kg ; g = 400 kg ; m, = 200 kg ; 7, = 80 mm
=0.08m;rn =70mm=0.07m;rc=60 mm=0.06 m ; 7, = 80 mm = 0.08 m 3y =Fy =100 mm
=01lm

Let m,. = Balancing mass placed in plane X, and
my = Balancing mass placed in plane Y.

The position of planes and angular position of the masses (assuming ‘the ‘mass A as
horizontal) are shown in Fig. 21.8 (a) and (b) respectively.

Assume the plane X as the reference plane (R.P.). The distances of the planes to the right of
plane . are taken as + ve while the distances of the planes to the left of plane X are taken as — ve.
The data may be tabulated as shown in Table 21.2. -

. ) ‘
* From Tuble 21.1;(column 6) we see that the couple is — myrLd.
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Table 21.2

i aditis ) Centforce Distanéc fegn | C‘”&ﬁ%’%’};ﬁ‘&

125 P 4§ Sy 2:_1.V~'“;'¢i%§%!‘{ 4

w0 A0

A4 200 [ cogg | 1 -0 | a6l
X(R.P) my 01 - 0 : 0.
B 11 300 Tro0r o 0.2 42~

c | 400 TL006. o s 0.3 7.2-

Y "y I RERE| 04 | 004,

D 200 | 0w 06 | g 7

The balancing masses my and m,, and their angular positions may be determined graphi-
cally as discussed below :

1. First of all, draw the couple polygon from the data given in Table 21.2 (column 6) as
shown in Fig. 21.8 (¢) to some suitable scale, The vector @ o’ represents the balanced
couple. Since the balanced couple is proportional to 0.04 my, therefore by meastirenent,

0.04 my =vector d’ o’ =7.3 kg:m?  or my, = 1825 kg Ans.

~ve. ,H]P» +ve

C 117 T

=} 100 [e—— 400 ——[+—200—».

+—— 300 —]

[——— 400 —————y

R e e

500 -
— 700
All-dimensions in tm.
(@) Position of planes, (&) Angular position of masses,
c!

: .6
By (¢) Couple polygon. () Force polygon.
Fig, 21.8
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The angular position of the mass my is obtained by drawin g Om, in Fig. 21.8 (4), parallel

to vector d 0" . By measurement, the angular position of m,, is 8, =12° in the clockwise
direction from mass m, (i.e. 200 kg ). Ans.
2. Now draw the force polygon from the data given in Table 21.2 (column 4) as shown in

Fig. 21.8 (d). The vector eo represents the balanced force. Since the balanced force is
proportional to 0.1 my, therefore by measurement,

, 0.1my = vector eo = 35.5 kg-m or  my=355kg Ans,
The anguiar position of the mass niy is obtained by drawing Omy in Fig, 21.8 (b), parallel

to'vector eo. By measurement, the angular position of my is Oy =145°in the clockwise
direction from mass m 1, (fe. 200 kg ). Ans,

e o Ak e 1 e e FAEaGiea A e iy L e T e
o A 6215 masse i Crand'D as showisbelow'aie o) elyibalanc
I I L s i = ‘ PR B ot

T L R e W i
ERh B AN PR . > )
7 félmﬁp-"’%ﬁﬁg R T N R N

diand”
So!utiqn:. Given : r, = 180 mm = 0.18 m s iy = 30 kg ; rg = m =
mi, = 50 kg;rc= 120mm =012 m ; mp =40 kg;rD= 150 mm = 0,15 m; ZBOC=90°;
ZBOD=210%; £COD = 120°
1. The magnitm{e and the angular position of mass A
Let m, = Magnitude of Mass A,
x = Distance between the planes B and D, and
» = Distance between the planes A4 and B.
The position' of the planes and the angular position of the masses is shown in Fig. 219 (@)
and (b) respectively.
Assuming the plane B as the reference plane (R.P.) and the mass B () along the horizon-
tal line as shown in Fig. 21.9 (6), the data may be tabulated as below :

Table 21.3

us LI Celit force o] Dhiance o
fﬁ %i“ m:r%%?,—‘; 5 gﬁ?}ﬁﬁﬁ% it
L
S A [ O

A 0
6 03
, ""‘:jﬁl . X

The magnitude and angular position of mass 4 inay be determined by drawing the force
polygon from the data given in Table 21.3 (Column 4), as shown in Fig. 21.9 (¢), to some suitable




846 * Theory of Machines

scale, Since the masses are to be completely balanced, therefore the force polygon must be a closed
figure, The closing side (i.e. vector do) is proportional to 0.18 o+ By measurement,

0.18 m, = Vector do = 3.6 kg-m or m, =20 kg Aus,

In ordt;ar to find the angular position of mass 4, draw O4 in Fig. 21.9 (b) parallel to vector
do. By measurement, we find that the angular position of mass 4 from mass B in the anticlockwise

direction is £ AOB = 236° Ans.

% D B C A 50 kg
i e ! —
% 383 >lgooal | ’ C
§ Ve RE  +ve 120
. ““—"—“—* 5
.M 7‘) T ﬁ i 240
. D 30 kg
L 300 le , ;
: ' ¥ — X 40 kg 5
i D"
: ] ma
£ ! All dimensions in mm.
(a) Position of planes. (&) Angular position of masses,
| ¢ o
6 LA
f | e :
§ d 46 =08 myy
% 0.18 my " 184
. i Ase°
k [+ Tulil - (]
§ 7.2 ° ©
i
o {c} Force polygon. (@) Couple polygon.

s

2. Pesition of pl;mres A and D

Fig. 21.9,

The position of planes 4 and D may be obtained by drawing the couple polygon, as shown
in Fig. 21.9 (d), from the data given in Table 21.3 (column 6). The couple polygon is drawn as
discussed.below !

1. Draw vector o’¢’ parallel to OC and equal to 1.8 kg-m?, fo some suitable scale.

2. From points ¢’ and o/, draw lines paralle] t6 OD and O4 respectively; such that they
intersect at point o . By measurement, we find that

6x = vector ¢’'d’ =23 kg-m’ orx=0383 m

We see from the couple polygon that the direction of vector ¢’ &’ is opposite to the

N

direction of mass D. Therefore the plane of mass D is 0.383 m or 383 mm towards left of plane B
and not towards ri:'ght of plane B as already assumed, Aus,




) FRICTION: |

whenjever one block moves or tends to move tangentially with respect to the surface, on which it

*

rests, the interlocking property of the projecting particles opposes the motion. This opposing force, which

acts in the opposite direction of the movement of the upper block, is called the force of fiiction or simply

.. ’
friction.

Types of Friction: In general, the friction is of the following two types :

o
.

1. Statid friction. It is the friction, experienced by a body, when at rest,

2. Dynamic friction. It is the friction, experienced by a body, when in motion. The dynamic
friction is also called kinetic friction and is less than the static friction.
It is of the following three types :

(a) Shiding fricrion. 1t is the friction, experienced by a body , when it slides over another
body.

(b) Rolling friction. It is the friction, experienced between the surfaces which has balfs or
rollers interposed between then.

{¢) Pivet fiiction. Tt is the friction. experienced by a body, due to the mation of retation as
in case of foot step bearings,

The frict;ion may further be clagsified as
10.3. Friction Between Unlubricated Surfaces

1
The friction experienced between two dry and unlubricated surfaces in contact is known as
dry or selid friction.

10.4. Friction Between Lubricated Surfaces
When lubricant (/.e. oil or grease) is applied between two surfaces in contact. then the friction

may be classified into the following two types depending upon the thickness of layer of a lubricant.
V. Boundary friction (or greasy friction or non-viscous friction ). 1t is the friction,
experienced between the rubbing surfaces, when the surfaces have a very thin layer of lubri-
cant,
2. Fluid friction (or film friction or viscous friction). It is the friction, experienced between
the rubbing surfaces, when the surfaces have a thick layer of the lubrhicant.

10.5. Limiting Friction

The maximum value of frictional force, which comes into play, when a body just begins to
slide over the surface of the other body, is known as limiting force of friction or simply limiting friction.

10.6. Laws of Static Friction

Following are the laws of static friction :

1. The force of friction always acts in a direction, opposite to that in which the body tends to
nove.

2. The magnitude of the force of friction is exactly equal to the force, which tends the body
to move.

3. The magnitude of the limiting friction (F ) bears a constant ratio to the normal reaction
(R,) between the two surfaces. Mathematically

: i o F/Ry = constant
\ 4. The force of friction is independent of the area of contact, between the two surfaces.

5.The f?rce of friction depends upon the roughness of the surfaces.
COEFFJCIENT OF FRICTION: It is defined as the ratio of the limiting friction (F) to
_ the normal reaction (RN) between the two bodies,
. i =F/RN

~d




ANGLE OF FRICTION: .
It may be defined as the angle which the resultant reaction R makes
¢
with the normal reaction RN. E
R % h M
tan ¢ = F/RN = pPRN/RN = b
A
ANGLE OF REPOSE: Fo Ay _._.]; . P
If the angle of inclination o of the plane to the horizontal 7777777 7,
B
is such that the body begins to move down the plane, then the angle WY P
u is called the angle of repose. A Iittle consideration will show that _000‘\
RO
the body will begin to move down the plane when the angle of O\W
inclination of the plane is equal to the angle of friction (i.e. ¢ = ®). An /F
e
N rf [ \ “ Wecos o
® /‘rﬁ a WY -

10.14. Friction of a Body lying on a Rough Inciined Plane

1. Considering the morien of the body up the plane
Let IV ="Weight of the body,
o = Angle of inclination of the plane to the horizontal.
¢ = Limiting angle of friction for the contact surfaces,

P = Effort applied in a given direction in order to cause the body to slide with
uniform velocity parallel to the planc, considering friction,

P, = Effortrequired to move the body up the plane neglecting friction,
0 = Angle which the line of action of P makes with the weight of the body ¥,
u = Cocfficient of friction between the surfaces of the plane and the body,
Re = Normal reaction, and
R = Resultant reaction.
When friction is taken into account, a frictional forcef = )R acts in the direction opposite
to the motion of the body, as shown in Fig. 10.8 {@). The resultant reaction R between the plane and

’the bady is inctined at an angle¢ with the normal reactionR . The triangle of forces is shown in Fig.

10.8 (b). Now applying sine rule,
{b). Now al?pymgsmerue P - W

sin(a + §)  sinf® — (& + )]

- Ay ; {6 — o — 90°%)

o N
P
w {’\N é\(\ﬂ-
{a) ® (e)
Fig. 10.8. Motion of the body up the plane, considering friction.
_ Wsin(o+4¢)
sin[6— (ot + §)] - i)

Notes : 1. When the effort applied is horizontal, thenn € = 90° In that case, the equations (#-and (i) may be
written as e N

+ i

—— e




l Wi .
P sin (o + ¢) =W5m(a+¢)=Wtan(tx+¢)
sin[90" — (o + @) cos(o+4¢)
2. When the effort applied is parallel to the plane, then© = 90° + o. I that case, the equations {i) and

(7i} may be written as W sin(o + &) _ Wsin(o+¢)
CsinfO0°+ ) — (@ + @] cosd

1 .

W (sin o cos ¢ + cos o sin .
! P 9 ng)_ W(sin oo + cos o.tan ¢}
cos ¢ )

=7V (sin ¢t + P cos ) (0 =tan §)

2. Considering the motion of the body down the plane

R, R
, N k P
e % U180°- 0 — (-
~to-(a-p) 1o é
‘\ 180“—((1—(5;);\5\)\ .
REIW 4
M- ¢) aBr
“-,\ (uH[{n)i \\(i)
¥ oopn
w
{a) (b} (c)

Fig. 10.9. Motion of the body down the planc. considering friction.

When the friction is taken into account. the force of frictiod”= t.R, will act up the plane and
the resuliant reaction R will make an angle ¢ with R, towards its right as shown in Fig. 10.9 ¢). The
triangle of forces is shown in Fig. 10.9 (). Now from sine rule,

P 3 v
sin{for — ) sin[6 — {0t — )]

_ IVsm (o — &}
_________ {0y

o sing@ - (00— )]

10.15. Efficiency of Inclined Plane

The ratio of the effort required neglecting friction (i.e. 7)) to the effort required considering
friction (f.e. P}is knowan as efficiency of the inclined plane. M-lthematlcallyefﬁcmnuy of the inclined

plane,
1. For the motion:of the body 1up the plane
_cot{o+ ¢} —cot ©
~ cota—cot®
2. For the motion_ of the body down the plane
. cota—cot®
il cot(ot — &) —cot B
Example 1, An effort of 1300 N is required to just move a certain body up an inclined

plane of angle 12°, force acting paraliel to the plane. If the angle of inclination is increased to 15 °,
then the effort required is 1720 N. Find the weight of the body and the coefficient of friction.

Solution. Given (P =1500N; o, =12°; o, =15%; P,=1720 N
W = Weiglt of the body in newtons, and p = Coefficient of friction.

Let
P,
4720
F2 i
i |
¥
(b}

Fig. 10.10




First of all, let us consider a body lying on a plane inclined at an angle of 12° with the
horizontal and subjected to an effort of 1500 N parallel to the plane as shown in Fig. 10.10 (a).

Let JRNl = Normal reaction, and

F, = Force of friction.
We know that for the motion of the body up the inclined plane, the effort applied parallel to 1
the plane (7)), ‘
1500 =W (sin o, + [t cos ) = W (sin 12° + [L cos 127) weid)
Now let us consider the body lying on a plane inclined at an angle of 15° with the horizontal
and subjected to an effort of 1720 N parallel to the plane as shown in Fig. 10.10 (b).
Let Ry, = Normal reaction, and
F;= Force of {riction.
We know that for the motion of the body up the inclined plane, the cffort applied parallel to

the plane (F,),
1720 =W (sin o, + pcos 0,) = W (sin 15" + U cos 157) ...4#f)

Coefficient of friction
Dividing equation {77} by cquation (7).
1720 W (sin 15" + pt cos 15%)
1500 W (sin 12° F B cos'12")
1720 s5in 12° -+ 1720 P cos 12° = 1500 sin 15+ 1500 p cos 157
W (1720 cos 12° — 1500 cos 157 = 1500 sin 15°~ 1720 sin 12°

1500 sin 15° — 1720 sin 12° _ 1500 > 0.2588 — 1720 x 0.2079
71720 cos 12° — 1500 cos 15° 1720 % 0.9781 — 1500 x 0.9659

_ 3882-357.6 _ 306
16823 — 14485 233.8

=0.131Ans.

Weight of the body
Substituting the value of 1L in equation (i),
1500 =W (sin 12° + 0.131 cos 12°) = I (0.2079 + 0.131 x 0.9781) =0.336 W
W= 1500/0.336 = 4464 N Ans.
10.16. Screw Friction

The screws, bolts, studs, nuts ete. are widely used in various machines and structures for
temporary fastenings. The screw threads are mainly of two types i.e. V-threads and squarethreads.
The V-threads are stronger and ofer more frictional resistance to motion than square threads.

The following terms are important for the study of screw :
. 1. Helix. Ttis the curve traced by a particle while moving along a screw thread.

2, Pitch. It is the distance from a point of a screw to a corresponding point on the next thread,
measured parallel to the axis of the screw.

3. Lead. 1t is the distance, a screw thread advances axially in one turn.

4. Depth of thread. It is the distance between the top and bottom surfaces of a thread (also
known as crest and root of a thread).

5. Single-threaded screw. 11 the lead of a screw is equal to its pitch, it is known as single
threaded screw.

6. Multi-threaded screwt If more than one thread is cut in one lead distance of a screw; it is
known as multi-threaded screw.

Lead = Pitch x Number of threads

7. Helix angle. 1t is the slope or inclination of the thread with the horizontal. |
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Lead of screw

ltan o =
y Circuinference of screw
' = pind ...(In single-threaded screw)
=n.p/nd ..{In multi-threaded screw)
where o = Helix angle,

p = Pitch of the screw,
d = Mean diameter of the screw, and
# = Number of threads in one lead.

10.17. Scrgaw Jack

The screw jack is a device, for lifting heavy loads, by applying a comparaiively smaller
effort at its hdndle. The principle, on which a screw jack works is similar to that of an inclined plane.

c :
h _...";m—,}..._.__;_b____..'?'l w
O - *
L ZLever

LT

/fE Tﬁ? \:\‘ H’F i*— Screw rod
/== Y

d—
g d
dp— \3
(&) Screw jack. (b) Thrust collar.
Fig, 10.11

10.18. Torque Required to Lift the Load by a Screw Jack

f
If one complete turn of a screw thread by imagined to be unwound, from the body of the
screw and developed, it will form an inclined plane as shown in Fig. 10.12 ().

e . 5 P
i i1 S
—— g — > <

o yWcosa
w Yy
ws®®
(¢} Development of a screw., (&) Forces acting on the screw,
Fig. 10.12
Let p = Pitch of the screw,

d = Mean diameter of the screw,
o = Helix angle,

P = Effort applied at the circumnference of the screw to lift the
load,

W = Load to be lifted, and

1 = Coefficient of friction, between the screw and nut = tan ¢,
where ¢ is the friction angle.

From the fgeomet:y of the Fig. 10.12 (@), we find that
‘ tano = pin d

Since thejprinciple on which a screw jack works is similar to that of an inclined plane, there-

fore the force applied on the lever of a screw jack may be considered to be horizontal as shown in Fig.
10.12 (b).

>
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Since the load is being lifted, therefore the force of friction (= [LR,) will act downwards.
All the forces acting on the screw are shown in Fig. 10.12 ().

Resolving the forces along the plane,
Pcoso = Wsino+F=Wsino+ LRy )
and resolving the forces perpendicular 1o the plane,
Ry =Psino+Wcosa (i)

Substituting this value of R in equation (i),

Pcos o = I sino+ L (Psin o+ I cos o)
=Wsno+pPsino+U Weosa
or Pcoso— U Psing = Wsino+p Weosa
or P (cos o— 1 sin o) = I (sin o0+ U cos o)
P:WXsma+gcosa

cos o — | sin <
Substituting the value of |t = tan ¢ in the above equation. we get
P % Sin o+ tan (I)' CU.S o

€os ¢ — 1an @ sin o
Multiplying the numerator and denominator by cosd,
sin o cos ¢ + sin ¢ cos o _ I sin (o + §)
cos O, cos ¢ — sin « sin ¢ cos {0 + &)

P=Wx

=W tan{c + ¢)
. Torque required to overcome friction between the screw and nut,
d d
T, = Px—_)—: IV tan (o + ¢)?

When the axial load is taken up by a thrust collar or a flat surface, as shown in Fig. 101}(5).
so that the load does not rotate with the screw, then the torque required to overcome friction at the

collar, R R
T, = p].W(——‘:—Z-): W.R
wliere . R,andR, = Outside and inside radii of the collar,

R = Mean radius of the collar, and
. i, = Coefficient of friction for the collar.

~. Total torque required to overcome friction (i.e. to rotate the screw),
o
T=T+T, =Px-5 + W R

% The nominal diameter of a screw thread is also known as  eutside diameter or majm diameter.
**+  The core diameter of a screw thread is also known as fnner diameter or voot diameter or miner diameter.

10.19. Torque Required to Lower the Load by a Screw Jack

We have discussed in Art. 10.18, that the principle on which the screw jack works is similar
to that of an inclined plane. If one complete turn of a screw thread be imagined to be unwound from
the body of the screw and developed, it will form an inclined plane as shown in Fig. 10.13 @).

Let p = Piich of the screw,
d = Mean diameter of the screw,
o = Helix angle,
P = Effort applied at the circumference of the screw to lower the

load,
W = Weight to be lowered, and

i = Cocfficient of friction between the screw and nui =tan ¢,
where ¢ is the friction angle.

. M.
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Fig. 10.13
From the geometry of the figure, we find that
tan ¢ = p/nd
Since the Joad is being lowered, therefore the force of friction (7= [.R ;) will act upwards,
All the forecs actin[g on the serew are shown in Fig. 10.13 ).
Resolving the forces along the plane,

Pcoso = F—Wsino=WR,~Wsina (@)
and resolving the forces perpendicular to the plane,
Ry =T cos o~ Psino. .{if)

Substituting this value UfRT;. in equation {f),
Peoso =p(Wceoso—FPsina)— M sina
= . W cos 0 —W.Psin 00— W sin ol
ar Pcoso+u.Psino = p.Wcosa-—-Fsina
or Plcos o+ it sin o) = W (1 cos & — sin ot)

Il

{1 cos o — sin o)
{cos & + L sin o)
Substituting the value of 1 = tan ¢ in the above equation, we get

P=Wx

(tan © cos o — sin )
{cos o + tan ¢ sin o)

P=Wx

Multiplying the numerator and denominator by cos,

(sin ¢ cos o — sin o cos §) =W><Mf-ql
{cos ot cos § + sin O sin ) cos (6 — o)
=W tan (¢ — o0)

. Torque:required to overcome friction between the screw and nut,

P=Wx

d d
T=Px—=Wt — ) =
7 an (¢ Ot)2

_ Note: When o> ¢, then P = tan (0t~ 0).

Example 2. The mean diameter of a square threaded screw jack is 50 mm. The pitch of
the thread is 10 mm. The coefficient of friction is 0.15. What force must be applied at the end of a
0.7 m long lever, which is perpendicular to the longitudinal axis of the screw io raise a load of 20 kN
and to lower it?
Solution. Ciiiven td=50mm=005m;p=10mm ;p=tan$p=0.15;/=0.7m ; W=20kN
=20x 10*N

10
We know that tan o0 = 2 = = 0.0637
nd TwXx50
Let P, = Force required at the end of the lever.

. o
Foree requived to raise the load

We know that force required at the circumference of the screw

: tan < -+ tan ¢
. =W tan (o + ¢) =W |———"—
| P=Wtan(ct + ) L_ tan ot.tan ¢]

-
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0.0637 + 0.15

2T T 2 1=4314N
11— 0.0637 % 0.15

=20><103[

Now the force required at the end of the lever may be found out by the relation,
Py x[=Pxd2
P Pxd _ 4314 % 0.05
o2y 2% 0.7

=154 N Ans.

Foree requived to lower the load
We know that the force required at the circumference of the screw
tan ¢ — tan o ]

P=Wum(p—-o)=W|—""——
(- [] + tan ¢.tan o

T 015 - 0.063
m20x10t] OB 0067 N
1+ 0.15 % 0.0637

Now the force required at the end of the lever may be found out by the relation,
Pxd 1710x0.05

leszg, or P=2 —— — - T =61 NOANS,
i 2 ! 2/ 2x07

10.20. Efficiency of a Screw Jack

The efficiency of a screw jack may be defined as the ratio between the ideal effort (i e. the
eftort required to move the load, neglecting friction) to the actual eifory (7.e. the effort required to
move the load taking friction into account).

We .
.. leal effort ¥ tan o tan
=~ Efficiency, nzw.:i: ¥ tan o o

Actmaleffort P W tan (o + @) B tan (oL + &)

which shows that the efficiency of a serew jack, is independent of the load raised.
Examptle 3. The pitch of 50 mm mean diameter threaded screw of a screw jack is 12.5
mm. The coefficient of fiiction berwveen the screw and the nut is .13, Determine the torgue required
on the screw to raise a load of 25 kN, assuming the dad to rotate with the screwe Determine the rutio
of the torque reguired to raise the load to the torque requived to lower the load and also theféfiency
of the machine,
Solution. Given : d=50mm;p=125mm; ;g =tan¢p=0.13; W =25kN=25x 1(° N

p 12.5 , .
We know that, tan o= —— = = 0.08 2 .
nd mwx50 .

and force required on the screw to raise the load.

tanq)—tana]

P=Wn(o+ =W
n (0 + 9) I:I+tan ¢.tan o

0.08 + 0.13

=25x 103 — 2 T
1-0.08x0.13

:l =5305 N
Torgue requived on the screw
We know that the torque required on the screw to raise the load,
T, =P d/2=75305x 50/2 =132 625 N-mm Ans.

Ratio of the torgues required to raise and lower the Ioad
‘We know that the force required on the screw to lower the load,

tanc{)—tana]

P=Wt -)=W
an (9 ) [1 + tan ¢.tan o

0.13 + 0.08

= 25107 | ——
1+0.13%0.08

}=1237N

and torque required to lower the load
T,=Pxdf2=1237 % 50/2= 30905 N-mm

.. Ratio of the torques required,

=1 /T, =132625/30925 = 4.3 Ans.
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tan o tan ol — tanc.tan §) _ 0.08(1-0.08 % 0.13)
tan(’o& + ({)) tan ol + tan ¢ 0.08 +0.13
V= 0377=37.7% A
0.377=37.7% Ans T W{(
10.22. Over Hauhng and Self Locking Screws AuRpl Y

10.24. Frlctlon of a V-thread

Let 20 = Angle of the V-thread, and
B = Semi-angle of the V-thread.
W
N ocos B
and frictional force, £ = H.By =1L X =W
cos 3
where -

oy

p

Fig. 18.54, V-thread.

cosP =Ny known as virtual coeffictent of friction.

10.25. Friction in Journal Bearing-friction Circle

A journal bearing forms a turning pair as shown in Fig. 10.154). The fixed outer clement of
a turning pair is called a bearing and that portion of the inner clement { L.e. shaft) which fits i the

bearing is called ajorrnal. W

Lubricant 1
Journal

. .
f/m"% Q 1 r i ,wzfml

A Bearing
Ay

@

Fig. 10,15, Friction in journal bearing.

Friction
circle

When the bearing is not lubricated (or the journal is stationary), then there is a line contact

between the two glements as shown in Fig. 10.15 @).

Now consider a shaft rotating inside a bearing in clockwise direction as shown in Fig. 10.15
(b). The lubricant between the journal and bearing forms a thin layer which gives rise to a greasy
friction.ThereforF, the reaction R does not act vertically upward, but acts at another point of pressures.

Let

In order that the rotation may be maintained, there must be a couple rotating the shaft.
& = Angle between R (resultant of Fand R) and Ry,

1 = Coefficient of friction between the journal and bearing,

T = Frictional torque in N-m, and
r = Radius of the shaft in metres.

For uniform meotion, the resultant force acting on the shaft must be zero and the resultant

turning moment on the shaft must be zero. In other words,

R=W,andT=W x OC=W »x OB sin ¢=W.rsin¢

Since ¢ is very small, therefore substituting sin§ = tan ¢
T=Wrtan¢=pWr

w(p=tan g)

If the shaﬂ rotates with angular velocity o rad/s, then power wasted in friction,

P =T.w=T=2xN/60 watts

where ' N = Speed of the shaft in rp.m.
Notes: 1.Ifac
of a bearing.

10.26. Friction of Pivot and Collar Bearing

rcle is dra\'m\\'\}it‘; centreQ-and radius OC =r sin ¢, then this circle is called thefiiction circle
all




10.26. Friction of Pivot and Collar Bearing

The rotating shafts are frequently subjected to axial thrust. The bearing surfaces such as pivot
and collar bearings are used to take this axial thrust of the rotating shaft.

The bearing surtaces placed at the end of a shaft to take the axial thrust ave known as

pivors.
:Lm -

E\IU /-Coliar
1

|4 Shaft I
o | 7
M 7 W % 7, |
o 7 |
7, A L
(e} Flat pivol. (h) Conical pivot.  (¢) Truncated pivot. {e/) Single flat (c) Multiple {lat
) collar. collar.

Fig. H.16. Pivot and collar bearings,
Hence, in the study of friction of bearings, it is assumed that

I The pressure is uniformly distributed throughout the beuring surface, and e dF
2. The wear 1s uniform throughout the bearing surface. 4 ks
y TN
'“'“\' PR
. . A N
10.27. Flat Pivot Bearing E ‘“—"/i
When a vertical shaft rotates in a flat pivot bearing (known as E w E
foot step bearing ). as shown in Fig. 10.17, the shiding friction will be ¢ ! _Shaft
along the surface of contact between the shafl and the bearing. J’\
Let W =Load transmiued over the bearing surface, .
. . Flat pivot
R =Radius of bearing surface, §’x\\ ' o bearing

p =Intensity of pressure per unit area of bear-

. . ing surface between rubbing surfaces, and 4., - ot o
We will consider the fO]]O\/\angﬂ!_w. Fig. 10.17. Flat pivot or footstep
It =Coétt

0 Casgs.: . .
Cient of Triction. bearing,
1. Considering uniform pressure:
When the pressure is uniformly distributed over the bearing area, then
. W -
P =
TR

Consider a ring of radius r and thickness dr of the bearing area.

.~ Area of bearing surface. A =2mr.dr
Load transmitted to the ring,
W =pxd=px2ard LD
Frictional resistance to sliding on the ring acting tangentially at radiusr,
F =No8W =pp*2xrdr=2npprdr
. Frictional torque on the ring,
T =Fxr=2nptprdrxr=2nups’dr (i)

Integrating this equation within the limits from 0 to R for the total frictional torque on the
pivot bearing.

- Total frictional torque, 7 =

@ Ry,

R
2nupr fdr = 2npp _[ r* dr
-

37 R 2
=2nup|l | =2nupx—=ZxmupR -
up[3]0 npx =2y -




I

2 114 . 2 W
“ =2 xEp X xR =ZxnW.R [ ]
3 " R’ 3 H

When the shaft rotates at o rad/s, then power lost in {riction,

P =T.o=Tx2nN/G0 L w=2aN/60)

2. Considering uniforn wear

We have already discussed that the rate of wear depends upon the intensity of pressure (p) and
the velocity of ubbing surfaces (v). It is assumed that the rate of wear is proportional to the product
of intensity of pressure and the velocity of rubbing surfaces {.e. p.1..). Since the velocity of rubbing
surfaces increases w[ith the distance (.. radius r) from the axis of the bearing, therefore for uniform
wear

pr = Caconstant) or p=C/r

and the load transmilted to the ring,

W = p % 2mrdr ...[From equation {#}}

= g x 2Rrdr = 2nCdr
,
. Total oad transmitted to tite bearing
R I
W= | 2n Cdr = 2r C[Jf = 2RC.R or C =
. 2aR

We know that frictional torque acting on the ring,

T, =2rp p}'z dr =2/ X < X r? dr ( p= f‘)
”
=2rp.Cr dr )

.. Total frictional torque on the bearihg,

R ] 2
T = I 2 pCordr = Z?U,I.CI:’T] =2nuC x-I% = n‘u_C,R?‘

W PO
=fpx—— X R =— xUW.R
K 2R 2 H

10.30. Flat Collar Bearing

We have already discussed that collar bearings are used to take the axial thrust of the rotating
" shafts. There may be a single collar or multiple collar bearings as shown in Fig. 10.20( @) and{(8) -
respectively. The collar bearings are also known as st bearings.

w

Shaft

Collar

() Single collar bearing (#) Multiple collar bearing.
Fig. 10.20. Flat collar bearings.




1. Considering uniform pressure

When the pressure is uniformly distributed over the bearing surface, then the intensity of
pressure,

gl
4 nfy ¥ - (1'3)3] w{d)
We have seen in Art. 10.25, that the frictional torque on the ring of rading and thickness dir,
T = 2nupa dr

Integrating this equation within the limits from r, to r, for the total frictional torque on the
collar,

.. Total frictional torque,

)

- znu.p[(’i)j ‘ ("3)3}
3

]

r= J" 27{;1.;).1'2 dr = 2n|.p [%s:t

Substimting the value of p from equation (i).

T = 21:;1><—,I—V—;—[("1)3 - (1'2}3:|
() — ()] 3

] 0 ) ~ (rz)i
() — ()

We have scen in Art. 10.25 that the load transmitted on the ring, considering uniform wear is,

W

2. Considering ynijfion wear

oW = p, 2mrdr = E X 2mrdr = 2rCdr
r

.~ Total load transmitted to the collar,

W= _ri 2nC.dr = .TlrcC[r];i =2RC(5; — 1y}
n 2
We also know that frictional torque on the xing,
T =WdWr=pux2nCdrr = 2npCrdr
. Total frictional torque on the bearing,

[ ) " " .
T= _[ 2ap Crdr = 21ILLCI:%:I = 21cp,c[("t) — () ]
2

e
: i

- = npCHRY - (1))

Substituting the value of C from equation (#),

- _ W vt L N
T ﬂ:uxh(q_rz)[(r,) O3 1= o XV @ +13)




10.31. Friction Clutches

A friction clutch has its principal application in the transmission of power of shafts and
machines which must be started and stopped frequently.

In autoni;obiles, friction cluteh is used to connect the engine to the driven shaft. In
operating such a cluteh, care should be taken so that the friction surfaces engage easily and gradually
brings the drivenshaft up to proper speed.

The friction clutches of the following types are important from the subject point of view :
I. Disc or plate clutches (single disc or multiple disc clutch),
2, Cone clatches, and

3. Centrifugal clutches.
10.32. SingleiDisc or Plate Clutch

A single disc or plate clutch, as shown in Fig. 10.21, consists of a clutch plate whose hoth
sides are faced with a {riction material (usually of Ferrodo).
It is mounted on the hub which is trec 1o move axially along the splines of the driven shaft.
The pressure plate 1s mounted inside the clutch body which is bolted to the flywheel.
Both the pressure plate and the [iywheel rotate with the enginecrankshaft or the driving shafi.
Cluich plate with
friction lining

Body

; Zpring

The pressure plate pushes the clutch  Flywheel
plate towards the flywheel by a set of strong
springs which are arranged radially inside the body.
The three levers (also known as release levers

or fingers) are carried on pivots suspended Crank

- shait

from the case of the body. These are Eressure blat Y

. ressure 2

arranged in such amanner so that the pressure P Hub lfl‘hrust- ‘\\

plate moves away from the ﬂywh:?el by the = bearing \

inward movement of a thrust bearing. f““" {\

The bearing is mounted upon a forked \&
shaft and moves forward when the clutch pedal —Q\—“—E / /
is pressed. *’% R=
) .
When the clutch pedal is pressed Driving —/ T ) /! £ Driven shaft

Release lever
{Withdrawl finger)

down, its linkage forces the thrust shait

refease bearing to move in towards the flywheel

and pressing the longer ends of the levers inward.
The ievers are forced to turn on their suspended .
pivot and the pressure plate moves away from the
flywheel by the knife cdges, there by compressing
the clutch springs. This action removes the pressure
from the clutch plate and thus moves back from the
flywheel and the driven shaft becomes stationaty. Fig, 10.21, Single disc or plate clutch.

On the other hand, when the foot is taken off from the clutch pedal, the thrust bearing moves
back by the levers. This allows the  springs to extend and thus the pressure plate pushes the clutch
plate back towards the flywheel. )

The axial pressure exerted by the spring provides a frictional force in the circumferential direction
when the relative motion between the driving and driven members tends to take place. If the torque due to
this frictional force exceeds the torque to be transmitted, then no slipping takes place and the power is
transmitted from the driving shaft to the driven shaft.

.
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Now consider two friction surfaces, maintained in contact by an axial thrust/, as shown in
Fig. 10.22 (a).
Let T = Torque transmitted by the cluich,
p = Intensity of axial pressure with which the contact surfaces are held
togcther,
ryand r, = Fxternal and internal radii of friction faces, and
it = Coelflicient of friction,
Consider an elementary ring of radius r and thickness dr as shown in Fig. 10.22 (b).
We know that area of contact surface or friction surface,
=2 frdr
- Normal or axial force on the ring,
oW = Pressure x Area=p % 2w rdr
and the frictional force on the ring acting tangeniially at radinsr,
Fo=pdW =ppx2nrd
. Frictional 1orque acting on the ring.
T=Fxr=ppx2mrdrxr=2xxW psdr

Singlleldisr,
por plate e
R N / ’,\51&.\\} ”
w By

p 3‘ ' g
. 1
\/Frztion

surface
(a) - ()

Fig. 10.22. Forces on a single disc or plate clutch.

We shall now consider the following two cases :

1. When there is a uniform pressure, and

2. When there is a uniform wear.
1. Considering uniform pressure

When the pressure is uniformly distributed over the entire area of the friction face, then the
intensity of pressure,

a W

P R - )] -0
W = Axial thrust with which the contact or friction surfaces are held together

We have discussed above that the frictional torque on the elementary ring of radius  » and
thickness dr is

where

T =2npprdr
Integrating this equation within the limits fromr, to r, for the total frictional torque.

.. Total frictional torque acting on the friction surface or on the clutch,

% T 3 _ (33
T=J 2 prtdr = thup[%’} :2nppl:(rl) — () ]
3

N .
1 "

Substituting the value of y\ﬂr‘bm equation (f),

Lt - a5
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W y n) - ()
7r[(?'.)2 - (rz)z] 3
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where R = Mean radius of friction surface

_2| @) -0y
36 - 0y)

2. Considering uniform wear

- T=2mpx

H
wim

. 1 . . . a
In Fig. 10.22, let p be the normal intensity of pressure at a distance  {rom the axis of the
clutch. Since the intensity of pressure varies inversely with the distance, therefore

p.r.=C(aconstant) or p=Cir (D
and the normal force on the ring,
. C
OW = p2rrdr = x2nCdr =2rCdr
-
- Total force acting on the friction surface.
.

W :I 2nCdr = 2rC[r]f = 2RCQ; ~1y)
J': ’
or o
2~ )

We know that the frictional torque acting on the ring,

=2nu.pridr =2np % ¢ X 1t dr = 2RpCrdr
"

— s p=Ch)
. Total frictional torque on the friction surface,
i 2 3
= J 2ep.Cardr = 275;1.6‘[1_;_] = 273!-1-0[(] - () ]
4 = 2

= 7RCI() = (5)] = T x pov UGV

i

.

1 .
. =7)-><u.W(r] +r,)=uW.R

¥ . T .. roor
' R = Mean radius of the friction surface — L~ 2
[ 2

10.33. Multip}e Disc Clutch

where

A multip?e disc clutch. asshown in Fig. 10.23, may be used when a lar  ge torque is to be
transmitted. The nside discs {usually of steel) are fastened to the driven shaft to permit axial motion
(except for the lafst disc). The outside discs (usvally of bronze) are held by bolts and are fastened to
the housing which is keyed to the driving shaft. The multiple disc clutches are extensively used in
motor cars, machine tools etc.

Let n, = Number of discs on the driving shaft, and
i, = Number of discs on the driven shaft.
: Number of pairs of contact surfaces,
’ n=n+n,—1

and total frictional torque acting on the friction surfaces or on the clutch,

T=nU.WR
where R = Mean radius of the friction surfaces’
n)y —-(n ~
=3 d_(r' )2 e )2 ...(For uniﬁ;ﬁ‘bpressure)
1 2

_hth

...(For uniform wear)

2
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Quiside discs

Inside discs

p

Fig, 10,23, Multiple disc cluteh.

Example 4. Determine the maximum, minimum and average pressure in plate eluich
when the avial force is 4 kN. The inside radius of the contact surface is 30 mm and the outside radius
is 100 mm. Assume uniform wear

Solution. Given : =4 kN =4 » ]0* N r, =50 mm : r, = 100 mm
Maximuur pressure

Let Poe = Maximum pressure.

Since the intensity of pressure is maximum at the inner radius §,), therefore

p"l‘l\_ . ’.2 = C or C: SO‘UHI'G.\'
‘We know that the total force on the contact surface §F),
4x10° =2rC(—r)=2nx50p, (100-30)=15710p, .
Poge = 4 % 10%15 710 = 0.2546 N/mm* Ans.
Minimum pressure
Let P, = Minimum pressure.
Since the intensity of pressure is minimum at the outer radius ), therefore
Prin * n= C o C= loopmi"n
We know that the total force on the contact surface ¢F), : N .
3= . = S0 = 3
4x10° =2n C{ry—r)=2nx100p, . (100-50}=31420p .
Py = 4% 10%/31 420 =0.1273 N/mm* Ans.
Average pressure
We know that average pressure,

Total normal force on contact surface

a¥  Cross-sectional area of contact surfaces

W 4x10°

l(7)* = (5)*]  w[100)° - (50)°]
Example 5, A single plate clutch, with both sides effective, has outer and inner
diameters 300 mm and 200 mm respectvely. The maxinnun intensity of pressure at any point in the
contact surface is not fo exceed 0.1 Nfmnt. If the coefficient of friction is 0.3, determine the power
transmitied by a clutch at a speed 2500 r.p.m.

=0.17 N/mm® Ans.

Solution. Given : d; = 300 mm or r; = 150 mm ; &, = 200 mm or 7, = 100 mm ; p = 0.1 N/mm? ;
1=0.3; N=2500 rpm. or =27 % 2500/60 =261.8 rad/s

Since the intensity of pressure (p) is maximum at the inner radius ¢;), therefore for uniform

wear,
pr,=C or C=0.1x100=10N/mm

We know that the axial thrust,
W=2rC(r—r)=2rx10(150-100)=3142N

and mean radius of the friction surfaces for uniform wear,




¥

rtr 150 + 100
i R=- 5 Z = 5 =125mm =0.125m

We know that torque transmitted,
T=npWR=2x03x3142x0.125=235.65 N-m
w0 =2 for both sides of plate effective)

. Powerjtransmitted by a clatch,
P=T.w=23565%261.8=061 693 W=61.693 kW Ans.

10.34. Cone Cluich

A cone clutch, as shown in Fig. 10.24, was extensively used in antomobiles but now-a-days it
has been replaced completely by the disc clutch.

///
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n r2 / shaft
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WEW‘-.--”—_—“ 5 e e

Rt s

R )
Y ey 77}
Driving shaft —/ ! MQJ 57/
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Conical friction

surface
t

Fig. 10.24. Cone clutch,

Tt consists of one pair of friction surface only . In a cone clutch, the driver is keyed to the
driving shaft by a'sunk key and has an inside conical surface or face which exactly fits into the outside
conical surface of the driven. The driven member resting on the feather key in the driven shaft, may
be shifted along the shaft by a forked lever provided aB, in order to engage the clutch by bringing the
two conical surfaces in contact. Due to the frictional resistance set up- at this contact surface, the
torque is transmitted from one shaft to another. In some cases, a spring is placed around the driven
shaft in contact with the hub of the driven. This spring holds the clutch faces in contact and maintains
the pressure between them, and the forked lever is used only for disengagement of the clutch. The
contact.surfaces of the clutch may be metal to metal contact, but more often the driven member is
lined with some material like wood, leatheycork or asbestos etc. The material of the clutchi facesi(e.
contact surfaces) depends upon the allowable normal pressure and the coeflicient of friction.

Consider}a pair of friction surface as shown in Fig. 10.25 (). Since the area of contact of a
- pair of friction surfacc is a fiustrum of a cone, therefore the torque transmitted by the cone cluteh may
be determined in {the similar manner as discussed for conical pivot bearings in Art. 10.28.

Let p, = Intensity of pressure with which the conical friction surfaces are held
together (7.e. normal pressure between contact surfaces),

r; and r, = Outer and inner radius of friction surfaces respectively
ntr
2 3
o = Semi angle of the cone (also called face angle of the cone) or the
angle of the friction surface with the axis of the clutch,

R = Mean radius of the friction surface =

it = CoefTicient of friction between contact surfaces, and

b = Widih of the contact surfaces {also known as face width or clutch
face).




{u} (h)

Fig. 10,25, Friction surfaces as a frustrm of a cone.

Consider a small ring of radiusrand thickness ¢, as shown in Fig, 10.25 ). Let o/ is Iength
of ring of the friction surface. such that

dl = dr.cosec o
~. Arca ol the ring,
A = 2n rdl = 2ardr cosec o
1. Considering uniform pressure
We know that normal load acting on the ring.
8, = Normal pressure * Arca of ring =p, % 2 1t ndr.cosec o,
and the axial load acting on the ring, .
&W = Horizontal component of 8/ _ (i.¢: in the direction of I¥)
= W xsin o= p, % 21 r.dr. cosec o0 % sin o= 27 X p, r.dr
.~ Total axial load transmitted to the clutch or the axial spring force required,

i

= I 2 p, rdr =21 p, {i} =21np, [M]
r 2 ] >
=5, [ () - 03)°]
P _L + .
TRl - 6] ) )

‘We know that frictional force on the ring acting tangentially at radiusr,
Fo=pdlW =np x2x r.dr.cos_cc o

. Frictional torque acting on the ring.

e . P . = ) i 2 g
T =F xp=p *2Rrdrcoset r=2 R [Lp, cosec o~ dr

Integrating this expression within the limits fromr, to r, for the total frictional torque on the
clutch.

- i , 1T
<. Total frictional torque, 77 = J 2rp.p, cosec o dr = 2R p, cosec a[r_]
. ! 3

,1 -
2 5

mf—mf]

=27 p cosec 0:[

3
Substituting the value of p_ from equation (), we get
1 .\3
7= 2nux+- X cosec G[M]
()" — ()] 3

(1) = 0’ )
(1'] )2 _ (r?-)? ..(H)

= % X LW cosec o




dyg
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2. Considering uniform wear

In Fig. 10.25, let p, be the normal intensity of pressure at a distance r fiom the axis of the
clutch. We know that, in case of uniform wear , the intensity of pressure varies inversely with the
distance.

. p..r=C(aconstant) or p.=C/r

We knowithat the normal load acting on the ring,
J oI, = Normal pressure x Area of ring = P> 2nrdr cosee o
and the axial load acting on the ring

[§

8W =8I, xsino=p.2 7 rdr.cosec 0, .sin o =p, X2 W rdr

C
= x2rdr =2nCdr e p=CI)
Total éaxia] load transmitted to ihe clutch,
| ¥
i W= | 2nCdr=2mCL i =28C0; - 1)
4 ¥,
154
or ¢= - if)
2 T —n)

We know that frictional force acting on the ring,
= ;= s . . ey gy
Fo=n38W =pp x 21 rxdrcosec o
and frictional torque acting on the ring,
, T, =F xr=up. *2mrdrcosec o x r

C 2
=UX—X2nr .dreosec o = 21).C cosec ¢ X - dr
,

- Total frictional torque acting on the clutch,

5 27
T= J 2np.Ceosec ourdr = 2np.Ceosec ocl:'_:l
2

5

2 82 ]
= 2xpCeosec a[,('l_)____(i
2

Substituting the value of C from equation {f}, we have

: Frn2 a2
’ T=2npxl—xcosecaﬁﬁ_('2_)_
2n(n ~ny) 2

=UW cosec oc(li ; 5 )= WH R cosec o (i)

r|+r
T2

Since the normal force acting on the friction surface, ¥ » = W/sin o, therefore the equation
{/v) may be written as

where R = Mean radius of friction surface

T =W R )

The forces on a friction surface, for steady operation of the clutch and after the clutch is
engaged, is shown in Fig. 10.26.

Friction
surface

Friction
surface

N
—— 43-—}—— W= W, sin o
- : w
(@) For sitsdy Spefation of the clutch (#) Duting engagement of the clutch,

Fig, 10.26. Forces on a friction surface.
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noen = bsino; and R = or ntn = 2R

- From equation, (i), normal pressure acting on the friction surface,

. W _ 74 _ w
Pn = () — ()] RO )0 - ) " 2rRb.sino
or W=p,x2uRbsina= W, sino
where W, = Normal load acting on the friction surface=p, x 2T R.b

Now the equation (fv) may be written as,
= : ; e () = 2
T =u(p, x 2 Rbsin o) R cosec o0 = 2mpp,.R°D
Example 6. 4 conical fiiction clutch is used to transmit 90 EW ar 1500 ip.m. The semi-
cone angle is 20" and the coefficient of friction is 0.2. If the mean diameter of the bearing surface is
375 mmr and the intensity of normal pressure is not to exceed 0.25 Nimpy find the dimensions of the
conical bearing surfuce and the axtal load recaired,
Solntion. Given : 2= 90 kW =90 » 107 W ; N = 1500 r.p.m. or @ = 2 T x 1500/60 = 156
rads 1 0.=20°; 0 =02;D=375mmor R =187.5mm 1 p, =025 N/mm?
Dimensions of the conical bearing surfice
Let ry and 7, = External and internal radii of the bearing surface respectively
b = Widih of the bearing surface in mm, and
T = Torque transmitted.
We know that power transmiited (£),
90 % 10* = TLw=Tx156
T »= 90 x 103156 = 577 N-m = 577 % 10> N-mm

and the torque transmitted (7),
577 %108 =2 x upn.R3.b =2 x0.2x0.25(187.52b=110464
b = 577 % 10°11 046 = 52.2 mm Ans.
We know that r, + 75 = 2R =2%187.5=375mm i)

and n-n=> sin ¢ =522 5in 20°= 1§ mm (0

From equations (f) and (i),

ry = 196.5 mm, and r, = 178.5 mm Ans.

Axigl Ibad required .

Since in case of friction clutch, uniform wear is considered and the intensity of pressure s
maximum at the minimam contact surface radius (), therefore

P,y = C(aconstant) or C'=0.25 x 178.5=44.6 N/mm

We know that the axial load required, W = 2nC (r, —r,) = 21 ¥ 44.6 (196.5 — 178.5)=5045N Ans

10.35. Centrifugal Ciutch

The centrifugal clutches are usually incorporated into the motor pulleys. It consists of a
number of shoes on the inside of a rim of the pulleyas shown in Fig. 10.28.
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Fig. 10.28. Centrifugal clutch.
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The outer surface of theshoes are covered with a fiiction material. These shoes, which can move

radially in guides, are heldagainst the boss (or spider) on the driving shaft by means of springs. The springs
C e C o . ;

exert a radially mlward force which is assumed constant. The mass of the shoe, when revolving, causes it to
exert a radially oytward force {.e. centrifugal force). The magnitude of tixis centrifugal force depends upon
the speed at which the shoe is revolving. A little consideration will show that when the centrifugal force is
less than the spring force, the shoe remains in the same position as when the driving shaft was stationary,
but when the centrifugal force is equal to the spring force, the shoe is just floating, When the centrifugal
force exceeds the spring force, the shoe moves outward and comes inte contact with the driven member and
presses against it. The force with which the shoe presses against the driven memberis the difference of the
centrifugal force and the spring force. The inicrease of speed causes the shoe to press harder and enables more
torfue to be transmitted.

In order to determine the mass and size of the shoes, the following procedure is adopted :

1. Mass of the slives
Consider'one shoe of u centitfugal clutch as shown in Fig, 10,29, A c
Let m = Mass of each shoe.
n = Number of shoes,
r = Distance of centre of gravity of
the shoe from the centre of the
spider,

R = Inside radius of the pulley rim,

N = Running speed of the pulley in
r.p.m.,

® = Angular running speed of the

pulley in rad/s = 2nN/60 rad/s, Fig. 10.29. Forces on a'shoe of

. centrifugal chuch,
®, = Angular speed at which the =

engagement begins to take place,
and

M = Caefficient of friction between
the shoe and rim.
We know that the centrifugal force acting on each shoe at the running speed.
\ P=mwtr
and the inward force on each shoe exerted by the spring at the speetl at which engagement begins to
take place,
N Po=m(o)r
<. 'The net outward radial force (j.c. centrifugal force) with which the shoe presses against
the rim at the running speed
B =P -P
€ &
and the frictional ‘fg'rce acting tangentially on each shoe,
., Feu@E-p)
. Frictional torque acting on each shoe,
“ SFXR=p(P.-P)R
and tolal frictional torque transmitted,
T=p(P.-P)R*xn=nkFER
From this expression, the mass of the shoes (n) may be evaluated.
2. Size of the shoes
Let L I = Contact length of the shoes,

b = Width-of the shoes,




R = Contact radius of the shoes. It is same as the inside radius of the rim
of the pulley.
8 = Angle subtended by the shoes at the centre of the spider in radians.

p = Intensity of pressure exerted on the shoe, In order to ensure reason-
able Jife. the intensity of pressure may be taken as 0.1 N/mne,

We know that §=I/Rrad or [=0.R
. Area of contact of the shoe,
A=1Lh -
and the force with which the shoe presses against the rim
=Axp=Lbp

Since the force with which the shoe presses against the vim at the running speed is €,— P,

therefore
Lbhp=P P

From this expression. the width of shoe () may be obtained.

Example 7. 4 centrifugal cluteh is to transmit 13 kIV at 900 p.m. The shoes are fourin
swmther. The speed at which the engagement hegins is 3/4th of the running speed. The inside radius
of the pulley ringis 150 mm and the contre of gravity of the shoe lies at 1 20 mm_fronr the centre of the
spider. The shocs are lined with Ferrodo for which the coefficient of friction may he taken as .23,
Determine * 1. Mass of the shoes, and 2. Size of the shoes, if angle subtended by the shoes at the
centre of the spider is 60° and the pressure exerted on the shoes is 0.1 Nfmnr.

Solution. Given : P=15kW =15 % 10° W: N =900 rp.m. or &= 25 % 900/60 = 94.26 rad/s ;
p=4:R=150mm=015m;r= 120mm=012m;pn=035

Since the speed at which the engagement begins (i.e. w,) is 3/4th of the running speed ({.e.
), therefore 3 3

®=—0=—X 94.26 =70.7 rad/s
4 4
Let 7 = Torque transmitted at the running speed.
We know that power transmitted (P),
15%10° = T.o=T%9426 or T=15% 10%94.26 = 159 N-m
1. Mass of the shoes
Let m = Mass of the shoes in kg.
We know that the centrifugal force acting on each.shoe,
P =mor=m (94.26)* % 0.12 = 1066 m N
and the inward force on each shoe cxerted by the springi.e. the centrifugal foree at the engagement
speed @, /!
P =m ()Y r=m (70.7)* % 0.12 =600 m N 7
- Frictional force acting tangentially on each shoe,
- F=u(P-P)= 0.25 (1066 m — 600 ) = 116.5 m N
We know that the torque transmitted (T'), /
159 = nFR=4x1165m x015=70m or m=227Kkg Ans.
2. Size of the shoes .
Let | = Contact length of shoes in mm, #
B = Width of the shoes in mm,
.
0 = Angle subtended by the shoes at the centre of the spider in radians
£

= 60° = /3 rad, and ; .(Given)
p = Pressure exerted on the shoes in N/mni = 0.\1 N/mm? ..(Given)
Fa /,"
Weknowthat ~ [=0.R= 135 % 150 = 157.1 mm
and ) Lbp = P,— P ,=1066 m — 600 7= il/Gﬁm
157.1 x b= 0.1 =466 x 2.27 = 1058 \"' o
or b = 1058/157.1 x 0.1 = 673 im Ans.

EXER;:)—SES
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UNIT-IIT BRAKES AND DYNAMOMETERS

18.1. Introduction

A brake is a device by means of which artificial frictional resistance is applied to 2 moving
machine membet, in order to retard or stop the motion of a machine. The energy absorbed by brakes
is dissipated in the form of heat. ( K E_‘)

The capacity of a brake depends upon the following factors :
1. The unit pressuce between the braking surfaces,
2. The coefficient of friction between the braking
surfaces,
. The peripheral yelocity of the brake drum,
. The projected area of the friction surfaces, and
. The ability of the brake to dissipate heat equivalent
to the energy being absorbed,

e L2

19.2. Materials for Brake Llining
The material useg for the brake lining should have thefollowing characteristics :
1.1t should have high coefficient of friction with minimum fading. In other words, the coeffi-cient
of friction should remain constant with change in temperature.
2.1t should have Ilow wear rate. |
3.1t should have high heat resistance.
4.1t should have high heat dissipation capacity.
5.1t should have adequate mechanical strength.
6.1t should not be affected by moisture and oil.

Types of Bral|<es:

The brakes, according to the means used for transforming the energy by the braking elements,are classified as :
. Hydraulic brakes e.g. pumps or hydrodynamic brakeand fluid agitator,

. Electric brakes e.g. generators and eddy currentbrakes,

. Mechanical brakes.

L S R

The mechanical brakes, according to the direction ofacting force, may be divided into the following two groups :

{(a) Radial brakes: Iln these brakes, the force acting onthe brake drum is in radial direction.

The radial brakes may be sub-divided into external brakes and internal brakes.
According to the shape of the friction elements, these brakes may be block or shoe brakes and band brakes.

(b) Axial brakes: In these brakes, the force acting on the brake drum is in axial direction.
The axial brakes may be disc brakes and cone brakes.

’

19.4. Single Bloqk or Shoe Brake

A single block or shoe brake is consists of a block or shoe which is pressed against the rim of a
revolving brake wheel drum. The block is made of a softer material thanthe rim of the wheel. This type
of a brake is commonly used on railway trains and tram cars.
The friction between the block and the wheel causes a tangential braking force to act on the wheel, which
retard the rotation of the wheel, The block is pressed against the wheel by a force applied to one endf a lever to
which the block is rigidly fixed as shown in Fig. 15.1. The other end of the leveris  pivoted on a fixed fulcrum 0.

- i !

| —— X — ;

=z — — g o e
L tpeen Her, i ;
O Rigidly] ) . @ \
mounted 20 77 . - A
block I\\ ] T ~~Wheel \\\A‘ry
(a) Clockwise rotation of brake wheel (k) Anticlockwise rotation of brake wheel.

Fig. 19.1. Single block brake. Line of action of tangential force passes through the fulerum of the lever




R = Contact radius of the shoes. It is same as the inside radius of the rim
of the pulley.

6 = Angle subtended by the shoes at the centre of the spider in radians.

p = Intensity of pressure exerted on the shoe. In order to ensure reason-
able life. the intensity of pressure may be taken as 0.1 N/mnr.

We know that 0=/Rrad or [=6.R
. Area of contact of the shoe,
A=1Lb
and the force with which the shoe presses against the rim
=Axp=lbp

Since the force with which the shoe presses against the rim at the running speed is C.=8)
therefore

!. blp - Pl‘ - P\

expression, the width of shoe (b) may Pe obtained.

From thi

Example . A centrifugal clutch is to transmit I3 kW at 900 p.m. The shoes are four in
number. The speedyt which the engagement begins iy 3/4th of the running speed. The inside radius

of the pulley rim is 130 mm and the centre of gravity of the shoe lies at 120 mm from the centre of the

spider. The shoes are [fged with Ferrodo for whichfthe coefficient of friction may be taken as 0.25.
Determine : 1. Mass of tke shoes, and 2. Size of the shoes, if angle subtended by the shoes at the
centre of the spider is 60° dad the pressure exertéd on the shoes is 0.1 N/mm-.

Solution. Given : P=NS KW =15 < 10° AW : N =900 r.p.m. or @ = 25 = 900/60 = 94.26 rads :
n=4  R=150mm=0.15m;rx 120mm=04A2m:u=025

Since the speed at which ent begins (i.e. @) is 3/4th of the running speed (i.e.

), therefore
94.26 =70.7 rad/s

Let T = Torque smitted at the running speed.

15210° = T.w#T=9426 or T=15x10994.26 = 159 N-m

L. Muass of the shoes
Let

speed ©,,

F=p(P.—P)=025(1066 m -6
e torque transmitted (7"),

2. Size of the shoes
Let

[ = Contact length of shoes in mm,

b = Width of the shoes in mm, .

0 = Angle subtended by the shoes at the centre of the spider in radians
= 60°=n/3 rad, and ...(Given)

p = Pressure exerted on the shoes in N/mm’ = 0.1 N/mm? -.(Given)

SR

We Know that I=0.R=_x150=157.1 mm

s

and Lbp =P —P =1066 m—600 m =466 m
I157.1 % b= 0.1 =466 » 2,27 = 1058
or b = 1058/157.1 ¥ 0.1 =67.3 mm Ans.
EXERCISES
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Let P = Force applied at the end of the lever,
Ry~ Normal force pressing the brake block on the wheel,
r= Radius of the wheel,

26k Angle of contact surface of the block,
pt = Coeficient of friction, and
¥, = Tangential braking force or the frictional force acting at the contact
surface of the block and the wheel.

If the angle of contact is less than 60°, then it may be assumed that the normal pressure between
the block and the wheel is uniform. In such cases, tangential braking forcen the wheel,

F,= pRy ()]
and the braking torq:ue, Tg=Fu=nRyr .. (D)

Let us now consider the following three cases :

Case 1, thEn the line of action of tangential braking force (£} ) passes through the fulerum O
of the lever, and the brake wheel rotates clockwise as shown in Fig. 19.4), then for equilibrium, taking
moments about the fulcrum @, we have

Ryxx=Pxl or Ry :P_Xl
X

.. Braking torque, Pl I
Ty =Ry r =& —Xr = O
x x
It may be noted that when the brake wheel rotates anticlockwise as shown in Fig. 19.1 (),
then the braking torque is same, i.e.

wPlr

TB = p.RN.r -

x
Case 2, When the line of action of the tangential braking forc€F, ) passes through a distance
‘¢ below the fulcrum O, and the brake wheel rotates clockwise as shown in Fig. 19.2 ( a), then for
equilibrium, taking moments about the fulerum O,
Pl

x+pa

Ryxx+Fyxa=Pl or Ryxx+pRyxa=P~Pl or Ry=

and braking torquel, Ty = tRy.r = w.plr

. x+[La

H ! ! —*
I-— X — | *

5—-;7 I |

0 4 !
| a A —+F, 7 P

/ / N\ R,;\ P
Rigidly ~ -39S -
mounted f\/

block Wheel

(@) Clockwise rotation of brake wheel. {b) Anticlockwise rotation of brake wheel.

Fig. 19.2. Single block brake. Line of action of £, passes below the fulcrum,
When the brake wheel rotates anticlockwise, as shown in Fig. 19.2 §), then for equilibrium,

Ryx=Pl+F.a=Pl+pRya (D)
R Pl R Pl
or Ce—nd =Pl  or _
F( k) N x—pa
and braking torque, Ty =Ry = pPLr
x—lLa

Case 3. \/\l hen the line of action of the tangential braking forc€ £} ) passes through a distance
‘7 above the fuldrum O, and the brake wheel rotates clockwise as shown in Fig. 19.3 ( a), then for
equilibrium, taking moments about the fulcrum O, we have
Ryx=Pl+F. a=Pl+uR.a . /]

Pl
x—[ta

=

or

- pay= Pl or Ry=
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{a) Clockwise rotation of brake wheel. () Anticlockwise rotation of brake wheel.

Fig. 19.3, Single block brake, Line of action of £, passes above the fulcrum.

Pl
X—[ta

When the brake wheel rotates anticlockwise as shown in Fig. 19.3 §), then for equilibrium,
taking moments about the fulcrum O, we have

and braking torque, T, = R .r=

Ryxx+F xa=Pl or Ryxx+pRyxa=Pl or R = xfi.a
) wPlr
and braking torque, T, = pRr= cipa
19.5. Pivoted Block or Shoe Brake
We have discussed in the previous article that when the i ! ‘1
angle of contact is less than 60°, then it may be assumed that the o x__l

normal pressure between the block and the wheel is uniform, il . e
. . 7| W 5 t

But when the angle of contact is greater than 60°, then the unit O‘CF" 7 |H§<

pressure normal to the surface of contact is less at the ends than Pivoted :_29.' A

at the centre. This gives uniform wear of the brake lining in the bllggkeor shoa s’ ! / /

direction of the applied force. The braking torque for a pivoted T

block or shoe brake ( i.e. when2 @ > 60°) is given by

-

Fig, 19.4. Pivoted block or shoe brake,
TB = F Xr =u’.RNJ"
f 4usind

? — . . 4 a =
where 1" = Equivalent coeflicient of friction 6+sinag

1 = Actual coefficient of friction.
Example 1. 4 single block brake is shown in Fig. 19.5. [+—200—>+——250—»

The diameter of the drum is 250 mm and the angle of contact is !
90°. If the aperating force of 700 N is applied at the end of a lever

- ]
bl b
and the coefficient of friction between the drum and the lining is 3, 50 /3( “;,.:‘} £
0.35, determine the torque that may be transmitted by the block or ¥ 20"~ \ 700N
LA v AN

bratke. A 12
N

Solution. Given : =250 mm or =125 mm ; 20=90° . —,
All dimensions in mm,
=w/2 rad; P=T700N; pn=0.35 Fig. 19.5
Since the angle of contact is greater than 60°, therefore

equivalent coefficient of friction,
s_ dusin®  4x0.35%sin45°

20+sin20  m/2+sin90°
Let R, = Normal force pressing the block to the brake drum, and

=0.385

F, = Tangential braking force = IRy
Taking moments about the fulcrum O, we have

700(250+200) + F; x50 = Ry x200 = 12200 = %gxzoo =520 F
h .

or 520 £,—50F, =700 x450 or F,=700 x 450/470 = 670 N
We know that torque transmitted by the block brake,
Tg=F,»xr=670 x 125 = 8 3750 N-mm = 83.75N-m Ans.




19.8. Double Block or Shoe Brake Bl crank

It consists of two brake blocks applied at the opposite ends of a Fulcrum Y
diameter of the whegl which eliminate or reduces the unbalanced A [
force on the shaft. The brake is set by a spring which pulls the =

upper ends of the brake arms together. When a force P is applied to the t )

bellcrank lever, the spring is compressed and the brake is released. Spring
In a double block brake, the braking action is doubled % E "’///

by the use of two blocks and these blocks may be operated /"“E‘ '/

practically by the same force which will operate one. In case of 7% T '//'\-Block or

double block or shofe brake, the braking torque is given by shoe

Ta= g+ Fp)r e
where Fj, and F, are the braking forces on the two blocks.

Example 2. A double shoe brake, as shown in Fig. 19.10,
is capable of absorbing a forque of 1400 N-m. The diameter of the 8§
brake drum is 350 iim and the angle of contact for each shoe is 100°.
If the coefficient ofl Wriction between the brake drum and lining is

i
i
b e 250
0.4 ; find 1. the spring force necessary to set the brake ; and 2. the 1 iF'Z /& 100° .\‘1 !
width of the brakelshoes, if the bearing pressure on the lining | i ’ ‘?Lp/ \ N X
material is not to exceed 0.3 N/mn?. ; 1 RN?‘// ' J\HN‘,* .
t - N, F.
Solution. Given: T, = 1400 N-m = 1400 x 16 N-mm ; 5\ . i-f/'““‘l 200
d=350 mm orr= 175 mm ;2 = 100° = 100 < 1t/180 = 1.75 rad, S%s:rg%{ 1
p=04;p,=0.3 N/mm’ 40_;;””7;'40

1. Spring force necessary to set the brake

Let lS = Spring force necessary to set the brake
Ry, and F,; =Normal reaction and the braking force on the right hand side shoe, and
Ry, and Fj, = Corresponding values on the left hand side shoe.
Since the angle of contact is greater than 60°, therefore equivalent coefficient of friction,
‘e 4 sin@ _ 4x0.4%sin50° .
20+sin20 1.75+sinl00°
Taking moTlents about the fulerum O, we have

0.45

7

Sx450 = Ry X200+ F, (175 40) = %xzomfﬂ X135 =579.4 F (Substituting Ry = ‘:il ]
; F,=S5x450/579.4=0.776 S

Again taking moments about-0,, we have T -
5x4504 F,(175—40) = Ry, X200 = 6% x200=4444F, [Substituting Rya = ‘Ef ]

4444 F,,—135F, =85 %450 or 309.4 F, =8 %450
F,=8x450/309.4=14548 -
We know that torque capacity of the brake (Tp,),
1400 x 10° = Fy +Fp)r=(0.776 5+ 1.454 S$)Y175=390.25 §

§'= 1400 % 10%390.25 = 3587 N Ans.
2. Width of the brake shoes

Let . b= Width of the brake shoes in mm.

We know that projected bearing area for one shoe,

Ay, = b{(2rsin8) = b{2x175sin 50°) = 268 b mm>

Normal force on the right hand side of the shoe,
Fy  0.776xS _ 0.776x3587

Ra=— =618 N
1) 045 0.45
and normal force on the left hand side of the shoe,
Ry, = Fy  1.454xS _ 1.454x3587 — 11 590N

w045 0.45

We see that the maximum normal force is on the left hand side of the shoe. Therefore we shall
find the width of|the shoe for the maximum normal forceie. R,.
We know that the bearing pressure on the lining material (p,),

3




_ Ry 11590 4325
A4 2686 b
5=43.25/03 = 1442 mm Ans.

19.7. Simple Band Brake

A band brake consists of a flexible band of leather, one or more ropes,or a steel lined with
friction material, which embraces a part of the circumference of the drum. A band brake, as shown in
Fig. 19.11, is called a simple band brake in which one end of the band is attached to a fixed pin or
fulcrum of the lever while the other end is attached to the lever at a distanceb from the firlerunm.

When a force Pis applied to the lever atC, the lever turns about the fulcrum pinO and tightens
the band on the drum and hence the brakes are applied. The friction between the band and the drum
provides the braking force. The force P on the lever at C may be determined as discussed below :

Let T, = Tenstion in the tight side of the band,
T, = Tension in the slack side of the band,
0 = Angle of lap (or embrace) of the band on the drum,
n= Coefficient of friction between the band and the drum,

r = Radius of the drum,
t = Thickness of the band, and

P
r, = Effective radius of the drum = r +5

- / « ! ;
o i b, P
O% O] c T 02 (3B c

L%]\*Ta % ie

~ \
rf,/, \\‘ VM — \__ﬁ/‘\_\

; %j J I —-;_
x‘ Ny \{'\Brake drum RN, &"“*"/ /,/'{'
i
Shatft
Band
() Clockwise rotation of drum. (b} Anticlockwise rotation of drum,

Fig. 19.11. Simple band brake.
We know that limiting ratio of the tensions is given by the relation,
7

1 1o jl
— = 2.3Ilog| — —j.Le
7:2 or g[];_)

and braking force on the drum =7', - 7,
-, Braking torque on the drum,
=T -T)r . . . (Neglecting thickness of band)
=T -T)r, . . . {Considering thickness of band)
Now considering the equilibrium of the lever OBC. It may be noted that when the drum
rotates in the clockwise direction, as shown in Fig. 19,1 1 (a), the end of the band attached to the
fulerum O will be slack with tension, and end of the band attached ta3 will be tight with tensionT|.
On the other hand, when the drum rotates in the anticlockwise direction, as shown in Fig. 19.1 (b),
the tensions in the band will reverse, i.e. the end of the band attached to the fulcrum O will be tight
with tension T, and the end of the band attached to B will be slack with tension T,. Now taking
moments about the fulcrum O, we have

Pl=T.b . . . {For clockwise rotation of the drum)
and PI=T.b . .. (For antictockwise rotation of the drum)
where /= Length of the lever from the fulcrum (OC), and

b = Perpendicular distance from O to the line of action of T, orT,

-




-

Examplé 3. The simple band brake, as shown in Fig. 19.12, is applied to a shaft carrying
a flywheel of mass 400 kg. The radius of gyration of the flywheel isA «120 -.540—-—300.——;-

430 mm and runs at 300 p.m. ¢

If the coefficient of friction is 0.2 and the brake drum v IR

. . 12 i 4 o

diameter is 240 1{21:1, find : " 100 N
1. the torque applied due to a hand load of 100 N, 90° I so°

2. the nuniber of turns of the wheel before it is brought to —_Qj -—

rest, and ]
s ! ! /

3 the ﬁm(i required to bring it to rest, firom the moment of - 1
the application of the brake.

240 —=
Solution! Given : m =400 kg ; A =450mm=0.45m; Al d:r;?:sao;s; zm .
N =300r.pm or @=2rx300/60 =31.42rad/s; p=02; e
d=240mm=024morr=0.12m
1. Torque applied due to and load

First of all, let us find the tensions in the tight and slack sides of the band  i.e. T and 7,
respectively. .

From the geometry of the Fig. 19.12, angle of lap of the band on the drum,
6= 360°—150°=210° = 210X —— = 3.666 rad
180

‘We know that T
2.3log Fl =118 =0.2x3.666 = 0.7332
2
17, )_0.7332 i
log| -1 |= =-—"==0,3188 r——=2.08 e
g(Tz ) 23 o
! ... {Taking antilog of 0.3188)
Taking momenis about the fulcrum O,
T, % 120 =100 % 300 = 30 000 or T,=30000/120 =250 N
T, =2.087,=2.08 x250 =520 N . .. [From equation (/)]

We know that torque applied,
Ty =(T,—T,)r= (520-250)0.12 = 32.4 N-m Ans.
2. Number of turns of the wheel before it is brought fo rest

Let n=Number of turns of the wheel before it is brought to rest,
We know that kinetic energy of rotation of the drum

=_i x L’ = % xmk* o' = % % 400(0.45)* (31.42)% = 40 000 N-m
This energy is used to overcome the work done due to the braking torque ().
40000=1Tp % 2nn =324 x 2rn =203.6 n

or . n=40000/203.6=196.5 Ans.
3. Time required to bring the wheel to rest

We know that the time required to bring the wheel to rest
=n/N=196.5/300=0.655 min =39.3 s Ans -

19.8. Differential Band Brake

In a differential band brake, as shown in Fig. 19.14, the ends of the band are joined at4 and
B toa lever AOC pivoted on a fixed pin or fulerumO. It may be noted that for the band to tighten, the

length OA4 must be greater than the lengthOB. p , P
¥ [
- 1 —- *
AT b Asgb ~ :
LA et PRGNS n
T 2x5 5 T Tig ’_l‘\'o 5 c
,"/ - 1 .,
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The braking torque on the drum may be obtained in the similar way as discussed in simple band brake,
Now considering the equilibrium of the leverA OC. Tt may be noted that when the drum rotates in the
clockwise direction, as shown in Fig. 19.14 ( a), the end of the band attached to 4 will be slack with
tensionT, and end of the band attached to B will be tight with tension T,. On the other hand, when the
drum rotates in the anticlockwise direction, as shown in Fig. 19.14 ), the end of the band attached to
A will be tight with tension T’ , and end of the band attached to B will be slack with tension 7,. Now
taking moments about the fulcrum O, we have

Pl +T.b=T,a ... {For clockwise rotation of the drum )
or Pi=T,a- 7.6 e (D)
and PI+T,b=Ta .. (For anticlockwise rotation of the drum )
or Pi=T.a-T,b (i}

We have discussed in block brakes (Art. 19.4), that when the frictional force helps to apply
the brake, it is said to be self energizing brake. In case of differential band brake, we see from equa-
tions () and (/) that the moment T).b and T.,.b helps in applying the brake (because it adds to the
moment £./ ) for the clockwise and anticlockwise rotation of the drum respectively

We have also discussed that when the force Pis negative or zero, then brake is self [ocking,
Thus for differential band brake and for clockwise rotation of the drum, the condition for self locking
is

LhasT.b ar /T <bla
and for anticlockwise rotation of the drum, the condition for self locking is
Ha<Ty.b or hih<bla

Example 4. In a winch, the rope supports a load W and is wound round a barrel 450 mm
diameter. 4 differential band brake acts on a drum 800 mm diameter which is keyed to the same shaft
as the barrel. The bwo ends of the bands are attached to pins on opposite sides of the fulcrum of the
brake lever and at distances of 25 mm and 100 mm from the fulcrum. The angle of lap of the brake
band is 250° and the coefficient of firiction is 0.25. What is the maximum load W which can-be
supported by the brake when a force of 750 N is applied to the lever at a distance of 3000 mm Jrom
the fidcrum ?

Solution. Given : D =450 mm or R =225 mm ; ¢ = 800 mm or =400 mm ; OB =25 mm ;

04 =100mm; § =250°=250x n/180 =4.364 rad; A 3000t
p=0.25;P=750N;/=0C = 3000 mm Tt Nos
Since OA is greater than OB, therefore the %TB i c
operating force (P= 750 N) will act downwards. ,% %T,
First of all, let us consider that the drum rotates -‘--—-E; NS I
in clockwise direction. \ 25\2'.19: /
We know that when the drum rotates in clock- N <
wise direction, the end of band attached to 4 will be L
slack with tension T, and the end of the band attached =W
toB will be tight with tensionT,, as shown in Fig. 19.15. All dimensions in mm,

Now let us find out the values of tensions T and T,. We Fig, 19.15

know that T
23log }_ =16 =0.25x4.364 =1,091]
2

log 4 =E-9—l =0.4743 or
T 23

T1=2.98 T2... (i)
Now taking moments about the fulcrum O, 750 x 3000 + T1 x 25 = T2 x 100

or T, x 100 -2.98 T, x 25 = 2250 x 10? e {on T\ =2.98T,)
2557, =2250x10°  or T,=2250 x 10%25.5=88 x 10’ N
and T, =2987,=298x 88 x 10°=262 x 103 N
We know that braking torque,
Ty =(T,—Ty)r
= (262 x 10°— 88 x 10%) 400 = 69.6 x 10 N-mm D)




Y ~(2 == R,G51, 5§ 5‘1177—.76,‘7’]’1 ,f’L,
el / Y,

Y \/ \2 ) lq’, L0

(- T

and the torque due to load W newtons.

w=W.R=W x225=225 W N-mm
Since the bral\mu torque must be equal to the torque due to load)” newtons, therefore from

equations {/} and (! 3000 750 N

f

W =69.6 % 109225 =309 % 10°N=309kN \A <25
Now let us consider that the drum rotates in GiPB c
anticlockwise direction. We know that when the drum rotates ¥
in anticlockwise direction. the end of the band attached tof —'_'{j]_ o
will be tight with tension 7| and end of the band attached to 250"
B will be slack with tension7,, as shown in Fig. 19.16. The i
ratio of tensions 7' and 7, will be same as calculated above, Al Girienslons i,

ie Fig. 19.16
N 208 or7,=298T, o

5

Now taking moments about the fulcrum O,
750 x 3000+ T, x 25 =T, x 100
or2.98 T, x 100 - T, x 25 = 2250 x 10 wlte Ty=2987,)
273T,=2250x 10° or 7,=2250 x 103273 =8242 N

and T,=298T7,=2.98 x 8242 =24 561 N

Braking torque, T}, = (7, » T,)r

=(24 561 — 8242)400 = 6.53 = 10° N-mm A1)
From equations (//) and (iif),
W =6.53 x 104225=29 x 10° N =29 kN

From above, we see that the maximum load §') that can be supported by the brake is 309 kN,

when the drum rotates in clockwise direction. Ans.

Example 5. 4 differential band brake, as shown in Fig. 19.17, has an angle of contact of
225° The band has a compressed woven lining and bears against a cast iron drum of 330 mm
diameter. The brake is to sustain a torque of30 N-m and the coeficient of friction between the band

and the drum is 0.3. Find :1. The necessary force (P) for the clockwise and anticlockwise rotation of

the drum; and 2. The value of 'OA’ for the brake to be self locking, when the drum rotates clockwise.
Solution. Given: 9= 225°=225x /180 =393rad; d=350mm or r=175mm;
7=350 N-m = 350 = 10° N-mm
1. Necessary force (P) for the clockwise and anticlockwise rotation of the drum
When the drum rotates in the clockwise direction, the end of the band attached to 4 will be
slack with tension T', and the end of the band attached toB will be tight with tension 7', as shown in

Fig. 19.18. First of all, let us find the values of tensions 7', and T,.
- 500

A e

¥ —>35<— P A 500 -
NN , T prs S i80

= c')“O-_B. - o] ?I "5‘0\'(.),5. c

= b+

f
| 225° ; J/

All dimensions in mm,
Fig. 19.17 Fig. 19.18

]:p.@=0.3x3.93=1.179

-..i

We know that 2 3log| -
Ta

] l'E-f9=0.5l26 or
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'ﬂ/&j 54/'-@},-,(,;'1 7}@_-,50} L2665, V2, lg)\"t,

ss KAl

8

™

il

= =3.255 ... (Taking antilog of 0.5126) ... {§)
2

and braking torque (7},),

direction, the end of the band attached to A will be tight
with tension 7, and end of the band attached to B will IR

350 x 1¢ = (T, - T)r=(T,—T,) 175
T,—T,=350x10%175=2000N . (i)
From equations (f) and (#), we find that
7,=2887N;and7,=887N
Now taking moments about the fulcrum O, we have
Px500="T,x 150 —T, x 35 =887 x 150 — 2887 x 35 =32 x10°

. P=32x10%500=64 N Ans.
When the drum rotates in the anticlockwise A 500
T ,i‘;’;\—»-iss-‘—
o

Ol minsc

moments about the fulcrum O, we have N | \
)

be slack with tension T, as shown in Fig. 19.19. 'Bking O/"! I‘\Qk\? F
. T

Px500=T, %150 T, x 35 L. \| -
i
= 2887 x 150 — 887 x 35 \ 25
..

= 402 x 103 {!y‘é””
—.

P=402 x 10°/500=804 N Ans.

2. Value of ‘OA* for the brake to be self locking, when
the drum rotates clockwise

The clockwise rotation of the drum is shown in Fig 19.18.

For clockwise rotation of the drum, we know that
Px500=T,x04-T,* 0B

For the brake to be self locking, P must be equal to zero. Therefore ;
I,x04=T x0OB d [<— 750 —»

120 200 N
Taking moments about O, ._QY;
200 x 750+ T, x 30 =T, x 120 oAl i

12T2—3T1=15000 LoD nx 0,B c
+ .
*Ta

T1xOB 2887x35
We know that 04 = T = a%7 =114 mm Ans. /_\i AO =30

i_(l—!—utane}n

T2 I—p_tane - \///’ |
14025tan7.5° Y (1+025x0.1317 \* le— 1 m —>
~11-0.25tan7.5° 1-.025%0.1317 All dimensions in mm
Fig, 19.23

=(1.068)=2.512. . .(i)
From equations (i) and (7},
T,=8440N, and T, = 3360 N

We know that maximum braking torque,
Ty =(T} ~T,)r =(8440~3360)0.5 = 2540 N-m:  Ans.

2. Angular retardation of the drum
Let o = Angular retardation of the drum.

We know that braking torque (75, ),
2540 = Lou=mk” .0 =200000.5 ot = 500t
o = 2540/500 = 5.08 rad/s? Ans.

19.10. Internal Expanding Brake



Let 1 = Required time.

Since the system is to come to rest from the rated speed of 360 tp.m., therefore

Initial angular speed, ©, = 2nx360/60=37.7 rad/s

and final angular speed, w, =0

We know that h =@ — 0.1 ... (= ve sign due to retardation )
r=wy/0=37.7/5.08 =7.42 s Ans.

19.10. Internal Expanding Brake

An internal expanding brake consists of two shoes S, and S, as shown in Fig. 19.24. The
outer surface of the shoes are lined with some friction materia! (usually with Ferodo) to increase the
coefficient of friction and to prevent wearing away of the metal. Each shoe is pivoted at one end about
a fixed fulerum O, and O, and made to contact a cam at the other end. When the cam rotates, the
shoes are pushed ou{wards against the rim of the drum. The friction between the shoes and the drum
produces the braking torque and hence reduces the speed of the drum. The shoes are nor mally held in
off position by a spring as shown in Fig. 19.24. The drum encloses the entire mechanism to keep out
dust and moisture. This type of brake is commonly used in motor cars and light trucks.

Cam

f : Leading of y
i primary shoe Trailing or
! T - secondary shoe
. - i % I b = ___E___ ?
A AN i 2 &
'\————'_—Sprmg '-’o) 3 2]
5 5, 1 Ry C % *
L - 9 N - ;—su o
o Op7w Brake lining 5F /
01 - 02

We shall now consider the forces acting on such a brake, when the drum rotates in the
anticlockwise direction as shown in Fig. It may be noted that for the anticlockwise direction,
the left hand shoe is known asleading or primury shoe while the right hand shoe is known asrailing
or secondary shoe.
Let = Internal radius of the wheel rim,
b = Width of the brake lining,
= Maximum intensity of normal pressure,
py = Normal pressure,
F, = Force exerted by the cam on the leading shoe, and
F, = Force exerted by the cam on the trailing shoe.
Consider a small element of the brake lining AC subtending an angle 30 at the centre. Let OA
makes an angle © with OO, as shown in Fig. 19.25. It is assumed that the pressure distribution on
the shoe is nearly umform however the friction lining wears out more at the free end. Since the
shoe turns about O, . therefore the rate of wear of the shoe lining at 4 will be proportional to the

radial dlsplacement of that point.
The rate of wear of the shoe lining varies directly as the perpendicular distance from O, to OA. i.e. O B.

From the geometry of the figure,
0,B=00,sing
and normal pressure at A,
Py o< sin@ or Py =P sin®
Normal force acting on the element,

dR, = Normal pressure » Area of the element

= pN(b.r.SB) = p,sinB(b.r.06)

1



SWC-e ol 2%, 20, 32,83 8, YB R KT, 41,
2 &ly t8) <o, <8, é%;és,67,& 24 '
— and brai\mu or frlctmn force on the element. ﬂf
OF =puxORy = W.p, sin O(h.r.50)
-, Braking torque due to the element about (),

8Ty = 8F xr = ., sin 0(hr.80)r = 1. p;b 1 (sin 0.50)
and total braking torque about O for whole of one shoe,

Ty=upbr jsin 8d0= pbr*[-cos B]Z:
8
= U p]brz(cosel —cosB,)
Moment of normal force 3Ry of the element about the fulcrum 0,
OMy =Ry x OB = 3Ry (00, sin §)

= pysin6(b.r80)(00;sin0) = P, sin? 0(b.r.60)00,

*. Total moment of normal forces about the fulcrum 0, .

My, -J.p,sm 6(h.r.80)00, = p, b.r.O0, J‘sm 0do
8 6
0, I
= p,br.00, J.;(I—cos'ze)de [ sin28=%(l—c0329)}
02
; 6,
=L broo, [e— 29
2 2 g
1
| sin 260, sin 26,
= —pbr00 | 6, — -0, +
2]’[ ! I[ 2 1 5 ]
= ] ; .
\{ i = Ep].b.r.OO! [(62 —91)+%(sm291—sm292)]
o ~  Moment of frictional force §# about the fulcrum O
& § X My = 8Fx AB=8F(r—00,c0s8)  ..(-+ AB=r—00, cos)
&
- ~ =W p, sin8(h.r.360) (r — OO cos0)
@(\Q\\ ? = W.pybor(rsin @00, sin Bcos 6)50
Yo\ =~ . [0/0/
g <0 & = Wpbr “"51”9"_5_5'"29 00 . (- 2sinBeos®=sin260)
- Q M\ Total moment of frictional force about the fulcrum O,
v 2™
] ¢ 00
= W / A MF‘pprrJz(rsin9~ ]sinZBJdB
2 SR d
o o i ™ [ 00, 8
- / k-\ =upbr —rcose+—'-c0520]
"3 I\' et = 4 9
N | r
l 5 = upbr|—rcos6, +—0—O—'c05292+rc056|—%c0529|]
A i 4 4
L ’D i 00,
‘ 4 = Wwpbr|ricos, —cosBﬂ+—4~ (c0s20; —cos26))
Y L Now for leading shoe, taking moments about the fulcrum ¢
8, §\ Fyx 1= My—M,
/ and for trailing shoe, taking moments about the fulcrum 0,,
Fyxl=Mg+ M

Note : If M. > M, then the brake hu:omeq self locking.




1]

1 . . B N
Example 6. The arrangement of an internal expanding friction brake, inwhich the
brake shoe is pivoted at ‘C’ is shown in Fig. '[9.26. The distance ‘CO’ is 75 mm, O being the cente

of the drum. The internal radius of the brake drum is

100 mm. The friction lining extends over an ac AB, such .
that the angle AOC is 135° and angle BOC is 45° The ~ -"ind L \ Brake
brake is applied by means of a fore at O, perpendicular AN g drum
to the line CQ, the distance CQ being 150 mm. Shoe . 150
The local rate of wear on the lining may be taken as \ i
proportional to !hF normal pressure on an element at an L _13_5‘%_0_ - Al
angle of ' 8 * with OC and may be taken as equal to Vo 3 f
p;sin O, where Py is the maximum intensity of normal . ,B/ ‘ 4% 75 :
pressure, ‘ N, R / P
The coefficient of friction may be taken as (.4 and \\:\ = ///"/
the braking torquerequired is 21 N-m. Calculate the fore ~ ?_‘t‘::/
QO required to operate the brake whenl. The drum rotates S
clockwise, and 2. tThe drun rotates anticlockwise. All dimenstons in mm '

i ) Fig. 19.26
Solution. Given : OC=75mm ; r= 100 mm ;

h =135°=135% m /180=2356rad; B =45°=45x n/180=0.786rad; {=150 mm ;
L =04;7; =21 N-m=21 % 10* N-mm
L, Foree ‘Q’ required to operate the brake witen drum rotates clockwise

We know that total braking torque due to shoe (75),
21x10° = w.-p, b.r*(cos 8, —cos8,)

=0.4x py xb(100)* (cos 45° ~cos135°) = 5656 p b

prb=21x10° /5656 =3.7
Total moment of normal forces about the fulcrum C,

My = é- P ,b.r.OC[(ﬂz -6) +%(sin 26; —sin 292)]

| 1

= 5x3.7>< 10075 [(2.356 - 0.786)+ 1 (sin 90° —sin 270°)]

=13 875 (I 57 + 1) =135 660 N-mm
and total moment of friction force about the fulcrum C,

Mg =p.p br [r(cos 8 —cos0;) -l%: (c0s285 —cos 291):|

=04 %x37=100 [100 (cos 45 —cos135°) +?(cos 270°~00590°)]

=148 x 1414 =50 930 N-mm

Taking moments about the fulcrum C, we have

QO % 150 = M+ M, =35 660+ 20 930 = 56 590
0=56 590 / 150 377 N Aus.

2. Force ‘Q’ required to operaie the brake when drum rotates anticlockwise

Taking moments about the fulcrum €, we have

Q x 150 = M — M =35 660-20930=14 730
! o=14 730/]50 98.2 N Ans.

19.11. Braklng of a Vehlc[e

In a four hee]ed moving vehlcle the brakes may be applied to
1. the rear, wheels only,

2. the front wheels only, and
3. all the i}‘our wheels.

rl
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A car moving on a level r oad at a speed 50 km/h has a wheel base 2.8
metres, distance of C.G. from ground level 600 mm. and the distance of C.G. fir om rear wheels 1.2
metres. Find the distance travelled by the car before coming to rest when brakes are applied,
I, to the rear wheels, 2. to the front wheels, and ©. to all the four wheels.
The coefticient of firiction between the tyvres and the road may be taken as 0.6,

solution, Given: u=50km/h = 13.89m/s: L=28m ;A=600 mm=0.6m x=12m ;u=0.6
Let s = Distance travelled by the car before coming to rest.
V. When brakes are applied to the rear wheels

Since the vehicle moves on a level road, therefore retardation of the cat

ng(L—x) _0.6x9.81(28-12) g0 2

6% We know that for uniform retardation,
/ . u’ B (13.89)

§=—= =324 m Ans.
2a 2x2.98

2. When brakes are applied to the front wheels
Since the vehicle moves on a level road, therefore retardation of the cax
gy 0.6x9.18x1.2
T L-ph  2.8-0.6%06
We know that for uniform retardation,
(13897

y = — =———— = 33.26 m Ans.
2a 2x2.9

3. When the brakes are applied to all the four wheels
Since the vehicle moves on a level road. therefore retardation of the car

a=gu=9.81%0.6=>5.886 m/s’
We know that for uniform retardation.
,_ut_(15.89)°
" 2a 2x5.886
19.12. Dynamometer

A dynamometer is a brake but in addition it has a device to measure the frictional resistance.
Knowing the frictional resistance. we may ol.)tain the torque transmitted and hence the power of the
engine.

19.13. Types of Dynamometers

17 =2.9m/s?

=16.4m Ans.

Following are the two types of dynamometers, used for measuring the brake power of an engine.
1. Absorption dynamometers, and
2. Transmission dynamometers.
In the absorption dynamaometers, the entire energy or power produced by the engine is absorbed by the
friction resistances of the brake and is transformed into heat, during the process of measurement. But in
the rransmission dynainemeters, the energy is not wasted in friction but is used for doing work.

19.14. Classification of Absorption Dynamometers

The following two types of absorption dynamometers are important from the subject point of view :
1. Prony brake dynamometer, and 2. Rope brake dynamometer.

19.15. Prony Brake Dynamometer

A simplest form of an absorption type dynamometer is a prony brake dynamometeas shown
in Fig. 19.31. It consists of two wooden blocks placed around a pulley fixed to the shaft of an engine
whose power is required to be measured. The blocks are clamped by means of two bolts and nuts, as
shown in Fig. 19.31. A helical spring is provided between the nut and the upper block to adjust the
pressure on the pulley to control its speed. The upper block has a long lever attached to it and carries
aweight JI"at its outer end. A counter weight is placed at the other end of the lever which balances the
brake when unloaded. Two stops S, S are provided to limit the motion of the lever
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Fig—. £9.31, Prony l;-rﬁke dynamometer,

When the l)rake is to be put in operation, the long end of the lever is loaded with suitable
weights /¥ and the nuts are tightened until the engine shaft runs at a constant speed and the lever is in
horgzontal position. Under these conditions, the moment due to the weight  must balance the mo-
ment of the frictional resistance between the blocks and the pulley

Let W= Weight at the outer end of the lever in newtons,
L = Horizontal distance of the weight /¥ from the centre of the pulley in meires,

F= Fn'ctionz{l resistance between the blocks and the pulley in newtons,

R = Radius of the pulley in metres,and N = Speed of the shaft in r.p.m.

We know that the moment of the frictional resistance or torque on the shaft,
T=WL=FERN-m
Work done in one revolution =T orque x Angle turned in radians = Tx27 N-m
~  Work done per minute = Tx2x N N-m
We know that brake power of the engine, . .

BP.= Work QOne per min. _ Tx2nN - W.LX2r N watts
’ 160 60 60
19.16. Rope Brake Dynamometer

It is another form of absorption type dynamometer which is most commonly used for measur-
ing the brake power ofjthe engine. It consists of one, two or more ropes wound around the flywheel or
rim of a pulley fixed rigidly to the shaft of an engine, The upper end of the ropes is attached to a spring ;
balance while the lowe!r end of the ropes is kept in position by applying a dead weight as shown in F ig.
19.32. In order to prevent the slipping of the rope gver the flywheel, wooden blocks are placed at
intervals-around the circumference of the flywheel.

In the operation of the brake, the engine is made to run at a constant speed. The frictional
torque, due to the rope, must be equal to the torque being transmitted by the engine. '
ALY

Let W = Dead load in newtons,

s

&= Spring balance reading in newtons, .-.-":\)
D = Diameter of the wheel in metres,  Wooden “ Z _» Spring balance
d = diameter of rope in metres, and blocks \ 4
P ’ s, <-Rope *_ Wooden block
N = Speed of the engine shaft inrp.m.. , e 7 \:_";s!; coden bio
-~ Net load on the brake g PN . .Tﬂes
A N Y ¥
= - n 0 v iR A ) ey
(W S) N - n t\;'i:.,:/ ; }‘f .;: —_ Qw..
We know that distance' mgVed'in one revolution & “: VA 4~ B :
¢ t '\”\‘ .»"‘“'“”{i f',ﬁ/! ~ %,
= wD+d)m Sl LA : .
Work done per revolution R Section of wheel rim
= (W -=8)x(D+d) N-m

and work gone per minute . Cooling i

i . G 7 :
={W-8S)n(D+d)N N-m watel et Dead weight -

Fig. 19.32. Rope brake dy'hamometer. oI

Brake power of the engine, .
i — ¥
BP= Work do;t; per min _ (W -S5) 1; é D+d)N watts

If the diameter of the rope @) is neglected, then brake
- power of the engi{le,

_-S)TDN

i B.P atts

60 ] -




[

@

UNIT-IV BALANCING OF ROTATING MASSES

The process of providing the second mass in order to.counteract the effect of the centrifugal force of

the first mass, is called baluncing of rotating masses.

21.3. Balancing of a Single Rotating Mass By a Single Mass Rotating in
the Same Plane

Consider a disturbing mass m, attached to a shaft rotating at « rad/s as shown in Fig. 2L.1,
Let r, be the radius:iof rotation of the mass m;_

We know that the centrifugal force exerted by the mass »z, on the shaft,
Foy=my- o -ry NG

This centrifugal force acts radially outwards and thus produces bending moment on the
shaft.

m ;. Disturbing
72 mas
God A%
‘];' . ﬁ‘jﬂh
K /
e ———— e —— - ——,’4 3 -Axis of rotation
| /
fz Fi )
,l\ . %/Batancing mass
Ml y— - Jm

Fig. 21.1. Balancing of a single rotating mass by a single mass rotating in the same plane,

Let 2= Radius of rotation of the balancing mass m,
. Centrifugal force due to mass m,,

f'cz=m2'(l)2'f"2 (ii)
Equating equaiions (f) and (/i),
v 2 [,
ml.OJ 'I‘l—mz-(o ) or MR =My

Discuss how a single revolving mass is balanced by two masses revolving
. .y . ]
in different planes ?
21.4. Balancing of a Single Rotating Mass By Two Masses Rotating in
Different Planes
Two balancing masses are placed in two different planes, parallel to the plane of rotation of
the disturbing mass, in such a way that they satisfy the following two conditions of equilibrium,

1. The net dynamic force acting on the shaft is equal to zero. This requires that the line of
action Oaf three centrifugal forces must be the same. In other words, the centre of the
masses of the system must lie on the axis of rotation. This is the condition for Static
halancing.

2. The net couple due to the dynamic forces acting on the shatft is equal to zero. In other
words, the algebraic sum of the moments about any point in the plane must be zero.

The conditions (1) and (2) together give dynamic baluncing.
|
1. When the pl}me of the disturbing mass lies in between the planes of the two buluncing
masses
Consider a disturbing mass m1 lying in a plane A to be balanced by two rotating masses m,
and m, lying in two different planes Z and M as shown in Fig. 21.2. Let #, r and r, be the radii of
rotation of the masses in planes A4, L and M respectively.
|
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Fig, 19,31, Prony brake dynamometer.

When the brake is to be put in operation, the long end of the lever is loaded with suitable
weights }/"and the nuts are tightened until the engine shaft runs at a constant speed and the lever is in
horjzontal position. Under these conditions, the moment due to the weight /' must balance the mo-
ment of the frictional resistance between the blocks and the pulley

Let W = Weight at the outer end of the lever in newtons,
L = Horizontal distance of the weight IV from the centre of the pulley in metres,
F = Frictional resistance between the blocks and the pulley in newtons,
R = Radius of the pulley in metres,and N = Speed of the shaft in r.p.m.

We know that the moment of the frictional resistance or tgrque on the shaft,
I'=WL=FRN-m

Work done in one revolution =T orque =

Work done per minute = 7xX2t N N-m

We know thdt brake power of the enging,
Work dong per min. _ 7'x2nN _ W.Lx2rn N w

60 60 60
19.16. Rope Brake Dynamometer

ngle turned in radians = Tx21 N-m

B.P.= atts

[tis another form of absogption type dynamometer which is most commonly used for measur-
ing the brake power of the engine.¥{ consists/of one, two or more ropes wound around the flywheel or
rim of a pulley fixed rigidly to the shat of an engine. The upper end of the ropes is attached to a spring
balance while the lower end of the roped\is kept in position by applying a dead weight as shown in Fig.
19.32. In order to prevent the slipping of the rope gver the flywheel, wooden blocks are placed at
intervals around the circumference of the/flywheel.

In the operation of the brake. t

torque. due to the rope, must be equal being transmitted by the engine.

RS SAAANN

Let W = Dead load in

S = Spring balange reading in newtohs.

D = Diameter of/the wheel in metres, \ Wooden / Spring balance

d = diameter of rope in metres, and biofli“\‘ T

N = Speed ofthe engine shaft intp.m. ~ \ » %4 /’WOOde” block
. Net load on the brak D o’ AH?‘_’GS

= (W - \ ] 7 \\\\

We know that distarice mgved in one revolution L_ Zo ,\\\\\

Work done per revolution Section of wheel rim

= (W -=8)rn(D+d)N-m
and work done per minute

Cooling
=W =8)r(D+d)N N-m water ;
Fig. 19.32. Rope brake dynamometer. Ceagweiant
Brake power of the engine,
BP = Work done per min _ (W-=S)n(D+d)N -

60 60
[f'the diameter of the rope ¢) is neglected, then brake
power of the engine,
(W-S)nDN

BP.=—— watts
60
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We know hlat the centrifugal force exerted by the mass m in the plane 4,
fe= m- r
Similarly, the centrifugal force exerted by the mass m, in the plane L,
Fop =m0
and, the centrifugal force exerted by the mass #1, in the plane M,
Foy=my -3 -1y

Since the net force acting on the shaft must be equal to zero, therefore the centrifugal force
on the disturbing mass must be equal to the sum of the centrifugal forces on the balancing masses,
therefore

J fo fa fo
mor=nan-rntiyn o (D

Now in order to find the magnitude of balancing force in the plane L (or the dynamic force
at the bearing Q of a shaft), take moments about P which is the point of intersection of the plane A
and the axis of rotation. Therefore

Faxi=Fxl,

R (/]
m-n-l=m-r-i )

Similarly, fin order to find the balancing force in plane M (or the dynamic force at the
bearing P of a shaft), take moments abont @ which is the point of intersection of the plane L and
the axis of rotation. Therefore

FCZ Xl=FC Xll

My vy l=m-rl <o G
21y 1
L J

2. When the plune of the disturbing mass lies on one end of the planes of the balancing
nasses

L. m
AT m
L 3 —2)
= ! | { %./J
Al [ L mz r
' L]
e e 1 %
I
hy 1 I - . l/rzx\
e T — _ b SR> A
- — 12 /3
1 ‘|
| / n
' N
+ )y R




In this case, the mass m lies in the plane A4 and the balancing masses lic in the planes Z and
M, the following conditions must be satisfied in order
to balance the system, i.e.

Fotfoy =Fy
mer+my - S . (@)
Now, to find the balancing force in the plane L {or the dynamic force at the bearing Q of a
shaft), take moments about P which is the point of intersection of the plane M and the axis of
rotation. Therefore
Foaxl=Fxh
(v

mpn-l=m-r-l
. .. [Same a5 equation {if)]

Similarly, to find the balancing force in the plane M (or the dynamic force at the bearing P
of a shaft), take moments about @ which is the point of intersection of the plane L and the axis of
rotation. Therefore

FCZXI:FCX[I

my-p-l=mr-l
21.5. Balancing of Several Masses Rotating in the Same Plane

Example 1. Four masses m , m, m; andm , are 200 kg, 300 kg, 240 kg and 260 kg
respectively. The corresponding radii of rotation are 0.2 m, 0.15 m, 0.25 m and 0.3 m r espectively
and the angles between successive masses are 435, 75° and 135° Find the position and magnitude
of the balance mass r eguired, if its radius of r otation is 0.2 m.

Solution. Given : m, =200kg ; m, =300kg ; m, =240kg ; m, =260kg ; r,=02m ;
ry=0.15 lr.1;r3=0.25m;r4=0.3m; 6, =0°; 0, =45°; 0; =45°+75°=120°; 0, =45°+75°
+135°=255°;r=02m

Let m = Balancing mass, and
8 = The angle which the balancing mass makes with m,.
Since the magnitude of centrifugal forces are proportional to the product of
each mass and its radius, therefore % 240 kg
ny -5 =200%0.2=40kg-m
nty -1y, =300 x0.15 =45kg-m
my -1y =240 % 0.25=60 kg-m

0.15m

s

255°

G : 6 .E%
m4-r4=260x0.3=78kg-m;h’__dzz-"‘;. M 0k

1. Analytical method w;n
IH =my 1 cosO +m, -1y cosO, +my 15 €080, +my -7y cos8, [/

=40c0s0°+45¢c0s45°+ 60 cos120°+ 78 cos 255° %260 kg
=40+31.8-30-20.2 =21.6 kg-m

Now resolving vertically,

XV =y -1 sin0) +n, -1 5in 6, +agy -1y SN By +my -2y SN O,

=405in0°+45sin45° + 60sin [20°+ 78 sin 255°
=0+31.8+52~753=8.5ke-m




_ Resultant, R’j(zm +E7Y :i/ (21.6) +(8.5) =232 kg-m
We know that
m-r=R=232 or m=232/r=232/02=116 kg Ans.

and tan® =XV /ZH =8.5/216=03935 or § =2148°
Since ¢’ is the angle of the resultant X from the horizontal mass of 200 kg, therefore the
angle of the balancing mass from the horizontal mass of 200 kg
6 =180°+21.48°=201.48° Ans.

2. Graphical methoed

1. First of all, draw the space diagram showing the positions of all the given masses as
shown in Fig 21.6 (4).

2. Since the centrifugal force of each mass is proportional to the product of the mass and
radius, therefore

my.ry =200 x0.2= 40 kg-m & m,., =300 x 0.15=45 kg-m
72 240 k

N\0.25m 300 kg
N 1200 1@ - Hesultant

9 e /450 . force
255“@&_—..@ 200 kg / \60

15m

A
Go
m
03m Resultant
force
Z)260kg a—p b
(a) Space diagram. (b) Vector diagram
Fig. 21.6

4. The balancmg force is equal to the resultant force, but eppesite in direction as shown in
Fig. Ql 6 (a). Since the balancing force is proportional to .7, therefore
m* 02=vector ea=23kg-m or m=23/02= 115 kg Ans.
By measurement we also find that the angle of inclination of the balancing mass ( »z) from
the horizontal mass of 200 kg

8 =201° Ans.

- 21.6. Balancing of Several Masses Rotating in Different Planes

Example 2. 4 shaft carries four masses A, B, C and D of magnitude 200 kg, 300 kg,

400 kg and 200 kg respectively and revolving at radii 80 mm, 70 mm, 60 mm and 80 mm in planes
measured from ‘A at 300 mm, 400 mm and 700 mm. The angles between the cranks measured
anticlockwise are A to B 45°, B to C 70° and C to D 120°, The balancing masses ar e to be placed
in planes X and Y. The distance between the planes A and X is 100 mm, between X and Y is 400
mm and between Y and D is 200 mm. If the balancing masses r evolve at a radius of 100 mm, find
their magnitudes and angular positions .

Solutiorll. Given : m, =200 kg ; my =300kg ; m=400kg; mp =200 kg; ry, =80 mm
=0.08m ; 7y =70 mm = 0.07 m ;rC:60mm=0.06m; rp=80mm=0.08 m; ry=r, =100 mm
=0.1m

Let nty, = Balancing mass placed in plane X, and
m,, = Balancing mass placed in plane .

The position of planes and angular position of the masses (assuming the mass A as
hotizontal) are shown in Fig. 21.8 ( &) and (&) respectively.

Assume the plane X as the reference plane (R.P.). The distances of the planes to the right of
plane X are taken as + ve while the distances of the planes to the left of plane X are taken as — ve.




Table 21.2

FPlane Muss (m) Radius {r) Cent.foree or | Distance Jrom | Couple - @
kg m (11} kg-m Plane x(l) m (im0 i.'g—m"
(1) (2 3) (4) {3 (6
A 200 0.08 16 0.1 - 1.6
XRP) iy, 131 0.1 my 0 0
B 300 0.07 21 0.2 4.2
C 400 0.06 24 0.3 7.2
Y my 0.1 0.1 my 0.4 0.04 m,
D 200 0.08 16 0.6 9.6

1. First of all, draw the couple polygon from the data given in Table 21.2 (column 6) as
shown in Fig. 21.8 (¢} to some suitable scale. The vector & ¢” represents the balanced
couple. Since the balanced couple is proportional to 0.04 1., therefore by measurement,

0.04 my =vector d’ o’ =73 kgm? or my = 182.5kg Ans.

-ve RFE sve
s e

: 400 kg
Py r—»-\ Fongd ;}?} -
A @ iB) 'C; Q D C’J/.:é’? g/f’-/’/ 300 kg
T . {44’6:"[ L
: : %60
: l : \ 70,70 200kg
| : | 120° (s LN 807

A T TR A
— 100 [«——— 400 —>|«—200— : i

[ 100, @my

«— 300—] | .*"80; o Y
« 400 SN Y
e 500 | s
e 700 > el Dy g
200 kg
All dimensions in mm,
(a) Position of planes. {5} Angular position of masses.
cl
7.2
9.6
bl’
... Ba
dre., B !?{?csd Coupy 4.2
FTe,
4 my a'f;'*'_:;. o'
-1.6
{c) Couple polygon. {d) Force polygon.

Fig. 21.8

By measurement, the angular position of m is 8y =12° in the clockwise
direction from mass m, (i.e. 200 kg ). Ans.

2, Now draw the force polygon from the data given in Table 21.2 (column 4) as shown in
Fig. 21.8 (d). The vector eo represents the balanced force. Since the balanced force is
proportional to 0.1 m,, therefore by measurement,

0.1my =vectoreo=355kg-m or my = 355 kg Ans.
By measurement, the angular position of my is 0y = 145° in the clockwise
direction from mass m, (i.e.200kg). Ans,

Table 21.3




Example 3. 4, B, Cand D ar e four masses carried by ar otating shaft at radii 100,
125, 200 and 150 mm r espectively. The planes inwhich the masses r evolve are spaced 600 mm
apart and the mass of B, C and D ar e 10 kg, 5 kg, and 4 kg r espectively.

Find the required mass A and the r elative angular settings of the four masses so that the
shaft shall be in complete balance.

Solution. Given: r, =100mm=0.1m; rp=125mm=0.125m; r.=200mm=02m;
rp=150mm=0.15m; mg=10kg; m.=5kg; my=4kg

The position of planes is shown in Fig. 21.10 ( a). Assuming the plane of mass A as the
reference plane (R.fl’.), the data may be tabulated as below :

Table 21.4
Plune i; Muss (m)} Radius (1) | Cent. Force s oy | Distance from | Couple + @2
kg " (mer)kg-m plane A (Dm (nLr.l) kg-m’
() 2 3 4 &) (6)
A(RE) Comy, 0.1 0.1m, 0 0
B | 1w 0.125 1.25 0.6 0.75
c ‘ 5 0.2 1 1.2 1.2
D 4 0.15 0.6 1.8 1.08

Drawing the couple polygon from the data given in Table 21.4 (column 6). Assume the position
of mass B in the horizontal direction. By measurement, we find that the angular setting of mass C

from mass B in the anticlockwise direction, /.e.

£ BOC =240° Ans.
and angular setting of mass D from mass B in the anticlockwise direction, i.e £ BOD =100° Ans.

Draw the force polygen to some suitable scale, as shown in Fig. 21.10 ( 4).

Since the closing sidé of the force polygon (vector do) is proportional to 0.1 m,, therefore
by measurement,

0.1 mA=0.7kg-m2 or m, =7Kkg Ans.

Now draw OA in Fig. 21.10 ( b), parallel to vector do. By measurement, we find that the
angular setting of mass 4 from mass B in the anticlockwise direction, i.e.

£ BOA =155° Ans.
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Explain about primary and secondary unbalanced forces of rotating masses ?

22.1. Introduction

BALANCING OF RECIPROCATING MASSES:

The resultant of all the forces acting on the body of the engine due to inertia forces only is known as
unbalanced force or shaking force.

C ommm
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Fig. 22.1. Reciprocating engine mechanism.

Let Fp = Force required to accelerate the
reciprocating parts,

F, = Inertia force due to reciprocating parts,

F; = Force on the sides of the cylinder walls or normal force acting on
the cross-head guides, and

Fy, = Force acting on the crankshaft bearing or main bearing.

22.2. Primary and Secondary Unbalanced Forces of Reciprocating Masses
Consider a reciprocating engine mechanism as shown in Fig. 22,1,
Let m = Mass of the reciprocating parts,
I = Length of the connecting rod PC,
r =Radius of the crank OC,
6 = Angle of inclination of the crank with the line of stroke PO,
@ = Angular speed of the crank,
n = Ratio of length of the connecting rod to the crank radius = {/r,
The acceleration of the reciprocating parts is approximately given by the expression,

2
ay = Ar(cose+M)
n

... Inertia force due to reciprocating parts or force required to accelerate the reciprocating

cos 29]

parts,

. 2
F| = Fp = Mass x acceleration= " ® '?'(CUSG‘I' .

The horizontal component of the force exerted
on the crank shaft bearing ( i.e. iy} is equal and opposite to inertia force ( F;). This force is an
unbalanced one and is denoted by F7;.

Unbalanced force,

cos20
n

cos26

Fy =m-w2-r[cose+ J=m.m2-rcose+m-m2 X = F, + Fy

The expression (m_wz_rcose) is known as  primary unhalanced force and

2 cos20
(m-m ' "‘—” ]is called secondary unbalanced force.




22.4. Partial Balancing of Locomotives

The locomotives, usually, have two cylinders with cranks placed at right angles to each
other in order to have uniformity in turning moment diagram. The two cylinder locomotives may
be classified as ;

1. Inside cylinder locomotives ; and 2. Outside cylinder locomotives.

In the inside cyfinder locomotives, the two cylinders are placed in between the planes of
two driving whe?ls as shown in Fig. 22.3 (a) ; whereas in the ouiside cylinder locomotives, the two
cylinders are placed outside the driving wheels, one on each side of the driving wheel, as shown in
Fig. 22.3 (5). The locomotives may be

{(a) Singie or uncoupled locomotives ; and (h) Coupled locomaotives.
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{a) Inside cylinder loggmotives. (&) Outside cylinder locomotives,
Fig. 22.3
22.5. Effect of Partial Balancing of Reciprocating Parts of Two Cylinder

Locomaotives

22.6, Variatiop of Tractive Force

The resultant unbalanced force due to the two cylinders, along the line of stroke, is known
as fructive force.
. As per-definition, the tractive force,
' F’; = Resultant unbalanced force
along the line of stroke

=1 —c)m.m-2 rcosO
+ (1-c)me’.rcos(90° +0)
= (1—c)m.o”.r(cos8—sin 6)
Thus, the tragtive force is maximum or minimum when 6 = 135° or 315°.
- Maximum and minimum value of the tractive force or the variation in tractive force
° ) =Hl-c) .’ +{cos135°-sinl135%) =+ f2(1-¢) mw?.r
22.7. Swaying" Couple

The unba[ainced forces along the line of stroke for the two cylinders constitute a couple
about the centre line Y} between the cylinders as shown in Fig. 22.5.

This couplei has swaying effect about a vertical axis, and tends to sway the engine alternately
in clockwise and anticlockwise directions. Hence the couple is known as swaying conple.

Let a = Distance between the centre lines of the two cylinders.
. Swaying couple

= (1-c)m.w’ rcosB xg




{(1—c) ma rcosd

v
—(l=c)mm” rcos {90°+6) 2 Line of stroke
2 for cylinder 1 ¥

2 a : Line of stroke for
= (] — Xos Y
(I c)m' O X (cos 0 +sin 9) / cylinder 2

=T\ o | 1 [ By o0
—ty ——p

[(1-0) m o rcos (90% 0)
Thus, the swaying couple is maximum or minimum when 0 =45° or 225°,

. Maximum and minimum value of the swaying couple
= £(l- Omw® rx a {c0s45° +5in45°) = + 2 (1 - )mw>.r
2 J2

22.8. Hammer Blow

The maximum magnitude of the unbalanced force along the
perpendicular to the line of stroke is known as hantmer blow.

Hammer blow = B.o 2.5
Example 4. dn inside cylinder locomotive has its cylinder centre lines 0.7 m apart and
has a stroke of 0.6 m. The r otating masses per cylinder are equivalent to 150 kg at the crank pin,
and the reciproeating masses per cylinder to 180 kg. The wheel centr e lines are 1.5 m apart. The
cranks are at right angles. The whole of the r otating and 2/3 of the r eciprocating masses are to
be balanced by masses placed at a radius of 0.6 m. Find the magnitude and dir ection of the
balancing masses. Find the fluctuation in rail pr essure under one wheel, variation of tractive
effort and the magnitude of swaying couple at a crank speed of 300 r .p.m.
Solution, Given : ¢ =0.7m; 4, =/.=06morr, = ro =03 m; m; =150 kg;
my =180 kg; ¢ =2/3; r, = rp =0.6m; N =300r .pm. or
o =2%x%300/60= 31,42 rad/s
The equivalent mass of the rotating parts to be balanced per cylinder at the crank pin,

2
m=my=m-=m, +cn, =150+ 3% 180=270kg

Magnitude und direction of the baluncing musses
Let m, and m, = Magnitude of the balancing masses

0, and 8p = Angular position of the balancing masses m, and m, from the first crank B.
The magnitude and direction of the balancing masses may be determined graphically as
discussed below :

1. First of all, draw the space diagram to show the positions of the planes of the wheels and
the cylinders, as shown in Fig. 22.7 ( a). Since the cranks of the cylinders are at right
angles, therefore assuming the position of crank of the cylinder B in the horizontal direc-
tion, draw OC and OB at right angles to each other as shown in Fig. 22,7 { 5).

2, Tabulate the data as given in the following table. Assume the plane of wheel A4 as the
reference plane.

Table 22.1
Plane nIass. Radius Cent, force = o’ Distance from | Couple + w?
(m) kg {rim {ner) kg-mt plane 4 (hm (m.rh) kg-nt’
() &) &1 4 ) {6)
AQRP) my 0.6 0.6 m, 0 0
B 270 0.3 81 0.4 324
C 270 0.3 81 1.1 89.1
D mp 0.6 0.6m, 1.5 0.9 m,

3. Now, draw the couple polygon from the data given in T  able 22.1 (column 6), to some

suitable scale, as shown in Fig 22.7 ( ¢). The closing side ¢'o’ represents the balancing
couple and it is proportional to 0.9 1y, Therefore, by measurement,
0.9 mp, = vector c’o’ = 94.5 kg-m? or mp =105kg Ans.
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4. To determine the angular position of the balancing mass D, draw OD in Fig. 22.7 ( )
¥

parallel to vector ¢'o'. By measurement,
Op =250° Ans.

5. In order to find the balancing mass 4, draw the force polygon from the data given in
Table 22.1 (column 4), to some suitable scale, as shown in Fig. 22.7 ( d), The vector do
represents,the balancing force and it is proportional to 0.6 n2,. Therefore by measurement,

i 0.6 m, = vector do =63 kg-m or m, = 105 kg Ans.

6. To determiine the angular position of the balancing mass A4, draw OA in Fig. 22.7( &)
parallel to vector do. By measurement,

04 =200° Ans.

Fluctuation in rail pressure

We know that each balancing mass = 105 kg

Balancing mass for rotating masses, 150
D="1,105 =5 X105 =583 ke

m
and balancing mass for reciprocating masses,

C.ity 2 180

B= %x105=—=-x——x105=46.6 kg
3 270

m

This balancing mass of 46.6 kg for reciprocating masses gives rise to the centrifugal force.
. Fluctuation in rail pressure or hammer blow

= Bo’.b=46.6 (31.42)%0.6= 27 602 N, Ans. s b=r = ry)

Variation of tractive ef fort
We know that maximum variation of tractive ef fort

= +2(-)my.e’r =22 (l—§]180(31.42)20.3N




=+x25127N Ans. w0 P =g =)

Swaying coupie
We know that maximum swaying couple
) 0'7(1'9
a(l—c 2 2
= * iy o° = ———2x180(31.42)70.3 N-m
2z V2
= 8797 N-m Ans.

v 3333

w= =
D/2 1.8/2
We know that hammer blow

=+Bw’b =33(37)°0.675 =+ 30494 N Ans.
(v B=m,and b=ry=ry)

=37rad’s

22.10. Balancing of Primary Forces of Multi-cylinder In-line Engines

The multi-cylinder engines with the cylinder centre lines in the same plane and on the same
side of the centre line of the crankshatft, are known as fn-line engines. The following two conditions
must be satisfied in order to give the primary balance of the reciprocating parts of a multi-cylinder
engine :

1. The algebraic sum of the primary forces must be equal to zero. In other words, the pri-
mary force polygon must *close ; and

2. The algebraic sum of the couples about any point in the plane of the primary forces must
be equal to zero. In other words, the primary couple polygon must close.

22.11. Balancing of Secondary Forces of Multi-cylinder In-line Engines

When the connecting rod is not too long ( i.e. when the obliquity of the connecting rod is
considered), then the secondary disturbing force due to the reciprocating mass arises.

The secondary force,

3 cos20
Fo=m& rx

Example 5. 4 four cylinder vertica?engine has cranks 150 mm long. The planes of
rotation of the first, second and fourth cranks are 400 mm, 200 mm and 200 mm r espectively from
the third crank and their r eciprocating masses are 30 kg, 60 kg and 50 kg r espectively. Find the
mass of the r eciprocating parts for the thir d cylinder and the r elative angular positions of the
cranks in order that the engine may be in complete primary balance,

Solution, Given r, = r, = r; =7, = 150mm=0.15m; m; =50kg; m, =60Kkg;
m, =50kg

The position of planes is shown in Fig. 22.17 ( ¢). Assuming the plane of third cylinder as
the reference plane, the data may be tabulated as given in T able 22.8.

Table 22.8
Plane Muss Rudius Cent. foree + o | Distance Srom | Couple + w?
(m) kg {r) m (rr} kg-m plane 3(h m (m.rl) kg—1112
() {2) 3 4) (3 {6)
1 50 0.15 7.5 - 04 -3
2 60 0.15 9 -02 -1.8
3(RP) iy 0.15 0.15m, 0 0
4 50 0.15 7.5 0.2 1.5

First of all, the angular position of cranks 2 and 4 are obtained by drawing the couple
polygon from the data given in T able 22.8 (column 6). Assume the position of crank ! in the
horizontal direction as shown in Fig 22.17 ( ), The couple polygon, as shown in Fig. 22.17 { ), is
drawn as discussed below:

1. Draw vector o'a’ in the horizontal direction (i.e. parallel to O1) and equal to — 3 kg-m 2,
to some suitable scale.

2. From point o' and 4', draw vectors o'p’ and 45’ equal to— 1.8 kg-m Zand 1.5 kg-m2
respectively. These vectors intersect at &'
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3. Now in Fig. 22.17 (b), draw O2 parallel to vector o' and O4 parallel to vecior o'p'.
By measurement, we find that the angular position of crank 2 from crank 1 in the
anticlockwise direction is
6, = 160° Ans.
and the arigular position of crank 4 from crank | in the anticlockwise direction is
8,=26° Ans.
In order tc:) find the mass of the third cylinder ( ;) and its angular position, draw the force
polygon, to some suitable scale, as shown in Fig. 22.17(  d), from the data given in T able 22.8
(column 4). Since, the closing side of the force polygon (vector  co) is proportional to 0.15 1,

therefore by measurement,
! 0.15m,=9kg-m or m;=60kg Ans.

Now draw O3 in Fig 22.17 (b), parallel to vector co. By measurement,
we find that theangular position of crank 3 from crank 1 in the anticlockwise
direction is 63 = 227° Ans.

22.13. Balancing of V-engines

Consider a symmetrical two cylinder F~engine as shown in Fig. 22.33, The common crank
OC is driven by two connecting rods PC and QC. The lines of stroke OF and OQ are inclined to
the vertical OY, at an angle o as shown in Fig 22.33.

Let m = Mass of reciprocating parts per cylinder ,
! = Length of connecting rod,
» = Radius of crank,
n = Ratio of length of connecting rod to crank radins= //»
0 = Inclination of crank to the vertical at any instant,
o = Angular velocity of crank.
Y
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We know that inertia force due to reciprocating patts of cylinder 1, along the line of stroke

cos2( —6)]
n

= ma s [cos(a -0)+

and the inertia force due to reciprocating parts of cylinder 2, along the line of stroke

cos2(at+ B)i]

= mo” .r[cos(a -8)+
o)

The balancing of F-engines is only considered for primary and secondary forces * as
discussed below :
Considering primuary forces

We know that primary force acting along the line of stroke of cylinder 1,

Fpy = may’ . cos(c.—6)
-. Component of Fp along the vertical line 07,
= Fpicosa= maw’r.cos(oe—0)cos ... D

and component of F},| along the horizontal line OX

= Jp sino= .o’ rcos(o—6)sina U (/]
Similarly, primary force acting along the line of stroke of cylinder 2,

Iy = ma”.r cos(o +06)
-. Component of Fy,, along the vertical line OV

= Fprcoso = i’ cos(oL+8)cos o ... (D)
and component of F, along the horizontal line OX’

= Fpysino= m.a° rcos(o+0)sina (23]
Total component of primary force along the vertical line OY

Foy = () + (i) =mo’r cos o [cos{a —6) +cos(a+0)]

= mo>.rcoscx2cosacosd
w [+ cos{a—8)+ cos{o + 8) = 2cos o cosB]

2 rcos® a.cos O

= 2m.uw
and total component of primary force along the horizontal line OX

2

Fpy = (i) — (") = m.w”.rsin a[cos(o—0) —cos(a +8)]

= mm?.rsinox2sinosin®

[+ cos(o—~8)—cos(e+8)=2sinasing]

2 2

= 2mw°rsin‘ q.sind

-, Resultant primary force,

Fp =\f(va) +{(Fpy)

= 2111.mz.rJ(cosz 0L.COS l%])2 + (sin2 o.sin 8)2 .
Notes : The following results, derived from equation {v), depending upon the value of o may be noted :
1. When 2 =60° or o =30°

Ip= 2m r J(cosz 30°cc:os(3)'a + (sin“) 30°sin E))‘l

P



2, When 20=90° or g=45°

Fp= 2maw” J"-J («:ns2 4»5“:.:059)2 + (sin2 45%sin 9)2

t 2 (1. ¥
=2ma’r [Ecosﬂ)) +(Esin8) =mat.r

3. When 2¢ =I|120° or o =060°,

1

Fp= 2:»:1.032.1"\((0052 60"035&))2 + (sin2 60°sin 6)2

2 Y]
= 2m.m2.rJ(icosB) +[%sin6) = %xmz.r\/coszﬁ+9sin29

Considering secondary forces
We know thatI secondary force acting along the line of stroke of cylinder I,

FSI - m_(u'z_rx.c_o.s'z((x_—e)

n
-, Component of Fg, along the vertical line OY

= f5 cosa = ma’.r xwxcosa
n
and component of F} along the horizontal line OX

. co52(c—0
= Fg;sinc =m.m2.r.x—£—---—)-
n

Similarly, secfmdary force acting along the lire of stroke of cylinder 2,
cos2(o +0)

xsing

} Fgp = metrx

n
-, Component of Fj, along the vertical line OY

cos2(ox+9
= Fgy coSot =mwtr x—-(———)xcosa
n

and component of Fg, along the horizontal line Ox'*

2,,00s2(c+6)

=Fgysino=mao*r xsin o

n
Total component of secondary force along the vertical line OY,

2

Fgy = (ix} + (xi) = 2 x@?.reosa [cos2(o —B) +cos 2(ct +6)]
n

2 2

m 2m
= xn“rcosox2cos20c0828 = —xo
n

n
and total component of secondary force along the horizontal line OX,

Fay = () — (xi) =—x?rsina [cos2(cc— 8) —cos 2(ex+6)]
’ H

== xol.rsinox2sin 20.sin 26

n

2m . . .
. = 2" x o .rsino.sin2c.sin 20
n

Resultant secondary force,

Fg =1I(Fsv) +(Fsn)

- 2 "2
2m.m2.r‘j(icosﬁ) d—[isin BJ = %x o.rJ9cos? 0+ sin?0

= 2_m x@2.r, f(cos a.cos 2a.cos 20)? +(sin o.sin 2cc .5in 20)*

"
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Balancing of
Reciprocating
Masses

22.17. Introduction

We have discussed in Chapter 15 (Art. 15.10), the
various forces acting on the reciprocating parts of an en-
gine. The resultant of all the forces acting on the body of the
engine due to inertia forces only is known as unbelanced
Jorce or shaking force. Thus if the resultant of all the forces
due to inertia effects is zero, then there will be no unbal-
anced force, but even then an unbalanced couple or shaking
couple will be present,

Consider a horizontal reciprocating engine mecha-
nism as shown in Fig. 22,1,

C o
Fy i 7 oo \\\
i’
‘ ¢ R\ tFer \
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Fig. 22.1. Reciprocating engine mechanism,
Let Fy = Force required to accelerate the

reciprocating patts,
858




Chapter 22 . Balancing of Reciprocating Masses 859

£, =Inertia force due to reciprocating parts,

Fy; =Force on the sides of the cylinder walls or normal force acting on
the cross-head guides, and

£ = Force acting on the crankshaft bearing or main bearing,

Since £y and £} are equal in magnitude but Opposite in direction, therefore they balance
each other. The horizontal component of 7, (i.e, Foy) acting along the line of reciproeation is also

equal and opposite (o F. This force Fou=F isan unbalanced force or shaking force ang required
to be properly balanced,

The force on the sides of the cylinder walls (7y) and the vertica] component of Fy
(ie. Fyy) are equal and opposite and thus form a shaking couple of Inagnitude F,_ x x or 7

and a shaking couple. Tn most of the mechanisms, we can reduce the shaking force and a shaking
couple by adding appropriate balancing mass, but it ig usually not practical o eliminate them
completely. In other words, the reciprocating masses are only partially balanced.

Note : The masses rotating with the ctankshaft are nonmally balanced and they do not transmit any unbalanced
or shaking force on the body of the engine,

22.2. Pimary and Secondary Unbalanced Forces of Reciprocating Masses
Consider a reciprocating engine mechanism as shown in Fig. 22.1.
Let m = Mass of the reciprocating parts,
I'=Length of the connecting rod PC,
r = Radius of the crank ac,
0 = Angle of inclination of the crank with the line of stroke PO,
@ = Angular speed of the crank,
7= Ratio of length of the connecting rod to the crank radiug =7/ p,

We have already discussed in Art, 15.8 that the acceleration of the reciprocating parts is

approximately given by the expression,

s
%

0520
n

£y = Fy = Mass x acceleration = M- @2 -r cos@+

We have discussed in the previous article that the horizontal component of 126 force exerted
on the crank ghaft bearing (i.e, Foy) Is equal and Opposite to inertia force (F}). This force is an
unbalanced one and is denoted by £

Unbalanced force,

cos20

©0s2¢
Fy=m o -r(cose+—-—-)= Mm@ - rcos®+m-? . px
i

H

=Fy+ F,

The expression (m-mz-rcose) is known as Primary unbalynced foree and

2 c0s20
Rt rx n is called seconduary arboalanced force.
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Primary unbalanced force, Fj, = m-a -r cos@

cos28
n

Notes: 1. The primary unbalanced force is maximum, when 8 = 0° or 180° Thus, the primary force is
maximum twjce in ane revolution of the crank. The maximum primary unbalanced force is given by

and secondary unbalanced force, Fy=mw’ rx

Fp(m) 2!1!'032'1'

2. The secondary unbalanced force is maximum, when 8 = 0°, 90°,180° and 360°. Thus, the second-
ary force is maximum four times in one revolution of the crank. The maximum secondary unbalanced force is
given by

r
Fs(m) =n- (02 X;

3. From above we see that secondary unbalanced force is I/n times the maximum primary
unbalanced force,

4. In case of moderate speeds, the secondary unbalanced force is so small that it may be neglected as
compared to primary unbalanced force.

5. The unbalanced force due to reciprocating masses varies in magnitude but constant in direction
while due to the revolving masses, the unbalanced force is constant in magnitude but varies in direction.

t
22,3. Partial Balancing of Unbalanced Primary Force in a Reciprocating
Engine

Theiprimary unbalanced force (m-©” -rcos8) may be considered as the component of the
centrifugal force produced by a rotating mass m placed at the crank radius r, as shown in Fig. 22.2.
I

2
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Fig, 22.2, Partial balancing of unbalanced primary force in a reciprocating engine.

The|primary force acts from O to P along the line of stroke. Hence, balancing of primary
force is considered as equivalent to the balancing of mass m rotating at the crank radius », This is
balanced by} having a mass B at a radius b, placed diametrically opposite to the crank pin C.

We know that centrifugal force due to mass B,
=B’ b
and horizontal component of this force acting in opposite direction of primary force
| = B-w’-bhcosd
Thef primary force is balanced, if
! B-w’-bcosO=m-@*-rcos® or Bb=mr

1
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A little consideration will show, 5 7
that the primary force is completely '
balanced if 3.5 = m.r, but the centrifisgal
force produced due to the revolving mass
B, has also a vertical component oo e
(perpendicular to the line of stroke) of g stowing , *-
magnitude B-6-bsin®. This force flax
remains unbalanced, The maximum valge
of this force is equal to B.¢? -b when g
is 90° and 270°, which is same as the
maximum value of the primary force
m-ot-p.

From the above discussion, we see
that in the first case, the primary wnbalanced ~ Hose for use in
force acts along the line of stroke whereas awkoward place |
in the second case, the unbalanced force acts
along the perpendicular to the line of stroke,
The maximum valye of the force remains
same in both the cases. It is thus obvious,
that the effect of the above method of
balancing is to change the direction of the Cable windaf
maximum unbalanced force from the line
of stroke to the perpendicular of line of
stroke. As a compromise let a fraction ‘¢
of the reciprocating masses is balanced,
such that

/ Operating handle

Carrying handle

B

Bin where {arger
dust particles
accumulate,

Cleaner lead
confaining brush

cm.r=B.b Cyclone cleaner,
» Unbalanced force along the line
of stroke

=m-o -rcosf—~B-w - beosd
=m-m2-rcosﬂ—c-m-m2~rcose w (o Bh=cmr)
=(I-cym-w? - rcos

and unbalanced force along the perpendicular to the line of stroke

=B-0’ bsind= c-m-& -rsing
- Resultant unbalanced force at any instant

= ‘/[Enc)m-mz -rcosﬁ]2 +em-o? -rsine]z

=m-@ .y (1-¢)* cos? 8+ sinZg
Note : If the balancing mass is required to balance the revolving masses as well as teciprocating masses, then

Bb=m rreemor=(m +c.myr
where m, = Magnitude of the revolving masses, and
m = magnitude of the reciprocating masses,
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Solutmn Given : N= 240 Lpam, or @=21X 240/ 60 = 125,14 rad/s ; Strokc = 300 mm
=0.3m,m 50 kg; m=37kg;r=150 mm= 015m;c=213
1. Balance [mass required
Let B = Balance mass required, and

b = Radius of rotation of the balance mass = 400 mm =04 m
. . (Given)

. m’u

We know that
Bb=(m+cm)r

Bx04= 37+§x50)0.15=10.55 or B=2638 kg Ans.

2. Residualunbalanced Jorce

Let g = Crank angle from top dead centre = 60° ... {Given)
We know that residual unbalanced force

=m- -rJ(1-c)? cos* 0+ sin? ©

2Y 2Y
=50(25.14)%0.15 [1—-3-] cos® 60°+(§) sin® 60° N

= 4740 » 0.601 = 2849 N Ans.

22.4, Par'rtiai Balancing of Locomotives

The!locomotives, usually, have two cylinders with cranks placed at right angles to each
other in ord?r to have uniformity in turning moment diagram. The two cylinder locomotives may
be classified as :

1. Inside cylinder locomotives ; and 2. Outside cylinder locomotives.

In thc inside cylinder locemarives, the two cylinders are placed in between the planes of
two driving Wheels as shown in Fig. 22.3 (a) ; whereas in the ouiside cylinder locomotives, the two
cylinders are placed outside the driving wheels, one on each side of the driving wheel, as shown in
Tig. 22.3 (b) The locomotives may be

() Smgle or uncoupled focomotives ; and {#} Coupled locomotives.

l ® @

Ul e Il Ll |l e

Crank Crank Crank

' m\—Driving wheels—"L._.. ... \/’ -

Driving whesls

(a) Inside cylinder locomotives. {}) Outside cylinder locomotives.
Fig. 22.3
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A single or uncoupled locomotive is one, in which the effort is transmitted to one pair of

the wheels only ; whereas in coupled loconwtives, the driving wheels are connected to the leading
and trailing wheel by an outside coupling rod.

22.5. Effect of Partiaj Balancing of Reciprocating Parts of Two Cylinder
Locomotives

We have discussed in the previous article that the reciprocating parts are only partially

balanced, Due to this partial balancing of the reciprocating parts, there is an unbalanced primary
force along the line of stroke and also an unbalanced primary fi

22.8. Variation of Tractive Force

The resultant unbalanced force due to the two cylinders, along the lie of stroke,
as fractive force, Let the crank for the first cylinder be inclined at an angle 9 with t
stroke, as shown in Fig. 22.4. Since the crank for the second cylinder is at right angle to the first
crank, therefore the angle of inclination for the second crank will be (90° + g ).
Let m = Mass of the reciprocating parts per cylinder, and
¢ = Fraction of the reciprocating parts to be balanced.
We know that unbalanced force along the line of stroke for cylinder 1

is known

= (I—c)mw’.rcosd
Similarly, unbalanced force along the line of stroke for cylinder 2,

==Y’ -rcos(90°+0) §
~. As per definition, the tractive force,

F1 = Resultant unbalanced force
along the line of stroke

2.
Connecting rod Mmu rsing

= (l~cymw’.rcoso

Line of stroke

B’ bsing

1 (I—c)m.mz.rcos(90°+0)
: Fig. 22.4. Variation of tractive force,

= (l—c)m.mz.r(cose—sin 9)
The tractive force is maximum or minimum when {cos © -sin 9) is maximum or mini-
mum. For (cos § — sin 8} to be maximum or minimum,
i(cosﬁ—sinﬁ):O or —sinf-cos@=0 or ~sin @ =cos§
do

tan@=-] or 0=135° or 315°
Thus, the tractive force is maximum or minimum when 0 = 135° or 315°,
-~ Maximum and minimum value of the tractive force or the variation in tractive force

= H(l-c)me’ r(cos135°—s5in135%) = 413 (1~¢) m.e® r
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22.7. Swaying Couple
The unbalanced forces along the line of stroke for the two cylinders constitute a couple
about the centre line Y'Y between the cylinders as shown in Fig, 22.5.

This,couple has swaying effect about a vertical axis, and tends 1o sway the engine alternately
in clockwise and anticlockwise directions. Hence the couple is known as swaying ceuple.

Let a = Distance between the centre lines of the two cylinders.
~ Swaying couple

"-(1—0) m e rcos@

= (1—c)me’ rcos Bxg-

I Ungof stroke é T
—(=c)malreos(90°+ )2 [ yo o Yinder] \_,f a

2 Line of stroke for| &

/‘ cylinder 2 %

= (l—c)m.mz.rxg(cose-!-sinﬁ) -
[ (1-c} m o roos (90°+

[

}

The iswaying couple is maximum or minimum when

(cos0+5in@) is maximum or minimum. For (cosB+sinB) to
be maximum or minimurm,

Fig. 22.5. Swaying couple,

E‘%(cosﬁ+sin9)=0 of —sinB+cosf=0 or -—-sinB@=-cosO

tan@=1 or 0=45° or 225°
Thusi, the swaying couple is maximum or minimum when 8 = 45° or 225°,

NlIaximum and minimum value of the swaying couple

- i(l—-c)mwz.rxg(cus45°+sin45°) =+ 2 1-Omatr

. N7

Note : In order to reduce the magnitude of the swaying couple, revolving balancing masses are introduced.
But, as discus;scd in the previous article, the revolving balancing masses cause unbalanced forces to act at
right angles to the line of stroke, These forees vary the downward pressure of the wheels on the rails and
cause oscillation of the locomotive in a vertical plane about a horizontal axis, Since a swaying couple is more
harmful than an oscillating couple, therefore a value of ‘¢’ from 2/3 to 3/4, in two-cylinder locomotives with
two paits of coupled wheels, is usually used. But in large four cylinder Iocomaotives with threc or more pairs
of coupled wﬁeels, the value of ‘¢’ is taken as 2/5.

22.8. Hammer Blow

We I}a\;e already discussed that the maximum magnitude of the unbalanced force along the
perpendicular to the line of stroke is known as hammner blow.

We I?10W that the unbalanced force along the perpendicular to the line of stroke due to the
balancing mass B, at a radius b, in order to balance reciprocating parts only is B. @2.b sin 8. This
force will be. maximum when sin 8 is unity, i.e. when @ = 90° or 270°,

Hammer blow = B.w2.b {Substituiting sin @ = 1)

The effect of hammer blow is to cause the variation in pressure between the wheel and the
rail. This variation is shown in Fig. 22.6, for one revolution of the wheel.

Lctil’ be the downward pressure on the rails (or static wheel load).
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-~ Net pressure between the wheel and the rajl

= P+Bawp

0°  90° 180° 270° agoe
Fig. 22,6, Hammer blow.

If(P-B, mz.b) is negative, then the wheel will be lifted from th
condition in order that the wheel does not lift from the rails is given

e rails. Therefore the Tirniting

by
P=Buw’b

and the permissible value of the angular speed,

g and:2/3
il
q:by mass

lataierank speedof 300 s e ¢
Solution. Given : g = 0.7 m; Iy= le=06mor
"B = e = 0.3 mpomy = 150 kg; m, = 180 kg;
c =2/3; Ta = rp = 0.6 m; N = 300 r.p.m. or
©=27%300/60= 31.42 rad/s

We know that the ¢
parts {o be balanced per cyl

quivalent mass of the rotating
inder at the crank pin,

2
M=y =me=m, + e, =150 + 3% 180 =270 kg
Magnitude and divection of the balancing masses

Let  m, and my = Magnitude of the balancing
masses

6, and 6y = Angular position of the  This Brinel hardness testing machine is
balancing masses m used to test the hardness of the metal,
A

Note : This picture is given as additional
i

and m% from the first Information and is not a direct example of
crank B. the current chapter,
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The magnitude and direction of the balancing masses may be determined graphically as
discussed below ;

1. First of all, draw the space diagram to show the positions of the planes of the wheels and
the cylinders, as shown in Fig. 22.7 (). Since the cranks of the cylinders are at right
ang]cs, therefore assuming the position of crank of the cylinder B in the horizontal direc-
tion, draw OC and OB at right angles 1o each other as shown in Fig. 22.7 ().

2. Tabfulate the data as given in the following table. Assume the plane of wheel 4 as the
reference plane.

Table 22.1

3. No\iv, draw the couple polygon from the data given in Table 22.1 (column 6), to some
suit;ahle scale, as shown in Fig 22.7 (c). The closing side ¢'o” represents the balancing
couple and it is proportional to 0.9 m,. Therefore, by measurement,

0.9 my, = vector /0’ = 94.5 kg-m* or my =105 kg Ans.

270 kg

i RP._xve
Wheel ¢ Cylinder  Cylinder el

LI 1T,

S «—0.7 m
15m
b
{(a) Position of planes. () Angular position of masses.
X
4 c
.6
0.9 m, 0.8 mo
1 s
A89.1 d
0.6 Th’ -
70° -y 20° b
' v 81
o 324 D
{c) Couple polygon. (d) Force polygon.

Fig. 22.7
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4. To determine the angular position of the balancing mass D, draw OD in Fig. 22.7 )]
parallel 1o vector o’ By measurement,
Op =250° Aps.

5. In order to find the balancing mass 4, draw the force polygon from the data given in
Table 22.1 (column 4), to some suitable scale, as shown in Fig. 22.7 (), The vector do
represents the balancing force and jt s proportional to 0.6 m,. Therefore by measurement,

0.6 m, = vector do = 63 kg-m or m, =105 kg Ans.

6. To determine the angular position of the balancing mass 4, draw 04 in Fig, 22.7 ()]

parallel to vector do. By measurement,

0 =200° Ans.

Fluctuation in rgil pressure

We know that each balancing mass
=105 kg
Balancing mass for rotating masses,

D= xlOS:ixlos =583kg
m 270

and balancing mass for reciprocating masses,

cmy 180
=——x105=—-x——>(105"46.6k
B — 3370 B

ThIS balancing mass of 46.6 kg for reciprocating masses gives rise to the centrifugal force,
. Fluctuation in rail pressure or hammer blow
0’ 5=466 (31.42)20.6= 27 602 N, Ans, w (e b=py =p)

Variation of tractive effore
We know that maximum variation of tractive effort

= V20~ =243 (1 —§J180(31.42)20.3N

[

£25 127 N Ans. w e Py =)

Swaving couple
We know that maximum swaying couple

, 0.7( 1% !
- & _c)sz wlr= %180(31.42)20.3 N-m

7 ;s

= 8797 N-m Ans,
*'3*‘Thenthreefcranh%jggfhmg?@hnﬁg’%ocomotxv%;qgtg;%zﬁgw
i, qf t}zeacylmdem; w The'str qke»’bﬁéab?z?p

%5@ 2 -
%3 005%g jbrwzmt%%% cylf

r 54 :
s s g %@ i
7 es%quvroag&gnaané r’zegbalance*masses%aregﬂ 8¥m jF" dlz s,

wj

xd
P Sg?a. ¥ wg@’ﬁ%ﬁ? :
; e rect rocatm SpAresare {o be balance ind.
cab i e 1o led 7t
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Selutien. Given : £, A0OB= /BOC = 4COA=120°°IA=IB=IC=
=rc=03m;m=300kg; my;=260kg;c=40%=04;5 =06m;N=6rps.
=6 x2x =37.7 rad/s

Since 40% of the reciprocating masses are to be balanced, therefore mass of the reciprocat-
ing parts 1o be balanced for each outside cylinder,

| My =M =c¢ X mg =04 x 260 =104 kg
and mass of the reciprocating parts to be balanced for inside cylinder,
mp=cxm=04x300=120kg
L, Mugnitude and position of the balencing masses
Let B, and B, = Magnitude of the balancing masses in kg,
; and 8, = Angular position of the balancing masses B, and B, from crank A4,
The magnitude and position of the balancing masses may be determined graphically as
discussed be!low :
1. Firslt of all, draw the position of planes and cranks as shown in Fig, 22.8 (&) and (5)
respectively. The position of crank 4 is assumed in the horizontal direction.
2. Tabulate the data as given in the following table. Assume the plane of balancing mass B,
(i.e! plane 1) as the reference plane.

Table 22.2

3. Now draw the couple polygon with the data given in Table 22.2 (column 6}, to some
suit?ble scale, as shown in Fig. 22.8 (¢). The closing side ¢’o’ represents the balancing
couple and it is proportional to 0.96 B,. Therefore, by measurement,

0.96 B, = vector c’o’ = 55.2 kg-m® or B, = 57.5 kg Aus.

4. To ?etermine the angular position of the balancing raass B,, draw OB, paia.llel to vector
c'o'i' as shown in Fig. 22.8 (4). By measurement,

9, =24° Ans.

$. In order to find the balance mass B, draw the force polygon with the data given in Table
22, 2 {column 4 }, to some suitable scale, as shown in Fig. 22.8 (d). The closing side co
represems the balancing force and it is proportional to 0.6 B,. Therefore, by measurement,

0.6 B, = vector co = 34.5kg-m or B, =357.5kg Ans.

6. To determine the angular position of the balancing mass B,, draw OB, parallel to vector
co, as shown in Fig. 22.8 (5). By measurement,

6 = 215° Ans.
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~¥8 e

l«—o.s M—rfe—0.8 m

——— 1rn-—-.--<——1m-——;

{@) Position of planes,

0.6 By, -~ ba
06 B;
312 a
(c) Couple polygon. (d) Force polygon.

Fig. 228
2. Huinmer blow per wheel

We know that hammer blow per wheel

= Buwlb = 57.5 37.7)° 20.6 = 49 035 N Ans.

This chamber is used to test the
acoustics of a vehicle so that the
noise it produces can be reduced.,
The panels in the walls and cailing
of the room absorh the sound which
is monitored (abova)
Note : This picfure is given as
additional information and isnot a
direct example of the current chaptar,
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Solution. Given : m=300kg;r=03m; D=1.8mor R=0.9m; a=0.65 m ; Hammer
blow = 46 kN = 46 x 10° N ; v = 96.5 km/h = 26.8 m/s

1. Fraction iof the recipracating muasses to be balunced

Let ¢ = Fraction of the reciprocating masses to be balanced, and
B = Magnitude of balancing mass placed at each of the driving wheels at
radius b.
We know that the mass of the reciprocating parts to be balanced
=cm=300ckg
R.P "
——+ve
Whoel Cylinder Cylinder wheal
® ® ©

Sas oS My

| 1.55 m »
(a) Position: of planes. (&) Position of cranks,
Fig. 22.9
The posmon of planes of the wheels and cylinders is shown in Fig. 22.9 (), and the

position of cranks is shown in Fig 22.9 (5). Assuming the plane of wheel 4 as the reference plane,
the data may be tabulated as below :

Table 22.3

Now the coﬁplc polygon, to some suitable scale, may be drawn with the data given in
Table 22.3 (column 6), as shown in Fig. 22.10. The closing side of the polygon (vector ¢%o’')
represents the balancing couple and is proportional to 1.55 B.b.

From the couple polygon,
! 1.55 Bb= J(40.5c)2 +(99)% =107¢
Bb=107c/155=69¢
We know that angular speed, 15580 A99¢c
w=v/R = 26.8/0.9 = 29.8 rad/s
I-{ammer blow,
' 46x10°=B. o’.b ™
- =69 ¢ (29.8) =61 275 ¢ 405 ¢
e =46 % 10°/61 275 = 0.751 Ans. Fig, 22.10
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2. Variation in tractive efforr

We know that variation in tractive effort
= £VI(l-c)ma? r= £42(1-0.751) 300(29.8)20.3
=28 140 N = 28.14 kN Ans,
Maxingn swaying couple

We know the maximum swaying couple

all=c), o2 0.6501-0751) 2
= =Xt = %300(29.8 0.3=9148 N.
5 7 2.8 SNm

=9.148 kN-m Ans.

fa p{vf}z{é};%aibzif;i‘gfefﬁyliﬁﬁzﬁuric upled locom
e

bra? U £ s,
¢ ;?é’"'g rﬁéj@%ﬁﬁg@%' 0:
el Conires

%@%&@%@%ﬁ%ﬁ%&%

“

‘?@%f Moég
W #>
0ck g§?~‘§§w§‘g§ e
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BT

=300kg; » AOD = 90°

Given : m; = 360 kg ; m,

A= =03m;
a=l.75m;rB=rC=0.75m;c=2/3.

We know that the equivalent mass of the rotating parts to be balanced per cylinder,

2
M=y = my = myt e, = 360 + 3 * 300 =560 kg

1. Magnitude and angular position of balgnce nuIsses
Let my and m_ = Magnitude of the balance masses, and

8p and 8¢ = angular position of the balance masses mg and m,

The magnitude and direction of the balance masses may be determined, graphically, as
discussed below :

from the crank 4.

ylinders are at right angles, therefore assum-
rizontal direction, draw OA and OD at right
angles to each other as shown in Fig. 22.11 ).

2. Assuming the plane of wheel B as the reference plane,

the data may be tabulated as be-
low:
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Table 22.4

560

| Rt D 68.8
3. Now draw the couple polygon with the data given in Table 22.4 column (6), to some
suitable scale as shown in Fig. 22.11(c). The closing side 4’0" represents the balancing
confplc and it is proportional to 1.08 m,. Therefore, by measurement,
I

1.08 m. = 269.6 kg-m® or my=249 kg Ans,

I e RP +ve
p——t—p

D
0.3m
Cylinder Cylinder 0
o~ Wheel B
® ® ® g..omm /7 A
1 bc,: 03m
| e
0.75m
0.15 m— |<—1.45 m——-»! 0,15 m H
I e 1,75 M ———> ‘:
| @
[
(a) Position of planes. (b) Position of masses,
dJ
]
1
1
\
1
)
A
1
208 4 1080
“l
1
1
1!
A
25.2
{(c) Couple polygon. {2 Force polygon.
Tig. 22.11
4. To,

determine the angular position of the balancing mass C, draw OC parallel to vector
d's’ as shown in Fig. 22.11 (b). By measurement,

O =275° Ans,

5. In ?rdcr to find the balancing mass B, draw the force polygon with the data given in Table
224 column (4), to some suitable scale, as shown in Fig. 22.11 (d). The vector co represents
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the balancing force and j is proportional to 0.75 myg. Therefore, by Ineasurement,
0.75 my, =~ 186,75 kgm or nip =249 kg Ang,
6. To determine the angular position of the balancing mass B, draw OB parallel to vector oc
as shown Fig, 22,11 (5. By measurement,

B = 174.5° Ans,

2. Speed at whick the wheel will lify off the rails
Given : P=30KN=30x10°N; p=1g8m
Let @ = Angular speed at which the wheels will lift off the rails in rad/s, and
v = Corresponding linear speed in km/h,
We know that each balancing mass,
Mg = m, =249 kg
Balancing mass for reciprocating parts,

B=2" o049 3x3—°gx249 =80 kg

m 3 56
[P _ [30x163
We know that @= YT m:ZI.ZdeS w( o b=rg=ry

and v=0xD/2 =21.2%1.8/2=19,08 m/s
= 19.08 x 3600/ 1000 = 68.7 km/h Ans,

3. Swaying cauple at speed = 21,1 radls
We know that the swaying conple
2

L7511-2

a(l—c) 2 [ 3] 2 .

Fm= X0 - 006(21.2)°0,3 N-
V2 TR 7 OCLY%03 N

= 16 687 N-m = 16,687 kN-m Ans.

22.9, Balancing of Coupled
Locomotives

The uncoupled locomotives as
discussed in the previous article, are
obsolete now-a-days. In a coupled
locomotive, the driving wheels are
connected to the leading and trailing
wheels by an outside coupling rod, By
such an arrangement, 2 greater portion
of the engine mass is utilised by tractive
purposes. In coupled locomotives, the
coupling rod cranks are placed
diametrically opposite to the adjacent I v
main cranks (e, driving cranks). The ynamo converts mechanical energy into electrica

coupling rods together with cranks and energy.
pins may be treated as rotating masses  Note : This picture is given as additional Infarmation and is not
a direct example of the current chapter,
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and completely balanced by masses in the respective wheels. Thus in a coupled engine, the rotating
and reciprocating masses must be treated separately and the balanced masses for the two systems
are suitably combined in the wheel.

It may be noted that the variation of pressure between the wheel and the rail (i.e. hammer

blow) may be reduced by equal distribution of balanced mass (8) between the driving, leading and
trailing wheéls respectively.

;s% ofgrecgorocatz

AR, K«?% "2{'@5‘2

i aﬁs r: i s
eauplmgfrod s are.at /507 iriTe
itk %%z“’w I_aced%m ot w el%%g&meammdmsfgf ?7
order to. g@g@?@g@%};@%@gﬁ%g olvmgﬁandé ih%oj}th recq)rocannggmas.s‘esﬁg:h
‘s%?ﬁthe%reczpracatiﬁﬁfgrﬁaf es; s o b divi q ually:b wdr: Vi
5 fubiay G e *»s\ &ﬁa@x@‘*m%@w

v o.gmong%gf the:.

Sohition. Given : L = Ly = 650 mm or rc—rD-?:ZS mm = 0.325 m ; m = 240 kg,
r712=2()01cglm3 250kgsr, =r,=250mm=025m;CD=06m; BE= 15m ;AF=18m;
ry=rg =675 mm =0.675m ;¢ =34

The|position of planes for the driving wheels B and E, cylinders € and D, and coupling
rods A and F, are shown in Fig. 22.12 (a).

The!angula.r position of cranks C and D and coupling pins 4 and F are shown in Fig,
22,12(8).
|

We Izmow that mass of the reciprocating parts per cylinder to be balanced

x

= camy =%x240=180 kg "

Since the reciprocating masses are to be divided equally between the driving wheels and
trailing wheels, therefore 90 kg is taken for driving wheels and 90 kg for trailing wheels. Now for
each driving wheel, the following masses are to be balanced :

!
1
1. Haljf of the mass of coupling rod i.e. EX250 =125 kg. In other words, the masses at the
coupling rods 4 and F to be balanced for each driving wheel are

my =mp=125kg




mc*mD=200+90=290kg

8 R.P jve

C
Wheel1 Whget 2 G
CouplingA B/ Cylinder 1 Cylinder 2 E/_ Coupling ",x
rod 1 o o B tod2 e
45° ¢
J : S
S Y S S Lot

0. 6 s ¥l
15m m’«—osm YT 15m a8t
——15m. 2% X’

18m —
A

(@) Position of planes, (&) Angular position of cranks and coupling pins,

81.25
®
—-4.7 3125
Ve
1B 518 ®
1.01 me ® 0675 mE@ ©49%425
o @ @;\42.4 L
o 0.675 ny, 2

2 B @

99 A= @

94.25

(¢) Couple polygon Driving wheel £, (d) Force polygon : Driving wheel B,

ERoY Fig. 22.12

Balanced masses in the driving wheels

Let my and my be the balance m

asses placed in the driving wheels B and E re
Taking the plane of & as reference plane,

the data may be tabulated as below ;
Table 22,5. (For driving wheels)

spectively.

Disr

ance mass
data given in Table 22.5 (column 6),

side of polygon as shown dotted isp

mg in the ﬁrivxng wﬁéel E, Adraw acouple polygon from the

to some suitable scale as shown in F ig 22.12 (¢). The closing
roportional to 1.01 my, Therefore by measurement, we find that
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1.01 my = 674 kg-m* or my = 66.7 kg Ans.
and 0 =45° Ans.
Now draw the force polygon from the data given in Table 22.5 (column 4), to some suit-

able scale, as shown in Fig. 22.12 (d). The closing side of the polygon as shown dotted is propor-
tional to (L675 my. Therefore by measurement, we find that

0675 my=45kg-m or my=66.7kg Ans.
and ¢ = 45° Ans.

Balance masses in the trailing wheels

For glaach trailing wheel, the following masses are to be balanced :

1. Ha!if of the mass of the coupling rod i.e. 125 kg. In other words, the masses at the cou-
pling rods 4 and F to be balanced for each trailing wheel are

m, =m,=125kg
2, Mass of the reciprocating parts i.e. 90 kg. In other words, the mass at the cylinders C and
D t(:) be balanced for each trailing wheel are
e = myp =90 kg
Let mg and my be the balanced masses placed in the trailing wheels, Taking the plane of
B as the reference plane, the data may be tabulated as below ;

Table 22.6. {For trailing wheels)

In orldcr to find the balance mass my inthe trailing wheel E, draw a couple polygon from the
data given in Table 22.6 (column 6), 1o some suitable scale, as shown in Fig. 22.13 (a). The closing
side of the polygon as shown dotted is proportional to 1.01 m; . Therefore by measm:cment, we find
that '

1.01 m'y=27.5m* or m'y=27.5kgAns.
and o =40° Ans,

No“! draw the force polygon from the data given in Table 22,6 (column 4), to some suit-
able scale, a.l‘; shown in Fig. 22.13 (&). The closing side of the polygon as shown dotted is propor-

tional to 0.6175 mp, . Therefore by measurement, we find that

: 0.675 mp =1835kg-m or mp =27.2 kg Ans.
and B =50° Ans.




.

(@) Couple polygon : Trailing whee| £

(8) Force polygon : Trailing wheel B,

Fig, 22.13
27.2kg .
#72kg 66.7 kg
Driving wheel £, Trailing wheel £, Driving wheel B, Trailing wheel 3,
@ ®) © )
Fig. 22,14

Hanuner blow

In order to find the hammer blow, we must find the balance mas

masses only. For this, the data may be tabulated gs below. Let my and m”, be the balanced
masses required for the reciprocating masses,

s required for reciprocating

Table 22.7. (For hammer blow)
Radins. o i VED

Now the couple polygon and the force polygon may be drawn, but due to sylﬁmetry we
shall only draw the couple polygon from the 4

ata given in Table 22,7 (column 6), to some suitable
scale as shown in Fig 22.15.
From Fig, 22,15,

L0Lm={(30.7)% + (13.2)2 =334

- myg =33 ke
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We I;noxv that linear speed of the wheel,
v =120 km/h = 33.33 m/s

. 1.01 m"g,, -
and diameter of the wheel, D= 1.8 m ©A13z2
Angular speed of the wheel 307
= ._...2_ = ﬁ =37rad/s @
Df2 18/2

i .l
We know that hammer blow Fig. 22.15

=+B.o’ b =33(3720.675 == 30.494 N Ans.

..( wB=mg,and b=r,=ry)

22.10. Balancing of Primary Forces of Mult-cylinder In-line Engines

The multi-cylinder engines with the cylinder centre lines in the same plane and on the same
side of the céntre line of the crankshaft, are known as In-line engines. The following two conditions
must be satisfied in order to give the primary balance of the reciprocating parts of a multi-cylinder
engine :

1. The algebraic sum of the primary forces must be equal to zero. In other words, the pri-
mary force polygon must *close ; and

2. 'The algebraic sum of the couples about any point in the plane of the primary forces must
be equal to zero. In other words, the primary couple polygon must close,

We  have already

discussed, ithat the primary
unbalanced force due to the
reciprocatiné masses is equal to
the component, parallel to the line
of stroke, ofjthe centrifugal force
produced by the equal mass
placed at the crankpin and
revolving with it. Therefore, in
order to give the prinury balance
of the reupracarmg parts of a
multi-c 'ylzmler engine, it is
canvement fo imagine rhe
reczpracc_umg masses to be
transferred{to their respective
crankpins {and to treat the
problem as one of revelving
mnasses. .
Notes ; 1. For a two cylinder engine
with cranks at: 180° condition (1) may
be satisfied, but this will result in an
unbalanced ooupIe Thus the above
method of pnmary balancing cannot be applied in this case.

2. For a three cylinder engine with cranks at 120° and if the reciprocating masses per cylinder are
same, then condmon {1) will be satisfied because the forces may be represented by the sides of an equilateral
triangle. However, by mkmg a reference plane through one of the cylinder centre lines, two couples with non-
paralle axes will remain and these cannot vanish vectorially. Hence the above method of balancing fails in
this case aIso!

*  The clos'ing side of the primary force polygon gives the maximum unbalanced primary force and the
closing side of the primary couple polygon gives the maximum unblanced primary couple.

The speedometer is an instrument which shows how fast a
car is moving. It works with a magnet that spins around as
the car moves.

Note : This picture fs given as additional information and is not a direct

example of the cument chapter.




Chapter 22 ; Balancing of Reciprocating Masses o 879

3. For a four <ylinder engine, similar Teasoning will show that complete primary balance is pos-
sible and it follows that

‘For a mulfi-cylinder engine, the primary {orces may be completely balanced by suitably ar-
ranging the crank angles, provided that the number of eranks are not less than four,

22,11, Balancing of Secondary Forces of Multi-cylinder in-ine Engines

When the connecting rod is not too long (i.e. when the obliquity of the connecting rod is
considered), then the secondary disturbing force due to the reciprocating mass arjses,

cos20
Fo= m?rx2252Y
n

This expression may be written ag
Fg=m(2a0)* x L xcos 20
4n

As in case of primary forces, the secondary forces may be considered to be equivalent to
the component, parallel to the line of stroke, of the centrifigal force produced by an equal mass
placed at the imaginary crank of length #/ 45 and revolving at twice the speed of the actual crank
(‘.e. 2®) as shown in Fig, 22.16. B =

Thus, in multi-cylinder in-line engines, each imagi
nary secondary crank with a mass attached to the crankpin
is inclined to the Iine of stroke at twice the angle of the
actual crank, The values of the secondary forces and couples
may be obtained by considering the revolving mass, This is
done in the similar way as discussed for primary forces,
The following two conditions must be satisfied in order to i
give a complete secondary balance of an engine : Gwam  Fig. 22.16, Secondary force,

L. The algebraic sum of the secondary forces must be equal to zero. In other words, the
secondary force polygon must close, and

e BLT ol i e T 30, Tong TheTpl
Ol ftﬁeéﬁrstvsecond%zndgburrhf&rankﬁm:ew 2 DOffmmfandﬁ?ﬂOfmmr

%5;"‘4 o st O Wwamwmkﬁwweww%w it «sw?i‘mm%wéi%%w

the ‘ﬁa”d?w?”’%u«‘fgféﬁe‘f‘*"ﬁeﬁy?’“%’"g%%%?s“i"‘”"éf??w% f@%ﬁﬁ%‘;@w@&%ﬁﬁﬂ ‘
B9 e ot ol e i i [ lathe e s
cZ{ﬁa:iig‘?ﬁ“ﬁéﬁ?g&thaiﬁiﬁ‘e?eﬁggih%mqjg;be,@fﬁ omplete primarybalaris '

Solution. Given NEnR=rn=r=150mm=0.15m; m,
m, =50 kg

We have discussed in Art. 22.10 that in order to give the primary balance of the reciprocat-
ing parts of a multi-cylinder engine, the problem may be treated as that of revolving masses with
the reciprocating masses transferred to their respective crank pins,

The position of planes is shown in Fig. 22,17 (@). Assuming the plane of third cylinder as
the reference plane, the data may be tabulated s given in Table 22,8,

>,
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Table 22.8

Flrst of all the angular posmon of cranks 2 and 4 are obtained by drawing the couple

polygon ﬁ-om the data given in Table 22,8 (column 6). Assume the position of crank 1 in the
horizontal d!rcctton as shown in Fig 22.17 (), The couple polygon, as shown in Fig, 22,17 (¢), is
drawn as discussed below:
1. Draw vector ¢'q’ in the horizontal direction (i.e. parallel to O1) and equal to — 3 kg-m?,
to some suitable scale.
2 Fro:m point ¢ and g, draw vectors o'p’ and g4’ equal to — 1.8 kg-m2 and 1.5 kg—m2
resp?ectively. These vectors intersect at 5",

~va RP +ve
——p =

|

+——400 mrm—

T ®
Le=200 -sfam200 -]

!

(a) Position of planes,

15 —1.8

a" < o

7.5
() Couple polygon, (&) Force polygon.
Fig. 22.17

3. Now in Fig. 22.17 (b), draw (2 parallel to vector ¢’p’ and 04 parallel to vector 4%’
By rineasurcment, we find that the angular position of crank 2 from crank 1 in the
antic!ockwisjc direction is

! 0, = 160° Ans.

and the angular position of crank 4 from crank 1 in the anticlockwise direction is

04=26° Ans.

In order to find the mass of the third cylinder (mn2,) and its angular position, draw the force

polygon, to
(column 4).
therefore by

Some suitable scale, as shown in Fig, 22.17 (d), fron the data given in Table 22.8
Since the closing side of the force polygon (vector co} is proportional to 0.15 m;,
measurement,

0.15m; =9 kg-m or m;=60kg Ans.
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Now draw 03 in Fig 22,17 (&), parallel to vector co. By measurement, we find that the
angular position of crank 3 from crank 1 in the anticlockwise direction is

63 =227° Ans,
e

ﬁ%&cankeg?mﬁ%%ﬁgﬁ%omr ARk SO G A
Ssos  ap The distonce boriay Tarap et e Ol
Scent Cronls G130 75 NS BeR Ul o o
ek 0 750 G F e o be ol
R, i g fo LSRR s et AR G e P I R R
ibalance md%grggﬂ%%gg%{gggmggsgg dth [a&p@%{%@fﬁr@aﬁc}z,q,ggbeg’fnneﬁ*gan
=. ot b g amt G e at e el e U : i
zlfégzez ength-ofeach:

. 1 of ea 00:1m, the lengihiof sac conrtecting rod is. |

Speed of rotdtion is 240 he mﬁ‘?}?fﬁ%&oﬁ@mﬁb&zﬁ%ﬁ’g@fﬂ& 5
Solution. Given : = ny =400 kg ; r =300 mm = 03 m;/=12m;N=240 r.p.m, or

@=21x240/60= 25.14 rad/s

Reciprocating mugss qnd the relative angular position for eqch of the inner cranks

Let myand m, = Reciprocating mass for the inner cranks 2 and 3 respectively, and
8, and 9, = Angular positions of the cranks 2 and 3 with respect to crank 1
respectively,

The position of the planes of rotation of the cranks and their angular setting are shown in

Fig. 22,18 (@) and (&) respectively. Taking the plane of crank 2 as the reference plane, the data may
be tabulated as below

Since the engine is to be in complete primary balance, therefore the primary couple poly-
gon and the primary force polygon must close. First of all, the primary couple polygon, as shown
in Fig. 22.18 (¢), is drawn to some suitable scale from the data given in Table 22,9 (column 6), in
order to find the reciprocating mass for crank 3. Now by Incasurement, we find that

0.225m; =196kg-m? or my= 371 kg Ans.
and its angular position with Tespect to crank 1 in the anticlockwise direction,
6;=326° Ans,

0.3 m,=284 kg-m or my =947 kg Ans,
and its angular position with respect to crank 1 in the anticlockwise direction,

8y = 168° Ans,
Muaxirmum secondary unbalanced force
The secondary crank positions obtained by rotating the primary cranks at twice the angie,
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is shown in Fig. 22.18 (e). Now draw the secondary force polygon, as shown in Fig. 22.18 (), to
some suitable scale, from the data given in Table 22.9 {column 4). The closing side of the polygon
shown dotted in Fig. 22,18 (/) represents the maximum secondary unbalanced force. By measure-
ment, we find that the maximum secondary unbalanced force is proportional to 582 kg-m.

Maximum secondary unbalanced force

e

2 2
_ sg0 @ 582(25.14)

= =91960N =91.96 kN Ans. ... (- n=i)
n 1.2/03

-ve RP +ve
i

+-450sfe— 750 —sle—600—]

(a) Positions of planes. (&) Primary crank positions.

1203

120() 0.3m,

®oam,

{d) Primary force polygon,

{e} Secondary crank positions, (/) Secondary force polygon.
Fig. 22.18
" *xamM?leQZZ 0% lhegcranksgaﬁnd connectzng rods of;aw -cy ndé?’ﬁ}n”"lme,engmeg;‘unnmg, at

qik are
?i‘n%é}s are
T

?‘fﬂfm?n&geackzre.gaeciwe{;{) nd: a’k?

nd: 24 i
BT %g ;?g.
bered o "?Eff’%%ew'fwiff;;ggt;qggaz%%gg;msmmb
. :

R

¢-orde

. T i
: : ‘”& T

Ef e,‘!: yﬂ nf@@w B éi;%‘ % %S;%g@
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Solution. Given : ¥ = 1200 r.p.m. or w=2r x 1800/60 = 188,52 radfs ; r= 60 mm
=0.6m;1=240mm='-0.24m;m= 1.5kg

1. Unbatanced rimary and secondary forces

The position of the cylinder planes and cranks is shown in Fig.22.19 (@) and (b) respec-
tively. With reference to central plane of the engine, the data may be tabulated as below

— v Hlf + Ve @
1
|

LITT o1

1'
- 150 75 ¢ 75|e~150-] /
@

(a) Cylinder plane positions, (b) Primary crank positions,
oI
’
7’
I/
e f
“@ @ v@ ,’/ U.PC,

{c) Primary force polygon. (d} Primary couple polygon.
f FORE
1© 1@ Syse.
v@ !"@ E
;@ J\@ §
010 ] :
(e} Secondary crank (.7} Secondary force (g} Secondary couple
positions, polygon, polygon,

Fig. 22.19
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The primary force polygon from the data given in Table 22.10 (column 4} is drawn as
shown in Fig. 22.19 (c). Since the primary force polygon is a closed figure, therefore there are no
unbalanced primary forces. Ans.

Thejsecondary crank positions, taking crank 3 as the reference crank, is shown in Fig.
22,19 (e). I‘mm the secondary force polygon as shown in Fig. 22,19 (1), we see that it is a closed
figure. Therefore there are no unbalanced secondary forces. Ans.

2. Unbalunced primary and secondary couples

The|primary couple polygon from the data given in Table 22.10 (column 6) is drawn as
shown in Fig. 22.19 (d). The closing side of the polygon, shown dotted in the figure, represents
unbalanced primary couple. By measurement, we find the unbalanced primary couple is propor-
tional to 0.19 ke-m?

-. Unbalanced primary couple,

UBC =019 x o =019 (188.52)? = 6752 N-m Ans.

Thejsecondary couple polygon is shown in Fig. 22.1 (2). The unbalanced seconidary couple
is shown by dotted line. By measurement, we find that unbalanced secondary couple is propor-
tional to 0.54 kg-m®

., Unbalanced secondary couple,

2

0,50 188.52)
0.24/0.6
ical;

‘%@:I&%ﬁlmﬁg%z 20§§hawj§§§e arrangemenrof the%ganks‘t naf aupl;%gqrg& ’@:ﬁy’fgﬁ cal’;

USC.= 054)( " = 4798 N-m Ans. ol n=1ir)

s*

navhic them es of; the reci ciproca) iz pars at:cranks o and diare e quakio m; and
3 a : B g 5 2 = g
Clonls 2203 ars i g . i

Snlutwn vacn Mass of reciprocating parts at cranks | and 4 = m ; Mass of the
reciprocating parts at cranks 2 and 3 =m,

Thc!. position of planes and primary and secondary crank positions are shown in Fig. 22,21

(a), (b) and '(c) respectively. Assuming the reference plane midway between the planes of rotation

of cranks 2 and 3, the data may be tabulated as below :
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Table 22.11

R.B
+va

]
[T
—Jﬂz;’az’«-

— &l-—q«— ay

(@) Position of planes. (b} Primary crank
positions.

(d) Primary force (e} Primary couple (/) Secondary force
polygon, polygon. polygon,
Fig. 22.21

In order to balance the arrangement for primary forces and couples, the primary force and
couple polygons must close, Fig. 22.21 (d) and (e) show the primary force and couple polygans,
which are closed figures. From Fig. 22.21 (a),

m _ cos6,
PQ=m.rcosd, = myrcosl,  or ;ﬂ-z— "m Ans.

From Fig. 22,21 {e),

FG= my.r.a sind; = myr.a, 5in B,

or . SNy = my.a, sing,

m _a _sing, cos6 & _sing, . I _cosB,
SoX—— = oep A" 7y = cont,
my a sing costy @ sing, mp  cosg
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a _sing, cos@ _tan®,
— ==X Ans.

a, sin@; «cos 8, tan@
In order to balance the arrangement for secondary forces, the secondary force polygon

must close. The position of the secondary cranks is shown in Fig. 22.21 (¢) and the secondary force
polygon is shown in Fig. 22.21 (f).

Novg from Fig. 22.21 (1),
RS = my rcos28) = my.reos(180°-26,)

or | m.c052685 =—my.c0528,

2
m  —c0s20;  —(2cos” By 1)
— = = «o.( v cos28=2cos?0-1
I my  cos26 2c0s? 6; ~1 )
| c0s8; _ (1-2c0s” 6;) [ m msez]
cos®;  2cos?6; -1 | my cosf

;Zcos2 0,.c0s8, —cos8, =cosf; —2c0s? 05.cos0;

2cos8.c0s0, (cos@) +cos8; ) =cos0; +cosBy
i

| 1
2cos8;.co50; =1 or c0s6.cos8, =3 Ans,

22”11*611

gbumq:hr:gdea;gzn%i;hay c::gnlcs an;ang ?B.};ymmetnc Iy alongxthegshqﬂ
o : 'Qgi 55 4§’metr&s>"§2md§ggat
Eparfs belo onging o )

the @Hﬂder Is:

e q: o St V—Ua b T T
0 <t spnmaryaa pgg# ondary fg{ce;\sg%}; 19 }]1
Sk S R é%-d s ...

'- {heimax ue of.the e condary
i 5 pnlitcas e
2th connectmg»rod ﬁﬁﬁﬁ ﬁetggﬁ%g xt pegﬁx of !‘heéengme% :

Solutlou.Gwen AD=354m;;BC=24m;m,=my=2t;L=1morr=L/2=05m;
I=2m; N|—110rpm.0rm 21 * 110/60 = 11.52 rad/s

Fig. 22.23 (a) shows the position of planes and Fig. 22.23 (b) shows the end view of the
cranks with primary crank angles & and ¢ which are to be determined. Assuming the reference




plane mid-way between th
below :
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e planes of rotation of cranks 4 and D, the data may be tabulated as

Table 22.12

() Secondary crank
Ppositions,

.

(=]
tn
3

() Secondary force (g) Secondary couple
polygon. polygon.
Fig. 22.23

S

Ty
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Sino;e the primary forces and couples are to be balanced, therefore the primary force and
couple polygons, drawn from the data given in Table 22.12 column (4) and (6) respectively, as
shown in Fig. 22.23 (¢} and (d), must close.

From Fig. 22.23 (c),

PO =1cosv.=0.5 mcosd

0.5m m

. cos = Icosae _ 2coso )

A Steam-powered ship.

From Fig. 22.23 (d),
FG=27sino.=0.6msin¢
i | sina:o'ﬁm sin¢=msin¢
' 2.7 45
Now draw the secondary crank positions as shown in Fig. 22.23 (¢). Let OP be the reference
line. The secondary crank angles are given below :

i OP to Od= 2u

‘ OPto OC =2 (180° - $)=360° - 2¢

i

! OP to OB=2 (180° + ¢) =360° + 20

1 OP to OD=2 (360° — o) =720° - 2¢¢

Sincf.c the secondary forces are to be balanced, therefore the secondary force polygon, as
shown in Fig. 22,23 ( f), must close. Now from Fig. 22.23 (1),

/ RS=1 cos 2a=0.5 m cos (180° - 2¢)

... ()

1 —cos2p —~(2cos? 8-1)
0.5m cos2o 2(:052 o-1

or o v (0 c0s20=2c0s20-1)
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2
2cosq
2 COSz c-1= 0.5m(]—20052 ql) = 0.5?}1[1—2( - ) J e [Fl'OIIl equation ]

2 2
=o.sm[1_§£§_s]=o.sm_4_c°s_a

m m
2
2cosza+iﬂs_2=1+0_5m or cos oc( +4) 14+0.5m
2 m m "
05° ot = (1-+0.5m)x = oo {HF
¢ R @)
Now from equation (i)
. 2
sinfa = msing
4.5
2 2 2 2
2¢oscx
I"CDSZQ ﬂ_m COSz =_’n__. -2
or 2025 20, 25( V=202 m

. . [From equations (f)]

emo 4 m) w1 e m
4  20.25 2 4 20.25 mj] 2025 2025

.. [From equation (7#) |

m2 m

m
N Ly Ly 2 +4.0625m-2025=0
2025 2025 4 or m" +4.0625m -2

_ —4.0625/(4.0625)2 + 4x20.25 _
- : -

We know that °052“=%1=279'"0725

cosee=0.851 or o =31.6° Ans.

Also cos = 2°05% -2>(TO:—5—1-—0.5869 or ¢ =54.06° Ans.
n

Maxinn: unhalanced secondary couple

The secondary couple polygon is shown in Fig. 22,23 (g), The maximum unbalanced sec-
ondary couple is shown by a dotted line, By measurement, we find that the maximum unbalanced
secondary couple is proportional to § t-m2.

', Maximum unbalanced secondary couple,

11.52)2
USC= 8><0J (2/0; =265.4 kN-m Ans. con (e m=1le)

’Exnmplﬁlﬁi@}; e oy ive eyl % r‘gézggme erggmeﬁr%ggmgga@&rp%m%haﬂ

’i\"thez dis am@giben%n’the%y[mdﬁg&g%ji%nes l’:env:g's 75%§W%pw%%w ](e 21’
égaonnecrmg*‘rod t%tgg%%kf o »g;xamgge {he»engzné%jbr balance af 5
rees and:coy l ,sﬁ@iggégg%mtmumxwmgs&o gthesgé nd:the posmon aj%
valuesoect eﬁfﬂéﬁcwaéali IOss f Rt
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Solution. Given : N= 750 rp.m. or @= 2 x 750/60 =78.55 rad/s ; L =225 mm = (1,225 m
orr=0.1125m ;n=1/r=4;m=15ke

Assuming the engine to be a vertical engine, the positions of the cylinders and the cranks
are shown ini Fig. 22.24 (a), () and (c). The plane 3 may be taken as the reference plane and the
crank 3 as the reference crank. The data may be tabulated as given in the following table.

Table 22.13

Now), draw the force and couple polygons for primary and secondary craﬁks as shown in
Fig. 22.24 (cIi), (&), (), and (g). Since the primary and secondary force polygons are close, there-
fore the engine is balanced for primary and secondary forces. Ans.

—ve_RP _+ye Llne of stroke

I e

(a) Position of planes, (b} Primary crank positions. (c) Sccondary crank positions.

{d) Primary force polygon.

@
@

®
| ®
@

() Secondary force polygon. (g) Secondary couple polygon.
t Tig. 22.24

Muximum unhalanced primary couple

We llmow that the closing side of the primary couple polygon [shown dotted in Fig. 22.24
(&)] gives the maximum unbalanced primary couple. By measurement, we find that maximum un-
balanced primary couple is proportional to 1,62 kg-m?,
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- Maximum unbalanced primary couple,
UPC. =162 x o = 1.62 (78.55)% = 9996 N-m Ans.
We see from Fig. 22,24 (e) [shown by dotted line] that the maximum unbalanced primary
couple occurs when crank 3 is at 90° from the line of stroke.
Maximum unbalanced secondary conple
We know that the closing side of the secondary couple polygon [shown dotted in Fig,

22.24 (g)] gives the maximum unbalanced secondary couple. By measurement, we find that maximum
unbalanced secondary couple is proportional to 2.7 kg-m?

- Maximum unbalanced secondary couple,

2 2
USC= 2.7><""‘7 = 2.7x(is‘§-5)— = 4165 N-m Ans,

We see from Fig. 22.24 (g) that if the vector representing the unbalanced secondary couple
(shown by dotted line) is rotated through 90°, it will coincide with the ling of stroke. Hence the
original crank will be rotated through 45°, Therefore, the maximum unbalanced secondary couple
occurs when crank 3 is at 45° and at successive intervals of 90° (i.e. 135°, 225° and 315°) from the
line of stroke,

Tt

B
er vertical :fo

3T ﬁfix;rggg’?order;g %g%;ﬁﬁ;%lmd, erticals _5yﬁtra@egznflinegeng;nf§§s§
e P e R S e b ST e G %
o stroke. and thelengih of Sach cor

S foansad oty OI0
i 100 niny: cling:rod:is:200:mm
e e e e T
Seshsiie il i e i st e s s G
vely:i The reciprocating assiper cylindersisthokg and-th ‘engine:runs
Sl e W R N éé?ff 'sﬁ
esoul-of-balanceSprimary and:sécondary forces:and co

Solution. Given : Z = 100 mm or s = 115 = 50 mm = 0.05 m ; / =200 mm ; m
N=3000 rp.m.

The position of the cylinders and the cranks are shown in Fig. 22.25 (@), (b) and (¢). With
the reference plane midway between the cylinders 3 and 4, the data may be tabulated as given in
the following table :

Table 22.14

Now, draw the force and couple polygons for the primary and secondary cranks as shown

in Fig. 22.25 (d), (e), (f) and (g).

™~

+




UNIT-IV BALANCING OF ROTATING MASSES

The process of providing the second mass in order to counteract the effect of the centrifugal force of
the first mass. is called balancing of rotating masses.

21.3. Balancing of a Single Rotating Mass By a Single Mass Rotating in
the Same Plane

Consider a disturbing mass m, attached to a'shaft rotating at w rad/s as shown in Fig. 21.1.
Let r, be the radius of rotation of the mass m,

We know that the centrifugal force exerted by the mass m, on the shatt,

irc| m- ﬁ) h e (’)
& This centrifugal force acts radially outwards and thus produces bending moment on the
“ shaft.
i i
¢, _Disturbing
: m‘*:’?’?‘-_ 7% mass
" ._/ .'Th
W
ass: e ateinasnte et e —/ -Axis of rotation
/ Bal
»Balancing mass
wéfm ----- S
Fig. 21.1. Balancing of a single rotating mass by a single mass rotating in the same plane.
Let r, = Radius of rotation of the balancing mass s,

- Centrifugal force due to mass m,,
FC2=I112-(D2-!‘2 . (f”
Equating equations (7) and (),
m,.mz-r,=m2-m2-rz or - myer =My \/

Discuss how a single revolving mass is balanced by two masses revolving
. . onpn L} '
in different planes ?
21.4. Balancing of a Single Rotating Mass By Two Masses Rotating in
Different Planes
Two balancing masses are placed in two dlr‘ﬁ:rcnt planes, parallel to the plane of rotation of
the disturbing mass, in such a way that they $atisty the following two conditions of equilibrium.

1. The net dynamic force acting on the shaft is equal to zero. This requires that the line of
action of three centrifugal forces must be the same. In other words, the centre of the
masses of the system must lie on the axis of rotation. This is the condition for Srasic
balancing.

2. The net couple due to the dynamic forct.s acting on the shaft is equal to zero. In other
words, the algebraic sum of the moments about any point in the plane must be zero.

The conditions (1) and (2) together give dyaamic balancing.

L. Wihen the plune of the disturbing mass lies in between the planes of the two balancing
IRASSES

Consider a disturbing mass m lying in a plane 4 to be balanced by two rotating masses m,
and m, lying in two different planes L and M as shown in Fig. 21.2. Let r, r, and r, be the radu of
rotation of the masses in planes 4, L and M respectively.




We know that the centrifugal force exerted by the mass m inthe plane 4,

Fe=m-of-r .
Similarly, the centrifugal force exerted by the mass m, in the plane L,
Foy=m- o’ n
and, the centrifugal force exerted by the mass m, in the plane M,
Foy =y -y

Since the net force acting on the shaft must be equal to zero, therefore the centrifugal force
on the disturbing mass must be equal to the sum of the centrifugal forces on the balancing masses,
therefore

fe Fa fe
mersayon g "/ . @)

Now in order to find the magnitude of balancing force in the plane L (or the dynamic force
at the bearing 0 of a shaft), take moments about P which is the point of intersection of the plane M
and the axis.of rotation. Therefore

Foxl=Rxl
¥R

m-nl=mrl .

Similarly, in order to find the balancing force in plane M (or the dynamic foree at the
bcarmg P of a shaft), take moments about ¢ which is the point of intersection of the plane L and

the axis of rotation, Therefore i
i .
myr-l=m-r-l ' ... (i)
L ]

2. When the plane of-the disturbing inass lies on one end of the planes of the balaicing
masses




o

Lo

|

In this case, the mass m lies in the planc 4 and the balancing masses lic in the planes [ and
M, the following conditions must be satisfled in order ‘
to balance the system, f.e. ; ¥

fotlg=Fy
K { mrdmy =m0 : .o (1)
Now, to find the balancing force in the plane L (or the dynamic force at the bearing Q of a
shaft), takc moments about F which is the point of intersection of the plane M and the axis of
rotation, Therefore
Foyxi=Fyxl,

' e (v
myri=mordy

. .. [Same as equation {#)]

Similarly, to find the balancing force in the plane M (or the dynamic force at the bearing P
of a shafl), take moments about ¢ which is the point of intersection of the plane L and the axis of
rotation. Therefore

Foyxi=Fox
My -y l=m-r-l
21.5. Balancing of Several Masses Rotating in the Same Plane i

Example 1. Four masses m, m, m, and m, are 200 kg, 300 kg, 240 kg and 260 kg
respectively. The corresponding radii of rotation are 0.2 m, 0.15 m, 0.25 m and 0.3 m r espectively
and the.angles between successive masses are 45°, 75° and 135°, Find the position and magnifude
of the balance mass r equired, if its radius of r otation is 0.2 m. ’

Solution. Given : m, =200 kg ; m2’= 300kg ; m, =240keg ; m,=260kg ; 1, =02m ;
r,=0.15 m;r =025m;r,=03m; 8 =0°; 8, =45%; 0, =45°+ 75° = [20°; @, =45+ 75°
+135°=1255°:r=02m

Let m = Balancing mass, and
0 = The angle which the balancing mass makes with m,.

each mass and its radius, therefore
1 my -1 =200%0.2=40kg-m
my ry =300x0.15=45kg-m
my -1y =240%0.25=60kg-m
my - ry =260 % 0.3="78 kg-m

1. Analytical method

l

= 40¢0s0°+45c0545° + 60 €05120° + 78 05 255°
=40+31.8-30-202 =216 kg-m
Now resolving vertically,

IV =m - sin®, +m, -5 sin0, +m; -ry sind; +m, -1, sind,
= 405in0° + 455in45°+ 60 5in120° + 785in 255°
=0+31,8+52-753=85kem




Resuftant, R%(}:H) &) =‘7(21.6) +(8.5) =232kgm

We know that
mr=R=232 or m=232/r=232/02=116kg Ans.
and tan® =3V /TH =8.5/21.6 = 03935 or o =21.48°

Since @' is the angle of the resultant R from the horizontal mass of 200 kg, therefore the
angle of the balancing mass from the horizontal mass of 200kg
6 =180°+21.48°=2{1.48° Ans.

2. Graphical method
1. First ofall, draw the space diagram showing the positions of all the given masses as
shown in Fig 21.6 (a).
2. Since the centrifugal force of each mass is proportional to the product of the mass and
radius, therefore '

Resultant
force . o

g

40 b

(&) Vector diagram
Fig. 21.6
4. The balancing force is equal to the resultant force, but apposite in direction as shown in
Fig. 21.6 (a). Since the balancing force is proportional to  m.r, therefore
mx02=vector ea=23kg‘m or m=23/0.2= 115 kg Ans.
‘By measurement we also find that the angle of inclination of the balancing mass ( m) from
the horizontal mass of 200 kg

& =201° Ans.

21.6. Balancing of Several~-Masses Rotating in Different Planes

Examiple 2. 4 shaft carries four masses A, B, Cand D of magnitude 200 kg, 300 kg,
400 kg and 200 kg respectively and revolving at radii 80 mm, 70 mm, 60 mm and 80 mm in planes
measured from A at 300 mm, 400 mm and 700 mm, The angles between the cranks measured
anticlockwise are 4 to B 45° B to C 70° and C to D'120°. The balancing masses ar e to be placed
in planes X and Y. The distance between the planes A and X is 100 mm, between X and Y is 400
mm and between Y and D is 200 mm. If the balancing masses r evolve at a radius of 100 mm, find
their magnitudes and angular positions . 7 .

Solution, Given : m, =200kg; my=300kg; me = 400 kg ; my=260kg; r, =80 mm
=0.08m ; ry =70 mm=0.07m; rc=60rrim=0.06m ;=80 mm=0.08m ; ry =ry =100 mm
=0.I'm

Let my = Balancing mass placed in plane X, and

my = Balancing mass placed in plane Y.

The position of planes and angular position of the masses (assuming the mass A as
horizontal) are shown in Fig. 21.8 ( @) and () respectively,

Assume the plane X as the reference plane (R.P.). The distances of the planes to the right of
plane X are taken as + ve while the distances of the plancs to the left of plane X are taken as - ve,




1]

l Table 21.2

T Plane- | Myss(m) |, Radingi{iy | Centforce <o | Distai Couple Lot
[ T - U e S i 5

L TR RE e S < L {ma) kgsm_f;v% ? H xg;.n_l) kgt
[ m{&h 4 ey o vt Ak ‘ & oagp . M ks . i
oo 0@ gl O o =@ e Lyt s

A | 200 0.08 16 - 1.6

X(RP) i my 0.1 0.1 my ] 0

B 300 0.07 ’21 0.2 4.2 i

C 400 0.06 24 0.3 7.2

Y my 0.1 0.1 my 0.4 0.04 my,

D 200 0.08 16 .06 9.6

f. First of ali, draw the couple polygon from the data given in Table 21.2 (column 6} as
shown in Fig. 21.8 ( ¢) to some suitable scale. The vector @ o represents the balanced
couple. Since the balanced couple is proportional to 0.04 my, therefore by measurement,

0.04 my = vector d’ o' =7.3 kg-m*>  or my = 1825 kg Ans.

—ve AP 4ve

it

sl 100 } 400

L—— 300 —] l

« 400

- 500 »

" 700 »|

200

I

All dimensions in mm.
(a) Position of planes. (b) Angular position of masses.

[+

.

(c) Couple polygon. ’ {d) Force polygon.
Fig. 21.8 .

By measurement, the angular position of m,, i¢ 9y =12° in the clockwise
direction from mass m, (i.e. 200 kg ). Ans.

2. Now draw the force polygon from the data given in Table.21.2 (column 4) as shown in
Fig. 21.8 (d). The vector eo represents the balanced force. Since the balanced force is
proportional to 0.1 my, therefore by measurement,

0.1 my, = vector eo =35.5 k"g-m or my =355 kg Ans,
By measurement, the angular position of m, is 8y =145° in the clockwise
dirccltion from mass m, (i.e. 200 kg ). Ans.

Table 21.3

1




Exampie 3.-4, B.C and D ar e four masses carried by ar otating shaft ai radii 100,
125, 200 and 150 mm r espectively. The planes in which the masses r evolve are spaced 600 mm
apart and the mass of B, C-and D ar e D:kg, 3 kg, and Lher espectivelp, .

Find the reguired mass A and the r'élative angular settings of the four masses-so that-the
shaft shall be in complete balance.

Solution. Given: r, =H00mm=01m; r=125mm=0I25m; +.=200mm=0.2m;
rp=150mm=0.15m; my=10kg; my=5kg; mp=4kg

The position of planes is shown in Fig. 21.10 ( a). Assuming the plane of mass A4 as the
reference plane (R.P.), the data may be tabulated as below : .
Table 21.4 !

ent: Force ot | Distincefrom | Coi :

_plam;;{ thm {1

[( e ul .f.’.‘!:R T
ﬂ“ass (m) | %}; ,ﬂfufam

».

B R S B I PO
4

R S
@ || s ECRIN -
R o1, 0 0
10 0.125 0.6 0.75
5 0.2 1 12 1.2
4 0.15 0.6 18 1.08

Drawing the couple polygon from the data given in Table 21.4 {column 6). Assume the position
of mass B in the horizontal direction. By measurement, we find that the angular seiting of mass C
from mass B in the anticlockwise direction, i.e.

Z BOC =240° Aas.
and angular setting of mass D from mass B in the anticlockwise direction, ie £ BOD = 100° Ans,

Drraw the force polygon 1o some suitable scale, as shown in Fig, 21.10 ( ).

Since the closing side of the force polygon (vector do) is proportional to 0.1 m,, therefore
by measurement,

0.1 my =0.7kg-m?® or m, =7kg Ans.

Now draw O4 in Fig. 21.10 (), parallel to vector do. By measurement, we find that the
angular setting of mass 4 from mass B in the anticlockwise direction, f.e.

£ BOA =155° Ans.

D
. ve L 4kg N
® ©
| <-600—+}+—500—>}«-600->]
@
. . . c
All dimensions in mm
(@) Position of planes. {6} Angular position of masses. :
c'
1.2
1.08 '

o ors Y
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Explain about primary and secondary unbalanced forces of rotating masses ?

22.1. Introduction
BALANCING OF RECIPROCATING MASSES:

The resultant of atf the forces acting on the body of the engine due to inertia forces only is known as
unbalanced force or shaking force.

Fig. 22.1, Reciprocating engine mech:mism.
Let Fy= Torce required to accelerate the
reciprocating parls,
F, =Inertia force due to reciprocating parts,

F,, =Force on the sides of the cylinder walls or normal force acting on
] the cross-head guides, and

Fy, = Force acting on the crankshaft bearing or main bearing,

22.2. Primary and Secondary Unbalanced Forces of Reclprocating Masses

Consider a reciprocating engine mechanism as shown in Fig, 22.1.
Let m =Mass of the reciprocating parts,

{ = Length of the conneciing rod PC,

r =Radius of the crank OC,
i 0 = Angle of inclinatiof of the crank with the line of stroke PO

@ = Angular speed of the crank,

n = Ratio of length of the connecting rod to the crank radius= [/ r.

The acceleration of the reciprocating parts is approximately given by the expression,

l
iy =" -r| cosO+ c0s20

n
. Inertia force due to reciprocating parts or force required to accelerate the reciprocating
parts,

. 2 0529
F, = Fp =Mass x.acceleration = m-@" -r| cos8+7

The horizontal component of the force exerted
on the crank shaft bearing ( /.. FBH) is equal and opposite to inertia force { F)). This force is an
unbalanced one and is denoted by F;

Unbalanced forcc,

cos20 2 > c0s20
= -reost-m-@ orXx
n

Fu=m-m2-r(case+ =Ft Fy
" i

The expression (m-w’-rcos®) is known as primary aunbualanced force and

15 _cos28Y
m-werx . Jis called secondury unbalunced force!
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22.4. Partial Balancing of Locomotives :

The locomnotives, usually, have two cylinders with cranks placed at right angles to each
other in order to have uniformity in turning moment diagram, The two cylinder locomotives may
be classified as : .

1. Inside cylinder locomotives ; and 2. Qutside cylinder locomotives.

In the inside cylinder locomotives, the two cylinders are placed in between the planes of
two driving wheels as shown in Fig. 22:3 (a) ; whereas in the ontside cylinder locomotives, the two
cylinders are placed outside the driving wheels, one on each side of the driving wheel, as shown in
Fig. 22.3 (&). The locometives may be

() Single or uncoupled locomotives ; and (b} Coupled locomoftives,
@© (1)

e | 01 |l e

— o —£=] .
Crank  “mronk Cran!:. Crank 3

_\Driving wheels—/__. b \/ L
Driving wheels

(a) Inside cylinder locgmotives, (6) Outside ‘cylinder locomaotives.

Fig, 22.3

22.5. Effect of Partial Balancing of Reciprocating Parts of Two Cylinder
Locomotives

22.6. Varation of Tractive Force

The resultant unbalanced force due to the two cylinders, along the line of stroke, is known
as fractive force.
. As per definition, the tractive force,
F;. =Resultant unbalanced force
along the line of stroke

= (1—-c)mar’ .r cos )
+ (~A)mew’r ¢0s(90°+8) i
= (1~c)ma®.r(cosf—sin) -
Thus, the tractive force is maximum or mininmm when @ =135° or 315°.
-~ Maximum and minimum value of the tractive force or the variation in tractive force
. =#(1—c)me’ r(cos135° ~sinl35%) = + /2 (1 -c) mo’ r
22.7. Swaying Couple

The unbalanced forces along the line of stroke for the two cylinders constitute a couple
about the centre line I'T between the cylinders as shown in Fig, 22.5.

This couple has swaying effect about a vertical axis, and tends to sway the engine alternately
in clockwise-and anticlockwise directions. Hence the couple is known as swaying couple.

Let a = Distance between the centre lines of the two cylinders.
= Swaying couple

= —c)m.r.o2 - cosexg




)

A

{(1 cym @ rcos b

-(1- c)m.mz.ncost90° +.0) a . Lingof stroke
2 for cylinder 1

Y Line of stroke Ior
/4 cylinder 2

t
|
1
|
l
|
1
|
Nlm-»l_imlm-h
| s ) —— ]

=(l nc)m.mzngg (cosG-+sind)

[ (1-cym & rcos (90"+ 6)
Thus, the swaying couple is maximum or minimum when € =45° or 225°,

-, Maximum and minimum value of the swaying couple
= #(l-e)mat.rx (cos45°+sin 45° =52 (1-c)met.r
(1-¢) 2( } 7 (1-c)

22.8. Hammer Blow

The maximum magnitude of the unbalanced force along the
perpendicular to the line of stroke is known as famuner blow.

Hammer blow = B.a2b

Example 1. An inside cylinder locomotive has its cylinder centre lines 0.7 m apart ard
has a stroke of 0.6 m. The r otating masses per cylmder are equivalent fo 150 kg at the crank pin,
and the reciprocating masses per cylinder to 180 kg. The wheel centr ¢ lines are 1.5 m apart, The
cranks are at right angles. The whole of the r otating and 2/3 of the r eciprocating masses are 1o
be balanced by masses placed at a radius of 0.6 m. Find the magnitude and dir ection of the
balancing masses. Find the fluctuation in rail pr essure under-one wheel, Variation of iractive
effort and the magnitude of swaying couple at a crank speed of 300 r .p.m.

Solution. Given : @ =0.7m; Jy =/, =06morry = ro =03 m; m; =150kg;

, =180 kgsc =2/3; ry = rp =0.6m; N = 300 r .p.m. or
w=2mx300/60 = 31.42 radfs
The equivalent mass of the rotating parts to be balanced per cylinder at the crank pin,

2
. m-ﬁ'mﬁ=mc=ml+c.n%=1:}0+ 3><180=270kg

Magnitude and direction of the boloncing nasses
Let m, and my, = Magnitude of the balancing masses

0, and Op = Angular position of the balancing masses m, and mp, from the first crank 3.
The magnitude and direction of the balancing masses may be determined graphically as
discussed below : 3

f. First of all, draw the space diagram to show the positions of the planes of the wheels and
the cyilinders, as shown in Fig. 22.7 ( «). Since the cranks of the cylinders are at right
angles, therefore assuming the position of crank of the cylinder B in the horizontal direc-
tion, draw OC and OB at right angles to each other as shown in Fig. 22 7( b).

2. Tabulate the data as given in the followmg table. Assume the plane of wheel A asthe
reference plane.

Table 22.1
" Plune § . mass, Rodiny Cent. Jorces St Drsrrmcg‘ fram i
: 5o kg | foim ] (er) kgemt - 3 plane il
S, @] @ LYo L T e 6 g
e, ] ‘ SR ‘ il IR
ARP) : my, 0.6 0.6 m, 0 0
B 270 0.3 81 0.4 324
C 270 0.3 81 1.1 89.1
D | my, 0.6 0.6mp, 1.5 0.9 my,

3, Now,jdraw the couple polygon from the data given in T able 22.1 (column 6), to some
suitable scale, as shown in Fig 22.7 ( ¢). The closing side ¢’0” represents the balanung
couple and it is proportional to 0.9 mD Therefore, by measurement,

0.9 m, =vector ¢’o’ = 94.5kg-m* or my=105kg Ans,




270 kg

C t
8P +ve : 03m
Whesl Cylinder Gylinder wheal 8, 270 kg
7 ® B9
_— '\.0 0.3m B
Rt e A __,.-"6,6111 PR
Ao m,
1.5m ;06m
D/
%mo
(a) Position of planes. > (b) Angular position of masses.
¢ c
0.6
0.9m, m
481
489.1 d
0.6 fz‘}u:.na
o . o .a"\ 20 » b 1
Y 81
{¢) Couple polygon. { ) Force polygon.
Fig. 22.7

4. To determine the angular position of the balancing mass D, draw QD in Fig. 22.7 {5
parallel to vector ¢’o’. By measurement,

Op =250° Ans,

5. In order to find the balancing mass 4, draw the force polygon from the data given in
Table 22.1 (column 4), to some suitable scale, as shown in Fig, 22.7 (  d), The vector do
represents the balancing force and it is proportional to 0.6 m - Therefore by measurement,

0.6 i, = veclor do =63 kg-m or n, =105 kg Ans,

6. To determine the angular position of the balancing mass A4, draw 04 in Fig. 22.7( b)

parallel to vector do. By measurement,

BA =200° Ans.

Fluctuation in rail pressure
We know that each balancing mass = 105 kg
Balancing mass for rotating masses, 150

D= 2ly105=-2"x105 =583 kg /
" 270 :

and balancing mass for reciprocating masses,

B=5"2105= 2130 105 - 46,6 kg
m 3 270

1)

This balancing mass of 46.6 kg for reciprocating masses gives rise to the centrithigal force.
- Fluctuation in rail pressure or hammer blow

= Bl.b=46.6(31.42)20.6=27 602 N. Ans. w (e B=ry=r)

Variation of tractive ef fort
We know that maximum variation of tractive ef fort

= =V2{l-c)mp. 0t r 2142 (1—;}180(31.42)20.3N

L




N

=+25127N Ans. w o r=rg=ro -
Swaying couple
We know that maximum swaying couple 5
(1-0) 0. 7[{1—% i
a [ 2
= Xty G = x180(31.42)°0.3 N-m
‘ N N
=8797 N-m Aans.
v o _3333 =37rad/s '
T D2 1872

We know that hammer blow
=+Bo? b=33(37)20.675 =% 30494 N Ans.

v wB=mE,and b=r,=rp)

22.10. Balancing of Primary Forces of Multi-cylinder In-ine Engines

The multi-cylinder engines with the cylmder centre lines in the same plane and on the same
side of the centre line of the crankshafl, are known as fn-line engines. The following two conditions
must be satisfied in order to give the primary balance of the reciprocating parts of a multi-cylinder
engine :

w 1. The algebraic sum of the primary forces must be equal to zero. In other words, the pri-
mary force polygon must *close ; and
2. The algebraic sum of the couples about any point in the plane of the primary forces must
be equal to zero. In other words, the primary couple polygon must close.

22.11. Balancing of Secondary Forces of Multi-cylinder In-line Engines
When the connecting rod is nét too long ( i.e. when the obliquity of the connecting rod is
considered), then the secondary disturbing force dus to the reciprocating mass arises..

The secondary force, .
cos20

Fg= m®rx

Example 5. A four cylinder vert:'ca? engine has cranks 150 mm fong. The planes of
rotation of the first, second and fourth cranks are 400 mm, 200 mm and 200 mm r espectively from
the third crank and their r eciprocating masses aré 50 kg, 60 kg and 50 kg r espectively. Find the
mass of the r ec:procarmg parts for the thir d cylinder and the r elative angular positions of the
cranks in order that the engine may be in complete primary balance.

Solutien. Given ry = r, = r; = r, =150mm=0.15m; m = 50kg; m, =60kg;
m, =50kg

The position of planes is shown in Fig. 22.17 ( a). Assuming the plane of third cylinder as
the reference plane, the data may be tabulated as given in T able 22.8,

Table 22.8
}'iimé‘ti‘i 1 & ass Rudias D:slmmgkfmm“!‘ ”Cﬂuple mm
. fol (kg T (e pfauef.?ﬂ)_ru; ARCDd
o oom e (3 N A

T ! 50 0.15 7.5 o -04

2 60 0.15 9 . —02. -18
3(RP) m, 015 0.15my 0 0

4 50 0.15 15 _02 1.3

First of all, the angular position of cranks 2 and 4 are obtained by drawing the couple
polygon from the data givenin T able 22.8 (column 6). Assume the position of crank 1 in the
horizontal direction as shown in Fig 22.17 (&), The couple polygon, as shown in Fig, 22.17 (¢}, is
drawn as discussed below:

1. Draw vector ¢'q’ in the horizontal direction (i.e. parallel to O1) and equal to -3 kg~m 2,
to some suitable scale.

2. From point o’ and o', draw vectors o’ and g%’ equalto— 1.8 kg-m 2 and 1.5 kg-m?
respectively. These vectors intersect at &',




b

4

~vg RP +ve
' 2

® ® @

le—200 st 200 -]

{+—400 mm—>

(a) Position of planes.

bl
1.5 —1.8

(¢} Couple polygon. ( d) Force poiyg:ia'g.
Fig. 22.17
3. Now in Fig. 22.17 ( 6), draw OZ parallel to vector o's" and 04 parallel to vector a'b
By measurement, we find that the angular posntmn of crank 2 from crank 1 in the

anticlockwise direction is
6, = 160° Ans,
and the angular position of crank 4 from crank 1 in the anticlockwise direction is

04=26° Ans.
In order to find the mass of the third cylinder ( m,) and its angular position, draw the force
polygon, to some suitable scale, as shown in Fig-22.17(  d), from the datagivenin T able 22.8
(column 4). Since the closing side of the force po]ygon (vector  co) is proportional to G.15 ; 1y,

therefore by measurement,
0.15m;=9kg-m or m;=60kg Ans.

Now draw O3 in Fig 22.17 (b), parallel to vector co. By measurement
we find that theangular position of crank 3 from crank 1 in the anticlockwise

direction is 83 = 227° Ans.

22.13. Balancing of V-engines
Consider a symmetrical two cylinder V-engine as shown in Fig. 22.33, The common crank
OC is driven by two connecting rods PC.and QC. The lines of stroke OP and OQ are inclined to

the vertical O, at an angle o as shown in Fig 22.33..
m = Mass of reciprocating parts per cylinder ,

Let
{ =Length of connecting rod,

r =Radius of crank,
7 = Ratio of length of connecting rod to crank radius= [/ r

6 = Inclination of crank to the vertical at any instant
® = Angular velooity of crank. 3

¥
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Line of siroke
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p LT INSTITHTE OF TECHNOLOGY MECHANICS OF SOLIDS &
7 .
\ WA (e jancton.of the flange andwable = WRERG 28 YT Ao A !
| O T4
At ireé £ (b 25 % I 5) 0 118 x 278 % 127 5) = 2364062 .5 pon’
Koy S00 40
hitehr dress 2 o = (13,40 Ny
- (qt(/}"ﬂ/Le/ Lﬁ ikl
iy When e we » 1 3 :
MU% aof L.f:c hce:n sgotion aby zt AT KL AR, == X‘Z\S%Z‘SG iﬁf{f‘q?* - = 6495 % 1
= o 12
. o - ( 7l Y
T
| 5
E 59,03/’
250 ¥ 5.2 N i
I 59 93N e T
. RiiAbe

Shear stress in the flange Just above the web  ay = 2% 25 % 117.5 [-1 g—j +7. 51 = 38‘3218.’?5 e

Say 30010 % 38921875

Shearstress = == = T2 TS D20 20 ¢ 50,03 Minm?
' G.4895% 10 » 50
; 5l -
Stiear strese in the veb at 7.5 ram from the N.A. = -{-6) X 59,63 = 5 N
500

Shear stress ai the newtral axis, ay =2 x25% 125 x 62.5) + 550 % 7.5 x 7; = 406093.75 mat®

Shear stresy G = :gﬂ}' = 59(}:5!0 :520_6})93 15 =521 N;’ i

i 6.495x107 x 600

The shear force acting on a beam at an J-section with unequal flanges is SOKN. The scc'.tion iS shown
in [i-x;: below figure. The moment of inertia of the section about N.A. is 2.849X10%. Calculate the
‘ shear stress at the N.A. and also draw the shear stress distribution over the depth of flle section.
LNS:
Given Data:
Shear foree, F=350kN = 50,000 N
Moment of inertiz anout N A,
I=2849 x 10° mm*,

s : ) Al v'l A2\2 o+ 143
Yicl “of avity Tr k = T =
Distance of the center of gravity from the battam suiface = v (A ‘A, + Ay

M VENKAN NA BABU
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Mz NARASARAOPETA
NEC ENGINEERING COLLEGE

(AUTONOMOUS)

DEPARTMENT OF MECHANICAL ENGINEERING

MID & ASSIGNMENT
EXAMINATION QUESTION
PAPERS WITH SCHEME AND
SOLUTIONS




NARASARAOPETA ENGINEERING COLLEGE: NARASARAOPET (AUTONOMOUS)

DEPARTMENT OF MECHANICAL ENGINEERING

I
III B. ]I‘ECH II - SEMESTER ASSIGNMENT TEST-II, March-2023

SUBJECT: DYNAMIICS OF MACHINERY DATE: 02/03/2023
DURATION: 40 MIN| MAX. MARKS: 10
Course | Knowledge level
Q. No Questions Outcome | as per Bloom’s | Marks
(CO) Taxonomy
1 Distinguish bétween flywheel and governor? 1 An%}l{;:flng 5
Analyse the working of 2 Hartnell governor With a neat Analyzing
2 . I 5
sketch? ! K4
Analyse the working of a Porter governor With a neat Applying
3 I 5
sketch? K3
Determine the method of balancing of different masses Evaluating
4 I v 5
revolving in the same plane, K5
5 Analyse the different masses rotating in different planes v Analyzing 5
are balanced? | K4
6 Analyse the Bé]ancing ofa Single Rotating Mass By Two v Analyzing 5
Masses Rotating in Different Planes K4

5




%z NARASARAOPETA
NEL'..': ENGINEERING COLLEGE

LAUTONOMOUS)

¥,
ﬁ:&’

DEPAR'RMENT OF MECHANICAL ENGINEERING

SCHEME OF EVALUATION
II B. TECH Il - SEMESTER ASSIGNMENT TEST-II

Distinguish b%tween flywheel and govemnor?

Diagram 2M
Explanation 3M
Analyse the working of a Hartnell governor with a neat sketch?
Types - 1M
Diagram 2M
Explanation 2M
Analyse the \Ivorking of a Porter governor with a neat sketch?
Types 1M
. Diagram X 2M
Explanation - 2M
Determine the method of balancing of different masses revolving in the same plane.
Diagram 2M
Derivation 3IM

Analyse the different masses rotating in different planes are balanced?

Diagram 2M

Derivation and Explanation --3 M
Analyse the Balancing of a Single Rotating Mass By Two Masses Rotating in Different

Planes |

. Diagram st 2M

: Derivation and Explanation -3 M
|'
%\?

]

P




|

NARASARAOPETA ENGINEERING COLLEGE (AUTONOMOUS)
Under Graduate | 2022-2023 | III Year II Semester [B.Tech-ME

Assignment-IT Exam

R20ME3103 - DYNAMICS OF MACHINERY

Date: 02-03-2023

Roll No./Register

S.No. No. Name Marks (5M)
1 |20471A0301 ALAVALA ADITHYA VARA PRASAD 5
2 |20471A0302 BATTULA RAJESH 5
3 _{20471A0303 |, |BHIMAVARAPU HEMANTH KUMAR 5
4 [20471A0304 | |BONAM JAYA PRAKASH 5
5 _ [20471A0305 | |BOYAPATI PAVAN KUMAR 5
6_ |20471A0306 | |DADDANALA VEERANJIREDDY 5
7 |20471A0307 | [DERANGILA PARDHU GANESH 5
8 _ |20471A0308  |DOPPALAPUDI S S NAGA RAVITEIA A
9 |20471A0309 EEDARA MOHAN SAl 5
10 |[20471A0310 GANESH SAI PAVAN 5

11 |20471A0312 = |GERA KOTESWARA RAO 5
12 120471A0313 | |KARASALA PRASANTH 5
13 ]20471A0314 | [KARASANI PAVAN KUMAR REDDY 5
14 [20471A0315 | |KATTA MAHESWAR 5
15 ]20471A0317 | |KESARI DHANUNJAYA REDDY 5
16 |20471A0318 | |KOMARAGIRI SASIKUMAR 5
17 120471A0319 | |KOMERA SIVA NAGARAJU A
18 |20471A0320 | |KOTHA GOPI 5
18 |20471A0321 | [KUNDURTHI NAVEEN 5
20 |20471A0323 MADANU JOSEPH VINAY KUMAR 5
21 [20471A0324 MADDUMALA RAMAKRISHNA 5
22 |20471A0325 MAGANTI SASI PAVAN 4
23 |20471A0326 MAKKENA SAMBASIVA RAO 5
24 |20471A0327 | |MIRIYALA SASHANK 5
25_ |20471A0328 | |NALLA ABHIRAM CHOWDARY 5
26 120471A0329 | {NUTHAKKI RAKESH 5
27 |20471A0330 | |ARAVAPALLI SAI SRINIVAS 4
28 120471A0331 | |PALETIJOHN HOSANNA 5
29 |20471A0332 | |PERUMAALLA SRIKANTH 5
30 _120471A0333 | |POLURI KRISHNA CHAITHANYA 5
31 [20471A0334 ' |PONNAGANTI CHANDU HARSHA VARDHAN 5
32 (20471A0336 | |PATHAN MEERA VAL| A
33 |20471A0337 POTTIMURTHI PURNA CHANDRA RAC 5
34 |20471A0338 ! |PRUDHVI DURGA BHARATH CHANDAN 5
35 (20471A0339 | |RAMAVATHU BADDUNAIK 5
36 |20471A0341 | |SHAIK APPAPURAM MAHABOOB SUBHANI 5
37 |20471A0343 | |SHAIK GANGARAM ABDUL RAHAMAN 5
38 [20471A0344 | |SHAIK GULLAPALLI NAGURVAL 5

|

1

1




o

39 |20471A0345 SHAIK LAL AHAMAD BASHA 5
40 [20471A0346 SHAIK MAHAMMAD FAREED 5
41 |20471A0348 SHAIK MANISHA 5
42 |20471A0349 SHAIK PARVEZ 5
43 [20471A0350 SHAIK SADHIK 5
44 120471A0352 TIPPIREDDY AMARNATHREDDY 5
45 |20471A0353 VADLAVALLI GANESH 5
46 |20471A0354 VEERAGANDHAM VENKATA MANIKANTA A
47 120471A0356 ADAKA GOPIRAJU 5

m‘M:Vmw/g’W

Name of the Staff Member

Signaturé ?ﬁ\the HOD

[ D

Signature
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NARASARAOPETA ENGINEERING COLLEGE (AUTONOMOUS)
Under Graduate | 2022-2023 | III Year II Semester |B.Tech-ME

Assignment-II Exam

R20ME3103 - DYNAMIlCS OF MACHINERY

Date: 02-03-2023

Roll No./

S.No. Register No. Name Marks (5M)
1  |20471A0357 ATCHYUTHA PAVAN KUMAR 4
2 |20471A0358 BALLE RAMANJANEYULU 5
3 |20471A0359 BANDARU SAl GANESH 4
4 |20471A0360 BERAM NARENDRA REDDY 2
5 |20471A0361 CHEBROLU MANIKANTA SAI NITHIN 5
6 |20471A0362 CHENNAMSETTY GOPI 4
7 |20471A0363 GANGULA SUNNY 5
8 |20471A0364 GANJI HANUMA KOTI GANESH 5
9_ |20471A0365 , |GANNNAVARAPU JAYA SRIKANTH A
10 120471A0366 | |GUTTIKONDA AYYAPPA REDDY 5
11 |20471A0367 | |MADDINENI AJAY 5
12 |20471A0368 | |MANNEPALLI VEERA NARASIMHA 5

13 |20471A0369 | |MARAGANI NAGA THIRUMALA RAO 3
14 |20471A0370 | |PARELLA BALA GURAVAIAH 3
15 |20471A0371 | ISETLAM RANENDRA VAMSHI 3
16 ]20471A0372 | [SHAIK GUTHIKONDA SALIM 5
17 |20471A0373 SHAIK JAKIR 5
18 |20471A0374 SHAIK MOHAMMAD TAHEER A
19 |20471A0375 THOTA SRIVAMSI NADH 0
20 |20471A0376 YAKKANTI SAI KIRAN REDDY 2
21 |21475A0301 PALLAPOTHU SAIKIRAN YADAY 5
22 [21475A0302 SYED SARDAR VALI 5
23 [21475A0303 . IDERANGULA GOPI KRISHNA 4
24 [21475A0304 | [VADDANI RAKESH A
Y 25 |21475A0305 | |SHAIK ADIL 5
26 |21475A0306 | JANAPAREDDI PRASAD 5
27 |21475A0307 | |IREPALLE YASHWANTH 2
28 |21475A0308 | |RAMAVATHU PAVAN KUMAR NAIK 2
29 |21475A0309 | INELAVALLI VIKAS 5
30 |[21475A0310 | iDUDDU JOSEPH 4
31 [21475A0311 | [MUNIKOLA SANTHOSH KUMAR 5
32 [21475A0312 | IMORAPAKULA CHARAN TEJA 3
33 |21475A0313 |{GODA SANDEEP 5
34 |21475A0314 ||MOGILI PRAKASH 5
35 |21475A0315 ||SHAIK MABU SUBHAN! 5
36 |21475A0316 DAGGUPATI VENKATA PRADEEP 5
37 |21475A0317 NAGASURENDRA CHARI UPPALAPATI 5




NARASARAOPET ENGINEERING COLLEGE (AUTONOMOUS): NARASARAOPET
DEPARTMENT OF MECHANICAL ENGINEERING
Il B.TECH II-SEMESTER MID EXAMINATION-I, FEB-2023

SUBJECT: DYNAMICS OF MACHINERY DATE: 02-02-2023
DURATION: 90 MINl MAX MARKS:25
Sections: A & B |

%

Course | Knowledge Level
Q. No Questions Outcome as Per Bloom’s Marks

f (CO) Taxonomy
The turbine rotor of a ship has a mass of 3500 kg. It has a radius of
gyration of 0.45 m and a speed of 3000 r.p.m. clockwise when

looking from stern. Determine the gyroscopic couple and its effect
upon the ship: 1. when the ship is steering to the left on a curve of

. 9 e Analyzing
1 100 m radius at a speed of 36 kin/h. 2. when the ship is pitching in CO3 K4 10
O a simple harmoni¢ motion, the bow falling with its maximum
velocity. The period of pitching is 40 seconds and the total angular
displacement between the two extreme positions of pitching is 12

degrees.

A single plate clutch, effective on both sides, is required to transmit

25 kW at 3000 r.p.m. Determine the outer and inner radii of
i

frictional surface ifithe coefficient of friction is 0.255, the ratio of

2, . . . co4 Applying (K3) 10

radii is 1.25 and the maximum pressure is not to exceed 0.1 N/mm2,

Also determine the axial thrust to be provided by springs. Ass ume

the theory of uniform wear.

3, Explain the working of a watt governer with a neat sketch. COos Applying (K3) 5
i

|

— —————

¥
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CAUPOMNOMOUS)

DEPARTMENT OF MECHANICAL ENGINEERING

SCHEME OF EVALUATION

IIIlB. TECH II - SEMESTER MID EXAMINATION-I

1. The turbine rotor of.a ship has a mass of 3500 kg. It has a radius of gyration of 0.45 m and a

speed of 3000 r.p.m. clockwise when looking from stern. Determine the gyroscopic couple and

its effect upon

the ship: 1. when the ship is steering td the left on a curve of 100 m radius at 2

speed of 36 km/h. 2. When the ship is pitching in a simple harmonic motion, the bow falling

with its maxiﬁmm velocity, The period of pitching is 40 seconds and the total angular

displacement b
|

2. A single plate
Determine the

the ratio of rad

etween the two extreme positions of pitching is 12 degrees.

Given Data 1M
Formulae 2 M
Diagram 2M
Problem Solution --—-------~ —5M

clutch, effective on both sides, is required to transmit 25 kW at 3000 r.p.m.
outer-and inner radii of frictional surface if the coefficient of friction is 0.255,

i is 1.25 and the maximum pressure is not to exceed 0.1 N/mm2. Also determine

the axial thrust

to bg provided by springs. Ass umé the theory of uniform wealr.

Given Data : 1M
Formulae 2 M
Diagram 2M
Problem Solution --—------- -5SM
3. Explain the working of a watt governer with a neat sKetch.
Function 1M
Diagram 5M

. Explanation 4 M




~ NARASARAOPETA ENGINEERING COLLEGE (AUTONOMOUS) :

: NARASARACPET

(R20) 2020 BATCH III B.TECH IT SEM I MID AWARD LIST, FEB - 2023
Subject CODE & NAME:
Branch :ME - A R2BME3203 - Dynamics of Date:
Machinery 02-02-2023
CO No.| 1 2 3 |MID-I| MID-I .
SLNL 0. [l 3 1o | 5 | Total | Rebucep | iz -1
0. Marks |MARKS (15
Q.No. 1 2 3 (25M) M) (10}
1 | 20471n0301 | A A A A A 5
2 | 20471A0302 | ! 9 10 5 24 15 8
3 | 2047170303 | | A A A A A 10
4 | 20471A0304 | A A A A A A
5 | 2047170305 5 4 ) 9 6 8
6 | 2047170306 8 6 4 18 11 5
7 | 20471A0307 | 9 10 5 24 15 3
8 | 20471A0308 | | 9 4 5 18 11 9
9 | 2047170309 | | 9 8 2] 17 11 7
10 | 2047140310 | | 9 7 | 4 20 12 6
11 | 20471A0312 | | 9 |.9 3 21 13 7
12 | 2047170313 | ! 6 7 4 17 11 8
13 | 2847140314 | | 9 9 1 19 12 5
14 | 2047140315 9 5 10 24 15 9
15 | 20471A0317 9 8 5 22 14 10
16 | 20471A0318 | . 9 5 6 20 12 8
17 | 2047170319 | 8 7 7] 15 9 1
18 | 20471A0320 7 9 5 21 13 8
b19 20471A8321 8 6 4 18 11 2
20 | 20471A0323 | 9 8 2 19 12 10
21 | 2047170324 | | 4 6 7 17 11 8
22 | 2847140325 | | 9 5 | 7 21 13 8
23 | 20471A0326 | 8 9° 5 22 14 8
24 | 204710327 | | 9 9 5 23 14 9
25 | 20471A0328 | ! 7 7 4 18 11 2
26 | 20471A0329 | | 8 9 5 22 14 - 8
27 | 20471A0330 | | A A A A A A
28 | 20471A0331 | | 8 6 4 18 11 4




’ NARASARAOPETA ENGINEERING COLLEGE (AUTONOMOUS)

Subject CODE & NAME:

} : NARASARAOPET
(R20) 2020 BATCH III B.TECH II SEM I MID AWARD LIST, FEB - 2023

sranch :ME - B > emEs203 - Dynamics of Machinery Date:
‘ 02-02-2023
CO' No.| 1 2 3 |MID-I|MID-I ;
S0 L T.No. [l 10 T 1g 5 | Total |Repucep| iz - T
No. Marks MARKS
Q.No. 1 2 3 (25M) (15 M) (10)

1 | 20471A0357| 8 9 5 22 14 10
2 |20471A0358| 10 10 4 24 15 10
3 | 20471A0359| | 7 8 2 17 11

4 |20471n0360| | 8 8 5 21 13

65 2047170361 9 8 5 22 14 ,
6 | 2047178362 10 9 5 24 15 10
7 |20471A8363| | A A A A A A
8 |20471A0364 9 9 5 23 14 3
9 | 20471A0365 6 6 ) 12 8 2
10 | 2047170366 10 6 5 21 13 8
11 | 20471A0367| | A A A A A 10
12 | 20471A0368 | 9 8 4 21 13 9
13 | 20471A0369| 10 9 3 22 14 8
14 | 20471A0370 4 1 5 3 10
15 | 2047170371 19 10 4 24 15 10
16 | 20471A0372 9 10 5 24 15 8
17 | 2047170373 9 9 5 23 14 10
8 | 20471A0374 9 9 5 23 14 10
19 | 20471A8375 7 3 10 6 3
20 | 2047170376 7 3 10 6 2
21 | 2147570301 : 9 10 5 24 15 1
22 | 2147500302 | 10 10 4 24 15 10
23 | 21475A0303 ’ 10 9 5 24 15 9
24 | 21475A0304 f A A A A A ‘A
25 | 21475A03@5 10 10 5 25 15 9
26 | 2147510306 ‘t 10 10 5 25 15 - 10
27 | 2147500307 [ 9 9 5 23 14 4
28 | 21475A0308 10 9 5 24 15

29 [ 21475A0309 10 10 4 24 15




30 | 21475A0310 9 9 5 i 14 9
31 | 21475A0311 10 10 4 24 15 9
32 | 21475A0312 9 9 5 23 14 10
33 | 21475A0313 9 10 5 24 15

34 | 21475A0314 9 10 5 24 15 7
35 | 21475A0315 9 8 5 22 14 10
36 | 21475A0316 10 10 4 24 15 9
37 | 21475A0317 10 10 5 25 15 10
38 | 21475A0318 10 9 5 24 15

39 | 21475A0319 10 10 4 24 15 9
40 | 21475A0320 10 10 4 24 15 10
41 | 21475A0321 9 5 9 23 14 7
42 | 21475A0322 9 10 5 24 15 10
43 | 21475A0323 9 4 10 23 14 8
44 | 21475A0324 10 9 5 24 15 10
45 [ 21475A0325 9 9 5 23 14 9
46 | 21475A0326 8 8 5 21 13 10
47 | 21475A0327 9 10 5 24 15 10
48 | 21475A0328 9 9 5 23 14 6
49 | 21475A0329 9 10 5 24 15 10
50 | 21475A0330 10 10 4 24 15 10
51 | 21475A0331 9 10 5 24 15 9
52 | 21475A0332 10 9 5 24 15 10
53 | 21475A0333 9 9 5 23 14 10
54 | 21475A0334 9 9 5 23 14

55 | 21475A0335 10 9 5 24 15 4
DY - 1 Verheonsokhn g M/gks

Name of the Staff Member Signature—of the Staff Member

Signature of;\\fghe HOD

\J




NARAS.ARAIOPET ENGINEERING COLLEGE (AUTONOMOUS): NARASARAOPET
I DEPARTMENT OF MECHANICAL ENGINEERING
HIB.TECH II-SEMESTER MID EXAMINATION. -1I, MARCH-2023

SUBJECT: DYNAMICS OF MACHINERY

DATE: 29-03-2023

DURATION: 90 MIN MAX MARKS:25
Sections: A & B
i Knowledge
| Course
Level as Per
Q. No ‘ Questions QOutcome Marks
Bloom’s
(CO)
Taxonomy
Compare the Turning Moment Diagram f ning Moment
. . . i . Analyzing
1. Diagram for a Single Cylinder Double Acting Steam Engine CO3 K4) 5
and a Four Strok? Cycle Internal Combustion Engine (
A,B,CandD are| four masses carried by a rotating shaft at radii
100, 125, 200 anid 150 mm respectively. The planes in which
the masses revolve are spaced 600 mm apart and the mass of B,
2. . . CO4 Evaluating (K5)| 10
Cand D are 10 kg, 5 kg, and 4 kg respectively. Determine the
required mass A iahd the relative angular settings of the four
masses so that theI shaft shall be in complete balance.
Analysing about the following terms:
1. Primary and Secondary Unbalanced Forces of
Reciprocating Masses. Analyzin
3. procating Mes o5 1o
2. Variation of Tractive Force. (K4)
3. Swaying Couﬁle.
4. Hammer Blow.




ez NARASARAOPETA

NEC ENGINEERING COLLEGE 1

{AUTG‘JOK&IQUSJ

DEPAR'II‘MENT OF MECHANICAL ENGINEERING

SCHEME OF EVALUATION
IIIB. TECH II - SEMESTER MID EXAMINATION-1T

I
1. Compare the Turning Moment Diagram for a Single Cylinder Double Acting Steam

Engine and a Four Stroke Cycle Internal Combustion Engine

Definition 1M
| . Diagrams 6M
i Explauatlon N 3M

2. A,B,Cand Dare four masses carried by a rotatmg shaft at radii 100, 125, 200 and 150

mm respectively. The planes in which the masses revolve are spaced 600 mm apart and

the mass of B, C and D are 10 kg, 5 kg, and 4 kg respectively. Determine the required

mass A and the relative angular settings of the four masses so that the shaft shall be in

complete balance.
Given Data : 1M
Formulae 2 M
Diagram 2M
Problem Solution —----—-au-e ~5M

3. Analysing about the following terms:

1.

Primary and Secondary Unbalanced Fordes of Reciprocating Masses.

2. VaI;iation of Tractive Force. '
3.
4

. Hammer Blow.

Swaying Couple.

| .
l?efinitions 4 M
|

Formulae & Explanation . 6M




% NARASARAOPETA ENGINEERING COLLEGE (AUTONOMOUS) : : NARASARAOPET
7 (R20) 2020 BATCH)III B.TECH IT SEM II MID AWARD LIST, March - 2023

- Branch :ME - A | Subject CODE & NAME:

R20ME3203 - Dynamics of Machinery D ate:25-83-2023

] S1.N €9 No. 3 2 > MiD - 1 RFL];?J-CETJ Quiz - I
] H.T.NO. Max.Marks 16 10 Total Marks MARKS
. o. i MARKS (15
Q.No. | 1 2 3 (25M) M) (10)
20471A0301 | | 4 8 7 19 12 10
20471A0302 5 9 10 24 15 10
20471A0303 | | 5 8 6 19 12 4
2047170304 ’ 5 10 8 23 14 A
20471A0305 ; 2 6 7 15 9 9
2047110306 ' 4 8 7 19 12 10
2047170307 5 9 7 21 13 10
8 | 20471A0308 5 5 8 9 22 14 10
9 | 20471A0389 f 5 9 9 23 14 10
10 | 20471A0310 ? A A A A A 9
11 | 20471A8312 5 9 9 23 14 9
12 | 20471A0313 5 9 8 22 14 9
13 | 20471A0314 5 10 9 24 15 10
14 | 20471A0315 5 ) 9 23 14 10
15 | 2047170317 5 10 7 22 14 9
«| 16 | 20471A0318 | 5 9 9 23 14 10
“1 17 | 2047180310 A A A A A A
' 18 | 20471A8320 5 10 9 24 |1 15 10
@ | 20471A0321 5 8 8 21 13 7
20 | 20471A0323 5 9 10 24 15 10
Yl 21 | 20471A0324 5 9 9 23 14 10
“1 22 | 20471A0325 5 7 7 19 12 10
23 | 20471A8326 4 9 9 22 14 8
24 | 20471A0327 5 10 9 24 15 10
| 25 | 20471A0328 5 8 10 23 14 5
| 26 | 2047170329 5 4 e | . 19 12 10
| 27 | 20471A0330 | 4 10 8 | . 22 14 10
‘| 28 | 20471A0331 ! A A A |” A A 10
29 | 20471A0332 | 5 9 9 | 23 14 9
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NARASARAOPETA EﬂGINEERING COLLEGE (AUTONOMOUS) :

: NARASARAOPET

(R20) 2020 BATCH III B.TECH II SEM II MID AWARD LIST, March - 2023

it
:Branch :ME - B

F

Subject CODE & NAME:
R2GME3203 - Dynamics of Machinery

Date:29-03-2023

| -
L1S1. €0 Noj.‘ 3 4 AS MID - I FﬂE]I:)LLCEID Quiz - I
1o H.T.NO. |[Max.Marks| 5§ 10 10 Total Marks MARKS MARKS
Q.No! | 1 2 3 (25M) (15 M) (10
1 | 2047120357 5 7 7 19 12 10
2 | 2047100358 5 5 9 19 12 10
3 | 20471A0359 3 7 7 17 11 10
4 | 20647170360 5 8 5 18 11 10
L 5_| 20471A0361 5 10 9 24 15 10
| @ 2047140362 BE 9 7 21 13 10
.7 | 2047170363 5 10 9 24 15 10
1. 8 | 2047140364 5 10 %) 15 9 10
| o | 20471A0365 A A A A A A
| 10 | 2047100366 5 10 9 24 15 10
111 | 2047170367 | 5 10 9 24 15 10
1 12 | 2047100368 | A A A A A 10
13 | 20471A9369 0 7 6 13 8 7
| 14 | 2047100370 9 5 9 23 14 10
| 15 | 20471A0371 5 8 9 22 14 10
16 | 20471A0372 5 10 9 24 15 10
17 | 2047170373 4 8 8 20 12 10
15§ 20471A0374 5 g 6 20 12 10
[ 19| 206471A0375 4 9 5 18 11 A
| 20 | 2047170376 3 9 7 19 12 10
21 | 2147540301 5 8 10 23 14 8
22 | 21475A0302 5 10 9 24 15 10
23 | 21475A0303 Il 5 10 7 22 14 10
24 | 2147500304 A A A A A A
25 | 21475A0305 5 9 10 24 15 10
26 | 21475A0306 5 10 9 24 15 10
27 | 2147500307 5 9 7 21 13 10
28 | 21475A0308 5 7 8 20 12 8
29 | 21475A0309 5 9 10 24 15 10




30
31
32
33
34
35
36
37

21475A0310 5 8 9 22 14 10
21475A0311 5 9 9 23 14 10
21475A0312 5 9 8 22 14 10
21475A0313 5 8 10 23 14 10
21475A03124 5 8 6 19 12 9 |
21475A8315 5 9 8 22 14 10
21475A0316 5 9 7 21 13 10 *1
21475A0317 5 9 9 23 14 10
21475A0318 5 8 9 22 14 10
21475A0319 5 5 10 20 12 9
21475A0320 5 10 9 24 15 10
21475A0321 4 8 8 20 12 10
21475A0322 5 9 10 24 15 9
2147540323 5 8 9 22 14 10
21475A0324 5 9 9 95 14 10 - |
21475A0325 4 9 9 22 14 9 |
46 | 21475A09326 3 6 6 15 9 10 _:1
21475A0327 5 9 8 22 14 10
21475A03238 4 7 6 17 11 10
21475A0329 5 8 0 13 8 10 l
21475A0339 5 9 10 24 15 10 _]
21475A0331 4 9 9 22 14 10
21475A8332 5 9 10 24 15 10
21475A0333 5 9 10 24 15 10
21475A0334 5 9 6 20 12 10
21475A8335 [ s 9 9 23 14 8

| My
ENQ%ZXLF the Staff Menm

gignature of %He HOD
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Signatur the Staff Member



NARASARAOPETA ENGINEERING COLLEGE: NARASARAQPET (AUTONOMOUS)

DEPARTMENT OF MECHANICAL ENGINEERING
I B. TECH I1 - SEMESTER ASSIGNMENT TEST-1, January-2023

SUBJECT: DYNAMICS OF MACHINERY DATE: 05/01/2023

DURATION: 40 MIN MAX. MARKS: 10

Course | Knowledge level

Q. No Questions Outcome | as per Bloom’s Marks
: (CO) Taxonomy

1 Explain about Gyroscopic Couple & Precessional I Analyzing 5
Angular Motion? K5

5 Explain about the terminology of an Aeroplane and the I Analyzing 5
effect of Gyroscopic Couple on an Acroplane? K5
The turbine rotor of a ship has a mass of 3500kg .It hasa
radius of gyrétion of 0.45m and a speed of 3000 r.p.m,

3 clockwise wllnen looking from stern. Determine the I Applying 5
gyroscopic couple and its effect upon the ship, when the K3
ship is steering to the left on a curve of 100m radius at a
speed of 36km/h?
Explain about the terminology of a naval ship and the Analvzi

4 effect of Gyroscopic Couple on naval ship during I n:}(};zmg 5
different movements?
An aeroplane makes a complete half circle of 50m radius,
towards left, when flying at 200km per hr. The rotary
engine and propeller of the plane has a mass of. 400kg and Applyi

5 a radius of gyration of 0.3m. The engine rotates at 200 I P ;I)(%/mg 5
r.p.m. clockwise when viewed from the rear. Find the
gyroscopic couple on the aircraft and state its effect on
it?
A uniform disc of diameter 300mm and of mass 5kg is
mounted one end of an arm of length 600mm. The other

6 end of the arm is free to rotate in a universal bearing, If I Applying 5
the disc rotates about the arm with a speed of 300 r.p.m. K3

clockwise, looking from the front, with what speed will
it precess about the vertical axis?
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{AUVTONOMOUS:

DEPARTMENT OF MECHANICAL ENGINEERING

SCHEME OF EVALUATION
III B. TECH II - SEMESTER ASSIGNMENT TEST-I

4.

Explain about Gyroscopic Couple & Precessional Angular' Motion?

Definition 1M
Diagram —2M
Explanation 2M

Explain about the terminology of an Aeroplane and the effect of Gyroscopic Couple on
an Aeroplane?

Terminology 2M
Diagram iM
Explanation 2mtiemm 2 M

The turbine rotor of a ship has a mass of 3500kg .It has a radius of gyration of 0.45m
and a speed of 3000 r.p.m. clockwise when looking from stern. Determine the
gyroscopic couple and its effect upon the ship, when the ship is steering to the left on a
curve of 100m radius at a speed of 36km/h?

Given Data 1M
Formulae 2 M
Problem Solution -——--—--—————-- 2M

Explain about the terminology of a naval ship and the effect of Gyroscopic Couple on
naval ship during different movements?

Terminology 2M
Diagram 1M
Explanation 2M

An aeroplane makes a complete half circle of 50m radius, towards left, when flying at
200km per hr The rotary engine and propeller of the plane has a mass of 400kg and a
radius of gyration of 0.3m. The engine rotates at 200 r.p.m. clockwise when viewed
from the rear. Find the gyroscopic couple on the aircraft and state its effect on it?

Given Data 1M
Formulae 2 M

Problem Solution ———-—~-- 2 M
A uniform d;isc of diameter 300mm and of mass 5kg is mounted one end of an arm of
length 600mm. The other end of the arm is free to rotate in a universal bearing. If the
disc rotates about the arm with a speed of 300 r.p.m. clockwise, looking from the front,
with what speed will it precess about the vertical axis?

i Given Data 1M

| Formulae 2 M
Problem Solution ——--—=-reeeee 2 M

= L
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NARASARAOPETA ENGINEERING COLLEGE (AUTONOMOUS)
Under Graduate | 2022-2023 | III Year II Semester [B.Tech-ME

E

Assignment-I Exam

R20ME3103 - DYNAMICS OF MACHINERY

Date: 05-01-2023

S.No. Roll Nol;!/o Register Name Marks (5M)

1 |20471A0301 ALAVALA ADITHYA VARA PRASAD A
2 |20471A0302 BATTULA RAJESH 5
3 (20471A0303 BHIMAVARAPU HEMANTH KUMAR 3
4 |20471A0304 BONAM JAYA PRAKASH A
5 [20471A0305 BOYAPAT! PAVAN KUMAR 4
6 |20471A0306 DADDANALA VEERANJIREDDY 5
7  |20471A0307 DERANGILA PARDHU GANESH 5
8 (20471A0308 DOPPALAPUDI S S NAGA RAVITEJA 4
9 |20471A0309 EEDARA MOHAN SAl 3
10 |20471A0310 GANESH SAI PAVAN 5
11 [20471A0312 . |GERA KOTESWARA RAQO 5
12 [20471A0313 | IKARASALA PRASANTH 3
13 120471A0314 | [KARASANI PAVAN KUMAR REDDY 3
14 |20471A0315 | [KATTA MAHESWAR 5
15 [20471A0317 ' |KESARI DHANUNJAYA REDDY 5
16 |20471A0318 KOMARAGIRI SASIKUMAR 4
17 |20471A0319 KOMERA SIVA NAGARAJU A
18 |20471A0320 KOTHA GOPI 5
19 (2047140321 KUNDURTHI NAVEEN 4
20 2047140323 MADANU JOSEPH VINAY KUMAR 5
21  [20471A0324 MADDUMALA RAMAKRISHNA 3
22 |20471A0325 MAGANTI SAS| PAVAN 5
23  |20471A0326 MAKKENA SAMBASIVA RAO 5
24  |20471A0327 il MIRIYALA SASHANK 4
25 [20471A0328 {NALLA ABHIRAM CHOWDARY q
26 |20471A0329 INUTHAKKI RAKESH 4
27 |20471A0330 ARAVAPALLI SAl SRINIVAS 4
28 |20471A0331 [PALETI JOHN HOSANNA A
29 |20471A0332 PERUMAALLA SRIKANTH 4
30 |20471A0333 POLURI KRISHNA CHAITHANYA 5
31 |20471A0334 PONNAGANTI CHANDU HARSHA VARDHAN 4
32 |20471A0336 PATHAN MEERA VALI A
33 [20471A0337 POTTIMURTHI PURNA CHANDRA RAO 5
34 |20471A0338 PRUDHVI DURGA BHARATH CHANDAN 5
35 |20471A0339 RAMAVATHU BADDUNAIK 4
36 |20471A0341 SHAIK APPAPURAM MAHABOOB SUBHANI 5
37 |20471A0343 SHAIK GANGARAM ABDUL RAHAMAN 4
38 [20471A0344 SHAIK GULLAPALLI NAGURVALI 3
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Assignment-I Exam

R20ME3103 - DYNAMICS OF MACHINERY

Date: 05-01-2023

S.No. un No./ Name Marks (5M)
Register No.
1 |20471A0357 ATCHYUTHA PAVAN KUMAR
2 |20471A0358 BALLE RAMANJANEYULU
3 |20471A0359 BANDARU SAI GANESH
4 |120471A0360 BERAM NARENDRA REDDY
5 |20471A0361 CHEBROLU MANIKANTA SAI NITHIN
6 |20471A0362 |CHENNAMSETTY GOPI
7 |20471A0363 GANGULA SUNNY
8 |20471A0364 GANIJI HANUMA KOTI GANESH
9 (20471A0365 GANNNAVARAPU JAYA SRIKANTH

10 120471A0366

GUTTIKONDA AYYAPPA REDDY

@11' 20471A0367

MADDINENI AJAY

12 j20471A0368

MANNEPALLI VEERA NARASIMHA

13 |20471A0369

MARAGANI NAGA THIRUMALA RAO

14 |20471A0370 PARELLA BALA GURAVAIAH
15 |20471A0371 SETLAM RANENDRA VAMSHI
16 [20471A0372 SHAIK GUTHIKONDA SALIM
17 |20471A0373 SHAIK JAKIR

18 |20471A0374 SHAIK MOHAMMAD TAHEER

19 |20471A0375

THOTA SRIVAMSI NADH

20 |20471A0376

YAKKANTI SAl KIRAN REDDY

21 |21475A0301

PALLAPOTHU SAIKIRAN YADAV

22 |21475A0302

SYED SARDAR VALI

23 |21475A0303

DERANGULA GOPI KRISHNA

24 |21475A0304

VADDANI RAKESH

a 25 |21475A0305 SHAIK ADIL
26 |21475A0306 JANAPAREDDI PRASAD
27 121475A0307 REPALLE YASHWANTH

28 |21475A0308

RAMAVATHU PAVAN KUMAR NAIK

29 {21475A0309

NELAVALLI VIKAS

30 [21475A0310 PUDDU JOSEPH

31 |21475A0311 MUNIKOLA SANTHOSH KUMAR
32 |21475A0312 MORAPAKULA CHARAN TEJA
33 |21475A0313 GODA SANDEEP

34 |21475A0314 MOGILI PRAKASH

35 |21475A0315 SHAIK MABU SUBHANI

36 |21475A0316

DAGGUPAT! VENKATA PRADEEP

37 {21475A0317

NAGASURENDRA CHAR! UPPALAPATI
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38 |21475A0318 NALLURI NAVEEN 5
39 |21475A0319 ORCHU VENKATA RAVINDRA 5
40 (21475A0320 NELLURI YASWANTH 5
41 |21475A0321 PENUMALA PAVAN KUMAR 4
42 121475A0322 BAANANA PRADEEP KUMAR 5
43 |21475A0323 BOJANKI DEMUDU BABU 5
44 121475A0324 DATTI CHANDU 5
45 |21475A0325 BORUGADDA NITHIN 5
46 |21475A0326 VARIKUTI KARTHIK VENKATA RAM 4
47 |21475A0327 GOLLA SUNDARA SAMRAJYA SUGNAN 5
48 |21475A0328 CHATTA VENKATRAMAIAH 5
49 121475A0329 KSHATRIYA JITHENDRA SINGH 5
50 [21475A0330 BOMMALI BALA SIVA YOGENDRA SAI NANDU 5
51 |21475A0331 REVALLA SAI 5
52 |21475A0332 BANDI SRINIVAS 5
53 [21475A0333 GURRAM SIVA GANESH 5
54 |21475A0334 EMANI LEELA SHANKAR 4
55 |21475A0335 KUPPALA SRINU 5
o M. Yeudcatina 2 A
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| DYNAMICS OF MACHINERY
Important Questions

UNIT-I:

1.
2,

3.

bt

Explain about Gyroscopic Couple & Precessional Angular Motion?

Explain about the terminology of an Aeroplane and the effect of Gyroscopic Couple on an
Aeroplane?

Explain about the terminology of a Nayal Ship and the effect of Gyroscopic Couple on Nava]
Ship?

Explain the effect of the gyroscopic couple on the reaction of the four wheels of g vehicle
negotiating a curve?

Discuss the effect of the gyroscopic couple on a two wheeled vehicle when taking a turn?
Examples: 14,2, 14.3, 14.6, 14.10, 14.11, 14.15

UNIT-II:

4.

Describe witli a neat sketch the working of a single plate friction clutch?
Describe with a neat sketch the working of a muiti plate friction clutch,

Describe with!the help of a neat sketch the principles of operation of an intemal expanding shoe.
Derive the expression for the braking torque?
Examples: 19,1, 19.5, 19.6, 19.7, 19.9, 19.10

Differences between flywheel and governor?

Compare the Tluming Moment Diagram for a Single Cylinder Doubje Acting Steam Engine and a
Four Stroke Cycle Internal Combustion Engine

Examples: 18.1, 18.2, 16.1,16.2

UNIT-IV:

1.
2,
3.
4.

5.

Explain about the Balancing of a Single Rotating Mass By Two Masses Rotating in Different
Planes?
Examples: 21.1,21.2, 21.3,21.4,21.5

UNIT-V:

1.

2.
3.

Analysing about the following terms:
a. Primary and Secondary Unbalanced Forces of Reciprocating Masses,
b. Variation,of Tractive Force.
c. Swaying Couple.
d. Hammer Blow
Analyze the Balailcing of V- engines?
Examples: 22.1, 22.2,22.3,22.7, 22.8,
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MACHINE DYNAMICS AND VIBRATIONS

IMP QUESTIONS
UNIT-1 FRICTION

1. State the laws of i) Static friction ii) Dynamic friction iii) Solid friction iv) Fluid friction. *

2. Explain the following: (i) Limiting friction, (if) Angle of friction, and
(iii) Coefficient ?f friction,

3. Discuss briefly the various types of friction expefienced by a body.

4. An expression for efficiency of an inclined plane when a body moves up the plane?

5. Derive from first principles an expression for the effort required to raise a load with a screw
jack taking friction into consideration.

6. Problem - Friction of a Inclined Planc

Example: An effort of 1500 N is required to just move a certain body up an inclined plane of
angle 12°, force acti;ng parallel to the plane. If the angle of inclination is increased to 15°, then
the effort required is 1720 N. Find the weight of the body and the coefficient of friction.

7. Problem - Friction of a Screw Jack:

Example: The pitch of 50 mm mean diameter threaded screw of a screw jack is 12.5mm.
The coefficient of friction between the screw and the nut is 0.13. Determine the torque required
on the screw to raisé a load of 25 kN, assuming the load to rotate with the screw. Determine the
ratio of the torque required to raise the load to the torque required to lower the load and also the

efficiency of the machine,

UNIT-II FRICTION CLUTCHES

1. Write a short note on journal bearing.

What is meant by the expression ‘friction circle’? Deduce an expression for the radius of

(S

friction circle inlterms of the radius of the journal and the angle of friction?

3. Derive an expression for the friction moment for a flat collar bearing in terms of the inner
radius r1, outer; radius r2, axial thrust # and coefficient of friction p. Assume uniform
intensity of preséure.

4. Describe with a neat sketch the working of a single plate friction clutch.

5. Describe with a neat sketch the working of a cone clutch.




6. Describe with a neat sketch a centrifugal clutch and deduce an equation for the total torque
transmitted.
7. Problem — Single Plate Clutches:

Example: A single plate clutch, with both sides effective, has outer and inner diameters 300
mm and 200 mm respectively. The maximum intensity of pressure at any point in the contact
surface is not to exceed 0.1 N/mm2. If the coefficient of friction is 0.3, determine the power
transmitted by a clutch at a speed 2500 r.p.m.

8. Problem — Cone Clutch: }
Example: A conical friction clutch is used to transmit 90 kW at 1500 r.p.m. The semi-cone angle
is 20° and the coefficient of friction is 0.2. If the mean diameter of the bearing surface is375 mm

and the intensity of normal pressure is not to exceed 0.25 N/mm2, find the dimensions of the

conical bearing surface and the axial load ‘required.

UNIT-III - BRAKES AND DYNAMOMETERS

1. Distinguish between brakes and dynamometers.

2. Discuss the various types of the brakes.

3. What is the difference between absorption and transmission dynamometers? What are torsion
dynamometers?

4. Describe with the help of a neat sketch the principles of operation of an internal expanding
shoe. Derive the expression for the braking torque.

5. Describe the construction and operation of a prony brake or rope brake absorption
dynamometer.

6. Problem - A single block brake:

Example: A single block brake is shown in Fig. 19.5.The diameter of the drum is 250 mm
and the angle of contact is90°. If the operating force of 700 N is applied at the end of a lever and
the coefficient of friction between the drum and the lining is0.35, determine the torque that may

be transmitted by the block brake.

«-—-aoowvwzsa——i

) ;
Lo RTRA °
e 700N
of T fap _\l_

Lk
All dinensions inmm.
Fig. 183
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7. Problem - A ditferentiad b d brake

Example: A differential band brake, as shown in Fig. 19.17, has an angle of contact
0f225°, The band has a compressed woven lining and bears against a cast iron drum of 350 mm
diameter. The brake is to sustain a torque of 350 N-m and the coefficient of friction between the
band and the drum is 0.3. Find : 1. The necessary force (P) for the clockwise and anticlockwise

rotation of the drum; and 2. The value of ‘OA’ for the brake to be self locking, when the drum

rotates clockwise.

g

e

Al dimensions inmm.
4 Fig. 1917

4

8. Problem — An Internal Expanding friction brake:
!

-

Example: The arrangement of an internal expanding friction brake, in which the brake
shoe is pivoted at ‘C’ is shown in Fig. 19.26. The distance ‘CO’ is 75 mm, O being the centre of
the drum. The internal radius of the brake drum is100 min. The friction lining extends over an
arc AB, such that the angle AOC is 135° and angle BOC is 45°. The brake is applied by means
of a force at Q, perpendicular to the line CQ, the distance CQ being 150 mm. The local rate of
wear on the lining may be taken as proportional to the normal pressure on an element at an angle
of ‘0> with OC and may be taken as equal to pl sin 0, where pl is the maximum intensity of
normal pressure. The coefficient of friction may be taken as 0.4 and the braking torque required
is 21 N-m. Calculate the force Q required to operate the brake when 1. The drum rotates
clockwise, and 2. The drum rotates anticlockwise.

!
1
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UNIT-IY — BALANCING

Explain clearly the terms ‘static balancing’ and ‘dynamic balancing’. State the necessary
conditions to achieve them. (OR) Discuss how a single revolving mass is balanced by two
masses revolving in different planes. .

Explain the method of balancing of different masses revolving in the same plane.

How the different masses rotating in different planes are balanced?

Write a short note on primary and secondary balancing,

Derive the following expressions, for an uncoupled two cylinder locomotive engine :
(a)Variation is tractive force; (b) Swaying couple; and (¢} Hammer blow.

Discuss the balancing of V-engines.

Problem - balancing of ditferent masses revolving in the same planc:

Example: Four masses ml, m2, m3 and m4 are 200 kg, 300 kg, 240 kg and 260 kg
respectively. The corresponding radii of rotation are 0.2 m, 0.15 m, 0.25 m and 0.3 m
respectively and the angles between successive masses are 45°, 75° and 135°. Find the
position and magnitude of the balance mass required, if its radius of rotation is 0.2 m.
Problem - balancing of different masses revolving in different planes:

Example: A shaft catries four masses A, B, C and D of magnitude 200 kg, 300 kg,400 kg
and 200 kg respectively and revolving at radii 80 mm, 70 mm, 60 mm and 80 mm in planes
measured from A at 300 mm, 400 mm and 700 mm. The angles between the cranks measured
anticlockwise are A to B 45°, B to C 70° and C to D 120°. The balancing masses are to be
placed in planes X and Y. The distance between the planes A and X is 100 mm, between X
and Y is 400mm and between Y and D is 200 mm. If the balancing masses revolve at a radius
of 100 mm, find their magnitudes and angular positions.

Problem - balancing of Inside Cvlinder Locomotive:

Example: An inside cylinder locomotive has its cylinder centre lines 0.7 m apart and has
a stroke of 0.6 m. The rotating masses per cylinder are equivalent to 150 kg at the crank pin,
and the reciprocating masses per cylinder to 180 kg. The wheel centre lines are 1.5 m apart.
The cranks are at right angles. The whole of the rotating and 2/3 of the reciprocating masses
are to be balanced by masses placed at a radius of 0.6 m. Find the magnitude and direction of
the balancing masses. Find the fluctuation in rail pressure under one wheel, variation of

tractive effort and the magnitude of swaying couple at a crank speed of 300 r.p.m




10. Prohiom — Mol Cyodoer t-hine Engra..

Example: A four cylinder vertical engine has cranks 150 mm long. The planes of rotation
of the first, second and fourth cranks are 400 mm, 200 mm and 200 mm respectively from
the third crank and their reciprocating masses are 50 kg, 60 kg and 50 kg respectively. Find
the mass of the reciprocating parts for the third cylinder and the relative angular positions of

the cranks in order that the engine may be in complete primary balance.

UNIT-V - MECHANICAIL VIBRATIONS

1. Define, in short, free vibrations, forced vibrations and damped vibrations.

2. Discuss briefly v%zith neat sketches the longitudinal, transverse and torsional free vibrations.

3. Derive an expression for the natural frequency of free transverse and longitudinal vibrations
by Equilibrium method.

4. Derive the differential equation characterizing the motion of an oscillation system subject to
viscous damping and no periodic external force. Assuming the solution to the equation, find
the frequency of oscillation of the system. And Explain the terms ‘under damping, critical
damping’ and ‘over damping’

5. Explain the term '"Logarithmic decrement’ as applied to damped vibrations.

6. Establish an expression for the amplitude of forced vibrations and explain the term ‘dynamic
magnifier’. !

7. What do you understand by Vibration Isolation and Transmissibility?

8. Problem — Naturial Frequency of Free Longitudinal And Transverse Vibrations :

Example: A c!antilever shaft 50 mm diameter and 300 mm long has a disc of mass100kg at
its free end. The Young's modulus for the shaft material is 200 GN/m2. Determine the
frequency of longitudinal and transverse vibrations of the shaft.

9. Problem — Vibratory System With Viscous Damping:

Example: Thie measurements on a mechanical vibrating system show that it has amass of
8 kg and that the]: springs can be combined to give an equivalent spring of stiffness5.4 N/mm.
If the vibrating system have a dashpot attached which exerts a force of 40 N when the mass
has a velocity iof 1 m/s, find: 1. critical damping coefficient, 2. damping factor, 3.
Logarithmic decrement, and 4. ratio of two consecutive amplitudes.

10. Problem — Foreed Vibrations:




Example: A mass of 10 kg is suspended from one end of a helical spring, the other end
being fixed. The stiffness of the spring is 10 N/mm. The viscous damping causes the
amplitude to decrease to one-tenth of the initial value in four complete oscillations. If a
periodic force of 150 cos 50 t N is applied at the mass in the vertical direction, find the

amplitude of the forced vibrations. What is its value of resonance?

UNIT-VI - TRANSVERSE AND TORSIONAL VIBRATIONS

. Deduce an expression for the natural frequency of free transverse vibrations for a simply
supported shaft carrying uniformly distributed mass of m kg per unit length.

. Establish an expression for the natural frequency of free transverse vibrations for a simply
supported beam carrying a number of point loads, by (a) Energy method; and (b)
Dunkerley’s method.

. Explain the term ‘whirling speed’ or ‘critical speed’ of a shaft. Prove that the whirling spéed
for a rotating shaft is the same as the frequency of natural transverse vibration.

. Derive an expression for the frequency of free torsional vibrations for a shaft fixed at one end
and carrying a load on the free end.

. How the natural frequency of torsional vibrations for a two rotor system is obtained?

. Describe the method of finding the natural frequency of torsional vibrations for a three rotor
system.

. Establish the expression to determine the frequency of torsional vibrations of a geared
system.

. Problem — Simipy Supported Beam Carrving Several Loads:

Example: A shaft 50 mm diameter and 3 metres long is simply supported at the ends and
carries three loads of 1000 N, 1500 N and 750 N at I m, 2 m and 2.5 m from the left support.
The Young's modulus for shaft material is 200 GN/m2. Find the frequency of transverse
vibration.

Problem — Whirling Speed of the Shaft:

Example: A shaft 1.5 m long, supported in flexible bearings at the ends carries two
wheels each of 50 kg mass. One wheel is situated at the centre of the shaft and the other at a
distance of 375 mm from the centre towards left. The shaft is hollow of external diameter 75

mm and internal diameter 40 mm. The density of the shaft material is 7700 kg/m3 and its




-
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10.

1.

12,

modulus of elasticity is 200 GN/m2. Find the lowest whirling speed of the shaft, taking into
account the mass of the shaft. k
Problem — Two Rotor Sy ~tene

Example: A steel shaft 1.5 m long is 95 mm in diameter for the first 0.6 m of its length,
60 mm in diameter for the next 0.5 m of the length and 50 mm in diameter for the remaining
0.4 m of its length. The shaft carries two flywheels at two ends, the first having a mass of 900
kg and 0.85 m radius of gyration located at the 95 mm diameter end and the second having a
mass of 700 kg and 0.55 m radius of gyration located at the other end. Determine the location
of the node and the natural frequency of free torsional vibration of the system. The modulus
of rigidity of shaft material may be taken as 80 GN/m .

Problem — Three; Rotor Systent:

Example: A single cylinder oil engine drives directly a centrifugal pump The rotating
mass of the engine flywheel and the pump with the shaft is equivalent to a three rotor
system as showrl in Fig 24 11. The mass moment of inertia of the rotors A B and C are 0
15 0.3 and 0 09 kg-m2 Find the natural frequency of the torsional vibration The modulus
of rigidity for the shaft material is 84 kNImm2.

ot ok €O
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Problem — Gearéd System:

Example: A motor drives a centrifugal pump through gearing, the pump speed being one-
third that of thelmotor. The shaft from the motor to the pinion is 60 mm diameter and 300
mm long. The moment of inertia of the motor is 400 kg-m2. The impeller shaft is 100 mm
diameter and 600 mm long. The moment of inertia of the impeller is 1500 kg-m2. Neglecting
inertia of the gears and the shaft, determine the frequency of torsional vibration of the

system. The modulus of rigidity of the shaft material is 80 GNIm2?

ALL THE BEST
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MACHINE DYNAMICS MULTIPLE CHOICE QUESTIONS
1. Which of the following statements is correct about the balancing of a mechanical system?
a) If it is under static balance, then there will be dynamic balance also
b) If it is under dynamic balance, then there will be static balance also
¢) Both static as well as dynamic balance have to be achieved separately

d) None of the mentioned Answer: ¢

2. In 2 locomotive, the ratio of the connecting rod length to the crank radius is kept very large in
order to

a) Minimize the effect of primary forces b) Minimize the efféct of secondary forces

c) Have perfect balancing d) Start the locomotive conveniently =~ Answer: b

3. The magnitude of swaying couple due to partial balance of the primary unbalancing force in
locomotive is ’

a) Inversely proportional to the reciprocating mass

b) Directly proportional to the square of the distance between the centre lines of the two
cylinders i

¢) Inversely proportional to the distance between the centerlines of the two cylinders

d) Directly proportional to the distance between the centerlines. of the two cylinders Answer: d
|

4. Which of the following statement is correct?

a) In any engine, 100% of the reciprocating masses can be balanced dynamically

b) In the case of balancing of multicylinder engine, the value of secondary force is higher than
the value of the primary force

¢) In the case of bala:ncing of multimass rotating systems, dynamic balancing can be directly
started without static balancing done to the system

d) None of the mentioned Answer: ¢

I

5. The partial balancing means
1

a) Balancing partially the revolving masses b) Balancing partially the reciprocating masses




¢) Best balancing of engines d) All of the mentioned Answer: b -

6. In order to facilitate the starting of locomotive in any position, the cranks of a locomotive,
with two cylinders, are placed at to each other.

a) 45°b) 90° ¢) 120° d) 180° Answer: b

7. If ¢ be the fraction of the reciprocating parts of mass m to be balanced per cyclinder of a steam
locomotive with crank radius r, angular speed , distance between centre lines of two cylinders
a, then the magnitude of the maximum swaying couple is given by

a)1-c/2mre2ab) 1 -c/V2mra2a ) V2(1 - c)mre2a d) None of the mentioned Answer: b

8. The tractive force is maximum or minimum when the angle of inclination of the crank to the @
line of stroke ( 0 ) is equal to -

a} 90° and 225° b) 135° and 180° ¢) 180° and 225° d) 135° and 315° Answer: d

9. The swaying couple is due to the
a) Primary unbalanced force b) Secondary unbalanced force

¢) Two cylinders of locomotive d) Partial balancing Answer: a

10. In a Iocomotive, the maximum magnitude of the unbalanced force along the perpendicular to
the line of stroke, is known as

a) Tractive force b) Swaying couple ¢) Hammer blow d) None of the mentioned Answer: ¢ g

11. The effect of hammer blow in a locomotive can be reduced by
a) Decreasing the speed b) Using two or three pairs of wheels coupled together

¢) Balancing whole of the reciprocating parts d) Both (a) and (b) Answer: d

12. The unbalanced force caused due to reciprocating mass is given by the equation
a. mre? sin € + mro2 (sin 20/n) b, mre? sin 0 + mro2 (cos 26/n)

C. mre2 cos 6 + mre2 (cos 26/n) d. mre?2 (sin 0+ sin 26/n) Answer: ¢

’




13. At which angle primary unbalanced force in reciprocating engine mechanism is maximum?

a. 0° b.90° c.360° d. All of the above Answer: a

14. Which of the following conditions should be satisfied for complete balancing of multi-
cylinder inline engine]'s?

a. Primary couples should be balanced b. Secondary couples should be balanced
c. Botha. and b. d. None of the above Answer: ¢

15. Hammer blow in locomotives results in
A. Pulsating torque B. Uniform torque

C. Tendency to lift wheel from rails  D. Uneven speed  Answer: C

16. When there is a»reiduction in amplitude over every cycle of vibration, then the body is said to
have

a) Free vibration b) Forced vibration ¢) Damped vibration d) None of the mentioned Answer: ¢

17. Longitudinal vibrations are said to occur when the particles of a body moves
a) Perpendicular to its axis b) Parallel to its axis

¢) In a circle about itsii axis d) None of the mentioned Answer: b

|

18. During transverseivibrations, shaft is subjected to which type of stresses?

a. Tensile stresses b. Torsional shear stress c. Bending stresses d. All of the above Answer: ¢
L

19. The natural frequency (in Hz) of free longitudinal vibrations is equal to

a) 1/2aVs/m b) 1/2nVg/d ©) 0.4985/5 d) all of the mentioned Answer: d

20. The equation of motion for a vibrating system with viscous damping is
d%x/dt? + ¢/m X dx/dt{+ s/m X x =0 If the roots of this equation are real, then the system will be

a) Over damped b) Under damped c¢) Critically damped d) None of the mentioned Answer: a




21. In under damped vibrating system, if x1 and x2 are the successive values of the amplitude on
the same side of the mean position, then the logarithmic decrement is equal to

a)x1/x2 b)Log (x1/x2) c)Loge (x1/x2)  d)Log (x1.x2) Answer: b

22. The ratio of the maximum displacement of the forced vibration to the deflection due to the
static force, is known as

a) Damping factor b) Damping coefficient

c) Logarithmic decrement d) Magnification factor Answer: d

23. According to which method, maximum kinetic energy at mean position is equal to maximum
potential energy at extreme position? e

a. Energy method b. Rayleigh's method c. Equilibrium method d. All of the above Answer: b

24. Which among the following is the value of static deflection (6) for a fixed beam with central
point load?

a. (WP)(192ED)  b.(WI) /(192E]) «. (WP%) /(384 EI) d.None of the above Answer: a

25. 8 =(W a2b2) / (3 Ell) is the value of deflection for .

a. simply supported beam which has.central point load

b. simply supported beam which has eccentric point load

c. simply supported beam which has U.D.L. point load per unit length

d. fixed beam which has central point load Answer: b

26. Determine natural frequency of a system, which has equivalent spring stiffness of 30000 N/m
and mass of 20 kg? '

a.1232Hz b.4.10Hz c¢.6.16Hz d. None of the above Answer: ¢

27. Magnification factor is the ratio of
a. zero frequency deflection and amplitude of steady state vibrations

b. amplitude of steady state vibrations and zero frequency deflection




c. amplitude of unsteady state vibrations and zero frequency distribution

d. none of the above Answer: b

28. Which type of vibrations are also known as transient vibrations?
a. Undamped vibrations b. Damped vibrations c. Torsional vibrations d. Transverse vibrations

Answer: b

29. Which of the following relations is true for viscous damping?
a. Force a relative displacement b. Force a relative velocity c. Force o (1 / relative velocity)

d. None of the above Answer: b

30. In damped free vibrations, which parameters indicate vibrations?

a. Natural frequency lb. Rate of decay of amplitude c. Both a. and b.  d. None of the above
Answer: ¢

31. At which frequency ratio, phase angle increases as damping factor increases?
a. When frequency ratio is less than unity b. When frequency ratio is more than unity

c. When frequency ratio is zero d. All of the above Answer: a

1

32. When frequency r51|fio (w/on) is greater than unity, phase angle decreases as
a. damping factor increases  b. damping factor decreases

¢. both a. and b, d. none of the above  Answer: a

33. What is the effect of damping on phase an;gle at resonance frequency?
a. Phase angle increases as damping increases b. Damping has no effect on phase angle

c. Phase angle increaseF; as damping decreases d. None of the above Answer: b




34. Which of the following instruments measure amplitude of a vibrating body?

a. Vibrometers b. Seismometer ¢. Both a. and b. d. None of the above Answer: ¢

35. In vibration isolation system, if @/on, then the phase difference between the transmitted force
and the disturbing force is

a)0° b)90° ¢)180°  d)270° Answer: ¢

I
36. In steady state forced vibrations, the amplitude of vibrations at resonance is
damping coefficient,

a) Equal to b) Directly proportional to ¢) Inversely proportional to d) Independent of Answer: ¢

37. Critical speed is expressed as
a) Rotation of shaft in degrees  b) Rotation of shaft in radians

¢) Rotation of shaft in minutes ~ d) Natural frequency of the shaft Answer: d

38. he natural frequency of a spring-mass system on earth is mn. The natural frequency of this
system on the moon (gmoon = gearth/6) is

a) on b) 0408w, ) 0.204en d) 0.167wq Answer: a
39. Which of the following instruments may be used in vibration measurements?

A.Photometer ~ B. Accelerometer  C. Dynamometer D. Balometer Answer: B

40. A vibrating system with unity as damping factor will be
A. Critically damped B. Damped to safe limits C. Partly damped D.Free from vibrations

Answer: A

41. In S.H.M., acceleration is proportional to
(a) Velocity (b) Displacement (c) Rate of change of velocity (d) All of the above

Ans: b




42, As amplitude of resonant vibrations decreases, degree of damping

a. Increases b. Remqins same c¢. Decreases d. Varies Answer: ¢

43, Qscillations become damped due to

a. Normal force b. Friction c. Tangential force d. Parallel force Answer: b

44, Potential energy of system is maximum at
a. Extreme position b. Mean position c. In between extreme and mean position

d. Moderate position Answer: a

45, Number of oscillations per unit time is

a. Amplitude b. Wavelength c. Frequency d. Period Answer: ¢

46. Maximum displacement from equilibrium position is

a. Frequency b. Amplitude c. Wavelength d. Period Answer: b

47. Over-damping results in
a. Slower return to ec;luilibrium b. Faster return to equilibrium

¢. Equilibrium is ne\iler achieved d. Arthythmic return to equilibrium  Answer: a
48. Our eyes detect oscillations up to
a.8Hz b.9 le c.6Hz d.5Hz  Answer:d
|
49, A force that acts.to return mass to it's equilibrium position is called
a. Frictional force b. Restoring force c. Normal force d. Contact force Answer: b
|
50. If time period ofjan oscillation is 0.40 s, then it's frequency is

a.2Hz b.25Hz ©.3Hz d.3.5Hz Answer:b




1. The axis of precession is to the plane in which the axis of spin is going to
rotate

Select one:

&
a. parallel

® b. perpendicular

< e spiral

“ d. none of the mentioned
2. Which of the following represent the maximum angular acceleration
Select one:

&
o]
O
8

a. amax = (D((D])z
b. tmax = @2 (@1)?
C. Omax = (031)2/ L]

d. Omax = (@1)% @2
3. The pitching of the ship is assumed to take place with which of the following motion

Select one: i

I .
a, Constant acceleration

i

@ b. Simple Harmonic Motion

¢ Cycloid
= d. Uniform Velocity

4. Maximum couple during pitching is given by : (@: angular velocity of rotor & Opmax:
Maximum angular velocity of precession)

Select one:
G a Copx = I.((Dﬁ)max)z
© b, Com=L(o)?

&

-

C. Cmax =1L OPmax

2 d. Cmax= 1'2_ . Opmax

5. The friction moment in a clutch with uniform wear as compared to friction moment with
uniform pressure i$

a. More
© b. Equal

&

¢. Less




© 4. More or less depending on speed

6. The material used for lining of friction surfaces of a clutch should have

coefficient of friction.
Select one:

=
o
o

a. low
b. high
¢. medium

d. none of the mentioned
7. The clutch used in scooters is

Select one:
@ a, Multi-plate clutch
C b. Single plate clutch
G c. Centrifugal clutch

i d. Cone clutch

8. The torque developed by a disc clutch is given by

Select one:

© A T=025pWR
© b.T=05pLWR
O . T=075pWR
® 4. T=pWR

9. In case of a multiple disc clutch, if n1 are the number of discs on the driving shaft and
nz are the number of the discs on the driven shaft, then the number of pairs of contact
surfaces will be

Select one:

o a.n +n

@ b.nm+nz2-1
o c.m+n+1

o d. none of the mentioned
10. The cone clutches have become obsolete because of

Select one:

o a. small cone angles




o b. exposure to dirt and dust
c c. difficulty in disengaging

& d. all of the mentioned

11. The axial force (We) required for engaging a cone clutch is given by

Select one:
O

{%;
y

a. Wpsina
b. Wu (sina+ pcosa)
¢. Wa(sina+0.25 pcosa)
& d. none of the mentioned
12. A disc is a spinning with an angular velocity o rad/s about the axis of spin. The couple
applied to the disc causing precession will be
Select one:
a. 1/2 In?
C b.1e?
C 12 1ewp
d. Towmp
13. . In a centrifugal clutch, the force with which the shoe presses against the driven member
is the of the centrifugal force and the spring force
Select one:
" a. difference
b. sum
~' ¢. ratio
O a d. none of the mentioned
14, Brakes is absorb ............ types of energy.
Select one:
]
L9
o
O

a. Potential energy
b. Kinetic eneigy
c. either A or B

d. Strain cneréy

15. When brakes are applied on a moving vehicle; the kinetic energy is converted to




Select one:
G

a. Mechanical energy

& b. Heat eneigy
#

G

c. Electrical energy

d. Potential energy.
16. Hydraulic brakes function on the principle of

Select one:
O

&

a. Law of conservation of momentum

b. Law of conservation of energy
=

o

¢. Pascal’s law
d. None of the above.

17. The following factor(s) contribute to the effectiveness of the brakes
Select one:

o
s
L)

a. Area of brake linings

b. Radius of car wheel

c. Amount of pressure applied to shoe brakes
d. All of the above

!

18. The torque which a clutch can transmit, depends upon the

Select one:

» . . .
a. coefficient of friction

.

o
O

b. spring force
¢. contact surfaces
d. all of the above

19. Disc brakes ar¢ ........... brake

Select one:
=
o

C

a. Axial
b. Radial
c. either AorB

d. None of the above.

i
—r

20, Which of the following brake is not a types of drum breaks




Select one:

a. Internal expanding brake
b. External expanding brake
¢. Disc brake

d. All of abc!;ve these

21. In brake friction and wear occurs on ........

Select one: )
ol
e
o

o

a. Friction lining
b. Brake dru|m
c.Both A and B
d. None of these

22. In railway trains which types of brakes used

Select one:

o a. Band brak<!3
@ b. Block brakic
c. Internal expanding brake

o d. External ewlzpanding brake

23. The engine of an aero plane rotates in clockwise direction when seen from the tail end
and the aero plane takes a turn to the left. The effect of gyroscopic couple on the aero plane
will

Select one:

2 a. to dip the nose and tail
e b. to raise the nose and tail

@ c. to raise the nose and dip of the tail

c d. to dip the niose and raise the tail
24.Band brake sysitem generally used in..........

Select one:

a. Hoists

b. Chain saws

o c. Bucket conveyor

ot

“ d. All of above these




25. Which of the following is a characteristic feature of a dynamometer?

Select one:
9]
a, It can measure torque

@ b. It can measure frictional resistance
©' ¢, It can measure the balancing force

© d. It can act as a speedometer.

26. In which of the following dynamometers does the entire energy or power produced by the
engine is absorbed by the friction resistances of the brake?

Select one:

€ . Prony brake dynamometer

C

3

b. Torsional dynamometer
L&

o)

c. Epicyclic train dynamometer

d. Belt transmission dynamometer

27. In which of the following dynamometers does the energy produced by the engine is used
for doing work?

Select one:

a. Prony brake dynamometer

b. Rope brake dynamometer

¢. Absorption dynamometer

d. Epicyclic train dynamometer

28. For a rope brake dynamometer, the flywheel is cooled with soapy water

because
Select one:

1O}
s
8]
o)

a. Energy is absorbed by the dynamometer
b. Energy is used to do work

c. Energy is provided by the motor

d. Energy supplied is more

29, Belt transmission dynamometer is an absorption dynamometer

Select one:
]

@ b. False

o ¢. neitheranor b

a. True




TEE L Bl g

G d. either a oir b
30. The height of a Watt’s governor is

Select one:

¢ a. directly proportional to speed

o

b. inversely proportional to speed
G ]

o

¢. neither a rior b
d. independent of speed

|
31. When the sleeve of a porter governor moves upwards, the governor speed

b
Select one:

rt -
a. increases b

i

b. decreases

O

¢. remains unaffected

O .
' 4. first increases and then decreases

32. A Hartnell goyernor is a

Select one:

o

a. dead weight governor

o b. pendulum type governor
&

c. spring loaded governor

)

-

d. inertia governor
33. The height of a Watt’s governor is equal to
i

Select one:

“ 2895 |
2 b 89.52

® ¢ 895N l

© 4. 89502

34. The engine of an aero plane rotates in clockwise direction when seen from the tail end

and the aero plane takes a turn to the right. The effect of gyroscopic couple on the aero plane
will be to dip the nose and raise the tail.

1)True 2) False

Select one:




1O
C
C
&

a.l
b.2

c. 1&2
d. None

35. For isochronouns, spring controlled governor, the controlling force with increase in radius
of rotation.......

Select one:
G a, increase

b. decreases

c¢. remains constant

d. behaves in unpredictable way
36. . For a machine to be self-locking, its efficiency should be.......

Select one:

2 4. 100%

& b. less than 67%

® .. less than 50%

4. more than 50%

37. Hartnell governor could be classified under the head of.......
Select one:

L4
8]
o)
o

a. inertia type governors

b. pendulum type governors
c. centrifuigal type governors
d. dead weight type governors

38. Effect of friction, at the sleeve of a centrifugal governor is to make it

Select one:

o a. More sensitive

G b. More stable

{®

= c. Insensitive over a small range of speed
= d. Unstable




39. When the speed of the governor decreases, which of the following effect does friction
causes? .
Select one:

a. Prevents downward movement of sleeve
e

i

b. Prevents upward movement of sleeve

c. Prevents radial outward movement of balls

o d. Increases idownward movenent of sleeve

40, If the controfling force line for a spring controlled governor when produced intersects the
Y-axis at the origin, then the governor is said to be

Select one:

a. stable

b. unstable

c. isochronoﬁs

d. none of th? mentioned

|
41. The relation between the controlling force (F,) and radius of rotation (r) for a stable
spring controlled Igovemor is

Select one:

© e Fe=ar+b
b.Fe=ar-b
c.Fc=ar
d.Fe=a/r+b

O 0@

&)

42. A Hartnell governor has its controlling force (Fc) given by Fe =ar + b, where r is the
radius of rotation and a and b are constants, The governor becomes isochronous when

Select one:
i
)
O
O

a.ais+veandb=0
b.a=0andb s +ve
c.ais+ve and b is —ve

d. a is +ve and b is also +ve
43. Calculate the vertical height of a Watt governor when it rotates at 60 r.p.m.

Select one:
C 4.0548m




C b.0428m
C C.0448 m
® 4.0248m

44. In a governor, if the equilibrium speed is constant for all radii of rotation of balls, the
governor is said to be

Select one:
C a, Stable
C b, unstable
~ ¢, inertial

1 -
® d. isochronous

45. The steering of a ship means

Select one:
[

©

a. movement of a complete ship up and down in vertical plane about transverse axis
b. turning of a complete ship in a curve towards right or lefi, while it moves forward
¢. rolling of a complete ship side-ways

i d. none of the mentioned

46. In a spring controlled governor, when the controlling force as the radius
of rotation increases, it is said to be a stable governor.

Select one:
@)

&
&

a. remains constant

b. decreases

c. increases

d. none of the mentioned

47. The rotor of a ship rotates in clockwise direction when viewed from stern and the
ship takes a left turn. The effect of gyroscopic couple acting on it will be

Select one:

2 a. to raise the bow and stern

o b. to lower the bow and stern

o

i

¢. to raise the bow and lower the stern

d. to raise the stern and lower the bow
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Q. QUESTION KL | CO |MARKS

Unit -1

The rotor of the turbine of a ship makes 1500 rpm clockwise when
viewed from the stemn. The rotor has a mass of 800 kg and its
radius of gyration is 300 mm. Find the maximum gyro-couple | K4 CO1 [10M]
2 | transmitted to the hull when the ship pitches with maximum
1 angular velocity of 1 rad/s.

Explain about Gyroscopic Couple & Precessional Angular Motion? K3 Col [4M]
|

| OR

b Identify the physical terms used to explain gyroscopic action on the

Aero plane. K3 Col [14M]

| Unit - IT

Describe with a neat sketch the working of a single plate friction K3

clutch. co2 [14M]

OR

Describe with the help of a neat sketch the principles of operation
b of an internal expanding shoe. Derive the expression for the | K4 Co2 [10M]
braking torque.

What are the various types of the brakes? K2 COo2 [4M]

Unit - ITIT

a | With a neat sketch, explain the working of a Hartnell governor. K3 CO3 [7M]

A Porter governor carries a central load of 30Kgf and each ball
weighs 4.5kg1§'. The upper links are 20cm long and the lower links
are 30cm long. The points of suspension of upper and lower links
3 are Scm from axis of spindle. Calculate: K3 Co3 [7M]
i The sp[eed of the governor in rpm if the radius of revolution
of the governor ball is 12.5¢m, and

ii. The effort of the governor for increase of speed of 1%.

| OR

Differences between flywheel and governor? Co3 [7M]

Afla

Explain aboutithe turning moment diagrams CO3 [7M]

Unit -1V

A shaft carries four masses A, B, C and D of magnitude 200 kg,
300 kg,400 ké and 200 kg respectively and revolving at radii 80
4 mm, 70 mm, 60 mm and 80 mm in planes measured from A at 300

a|mm, 400 mm and 700 mm. The angles between the cranks | K4 CO4 [14M]
measured anticlockwise are AtoB 45°, Bto C 70° and C to D
120°. The balémcing masses are to be placed in planes X and Y.

The distance between the planes A and X is 100 mm, between X




s

and Y is 400mm and between Y and D is 200 mm. If the balancing
masses revolve at a radius of 100 mm, find their magnitudes and
angular posmons

| OR

Explain the method of balancing of different masses revolving in

i K3 CO4 [7M]
the same plane.
How the différent masses rotating in different planes are balanced? | K3 CO4 [7M]
: Unit-V
Analyze the Balancing of V- engines K4 COs5 [M]
Write a short note on primary and secondary balancing. K3 CO5 [7M]
OR
A four cylmder vertical engine has cranks 150 mm long. The
planes of rofation of the first, second and fourth cranks are 400
mm, 200 mm and 200 mm respectively from the third crank and
their reciprocating masses are 50 kg, 60 kg and 50 kg respectively. | K4 COs5 [14M]

Find the mass of the reciprocating parts for the third cylinder and
the relative angular posmons of the cranks in order that the engine
may be in complete primary balance

SN0
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QUESTION

co

MARKS

Unit-1

Explain about the terminology of an Aeroplane and the effect of
Gyroscopic Couple on an Aeroplane?

&

Co1

[7M]

Explain the gyroscopic effect on four wheeled vehicles.
|

#

CO1

[7M]

| OR

An aeroplane.makes a complete half circle of 50m radius, towards
left, when ﬂymg at 200km per hr. The rotary engine and propeller
of the plane has a mass of 400kg and a radius of gyration of 0.3m.
The engine rotates at 200 r.p.m. clockwise when viewed from the
rear. Find thel gyroscoplc couple on the aircraft and state its effect
on it?

K4

Col

[14M]

Unit -1

Describe thh a neat sketch the working of a multi plate friction
clutch. :

co2

[™M]

A car engme has its rated output of 12 kW. The maximum torque
developed is {100 N-m. The clutch used is of single plate type
having two actlve surfaces. The axial pressure is not to exceed 85
KN/m2.The extemal diameter of the friction plate is 1.25 times the
internal dlameter Determine the dimensions of the friction plate
and the axial force exerted by the springs. Coefficient of friction =

K4

COo2

[™M]




"~

[03.2

OR

A simple band brake operates on a drum of 600 mm in diameter that is
running at 200 RPM. The coefficient of friction is 0.25. The brake band
has a contact of 270°, one end is fastened to a fixed pin and the other end
to the brake arm 125 mm from the fixed pin. The straight brake arm is
750 mm long|and placed perpendicular to the diameter that bisects the
angle of contact. a) What is the pull necessary on the end of the brake
arm to stop the wheel if 35 kW is being absorbed? What is the direction
for this minimum pull? b) What width of steel band of 2.5 mm thick is
required for this brake if the maximum tensile stress is not to exceed 50
N/mm2?

K4

Co2

[14M]

Unit - TIT

Explain the .difference in the construction features of a Watt
governor, Porter governor, and Proell governor,

COo3

[14M]

OR

In a turning moment diagram the areas above and below the mean
torque line taken in order are 5.81, 3.23, 3.87, 5.16, 1.94, 3.87,

2.58, and 1. 94 sq-cm respectively. The scales of the turning
moment diagram are: Turning moment 1 cm is equal to 700 kg/m
Crank angle ] cm is equal to 60 deg. The mean speed of engine is
1200 rpm anq the variation of speed must not exceed + 3 percent of
the mean speed. Assuming the radius of gyration of the flywheel to
be 106.67 cm:, find the weight of flywheel to keep the speed within
the given limits..

K4

CO3

[14M]

[ Unit -1V

Three masses P, Q and R with masses 12 kg, 11 kg and 18 kg
respectively revolve in the same plane at radii 120 mm, 144 mm
and 70 mm respectively. The angular position of Q and R are 600
and 1350 from P. Determine the position and magnitude of mass S
at radius 152 mm to balance the system.

CO4

[14M]

OR

Four masses m1, m2, m3 and m4 are 200 kg, 300 kg, 240 kg and
260 kg respectively. The corresponding radii of rotation are 0.2 m,
0.15 m, 0.25| m and 0.3 m respectively and the angles between
successive masses are 45°, 75° and 135°. Find the position and
magnitude ofl the balance mass required, if its radius of rotation is
0.2 m.

K4

Co4

[14M]

Unit-V

Explain the tt?rms variation of tractive force, swaying couple, and
hammer blow,

CO5

[14M]

| OR

An inside cylinder locomotive has its cylinder centre lines 0.7 m
apart and has, a stroke of 0.6 m. The rotating masses per cylinder
are equivalent to 150 kg at the crank pin, and the reciprocating
masses per cylinder to 180 kg. The wheel centre lines are 1.5 m
apart. The cranks are at right angles. The whole of the rotating and
2/3 of the remprocatmg masses are to be balanced by masses
placed at a radlus of 0.6 m. Find the magmtude and direction of the
balancing masses Find the fluctuation in rail pressure under one
wheel, varlatlon of tractive effort and the magnitude o sfwaying
couple at a- crank speed of 300 r.p.m.

K4

COs5

[14M]
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oNo | | 5 Questions KL [CO | ™M

Unit-1

The turbine rotor of a ship has a mass of 2000 kg and rotates at a speed of 3000
r.p.m. clockwise when looking from a stern. The radius of gyration of the rotor is
0.5 m. Determine the gyroscopic couple and its effects upon the ship when the ship
is steering to the right in a curve of 100 m radius at a speed of 16.1 knots (1 knot =
1855 m/hr).

2 | Calculate also the torque and its effects when the ship is pitching in simple K3 | co1) 14M
1 harmonic motion, the bow falling with its maximum velocity. The period of
pitching is 50 seconds and the total angular displacement between the two extreme
positions of pitching is 12°. Find the maximum acceleration during pitching
motion.

OR

6 Define gyroscopic effect. With usual notation and diagram, derive an expression for
. ] I K1 | CO1 | 14M
gyroscopic coup11e produced by a rotating disc.

‘ Unit-II

T) Describe with a neat sketch the working of a single plate friction clutch COo1

dla
ES

CO1

ii) Discuss the various types of brakes with neat sketches.
' ~ OR

i) A single block brake is shown in Figure.1. The diameter of the drum is 250 mm-

__ and the angle of contact is 90°. If the operating force of 700 N is applied at the
end of a lever and the coefficient of friction between the drum and the lining is
0.35, determine the torque that may be transmitted by the block brake.

4—200—-4—250—°|

.i' .rfo . K3 [ coz| ™
- Ry t v
o ¥ 20 700N

-
R_ |2

o)

l All dimensions in mm.
Figure.l.

ii) A single pla:te clutch, with both sides effective, has outer and inner diameters
300 mm and 200 mm respectively. The maximum intensity of pressure at any
point in the|contact surface is not to exceed 0.1 N/mm?. If the coefficient of | K2 | CO2 | TM
friction is 0.3, determine the power transmitted by a clutch at a speed 2500
r.p.m.

3 ] Unit-II1

a | i) Define and exf)lain the following terms relating to governors:

1. Stability, 2! Sensitiveness, 3. Isochronism, and 4. Hunting co3

Al
S| 2

ii) A Porter governor has all four arms 250 mm long. The upper arms are attached CO3

on the axis| of rotation and the lower arms are attached to the sleeve at a
distance of 30 mm from the axis. The mass of each bail is 5 kg and the sleeve
has a mass of 50kg. The extreme radii of rotation are 150 mm and 200 mm. -
Determine the range of speed of the govemor.

|
r

T




R R ——————————————

OR
i) Compare the differences between governors and flywheel K3 |CO3| ™
b [ : - : - - :
ii) Exp!am the turning moment diagram of a four-stroke cycle internal combustion K2 | co3 | ™
engine,
Unit-IV

A shaft carries four masses A, B, C and D of magnitude 200 kg, 300 kg, 400 kg and
200 kg respectively and revolving at radii 80 mm, 70 mm, 60 mm and 80 mm in
planes measured from A at 300 mm, 400 mm and 700 mm. The angles between the
cranks measured anticlockwise are A to B 45°, B to C 70° and C to D 120°. The ks | coa | 1am
balancing masses are to be placed in planes X and Y. The distance between the
planes A and X is 100 mm, between X and Y is 400 mm and between Y and D is
200 mm. If the balancing masses revolve at a radius of 100 mm, find their
magnitudes and angular positions.

OR
i) Explain the method of balancing of different masses revolving in the same plane.
b | ii) Justify the need of balancing of rotating parts for high-speed engine. What is the
difference between static and dynamic balancing?
Unit-V
i) A single cylinder reciprocating engine has speed 240 r.p.m., stroke 300
mm, mass of reciprocating parts 50 kg, mass of revolving parts at 150 mm
radius 37 kg, If twe-third of the reciprocating parts and all the revolving parts
are to be balanced,
Determine the followings: K3 | COs 7MQ
1. The balance mass required at a radius of 400 mm, and
a 2. The residual unbalanced force when the crank has rotated 60° from top dead
centre
ii) The reciprocating mass per cglinder in a 60° V-twin engine is 1.5 kg. The
stroke and connecting rod Iength are 100 mm and 250 mm respectively. If the
engine runs at 2500 r.p.m., determine the maximum and minimum values of | K4 | CO5 | ™M
the primary and secondary forces. Also find out the crank position
_corresponding these values, = _

CO4
C0o4

g |B
2 |2

— e — e — T Ty P

OR
The following data refer to two-cylinder locomotive with cranks at 90° :
Reciprocating mass per cylinder = 300 kg
Crank radius = 0.3 m
Driving wheel diameter = 1.8 m
Distance between cylinder centre lines = 0.65 m

b | Distance between the driving wheel central planes = 1.55 m. K3 | CO5 | 14M
Determine the followings:
1. the fraction of the reciprocating masses to be balanced if the hammer blow is not Q

to exceed 46 kN at 96.5 km. p.h.
2. the variation in tractive effort; and
3. the maximum swaying couple.
KL: Blooms Taxonomy Knowledge Level CO: Course OQutcome  M:Marks
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DEPARTMENT OF MECHANICAL ENGINEERING
|III BTech II Sem Regular Exam, April-2023
DYNAMICS OF MACHINERY
PART-A

1. (a) ANS;
Solution,| Given : m = 2000 kg ; ¥ = 3000 rp.m. or @ = 2% x 3000/60 = 314.2 tadfs ;
v k=05m;R= 100m ;v =16.1 knots =16.1 % 185573600 =8.3 m/s

Gyroscapic amp]e

We kncma that mass moment of inertia of the rotor,

I'=m &*=2000 (0.5)* = 500 kg-m>
and angular veIoc}ity of precession,
' @, =Vv/R=8§3/100=0.083 rad /s

O

. Gyroscoprc couple,
E C=10.0p,=500 % 314.2 x 0.083 =13 040 N-m = 13.04 kN-m

We Liave discussed tn Art. 14.6, that when the rotor rotates clockwise when looking from a
stern and the|ship steers to the right, the effect of the reactive gyroscopic conple 15 to 1aise the stemn
and lower the bow. Ans.

7 Torgne during pitcling
Given ; r_z;=50 $;20=12°0r=6°x /180 = 0.105 rad
We know that angular velocity of simple harmonic motion,
0, =21 Irp =2n/50=0.1257 rad/s
and maximum angular velocity of precession,
g = 6.0, = 0.105 % 0.1257 = 0.0132 rad/s

Tczn:rque or maximum gyroscopic couple during pitching,
: Cre =100, =500 x 314.2 x 0.0132 = 2074 N-m Ans,
@ We have discussed in An. 14.7, that when the pitching is downwards, the effect of the Teac-
tive gyroscopic couple 15 to rurn the ship towards port side.
Maxiunom accelerarion during pitching
We I-:x;low that maximum acceleration during pitching

; e = § (€0,)2 = 0.105 (0.1257)2 = 0.00166 rad/s? Ans.

M VENKANNABABUY ¢ cap),ph.b) DEPARTMENT OF MECHANICAL ENGINEERING
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(b) ANS:

Consider a disc spinning with an angular velocity @ radfs about the axis of spin OX, in
anticlockwise direction when seen from the front, as shown in Fig. 14.2 {a). Since the plane in which
the disc is rotating is parallel to the plane ¥OZ, therefore it is called plane of spinning. The plane
XOZ 15 ahorizontal plane and the axis of spin rotates in a plane parallel to the horizontal plane about
an axis O ¥ In other words. the axis of spin is said to be rotating or processing about an axis 0 ¥ In
other words, the axis of spin is said to be rotating or processing about an axis OF (which is perpendicular
to both the axes OX and OZ) at an angular velocity wy 1ap/s. This horizontal plane XOZ is called
Dlane of precession and O ¥ is the axis of precession.

Let J =Mass moment of tertia of the dise about QX and
¢ = Angular velocity of the disc.
= Angular momentum of the disc
=10
Since the angular momentum is a vector quantity, therefore it may be represented by the

vector ox, as shown in Fig. 14.2 (). The axis of spin OX is also rotating anticlockwise when seen

from the top about the axis O ¥ Let the axis O.X is tumed in the plane XOZ through 2 small angle 56
radzans to the position OX”, in time 8¢ seconds. Assuniing the angular velocity @ to be constant, the
angular momentum will now be represented by vector ox”.

- "
-~ % T Plane of aclive
Plane gyre, couple
-~ of spinning
S A
1 1
H 1
i i
! 1
I
r}\xis of active ; !
gyro, couple H Reaclive gyro.
Anis LA A e couple —3
of ~ Planeol .~ %!
precession /i?r 7 X prea;ess’i?g, ’
olsr 8 M) 1A & P
- - . p'e N . 2] X
l,'\ Axis of spin Direclion .
A Axis of reactive Die of Aclivo gyro. couple
gyro. couple viewing
() &
Fig, 14.2. Gyroscopic couple,
. Change in angular momentum
—or — 3% =1 = o508 ...(in the direction of 1)
=7 .80
and rate of change of angular momentum
=T X ;6-9-
dt

Since the rate of change of angular momentom will result by the application of a couple tothe
disc, therefore the couple applied to the disc causing precession,

- 60 49 a6
C= Lt I.mx-:[_mx_zj_m_mP L
&0 ot dr "’( 4t m?)
M VENKANNABABU M.E.{CAD},{Ph.D) DEPARTMENT OF MECHANICAL ENGINEERING
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2. (a) ANS: i
;

A single diéc or plate clutch, as shown in Fig. 10.21, consists of a clutch plate whose both

sides are faced witl'a friction material (usually of Ferrodo). It is mounted on the hub which isfreeto

move axially along the splines of the driven shaft. The pressure plate is mounted inside the clutch
body which is bolted to the flywheel. Both the pressure plate and the flywheel rotate with the engine

Clatch plate with
fre: on lining

Body

Thrust

W bearing
i

Driven shaft

Release laver
{Wilhdrav.| finger)

The axial pressure exerted by the spring provides a frictional force in the circumferential
direction when the relative motion between the dniving and driven members tends to take place. Ifthe
torque due {o this frictional force exceeds the torque to be transmitted, then no slipping takes place
and the power is transmitted from the driving shaf to the driven shaft,

1. Hydraulic brakes e.g. pumps or hydrodynamic brake
and fluid agitator)

2. Electiic brakes e.g. generators and eddy current
brakes, and
3. Mechanical brakes.
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The hydraulic and electric brakes cannot bring the
member to rest and are mostly used where large amounts of
energy are to be transformed while the brake is retarding the
load such.as in laboratory dynamometers, high way trucks and
electric locomotives. These brakes are also used for retarding
ar controlling the speed of a vehicle for down-hill travel.
The mechanical brakes, according to the direction of
acting force, may be divided into the following two groups :
(@) Radial brakes. In these brakes, the force acting on
the brake drum is in radial direction. The radial brakes may be
sub~divided into external brakes and internal brakes. According to the shape of the fiiction ele-
ments, these brakes may be block or shoe brakes and band brakes.
() Axial brakes. In these brakes. the force acting on the brake drum is in axial direction. The
axial brakes may be disc brakes and cone brakes. The analysis of these brakes is similar to clutches.
Since we are concemed with only mechanical brakes, therefore, these are discussed, in detail,
in the following pages.
2. (b) ANS:
Solution. Given : =250 mm or 7= 125 mm ; 20=90°
QC 772 1ad; P=T00N: =035
Since the angle of contact is greater than 60°, therefore
equivalent coefficient of friction.

r_ _Ausin® _ 4x0.35xsin45°
20451128 x/2+sm90°
Leat Ry =Normal force pressing the block to the brake drum, and

=0.385

F, = Tangential braking force = IRy
Taking moments about the fulcrum O, we have

700(250 +200)+ 7, 450 = Ry %200 = 213200 = o?ss X200 =520 F
1) .

or 520 F,—50F,=700x 450 or F,=700 x 450/470 =670 N
We know that torque transmitted by the block brake,
Ty =F, % r=670 x 125 = 8 3750 N-mm = §3.75N-m Ans,

M VENKANNABABU .. (cap),(ph.0) DEPARTMENT OF MECHANICAL ENGINEERING
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b & Sehution. Given : d; = 300 mm orry =150 mm ; 4, =200 mm orr,= 100 mm ; p = 0.1 N/mm?;
R=0.3; N=2500rpm. or 0=2x x 2500/60 = 2618 rad’s
Since the intensity of pressure ( z) is maxinmum at the inner radins {ry), therefore foruniform
wear, ‘

We L‘.no%v that the axal thaust,
=2 TEC'(?‘!- 3)"'31?. Ex10(150-100)=3142 N
and mean radius of the friction surfaces for wniform wear,
| _hEn  150+100

R =125nmm =0.125m
9 2

-

! pr,=C or C=01 %100 =10 N/mm

We know that torque tmnsz;n'rted,
T=nLiFR=2%x03 x 3142 x 0.125 = 235.65 N-m
L =2 for both sides of plate effective)
*. Power transmitted by a clutch,
P=Tw=23565%2618=61693 W= £$1.693 KW Ans.

3. (a) ANS:
Stability of Governors

A govemor s said to be stable when for every speed within the working range there is a
definite cnnﬁguratioh i.e. there is only one radius of rotation of the governor balls at which the
COVEINOrL 15 in equilil;nrium- For a stable governer, if the equilibrium speed increases, the radius of
governor balls must also increase.

Sensitiveness of Governors

In general, the greater the lift of the sleeve corresponding to a given fractional change in
speed, the greater is the sensitiveness of the governor. It may also be stated in another way that fora
given lift of the sleeve, the sensitiveness of the governor increases as the speed range decreases, This
definition of sensitiveness may be quite satisfactory when the govemor is considered as anindependent
mechanism. But when the governor is fitted to an engine, the practical requirement is simply that the
change of equilibrivm speed from the full load to the no Joad position of the sleeve should be as small
a fraction as possible o:f the mean equilibrium speed. The actual displacement of the sleeve is immaterial,
provided thatitis suffictent to change the energy supplied to the engine by the required amount. For
this reason, the sensi;tiveness 1s defined as the ratio of the difference between the maximum and
minimum equilibriton speeds to the mean equilibrinin speed, '

Sensitiveness of'the governor

_M-N 2N -y
TN M+m
_ 2 — )

e o]
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Isochronous Governors

A governor is said to be Ssachronous when the equilibrium speed is constant (t.e. range of
speed 1s zero) for afl radii of rotation of the balls within the working range, neglecting friction. The
1sochronism is the stage of infinite sensitivity.

Let us consider the case of & Perter govemor running at speeds ¥;and N, rpm. We have
discussed in Ar, 18.6 that

.".’{
m+-2—(l+q)x895

(‘vi)z = _ill_-

)

Hunting

A governor 1s said to be Jmr if the speed
of the eagine fluctuates continuously above and
below the mean speed. This is caused by a too
sensifive governor which changes the fuel supply
by a large amount when a small change in the
speed of rotation takes place. For example, when
the Joad on the engine increases, the engine speed
decreases and, if the governor is very sensirive,
the govemor sleeve mmmediately falls 1o its lowest
position. This will result in the opening of the

Such a govemnor may admit either the maximum or the minimum amount of firel. The effect
of this will be to cause wide fluctuations m the engine speed or in othier words, the engine will lunt,

Solution. Given : BP = BD =250 nm ; DH =30 mm: m = 5 kg M=50%ke;
=150 mm ; 5= 200 mm

Firstofall, let us find the minimum and maximum speed of the governor. The minimuny and
maximum position of the governor is shown in Fig. 18.8 (g) and (B} respectively.

oA
-

—pagTi-
Mg ¥
2
{a) Minimum position. (5) Maxiruun posifion,
Fig. 188
Let N =Minimum speed when ry=BG=150nun ; and

Ny=Maximum speed when 7= BG =200 mm.
From Fig. 18.8 (g), we find that height of the governor,

Iy = PG = J(BPY - (BG)Y =,J(250) - (150)° =200 mun = 0.2
BF =BG—FG=150—30=120 mm ...{~ FG=DH)
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and . DF = \J(DBY - (BF)" = J(250)° — (120)? = 219 mm
} tan 0 = BGIPG = 150 / 200 =0.75
and t tan B, = BFIDF = 120/219 = 0,548

m+ = (1 +q;) gos 7+ 30 {1+0.731) 895
We kaow that (: ?‘v'i)- —_— x— = 2 — =432
b0 n 5 * 02 :

N, =2081pm. ‘
From Fig, IIS 8(d). we f'md that height of the governor, f

hy=PG=(BP) ~(BGY =J(250)°— (200)" =150 mm= 0. 15m
BF=BG-FG=200-30=170mm

and DF=\|(DB)? - (BFY? =,[(250)2—(170)% =183 mm
tan &t,= BG/PG = 200/150 = 1 333
and " tan By=BF/DF = 170/183 = 0.93

We know that -

50
5+-2—{1+0.7)x 595

m i N 5 0.15

=36 683

No=238rpm.
We Lnow that range of speed
l =N,—N;=238-208=30 £p.m. Ans,

4

3 (b) ANS:

The centrifugal igovemors, may further be classified as follows -
Conlrifugal governors
i

l 1

|
Pend!ulum type Loaded type
Watt governor I E -1
Dead weight governors Spring controlled governors
Perter governor Proell governor
- . .
Hattnall governor Hartung governor Wilson=Harinell governor Pickering governor

M VENKANNABABU M.E.(CAD),[Ph.D} DEPARTMENT OF MECHANICAL ENGINEERING
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The fuaction of a govemor is to regulate the mean
speed of an engine, when there are variations in the load eg.
when the load on an engine increases. its speed decrenses,
therefore it becomes necessary to increase the supply of work-
ug fluid. On the other hand. when the load on the engine
decreases, its speed increases and thus less workmg fhuid is
required. The governor awtomatically controls the supply of
working fluid 10 the engine with the varying load conditions
and keeps the mean speed within ceriain limits,

A lintle consideration will show, that when the load
increases, the configuration of the governor changes and a
valve is moved to increase the supply of the working fluid ;
conversely, when the load decreases, the engine speed in-
creases and the governor decreases the supply of working
fhuid.

A flywheel used in machines serves as a reservoir, which stores energy during the period
when the supply of energy is more than the requirement, and releases it during the period when the
requirement of energy is more than the supply.

In case of steam engines. internal combustion engines, reciprocating conpressors and pumps,
the energy is developed during one stroke and the engine is to run for the whole cycle on the energy
preduced during this one stroke. For example, in internal combustion engines, the energy is developed
only during expansion or power stroke which is much more than the engine load and no energy is
bemg developed during suction. compression and exhaust strokes in case of four stroke engines and
during compression in case of two stroke engines. The excess energy developed during power stroke
is absorbed by the flywheel and releases it to the crankshaft during other strokes in which no energy
is developed. thus rotating the crankshaft at a uniform speed. A little consideration will show that
when the flywheel absorbs energy. its speed increases and when it releases energy, the speed decreases.
Hence a flywheel does not maintain a constant speed. it simply reduces the fluctuation of speed. In
other words, a flywhieel conirols ihe speed variations cansed by the fluctuation of the engine
turning moment during each ¢ ¢ of operation.

Turning Moment Diagram for a Four Stroke Cycle Internal
Combustion Engine
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A fuming moment diagram for 2 four stroke cycle intemal combustion engine is shown in

Fig. 16.2. We know that in a four stroke cycle internal combustion engine, there is one working
stroke after the crank has tuzned through two revolutions, e, 720° {or 4 mradians).

T Tmast — - -

. Pasitive kop
é Mean resisting

g lomua

f=1]

€ oo \‘ . ——
= Negativa bop

ly

14— S;ucﬂcn —-:-g-c-(:cmprossian -I-i[ﬂ-——‘.‘lorking —)-!<—Exhaus!-4

Crank anglo ———»

Fig. 16.2, Tuming moment diagram for a four stroke cycle internal combustion engine.

Since the pressuze inside the en gine cylinder is less than the atmospheric pressure during
the snetion stroke, therefore a negative loap is formed as shown in Fig. 16.2, During the compression
stroke, the work is done on the gases, therefore a higher negative loop is obtained. During the
expansion or working stroke, the fisel burns and the gases expand, therefore 5 large positive loop is
obtained. In this stroke, the work is done by the gases. During exhanst stroke, the work is done on

the gases, therefore a neg:;tive loop is formed. Itmay be noted that the effact of the inenia forces on
the piston is taken into actount in Fig 16,2,

4. (a) ANS:

Solution. Give{u my =200 kg mg=300kg ; mc=400%kg ; my=200kg;ry =80 mm
=0.08n1;r3 =70 mm = 0.07'm;rc=60mm=0.06m p=80mm=008m; Ty =1y =100 mm
=0.Im

Lat Piy = Balancig mass placed in plane X, and
mi: = Balancing mass placed in plane ¥,

The position of planes and angular position of 111; masses (assuming the mass A as
horizontal) are shown in Fig. 21.8 {a} and (B) respectively.

Assume the plane X as the reference plane (X ). The distances of the planes ro the right of
plane X"are taken as + ve while the distances of the planes to the left of plane X are taken as — ve,
The data nuay be tabulated as shown in Table 212,

|

M VENKANNABABU M.E.[CAD),{Ph.D) DEPARTMENT OF MECHANICAL ENGINEERING




b I
S el by

NARASAROPETA ENGINEERING COLLEGE {AUTONOMOUS)

Table 21.2
Plane Aass (ur) Radius {r} | Centforce s Distance from | Conple = g
ke m (s} kg | Planex@m | gored kgnf
@ @@ 4 5 ©
4 200 0.08 i6 -0l =16
MALPY N, 0.1 0.1 my 0 0
B 300 0.07 2] 02 42
c 00 0.06 P2 03 72
¥ my i} 01 my 01 G.64 .
D 200 008 16 0.6 9.6

The balancing masses mry and wr,, and their angular positions may be deterrined graphi-
cally as discussed below *

1. First of all, draw the couple polygon from the data given in Table 212 (column &) as
shown in Fig. 21.8 (¢) 1o some suitable scale. The vector d’o represents the balanced
couple, Since the balanced couple is proportional to 0.04 iy, thesefore by measurement,

0.04my =vectord o' =73 kg-m®  or mry=1825 kg Ans,

—p AR e

® @ fT@[’)@ ®

—a| 106G ]4-—-— 300 [ 20—

e 300 ——]
[#r—— 400 ——,
500 -]
700
Al dimensions in nim.
() Position of planes, () Angular position of misses.

2.6

(c} Couple polygen. : {d) Force polygon.
Fig. 21.5

The angular position of the mass 1y is obtained by drawing Omy in Fig, 21.8 (b}, parallel
to vector ' ¢’ . By measurement. the angular position of My is By =12° in the clockwise
deection from mass m, (fe. 200 kg }. Ans.

« Now draw the force polygon from the data given in Table 21.2 {column 4} as shown

Fig. 21.8 (d). The vector eo represents the balanced force. Since the balanced force is
proportional to 0.1 my,, therefore by measurement,

¥

O1my=vectoreo=355kgm or P = 355 kg Aus.
The angular position of the mass My 15 obtained by drawing Omy. inFig. 21.8 (5), parallel

to vector ¢o. By measurement, the angular position of my; is 8y =145% in the clockwise
direction from mass my (e 200 kg ). Ans.
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4. (b) ANS:
Balancing of Several Masses Rotating in the Same Plane
Consider mll} number of masses (say four) of magnitude ny, my, my and my at distances of

7y. 1y, 13 and ryy from the axis of the rotating shaft Let 6,.6,,0; and 8, be the angles of these

masses with the hornizontal line OX, as shown in Fig. 21.4 (a). Let these masses rotate ahout an axis
thirough O and perpendicular to the plane of paper, with a constant angular velocity of o rad/s.

The magnitude and position of the balancing mass may be found out analytically or
graphically as discussed below :

‘ Rosultant

{a) Space diagram. () Vecior diagram,
Fig. 21.4. Balancing of several masses Totating in the same plane.

5. (a) ANS: t

Selution. Given : N = 240 tpm. or 0=2rx240/60 = 25.14 rad/s ; Stroke = 300 mm
=03mm= 50kg;my=37kg:r=150mm=0.15m ;6=21
Y. Balance mass required

Let B = Balance mass required. and
& = Radius of rotation of the balance mass = 400 mm=04m

- - - (Given)

We know that

Bb=(n +cmr
< 2
Bx04=137 +§X50J0.15 =1055 or B=7263% kg Ans,
2. Residual unbalmiced force
Let 8 = Crank angle from top dead centre = 60° - . . (Given)

We know that residual unbalanced force

=m- -:"\,(.'l—f:)2 cos” B+ sin 8

2 3

- 3 e
! =5o(25.14)20.15‘](1—§] cos® 60°+(§) s 60° N

I = 4740 % 0.601 = 2849 N Ans.
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Solution. Given 20 = 60° of «=30°, m=15 kg: Swoke = 100 mm or r = 100/2
=30mm=005m: /=250 mm=025m; N=250rpm. or =27 x 2500/ 60 = 261.8 rad/s

Maxinunt and niindumm values of primary forces

We know that the resultant primary force,

Fp= 271:‘(023'\/ (cosﬁ - cos B)?‘ +(sin” ot -sin 9)2

= T.of .;'J {cos” 30°cos6)® + (cos 30°s5in6)*

T - 7

= Emmzr\/(g cosD }H + [lsin G)ﬂ
4 4

= %xaﬁ‘\}g cos’ @ +sin” B (D

The primary force is maximum, when 9 = 0°. Therefore substitating 8 = 0° in equation (7).
we have maximum primary force,

Fytay = %03 =1§(261.8330.05x3 =7710.7 N Ans.
The primary force is minimum, when 6 = 90°. Therefore substituting 8 = 90° in equation
(¥}, we have mmimum primary force,

m_, a2 13 2 -
F ptmiy = —;N o= 7(261.8)“ 0.05=25702N Ans.
Maximum and minimum valnes af secondary forces

We know that resultant secondary force.

2m A 3 . ; N 3
Fom——X m"\/ (cos cteos 2acos 28)” + (sin aLsin 2eesin 26)°
n

2
=y m"‘f‘\’ (cos30°c0s60°c0s 26)” + (sin 30°sin 60°sin 26)°
n

2 W
=;’i’-><m3r‘j[{3ixémsze) +(3x§sinze]

2

- -

15 9
R L - e 3o
0357005 2018 0.05 ~(en=tir)

=890.3N Ans.
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5. (b) ANS: i

Solution. C;%it-‘en im=300ke;r=03m;D=18morR=09 m; a=0.65m; Himmer
blow =46 kN =46 x 10° N ; v =965 ken/h = 26.8 m/s

1. Fraction of méi recipracaiing masses fo be balanced

Let ! ¢'= Fraction of the reciprocating masses to be balanced, and

5 = Magnitude of balaiicing mass placed at each of the driving wheels at
1 radius &,

We know that the mass of the reciprocating parts to be balanced

] =cm=300ckg
Rla
e

‘J‘ilheel- Cylinder
L@ B

Cylinder wheet

—®

{a) Position of planes. {&} Position of cranks,
Fig. 22.0
The: position of planes of the wheels and cylindess is shown in Fig. 229 {@), and the

position of cranks is|shown in Fig 22.9 (). Assuming the plane of whee! 4 as the reference plane,
the data may be tabulated as below -

Table 22.3
Pfrm-e' Mass Radins Cent. force+oF Il-:"‘sfa}we ﬁ:o::; : qu:_é:_rie st
(n) kg . rm finr} Fg.am Plane A (Dm | nil} kg
@ £ 3 4 5 ®
ARP) B b B 0 0

B 00 ¢ 03 90¢ 045 405 ¢

C 30¢ 03 e 1.1 2 g

D B b Bb 1.55 135 85

Now the couple

polygon, 1o some suitable scale, may be drawn with the data given i

Table 22.3 (column 6). as shown in Fig. 32.10. The closing side of the polygon {vector %)
represews the balancing couple and 1s proportional to 1.55 B.6.
From the couple imlygon,

| .
1.55 Brb=‘/(40 ey +(99¢)* =107c -

Bb=10T¢cf155=69¢

¢

We kuow that anglmlar speed. E : 838 Agoc
w=vR= 26.8/0.9 =729 8 radfs b g
~. Hammer blow! ;
w6 10°=3 o 5 I br
=69 ¢ (29.82=61275 ¢ g 405e
€ =46 % 10361 275 = 0.751 Aus, a Fig. 22.10
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2. Fariarfen in tractive effort
We know that variation in tractive effort
= £2(1-chmor r= 2/2(1-0.751) 300(29.8)20.3
=28 140N = 28.14 KN Ans.

Maximmm swaying conple

We know the maximum swaying couple
2 0.65(1—0.751)

_ad=9, "o
N 2

= 9.148 kN-m Ans.

X300(29.8)% 0.3=9148 N-m

E

Prepared
By

M VENKANNABABU
Assistant Professor,
Department of Mechanical Engineering,

Narasaraopeta Engineering College (Autonomous).
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DEPARTMENT OF MECHANICAL ENGINEERING
I BTech I Sem Regular Exam, March-2020
MACHINE DYNAMICS AND VIBRATIONS

PART-A [2+2+2+2+2+2 = 12M]
1. (a) ANS:

Static friction is the friction that keeps an object in place. This friction must be
overcome by energy to move the object. Because of a combination of surface irregularities
and electrical charges between the object and the surface, the energy required to initially
move the static object is greater than the energy required to keep it in motion. Because it
takes more energy to move the static object, physicists say that static friction is greater than
kinetic friction.

(b) ANS:

When selecting a clutch or brake for an application, a torque service factor must be
taken into considelration. A service or safety factor will assure the clutch or brake will have
the required torque when new to drive or stop as anticipated. A service factor of 1.5 to 2
(50% to 100% more torque than required) is recommended by most clutch and brake
manufacturers.

{c) ANS:

A clutch is a transmission and control device that provides for energy transfer from the

driver to the driven shaft. A brake is a transmission and control device that stops a moving

load, regulates movement, or holds a load at rest by transforming kinetic energy into heat.

(d) ANS:

Static balancing definition refers to the ability of a stationary object to its balance.
However, the dynamic balance definition is the ability of an object to balance.in motion or
when switching beitween positions. Condition for static balancing is equilibrium of forces and
Condition for dyn%imic balancing is equilibrium of forces and moments.

(e) ANS:
1 |5

In=om, ol = § = 3,08 N/mm = 3.08X103 N/m
sT 8 ' 5

| H
~ Natural Frequency =f,= 3 Hz
(f) ANS:

The ratio of the force transmitted (Fp) to the force applied (F) is known as the isolation
Jactor or transmissibilify ratio of the spring support.
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PART-B [4X12 = 48M]

2. (a) ANS:

ot sleo o

. . .
[T = L' Bosity ngarﬂ«_ -

Fj __‘_,_a""'" —T

Ph 7 PN ﬁrﬂm y
g, = O
- ! o = U
=D Soweblt =T — | gafehzo
=y F = S o
CE; PD = 0

o .
~N 50 gl 4 N — (00 LT

=y N ez PLETH

‘ C’HE‘F&(J&"""&" E;t: Fa‘é'@i‘jﬂ“{x JA = F’ffg
= A =017
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2. (b)) ANS:
=
wm o
SR :
Py
Fp : -
A
? W= ot i« looe
Jor P G Gawdteh do wove fue block upfie
[’J@Nl ¥
FRER Bopy DARARDM (L[
,...w-‘:‘—'—' N f\ﬁ ,
O e
“ oy P
o P8’

Ty
L%

{opuesbuo”
AT By ons Bl D Taoen 30
ﬂ"-‘a"’ th\‘.}h‘;}'\a\w. "
g . -
Clx, = 0
= Peis® — B — 1600 Bntpo = 0O
= plobms = £y loow Dk DT
<> f = PoMs —C(e00 Sip —3 &
LGy = O
=D P %nts £ N — 000 a0 = O
= — 5
D v = tooo (B40 ~— PN >@

<=
From (2 (f@
@-—:) o N = Podts — (ooo UekD
=D o}-u— [ tovo Al — P Rn(ET) = Cesk ¢ S — 0005 ~or0

2 oo (A0 — oo P RIS = pod (S~ 000 Lnko

= Pl = 395

i ———
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3. ANS:

A smgle disc or plate clutch, as shown in Fig. . consists of a clutch plate whose both
sides are faced with a friction material (usually of Ferrodo).

1t 1 mounted on the hub which is free fo move axially along the splines of the driven shaft.
The pressure plate 1s mounted inside the clutch body which is bolted to the fiywheel.

Both the pressure plate and the flywheel rotate with the enginecrankshaft or the driving shaft.

Clutch plate with
friction lining

The pressure plate pushesthe clutch ~ Flywheel ™\ .
plate towards the flywheel by a set of strong [ pring
springs which are amranged radially inside the body.

The three levers (also known as release levers
or fingers) are carried on pivots suspended Crank
fromthe case of the body. These are shafl —\
arranged in such a manner so that the pressure ‘
plate moves away from the flywheel by the f—
inward movement of a thrust bearing, %‘Zj

The bearing 1s mounted upon a forked ;

shaft and moves forward when the clutch pedal ——- — ]
5 pressed. —_———

Thrust
bearing

e

When the clutch pedal is pressed  Driving == ) Driven shaft
down, its linkage forces the thrust ~ Shalt Pivol Release lever
release bearing to move in towards the flywheel ﬁ ﬁ]j & (Withdrend finger)
and pressing the longer ends of the levers inward. i3

The levers are forced to tum on their suspended

pivot and the pressore plate moves away from the ife cdgo

flywheel by the knife edges, there by compressing

the clutch sprngs. This action rtemoves the pressure

from the clutch plate and thus moves back from the

flywheel and the driven shaft becomes stationary Single disc or plate clufch.

)

4. a) ANS:

1
4——-—1”"““"'—__!

,,_,__. LT b

7 L L T A -r""ﬁ.i ¥
\) PeTON

\
ﬁ' = e‘m or 2.310g(E =[_[.9
L 5
</
~. Braking torque on the drum, :
PI=T,b - - (For anticlockwise rotation of the drum)

2
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4. b) ANS:

o 200 —

240 ——

NARASAROPETA ENGINEERING COLLEGE (AUTONOMOUS)

-

P =4500N

O = P
Q
(5) Anticlockwise rotation of brake wheel.
5. ANS:
TApra.f perl [Radiey. | FIB* | oo tes | gompde. fri™
|( LENY 18 Crowdy | = 34 - 'gﬁ&?‘} L TR NN
j; s ©§ Db & .;5 -
L 9 G- t5 1438 & D o+ A7
a 5 oS o8 | oo el
Gy Oz o f | a5 otk
T

€ edifoged Tna, ma pasven-

C@.WPiL = [(sal\ag™ ) L
&~ %

Frmanh PO‘S{EOV‘ oA

conghe Polyg>

--‘:_,.":r

<0y O S
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W AMe (e e dned
R e

¥
!
i

Jez
XY N T T

{owrie Pcrgg\gm e

-—

(95‘:-:5 e L LN-N
Fy a8
5 Hons

S . -
@ﬁ a-¥ C"-?; Lo

wﬁ@b&ﬂ"‘-. o S

A .

6 ANS:

1. Critical demping coefficienr
We know that-critical damping coefficient,

Ce =2my,
2. Damping factor
We know that damping factor
_E
cc

3. Logarithnic decrement
We know that logarithmic decrement,

2ne

Jie

. Ratio of tiro consecutive amplitudes
Let x, and x, ., = Magnitude of two consecutive amplitudes,
We know that logarithmic decrement,

8=Ioge[ Xn ] or 21 =

&=

Y

il Insl
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7. ANS: |

Solufion. /Given: d =50mm~=005m; [=3m, ¥ =1000N; 7, =1500N:
1%, = 750 N; E =200 GN/m® =200 = 10° Nfm®

The shaft carrying the loads is shown in Fig. 23.13
We know that moment of inertia of the shaft,

I="xd* =T (0.05)* =0.307x10 m?
64 64

and the static deflection due to a point load T,

5= H’azbz
3EN
1000 N 1500N 750N
o b e
AL 1 8
A
——1m I T
.3 Zm >|
2.5 m ;i I
€ 3m »|
Tie. 23.13

Static deflection due to a load of 1000 N,

2,92
o = 1000x1" %2 7281 03 o
3x200%10°%0.307x107°x3
Similarly, static deflection due o 2 load of 1500 N, ---(Here a=1m and b=2m)
2,42
8= DO XY _1086x10° m
3x200:x10° x0.307x107" X3
...(ere a=2m and b=1m)
and static deflection due to a load of 750 N,
2 2
8, = £ 0(3"5) (0 —=2.12x10% m
3x200x10°x0.307x107 X3
-.-(Here a=25m and 5=05m)
We Eknow that frequency of transverse vibration,
. fi= 04985 0.4985
n— - =
O +88;  J724x107 +10.86x1073 +2.12x107
_od985
! 01422 >~ HZ!
Prepared 'E
By
M VENKANNABABU
Assistant Profess&r,

Department of Mechanical Engineering,

Narasaraopeta E?gineering College (Autonomous).
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NARASARAOPETA ENGINEERING COLLEGE (AUTONOMOUS)
DEPARTMENT OF MECHANICAL ENGINEERING
II}[ BTech I Sem Supplementary Exam, May-2019

MACHLNE DYNAMICS AND VIBRATIONS
PART-A [242+2+2+2+2=12M]

1. (a) ANS:

Friction
gircle

Lubricaanth

If a circle is drawn with centre O and radius OC =r sin @, then this circle is called the
friction circle of a bearing. In order that the rotation may be maintained, there must be a

couple rotating the shaft is called friction-couple.

(b) ANS: |
In case of a riew cluich, the intensity of pressure is approximately uniform but in an old
6 clutch the uniform wear theory is more approximate. The uniform pressure theory gives a
higher frictional toi‘que than the uniform wear theory. Therefore in case of friction clutches,

uniform wear should be considered, unless otherwise stated.

(e) ANS:

In the absorption dynamometers, the entire energy or power produced by the engine
is absorbed by the friction resistances of the brake and is transformed into heat, during the
process of measurement. But in the tranrsmission dynamometers the energy is not wasted in

friction but is used for doing work.
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(d) ANS:

Two balancing masses are placed in two different planes, parallel to the plane of
rotation of the disturbing mass, in such a way that they satisfy the following two conditions
of equilibrium.

1. The net dynamic force acting on the shaft is equal to zero. This requires that the
line of action of three centrifugal forces must be the same. In other words, the centre of the
masses of the system must lie on the axis of rotation. This is the condition for Static
balancing.

2. The net couple due to the dynamic forces acting on the shaft is équal to zero. In other
words, the algebraic sum of the moments about any point in the plane must be zero. The

conditions (1) and (2) together give dynamic balancing.

(¢) ANS:
FREE OR NATURAL VIBRATIONS:

When no external force acts on the body, after giving it an initial displacement, then
the body is said to be under free or natural vibrations. The frequency of the free vibrations is)
called free or natural frequency.

DAMPED VIBRATIONS:
When there is a reduction in amplitude over every cycle of vibration, the motion is

said to be damped vibration.

(f) ANS:
Logarithmic decrement is defined. as the natural logarithm of the amplitude
reduction factor. The amplitude reduction factor is the ratio of any two successive amplitudes

on the same side of the mean position.

Loganthmic decrement,
X 22X
d=log, n }:a_tp =%
sl (e —¢*
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PART-B [4X12 = 48M]

2. ANS:
FLAT COLLAR BEARINGS:

We have already discissed that collar bearings are used to take the axial thrust of the rotating
shafts. There may be a single collar or multiple collar bearings as shown m Fig.{ a) and (5)
tespeciively The collar bearings are also known as slirust bearings.

! w w
Shat

N ¥

i
A
v Collar

¥ i
.y i‘t\:‘o

: ~ dr
SISV
t !
| .‘_J/y

|

(@) Single coltar bearing (5} Multiple coliar bearing.
Fig Flat collar bearings.

Y. Comsidering uniferm pressure
When the pressure is uniformly distributed over the bearing surface, then the intensity of
|
pressute,

A 4

4w’ - )R] . -0
We have sj:en mn Art. 10.25, that the frictional torque on the ring of radiug-and thicknessdr,

P:

T = PrppI dr
lutegrating this equation withmn the limits from r, to 7; for the total fictional torque on the
collar. A
*. Total friictional torque,

.

" 3 T 3 i 3T
ZRPprdr = 2nNp [%] =A2m.;p[@__'_@_}: ,

-

T=)

&

wt

%
Substituting the value of  from equation (i),

T =2 X %[ﬁif - ("2}3]
wf()” - ()] 3

ny - (r.,f]
j]?’ ?_‘:.._.
o [(qr —tn)

W s
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2. Considering unifrom wear
We have sean in Art. 10.25 that the toad transmitted on the ring, considering uniform wear is,

S = _z)r.zirr.dr =L X 2nrdr = 28Cdr
r

. Total load transmitied 1o the collag,
W =" omCdr =2mClr) =27C( —n)
L H =

We also know that frictional torque on the ring,
T =)W r =X 28Cdry =2R0Crdr
. Total frictional torque on the bearing,

]

5 - :

3 2 NS
r= | g,mc_,._d,.égw{r_] _MC{M]
‘ 2 | R St
’,2 :x:h el ;“i—l\ ":,.‘ & ,g‘_:

=nmCl) ~ )
Substituting the value of C from equation (if),

-

T=rpx ) ~ (31 =2 X I G5 + 1)

2y — ;:3)

3. (ay ANS: [7M]
TORQUE TRANSMITTED FOR A BODY MOVING DOWN AN INCLENED PLAE:

Torque Required to Lower the Load by a Screw Jack

Let 7 = Bitch of the screw,
d = Mean diameter of the screw,
o = Helix angle,
P = Effortapplied at the circumference of the screw to lower the
load, .

I¥ = Weight to be lowered, and

B = Coefficient of fiiction between the screw and nut=tan ¢,
where § 15 the friction angle,

kD
,/ /!j_
I"‘—"——ﬂd-—-—)-l
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From the geometry of the figure, we find that
tan o = pird
Since the load 1s bemg lowered, therefore the force of friction (F= [L. R, )} will act upwards.
Allthe forces acting on the screw are shown in Fig 10.13 ).
Resolving the forces along the plane,

Pcost, = F- ¥ sinwt={1.Ry— ¥ sintt i)
and resoelving the 'force:s perpendicalar to the plane, “
Ry=IFcostu-Psina i+ 7))

Substinning this value ole;iu equation @),
Pcost. =p{Vcos—Psine)—IFsinct
=WIFecostt— U Psin—FWsino

or Peos+ 1. Psmo = 1.1 cos ot— IV sin ¢
or Pcos o+ Lsin o) = IF (|1 cos O —sin )
=gy st —sing)

{cos ot + L sin @)

Substituting the value of i = tan § in the above equation, we get
{tan ¢ cos o — sin o)
(cos o+ tan ¢ sin o)
Multiplying the numerator and denominator by cosg,

l P=Fx

(sincoso‘.—*sinclcos@_m sin{f — @)
{cos o'cos § + sin dsin o) - cos (¢ — o)
=¥ tan (¢ — o)

- .-
= Torque required to overcome friction between thie screw and nut,

P=Fx

d d
T—PXE—}T‘IZII(@—&}E

3. (b) ANS: ISM]

Given:p=10mm ;d=50mm; W =20kN =20 x 103N ; D, =60 mm or '
Ra=30mm ;D) =10mmorR;=5mm; [L=tan¢=p; =0.08

We know tliat tan o= 2 =" —0.0637
td TX50

.. Force required at the circumference of the screw to lift the load,

I ] S
P=F taﬂ_(mré))——.f?[l_tgﬁgm ‘1)]

_2p - 103[ 0.0637 + 0.08. ]:2’390 N

1-0.0637x0.08-

and orque re-quiredit’o overcome friction :t the screw,

T=P*df2=2890x50/2 =72250 N-mm = 7225 N-m
Since the load 15 Lifted through a vertical distance of 170 mm and the distance moved by the
sCrew in one rotation is 10 mm {ecqual to pitch), therefore number of rotations made by the screw,

{ N=170/10=17
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1. Whewn the load rotates with the screw
We know that work done in lifting the load

=T X 2nN =72.25 X 2T %17 = 7718 Nom Ams.

and efficiency of the screw jack,
tan ¢ tano{l —1fan Ctan §)

n= - =
] tan (ot + 0) fan o +tan @
- 0.0637 (1 —0.0637 x 0.08) — 0441 or 44.1% Ans.
00837 + 0.08
4. (a) ANS:
Band and Block Brake ,

The band brake may be lined with blocks of wood or other material, as shown in Fig.
(@). The friction between the blocks and the drum provides braking action. Let there are *n* mumber
of blocks. each subtending an angle 29 at the centre and the drum rotates in anticlockwise direction.

Fig. Band and block brake.

Let I = Tension i1 the tight side,
T, = Tension in the slack side,
p= Coeflicient of friction between the blocks and drum,

T; = Tension in the band between the first and second block,

Consider one of the blocks {say first block) as shown in Fig. This is in equilibrinm
under the aciion of the following forces :
1 Tension in the tight side (7;),
Tansion in the slack side { TI') or tension in the band between the first and second block,

# Normal reaction of the drum on the block (Ry), and
4+ The force of friction ( IRy ).

M VENKANNABABU . (cap),teh.0) DEPARTMENT OF MECHANICAL ENGINEERING

-




NARASAROPETA ENGINEERING COLLEGE (AUTONOMOUS)

Resolving the forces radially. we have

(T;+7T; )sinB= Ry ' )
Resolving the forces tangenfially, we have

3 +Tl') cos@=1L.Ry )]
Dividing equation (#) by (), we have

| (Ti—Tj )cosd _ LRy
i -
G+ )sin® RN

o (G- )=ptan8(f +5)
7y 1+[tan®
1‘{ 1—ptan®

4, (b) ANS:
. Rope Brake Dynamometer

Tt is another form of absorption type dynamometer which is most commonly used for measur-
mg the brake poivelrof the engine. It consists of one, fwo or more ropes wound around the ﬂywheel or
rim of a pulley fixed rigidly to the shaft of an engine. The upper end of the ropes is attached to a spring -
balance while the Iower end of the ropes is kept in position by applying a dead weight as showi in Fig.

In order fo prevent the slipping of the rope over the flywheel, wooden bioeks are placed at
intervals around the ¢ircomference of the ﬂywheei

In the operation of the brake; the eﬂame is made to run at a constant speed. The ﬁlct:onal
torque, dus to the 1ope must be =qual to the torque being transmitted by the engine.

Let "= Déad load in newtons,
S= Sp';ing balance reading in newtons,

D = Diameter of the wheel in meires,

d = diameter of rope in mefres, and

N= Spleed of the engine shaft in np.m.
. Net load on ﬂfle brake

=(W-5N

We know that dis;tan.ce moved in one revolution

= D +dym
Work doie per revolution

= (1:3’ -SYn(D+d)N-m

|
|
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<Rope

e T T W

LA
14
1
s £
A §
1
—»le—d
'
§
. ))
Cooling - it
waler 47 ey
— T 1

i Dead weight

—_—

5. ANS:

Jos
MR o A = Wy 1Sk

Wk & R~ Mg
W2 K = We o Loy
LNV d? D-= B %%

Ne B @\2 B o %y & 20w
Tobd & o I o 15
%M\A é% C r Qo — (KO = 0'(L(—M)
Nebid R O Narc B 2 0138

D]

7

[ O;\O_‘W\

i
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6. (a) ANS: [4M]

The ratio of the force transmitted ( F7) to the force applied ( F) is known as the iselation
Jactor or transmissibility ratio of the spring support.

We have discussed above that the force transmitted to the foundation consists of the fol-
lowing rvo forces :
Spring force or elastic force which is equal to s, X, 0 a0

Dampmg force which 15 equal to c.ox, .

silce these two forces are perpendicular to one another . as shown in Fig. therefore
the rorce ransmitted.

Fr= \/(s..rmm, )y +(cox,, )

= Xmax\s~ o0 COX max Fr

T ransmissibility ratio.

<+ s {0
)

6. (bhy ANS:

Given : m = 2 kg : F = 25 N : Resonant X = 12,5 1im = 00125 m ;
r,=02s:f=s4Hz

<3

Damping coefficient

Let ¢ = Damping coefficient in N/'m/s.
We know that natural circular frequency of the exicting force,
o W, =2n/t, =2n/0.2 = 31.42 rad/s

We also know that the maximum amplitude of vibration at resonance o )

F 25 0.79

00125= =

cw, e¢x3142 o

or ¢ = 063.7 N'm/s Ans.

nerease in o amplizide

siee the system is excited by a harmonic force of frequency ( /) = 4 Hz. therefore corre-
sponduis cucular frequency

w=2nx f =2ax4=25.14 rad’s

We know that maximum amplitude of vibration with damping.
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F

Xmax S —
J;“ @ +{(s—mw)”

25

5] ¥

\[(637‘} (25.14)2 +[2(31.42)> - 2(25.19)*T
[ @) =simoor s=m(@,) ]

25

| B

g
-, e =0.0143 m = 14.3 mm
J2.56x106 +0 3x108 1749

and t1e maximum amplitude of vibration when damper is removed.
F 25
Xomax = T S = -
] (@) o’ | AG1427 -(25.14)"]

=352 mm
Percentage increase in amplitude

25
=— =00352m
710

_352-143 -
= 143 =146 or 146% Ans.
7. ANS:
on, Given @ d = 50 mm = 0.05 m : I=3m W, = 1000 N : W, = 1500 N .
W= -<0 N E = 200 GNim® = 200 > 10° N m’

Tk O = Lo M2

The shaft carrying the loads is shown in Fig. 23.13

We know that moment of inertia of the shaft,

7= vat =X 0.05* =0.307x10%m*
64 64

and the static deflection due to a point load .

5 Wa’b>
3EqN
1000 N 1500 N 750N
c lo e
A R — 1B
— m—-—vi I
G 2m -

< 25m o
3 "‘l’i

A
L
Y
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Static dcﬂ%:ctiou due to a load of 1000 N,

.
5, 1000X1° X2 =7.24%1073 o

3X200X10°X0.307X1075%3
...(Herea=1m and b=2m)

Similarly, static deflection due to a load of 1500 N,
" . 1500x2%x1?

L= —~—=10.86x107 m
T 3x200%10° X0.307x107% %3

..(Herea=2m,and b =1 m)
and state deflection due to a load of T30 N,

< 750(2.5)% (0.5)
b 3 =

= : —=2.12x107 m
X200%10° X0.307%107% %3
3 0 c-.(Herea=25m, and p = 9.5 m)

We know that frequency of {ransverse vibration,

PR 0.4985
- -
J8i+82+8;  J724x1073 +10.86x1073 +2.12%10°
| _odsss
01422~ 7 >

Prepared
By
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Question Paper Consists of Part-A and Part-B.
Answering the question in Part-A is Compulsory & Four Questions should be answered from Part-B
All guestions carry equal marks of 12.

PART-A

1. (a) What are the various types of friction experienced by a body?
(b) Which of the two assumptions-uniform intensity of pressure or uniform rate of wear, would
you make use of in designing friction clutch and why?
(c) What are the various types of the brakes.?
(d) Why is balancing of rotating parts necessary for high speed engines?
(e) What is the difference between free and forced vibrations.
(f) What is meant b;gr a torsionally equivalent length of a shaft as referred to stepped shaft?
| [2+2+2+2+2+2]

' PART-B
4X12=48

2. (a) Derive from first principles an expression for the effort required to raise a load with a screw
jack taking friction into consideration. A
(b) A square threaded screw of mean diameter 25mm and pitch of thread 6mm is utilised to lift a
weight of 10kN by a horizontal force applied at the circumference of the screw. Find the
magnitude of the force if the coefficient of friction between the nut and screw is 0.12. £

3. A car engine has its,rated output of 12 kW, The maximum torque developed is 100 N-m. The
clutch used is of single plate type having two active surfaces. The axial pressure is not to exceed
85 kN/m>The external diameter of the friction plate is 1.25 times the internal diameter.
Determine the dimensions of the friction plate and the axial force exerted by the springs.
Coefficient of friction = 0.3. (L

|

4. A simple band brake operates on a drum of 600 mm in diameter that is running at 200 RPM. The
coefficient of friction is 0.25. The brake band has a contact of 270°, one end is fastened to a
fixed pin and the other end to the brake arm 125 mm from the fixed pin. The straight brake arm
is 750 mm long and[ placed perpendicular to the diameter that bisects the angle of contact.
a) What is the pull necessary on the end of the brake arm to stop the wheel if 35 kW is being
absorbed? What is the direction for this minimum pull?
b) What width of steel band of 2.5 mm thick is required for this brake if the maximum tensile £
stress is not to exceed50 N/mm??
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5 A fotating shaft carries four masses A, B, C and D which are radially attached to it, The mass
centres are 30 mm, 38 mm, 40 mm and 35 mm respectively from the axis of rotation. The masses
A, Cand D are 7.5 kg, 5 kg and 4 kg respectively. The axial distances between the planes of
rotation of A and B is 400 mm and between B and C is 500 mm. The masses A and C are at right
angles to each other. Find for a complete balance,

a) The angles between the masses B and D from mass A, M
b) The axial distance between the planes of rotation of C and D, “l
¢) The magnitude of mass B. Y

6. a) What are the various types of vibrations? /E’
b) Derive the natural frequency of free longitudinal vibrations of systems having single degree of
freedom by equilibrium method.

7. A steel shaft ABCD 1.5m long has flywheel at its ends A and D. The mass of the flywheel A is @
600kg and has a radius of gyration of 0.6 m. The mass of the flywheel D is 800 kg and has a
radius gyration of 0.9m.The connecting shaft has a diameter of 50mm for the portion AB which
is 0.4m long :and has a diameter of 60mm for the portion BC which is 0.5m long: and has a
diameter of d for the portion CD which is 0.6m long. Determine
a) The diameter d of the portion CD so that the node of the torsional vibration of the system

will be at the centre of the length BC and \(
b) The natural frequency of the torsional vibrations. Y
¢) Take modulus of rigidity for the shaft material as 60 GN/m? Y
seofeske
Page 2 of 2




L. RwmEdlod

v & : NARASAROPETA ENGINEERING COLLEGE {AUTONOMOUS)

NARASARAOPETA ENGINEERING COLLEGE (AUTONOMOUS)
“ DEPARTMENT OF MECHANICAL ENGINEERING
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Pl

1. (a) What are the various types of friction expe;'ience,d by a body?
" ANS: '
In general, the friction is of the foliowing two types:
a. Static FI‘ICthIl
O b. Dynamlc Flnctlon
Dynamic Friction is of the following three types:
1, Sliclling friction ‘ _‘
ii. Rolfling friction ‘

iii.  Pivot friction.

(b) Which of the two assumptions- uniform intensity of pressure or uniform rate of
wear, would you make use of in designing friction clutch and why?
ANS:
In case of a new clutch, the intensity of pressure is approximately uniform but in an old
clutch the uniform iWe:ar theory is more approximate. The uniform pressure theory gives a
higher fnctlonal torque than the uniform wear theory. Therefore in case of friction clutches,
O uniform wear shouIIId be considered, unless otherm_se stated.

(c) What are the various types of the brakes?
ANS: '
The brakes are mainly classified as:
a. Hydraulic brakes e
b. Electric brak!es
¢. Mechanical brakes.
The mechanical brakes may be divided into the following two groups:
i,  Radial Brakes i.e. External Brakes, Internal Brakes, Block/Shoe Brakes and Band
_ Brakes, : o
fi.  Axial Brakes i.e. Disc brakes and Cone brakes.

M VENKANNABABU .i.s.m;.(m; DEPARTMENT OF MECHANICAL ENGINEERING
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(d) Why is balancing of rotating parts necessary for high speed engines?
ANS:

Balancing of rotating parts is necessary for every engine; only in high speed engines it
becomes very important. If these parts are not properly balanced, the dynamic forces are set
up. These forces not only increase the Ioads on bearings aﬁa stresses in the various members,
but also produce unpleasant and even dangerous vibrations. The balancing of unbalanced
forces is caused by rotating masses, in order to minimize.pressure; on the main bearings when

an engine is running.

(¢) What is the difference between free and forced vibrations?
ANS:
FREE ORNATURAL VIBRATIONS:

When no external force acts on the body, after giving it an initial displacement, then
the body is said to be under free or natural vibrations. The frequency of the free vibrations is
called free or natural frequency. S~
FORCED VIBRATIONS:

When the body vibrates under the influence of external force, then the body is said to
be under forced vibrations. The external force applied to the body is a periodic disturbing

force created by unbalance. -

(f) What is meant by a torsionally equivalent length ;); a shaft as referred to stepped
shaft?
ANS:
The shaft may have variable diameter for different lengths such shaft may,
theoretically, be replaced by an equivalent shaft of uniform diameter, ‘.
The following two shafts must have the same total angle of twist when equal opbosing

torques T is applied at their opposite ends.

3T G £

V —x i ¥
d, d, d d=d, S
Ly . e—*, .
L[, —»
O ’ 9 O O
(a) Shaft of varying diameters. {b) Torsionally equivalent shaft,

M VENKANNABABU m.e.(can),iph.0) DEPARTMENT OF MECHANICAL ENGINEERING
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PART-B [4X12 = 48M]

2. (a) Derive from first principles an expression for the effort required to raise a load
with a screw jack taking friction into consideration?
ANS: | -
If one complete turn of a screw thread by imagined to be unwound, from the body of
the screw and developed, it will fq_np an inclined plane as shown in the below figure.

@\
Weoso
E
(@) Development of a screw. (&) Forces acting on the screw.

Let, p = Pitch of the screw,

d =Mean diamieter of the screw,

o = Helix angle,

P = Effort applied at the circuraference of the screw to lift the load,

W =Load to be lifted, :

‘1= Coefficient of friction, between the sérew and nut =tan o,
From the geometry of the above figure, we find that: P

i Tana=p/rd .
Since the principle on which a screw jack works is similar to that of an inclined plane,

- Resolving the forces along the plane,

- . . -
= Pposa=WSina+F=WSind+'p.RN .................... crenees (1)
And resolving the forces perpendicular to the plane, .
. RN=PSime+WCose eavirasarans (ii)

From Equations (i) and (i), .
. |
P=pxZOTHsC
| wsa—-p;smf,x
4

Substituting the-valué of = tan ¢ in the above equation, we get
P=Wtan(a+ (D)

1
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7

2. (b) A square threaded screw of mean diameter 25mm and pitch of thread 6mm is
utilised to lift a weight of 10KN by a horizontal force applied at the circumference of
the screw. Find the magnitude of the force if the coefficient of friction between the
nut and screw is 0.12?

ANS: Given Data: Mean Diameter = D = 25mm P

Piich of thread = p = 6mm
Lifting Weight = 10KN
Coefficient of Friction=p=0.12 =tan @

) 6
, Tan g =—===————00 = (,0764

nd m(25)
Let, P =Force applied at the circumference of the SCIewW, ’
. P=Wtan(a+@)=W [ naitand
1-tanatang
. P=10X103 [ 0.9764+012 ] = 1982N
1-0.0764%0.12

3. A car engine has its rated output of 12 kW. The maximum torque developed is 100
N-m. The clutch used is of single plate type having two active surfaces. The axial
pressure is not to exceed 85 KN/m2.The external diameter-of the friction plate is 1.25
times the internal diameter. Determine the dimensions of the friction plate and the
axial force exerted by the springs. Coefficient of friction = 0,3.?

ANS: Given Data: Power Output = 12KW

The maximum Torque Developed =T = 100N-m
No. Of Pairs of Contact Surfaces =n=2

The axial pressure = P = 85 KN/m2

External Diameter = 1.25 Internal Diameter

~

AT =125T
Coefficient of Friction =p = 0.3

Let, I and I>=Outer and inner radii of frictional surfaces, and T= Torque transmitted.
Since the intensity of pressure is maximum at the inner radius (1),
. P.I=C

.. C=85XI10° I, Nffam
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The axial thrust transmitted to the frictional surface,
W=2nC (I1-15) =27 % 85X10° T2 (1.25 T2 — I5) = 133.52 X 10° (122

- We know that mean radius of the frictional surface for uniform wear,
!

R= ntn 125 n+n
' 2 2
We know tﬁat, Torque transmitted = T = n.u.W.R

=1125 n

= 100 =2X 03X 133.52X 10° (1P X 112513

PR

© 12=01036m=103.6 mm & It =1.2512=129.5 mm

The axial force exerted by the springs =W =27 C (11 —I3) = 133.52 X 103 (12 = 1433'N

4. A simple band brake operates on a drum of 600 mm in diameter that is running at
200 RPM. Thef, coefficient of friction is 0.25. The brake band has a contact of 270°,
one end is fastened to a fixed pin and the other end to the brake arm 125 mm from
the fixed pin. '!I‘he straight brake arm is 750 mm long and placed perpendiclilar to
the diameter t!lat bisects the angle of contact. a) What is the pull necessary on the
end of the bra;ke arm to stop the wheel if 35 kW is being absorbed? What is the
direction for this minimum pull? b) What width of steel band of 2.5 mm thick is
required for this brake if the maximum tensile stress Jis not to exceed 50 N/mm?3?

ANS: GivenDatai Diameter of the Drum = d = 600 mm

. Running Speed =N =200 RPM

- Coefficient of friction = p = 0.25-
| Angle of contact = § =270°
Power =P =35KW
. ‘Thickness of the Band =t =2.5 mm’
i Maximum Tensile Stress = 50 N/mm?
Smce for minimum pull P on the end of the brake arm will act upward and when the

wheel rotates anticlockwise. Therefore the end of the band attached to O will be tight with
tension Ty and the end of the band attached to B W111 be slack with tension Tz

All Dimensions in mm

4
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We know that,

2

23 log(% ): 1O=025%4713

5
A —==325 _.{i -
5 8] ,
Let T3 =Braking torque.
‘We know that power absorbed,
35x10% = 2N T
60
% = 1667 N-m=1667x10° Num
/
We alse know that braking torque (7)),

1667 % 10° = (T}~ T} r=(T; - T,)300

T,-T,=:5556N  _@j)

From equations (7) and (7)), we find that

T,=8025N; and Ty =2469N

Now taking moments abont O, we have

PXT50=T,x OD=T,x 6252
P=291N
Let w=Width of steel band in mm.
We know that maximum tension in the band T,
8025= Owsf=50xwx25
= Ww=0642 mm

3. A rotating shaft carries four masses 4, B, C and D which are radially attached to it.

The mass centres are 30 mm, 38 mm, 40 mm and 35 mm respectively from the axis
of rotation. The masses A, Cand D are 7.5 kg,

distances between the planes of rotation of 4 and B is

complete balance,

o

a. The angles between the masses B and D frem mass A,

b. The axial distance between the planes of rotation of C and D,

c. The magnitude of mass B,
ANS:

Assume the plane of mass B as the reference plane

tabulated as below:

» M VENKANNABABU M.E(CAD),{Ph.D)
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Skgand 4 kg respectively. The axial

400 mm and between B and C
is 500 mm. The masses 4 and C are at right angles to each othér. Find for a

(R.P.) and the given data is

r
»
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N Let, mp= Mass of B and Lq = Axial distance of mass D from B

o _ | Distance e
Mass Radius | Centrifugal Force / ®* Couple/ »? -
: ‘ - From R.P.
Plane {m) . iy (mr) O (mrL)
Kg M Kgm  Kgm?
S (@
A 75 | 003 0.225 -04 I -0.09
BRP) | mo 0.038 0.038 mp 0 0
cC | 5 0.04 02 05 | ol
D 4 0.035 0.14. ~ La =~ | 0I4Lg

Couple Poljrgon:

Cc

0.14La=0.141

0.1

Q- .
a 0.09 0

. From the above Couple Polygon:
oc= 0.14Ls=0.141 (Apprommately) i
‘= L= | 0.101
Angle of Inclmatlon of mass D wit: Honzontal is 48°
Force Polygon

0.038 mp =

a' 0.225

ce

" Ffom thie above Force Polygon:
db = 0.038 my = 0.351 (approximately)
= mpl=920Kg

- M VENKANNABABU w1.2.ca0)p1.0) " DEPARTMENT OF MECHANICAL ENGINEERING
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And Angle of Inclination of mass B with Horizonta] | is 72“

Position of Planes Diagram;

A(-ve) @B(RP)

400mm 500mm  510mm !

Angular Position of Masses Diagram:

6. a) What are the various types of vibratigns?
ANS: Types of Vibratory Motion:

1.

Free or natural vibrations: When no external force acts on the body, after giving it
an initial displacement, then the body is said to be under free or natural vibrations,
Forced vibrations: When the body" vibrates undér the influence of" external force,
then the body is said to be under forced vibrations,

Damped vibrations: When there is a reduction in amf:litude over every cycle of
vibration, the motion is said to be damped vibration.

Types of Free Vibrations:

Longitudinal vibrations: When the particles of theshaft or disc moves parallel to the
axis of the shaft

Transverse vibrations: When the particles of the shaft or disc'move approximately
perpendicular to the axis of the shaft

Torsional vibrations: When the particles of the shaft or disc move in a clrcle about
the axis of the shaft. .

of
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6. b) Derive the natural frequency of free longitudinal vibrations of systems having
sirigle degree of freedom by equilibrium method? )
ANS:
Equilibrinm Method
Let s = Stiffness of the constraint.
m= Mass of the body suspended from the constraint in kg,
W= Weight of the body in newtons = m.g,
& =Static deflection of the spring in metres due to weight ¥ newtons, and ;
x= Displacement given to the body by the extemal force, in metres,

In the eqqulibrinm position, as shown in Fig., the gravitational pull ¥ = mg 15 s 5
balanced by a forcejof spring, such that =58

Restoring force =W—s($+x)= s8—s8-sx=—sx ... ()

2 -
and Accelerating force = mxd ' SO ¢}

dr*
Equating equations (f) and (#),
. d*x -
s ?'!';XI 0 - {IR}_

We know that the fiilndamental equation of simple harmonic motion 1s
2

d—-i- 0°-.x=0 - )

dr?

f
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Comparing equations (j#f) and (#+), we have 0= \/E
m

. . o Im o
s Time period, tp ——E ZIBJ—

and natural frequency, f; _t_,,___— J—
7. A steel shaft ABCD 1.5 m long has flywheel at its ends A and D. The mass of the
flywheel A is 600 kg and has a radias of gyration of 0.6 m. The mass of the flywheel
D is 800 kg and has a radius of gyration of 0. 9 m. The connecting shaft has a
diameter of 50 mm for the portion AB which is 0.4 m Iong; and has a diameter of 60
mm for the portion BC which is 0.5 m.. long; and has a diameter of d mm for the
portion CD which is 0.6 m long, Determine : QO
a) The diameter d of the portion CD so that the node of the tersional vibration of "
the system will be at the centre of the length BC; aitd
b) The natural frequency of the torsional vibrations.
¢) The modulus of rigidity for the shaft material is 60 GN/m2
ANS: Given Data: Length of the shaft =L = 1.5 m
Mass of the flywheel A =m4 = 600 kg & Radius of Gyration of A = ka=0.6m
Mass of the Flywheel D = mp = 800 kg & Radius of-Gyration of D =kp=0.9 m
AB Portion Diameter = d; = 50 mm = 0.05m & Lengthof AB=1,;=04m
BC Portion Diameter = d; = 60 mm = 0.06 m & Length of BCL3=0.5m
CD Portion Diameter=ds =d & Lengthof CD=13=0.6m ' .
C= 60 GN/m? = 60 x10° N/m? d
The actual shaft is shown is Figure (a). First of all, let us find the length of the
equivalent shaft, assuming its diameter as d; = 50 mm, as s:hown in Figure (b).

(P O
. B N Cr i D
50 miny Sa'm o dy=d
(@) ¥ ¥ ¥
J;— 04m———05m —4«— 0.6m —i
;P O
OA W 9P
51(; nim
®»
= ! —
Q O

-
-7
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Length of Equivalent Shaft,

a* as 0.054 0.05%

1 1
= L=Li+L,—=+1L =04 +0.5
1+Lo T 3d3 0.4 40 0.

a) Diameter d of }the shaft CD:

o H06—— —064X3751° m ... @

Let, L = Distance of the node from Flywheel A, and
Lp= ‘ Distance of the node from Flywheel D, and

. Mass Moment of Inertia of Flywheel A = Is=mia. (kA)2 =216 kg-m?

. Mass Moment of Inertia of Flywheel D = Ip =mp (kp)2 = 648 kg-m

We knowthat, Lo Ja=LpIp

Lidg
. Equivalent: Length from Rotor A =La = L; + ——= = 0.52m

(iij)—=> {Lp=0.173m
‘We know that, L=La +Lp

= o.e%x%}"go.sz-» 0.173

=d d 0.0917m = 91.7mm

|

2dp-

b) Natural frequency of Torsional Vibrations:
Polar Moment of Inertia of the Equivalent Shaft = I =-% (d)*=0.614X 10°m*

Natural frequenc;:y of Torsional Vibrations,

= an fn])

14

] 60x102x0.614X10~6
LAIA 0.52Xx216

!
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MACHINE DYNAMICS AND VIBRATIONS
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Question Paper Consists of Part-A and Part-B.
Answering the guestion in Part-A is Compulsory & Four Questions shotld be answered from Part-B
All guestions carry equal marks of 12.

N e o . PART-A

T f gz et

1. (@A 60 mm diameter shaft running in a bearing carries a load of 1000“;1\:T.$If thgméoefﬁ;:ierft of

friction between the shaft and bearing is 0.03, find the power transmitted when it runs at 1200 r.p.m.
(b) Define uniform wear theory for single platcﬂa clutch.
(c)List the applicati!ons of brakes.
(d)State any two diferrences between static balancing and dynamic balancing.
(e)What do you mean by vibrations? Explain fvith any two examples in your daily life.
(f)Exlain about torsional vibrations. ,
[2+2+2+2+2+42] =
PART-B
N T e e : 4X12=48
2. (a) A body, resting on a rough horizontal p1a1'1e required a pull of 180 N inclined at.30° to the plane
just to move it. It was found that a push of 220 N inclined at 30° fo the plane just moved the body.
Determine the weight of the body and the coefficient of friction 8M
(b) State the diferrenceses between B.oundaryAfn‘ction and film friction. 4M
o | g
3. (a) A single plate clutch, with both sides effective, has outer and inner diameters 200 mm and 100
mm respectively. The maximum intensity of pressure at any point in the contact surface is not to

exceed 0.1 N/mm?, If the coefficient of friction is 0.3, determine the power transmitted by a clutch

At aspeed- 20001 - ~—— = - — -—;_,,,i; ——aM _
(b) Explain the working of clone clutch with a neat sketch. 8M

4. A differential band brake, as shown in figure, below has an angle of contact of 225°. The band has a
compressed woven lining and bears against'l a cast iron drum of 350 mm diameter. The brake is to
sustain a torque of 350 N-m and the coeffi¢ient of friction between the band and the drum is 0.3.
Find i)The necessary force (P) for the clockwise and anticlockwise rotation of the drum; and ii) The
value of ‘OA’ for the brake to be self locking, when the dram rotates clockwise. 12M

-
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5. (2)Why is balancing necesscary for high speed engines 7 4M

() A, B, C and D are four masses carried by a rotating shaft at radii 100, 125, 200 and 150 mm
respectively. The planes in which the masses revolve are spaced 600 mm apart and the mass of B,C
and D are 10 kg, 5 kg, and 4 kg respectively.Find the required mass A and the relative angular
settings of the four masses so that the shaft shall be in complete balance. 8M

. The mass of a single degree damped vibrating system is 7.5 kg and makes 24 free oscillations in 14

seconds when disturbed from its equilibrium position. The amplitude of vibration reduces to 0.25 of

1.

i TriitiEi vaite after five Osciilations. Determine

stiffness of the spring f

2. logarithmic decrement, and

3.

damping factor, i.e. the ratio of the system damping to critical damping. 12M

. (a)Determine the natural frequency of free tra{usverse vibration due to uniformly distributed loadO

4

acting over a simply supported shaft. 5 M '
(b) A shaft 50mm diameter and 3 m long is simiply suppported at the ends and carries three loads of
1250N,950N,650N at 3m,5m,7m from the left’support. The Young’s modulus for shaft material is

" -

200 GN/m. Finduﬂlﬁ,fr.@qucncy_{bfzttansmrsgﬁb;_gon. ™ -

ko
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MECHANICAL VIBRATIONS
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, Answer any FIVE questions.
' All questions carry EQUAL marks
skakook ——— ’
1. (a) Define the following terms? aM

i) Periodic motion |
ii) Fundamental mode of vibration
iii) Degree of freedom
iv) SHM (simple hal"monic motion)
b) Derive an expressxon for vibration response of a single degree of freedorn system if the

i damping provided is under damped system. 8M
2. (a) Differentiate between free vibrations and “orced vibrations? 4M
Find the normal modes of the system shown in figure below. Assume that ki= k,=k and m; =

=m 8M

VYA A

— - - S £ B i
e m— Hﬁ_g——nw
_.‘.,&de PRI

o ¢X1
2
ms | ¥,

3. Determine the natural frequencies of the system shown in the Fig.2. Assume m;= m;= ms= m and

‘ k1= k2= k3= k4= k 12M

4. Write short on any three of the following: a) Damping ratio b) Undamped system (no damped) c)
Under damped d) Critical damped e) Logarithmic decrement. 12M
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5. Prove that the critical speed of whirling speed for a rotating shaft is same as the frequency of
natural transverse vibration. 12M

6. Find the natural frequency of transverse vibrations for the system shown below by Rayleigh

Method. 12M
40 Kg 20 Kg
Take: 4 [*0 7
N 1 2 ’
E= 1.9;6 x‘m N/m 2 16 m J am LJ 8m ¥
1=10%m Ae >« me »

7. Defermine the natural frequencies and mode shapes of the system shown in figure below. 12M

/ > > >

P BT O E

k k
4m | 2m "
onciilioncMons
8. a) What are the principles on which a Vibrometer and an accelerometer are based? Explain. 6M
b) Discuss Seismic instrument with help of a sketch? 6M

sk sk

PsTE >l
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<.~ Narasaraopeta Engineering College (Autonomous)
l\‘ L{A - Kotappakonda Road, Yellamanda (F.0), Narasaraopet- 522601, Guntur District, AP.

Subject Code: RI6ME3103

III B.Tech I Semester Regular & Supple Examinations, March-2021
MACHINE DYNAMICS AND VIBRATIONS
(ME)
Time: 3 hours Max Marks: 60

Question Paper Consists of Part-A and Part-B.
Answering the question in Part-A is Compulsory & Four Questions should be answered from Part-B
All questions cary equal marks of 12.

PART-A

1. (a) Why static coefficient of friction is always greater than kinetic coefficient of friction?
(b) Why a service factor is used for calculatiag the design capacity of a c]utch?;/
(c) Differentiate between a brake and a clutch.
(d) State the conditions for static and dynamic balancing. ‘
) (e) Determine the natural frequency of mass of 10kg suspended at the bottom of two springs k
stiffness: 5SN/mm and 8N/mm in series.
(f) Define transmissibility ratio or isolation factor
[2+2+2+2+2+2]

PART-B
4X12=48
2.(a) A block weighing 100 N is resting on a rough plane inclined 20°to the horizontal. It is acted
upon by a force of 50N directed upward at angle of 14" above the plane. Determine the
friction. If the block is about to move up the plane, determine the co-efficient of friction.
(b) A block weighing 1000N is kept on a rough plane inclined at 40° to the horizontal. The
coefficient of friction between the block and the plane is 0.4. Determine the smallest force
inclined at 15° to the plane required just to move the block up the plane.

e ’}/Explam about the single plate clutch with neat diagram

4.(a) The band brake as shown in fig. has wrap angle of 215° and drum radius 60mm. Calculate
the brake torque when coefficient of friction is 0.25.
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(b) Calculate the average bearing pressure and the initial and average braking powers for the
,~ block shoe shown in fig.. The diameter of the drum is 400 mm and it rotates at 200 rpm.

Coefficient of friction is 0.2 and drum width is 75 mm.

. 200 ____240.___‘ P =4500N
A

oﬂJ’ CIRS e

A, B, C and D are four masses carried by a rotating shaft at radii 100mm, 150mm, 150 mm
and 200mm respectively. The planes of masses B, C and D are at 200mm, 300mm and
500mm respectively from plane of mass A. The magnitude of the masses B, C and D are
9kg, 5 kg and 4 kg respectively. Find the required mass A and the relative angular settings,
of the 4 masses so that the shaft shall be in complete balance.

A vibrating system consists of a mass 50 kg, a spring of stiffness 30 KN/m and a damper. The
damping provided is only 20% of the critical value. Determine:

(a) The damping factor.

(b) The critical damping coefficient.

(c) The logarithmic decrement.

(d) The natural frequency of damped vibrations.

(e) The ratio of two consecutive amplitudes.

A shaft, 50 mm diameter and 3 m long, is simply supported at the ends. It carries three masses
100 kg, 120 kg and 80 kg at 1.0 m, 1.75 m and 2.5 m respectively from the left support. Taking
E = 20 GN/m?, find the frequency of transverse vibrations using Dunkerley*s method.

e ofe
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£4% Narasaraopeta Engineering College (Autonomous) \
) E\JJEQ Kotappakonda Road, Yellamanda (P.0), Narasaraopet- 522601, Guntur District, AP.

Subject Code: R16ME3103

Il B.Tech I Semester Supple Examinations, October-2021
MACHINE DYNAMICS AND VIBRATIONS
(ME)
Time: 3 hours Max Marks: 60

Question Paper Consists of Part-A and Part-B.
Answering the question in Part-A is Compulsory & Four Questions should be answered from Part-B
All questions carry equal marks of 12.

| PART-A e
T '-w-—-\ e o T '-"'r'!*“""r-‘iﬁ e e T e e T
1. (a) Discuss briefly [the various types of friction experienced by a body

(b) What are the advantages of centrifugal clutch?

(c) How does the function of a brake differ from that of a clutch?

(d) Discuss in brief|about the terms “static balancing’ and ‘dynamic balancing’.

6 (e) Explain the term 'Logarithmic decrement' ds-applied-to damped vibrations,  + & ‘
‘ (£) Discuss the effetltt of inertia of a shaft on the free torsional vibrations. ;im‘
[2+2+2+2.+?+2]

. | ’ PART-B
} I 4X12=48 5
A

2. A vertical screw with single start square threads 50 mm mean diameter and 12.5 mm pitch is
raised against.a load of 10 kN by means. of a-hand-wheel, the boss-of which-is-threaded to.act asa— ..
nut. The axial load is taken up by a thrust collar which supports the wheel boss and has a mean
diameter of 60 mm. If the coefficient of friction is 0.15 for the screw and 0.18 for the collar, and
the tangential forcelr applied by each hand to the wheel is 100 N; find suitable diameter of the

hand wheel. ;
i
3. a) What are the materials used for lining of friction surfaces? [3]
6 b) A disc clutch with a single friction surface has coefficient of friction equal to 0.3. The

maximum pressure which can be imposed on the friction material is 1.5 MPa. The outer diameter
of the clutch plate is 200 mm and its internal diameter is 100 mm. Assuming uniform wear
theory for the clutch plate, Determine the maximum torque (in Nm) that can be transmitted  [9]

4. a) What is a self—enérgizing brake ? When a brake becomes self-locking. [3]
e Mﬁfggn_tinggg@rakg shown in Fig. 1is operated by a lever of length 500 mm. The brake
drum has a diametsler of 500 mm and tlhie maximum torque on-the-drum-is .1000_N=m. Tl_lgﬁ_]_n_g‘ni_‘
brake embraces 2/3" of the circumference. One end of the band is attached to a pin 100 mm from =~
the fulcrum and the other end to another pin 80 mm from the fulcrum and on the other side of it
when the operating‘ force is also acting. If the band brake is lined with asbestos fabric having a
coefficient of friction 0.3, find the operating force required. Design the steel band, shaft, key,
lever and fulcrum pin. The permissible stresses may be taken as 70 MPa in tension, 50 MPa in
shear and 20 MPa in bearing. The bearing pressure for the brake lining should not exceed 0.2 N/ y
mim?. [9] 3
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Figure. 1 (All dimensions are in mm}
5. A shaft carries four masses in parallel planes A, B, C and D in this order along its length. The masses at
B and C are 18 kg and 12.5 kg respectively, and each has an cccentricity of 60 mm. The masses
at A and D have an eccentricity of 80 mm. The angle between the masses at B and C is 100° and
—— —that-betwe’e-nnth&masses.at.B.and_ALis.lQﬂi;,bidth.heing.measunedinjbg_s_al_lle_d_i_r_e_cﬁon._T_he axial
distance between the planes A and B is 100 mm and that between B and C is 200 mm. If the
shaft is in complete dynamic balance, determine:
T ”“_(a‘)’Th’é'lﬁ.Tgn‘l‘m'd‘e‘Gf'ﬂremsesarﬁ‘—and"D;—(tr}ﬂle-distance—between—planes-A-and—B;~and———»—~———— -
(c) the angular position of the mass.at D.

6. A machine mounted on springs and fitted with a dashpot has a mass of 60 kg. There are three
springs, each of stiffness 12 N/mm. The amptitnde of vibrations rednces from 45 1o 8 mm 4in two

complete oscillations. Assuming that the damping force varies as the velocity, determine the
(i) Damping coefficient (ii) ratio of frequencies of damped and undamped vibrations
(iii) periodic time of damped vibrations.

7. The shaft showing in Fig. 2 carries two masses. The mass A. is 300 kg with a radius of gyration
of 0.75 m and the mass B is 500 kg with a radius of gyration of 0.9 m. Determine the frequency
of the torsional vibrations. It is desired to have the node at the mid-section of the shaft of 120-
mm diameter by changing the diameter of the section having a S0mm diameter. What will be the

new diameter?
B!
A |
; ! i
Ly o )
H 100 . _'ISO-EE_, 80— =~ -
e T T T T 1~ Y + f i
l - !
: | i
2 1 i
160
|-<—300—>--<- >|125|<«— 400 —
(mm}
Figure. 2
£
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Subject Code: R1I6ME3103

III B.Tech 1 Semester {Regular/supnle) Examinations, (Month, Year)
MACHINE DYNAMICS AND VIBRATIONS

(ME)

Time: 3 hours Max Marks: 60

Question Paper Consists of Part-A and Part-B.
Answering the question in Part-A is Compulsory & Four Questions should be answered from Part-B

i All questions carry equal marks of 12.

2.

3.

| PART-A
a) Explain limiting friction?
b) Explain angle of friction?
¢) Why is balancing of rotating parts necessary for high speed engines
d) What are the differences between brakes and dynamometers?
¢) Expalin the terms ‘under damping’,critical and over damping ?

) Explain resonance condition?
[2+2+242+4242]
PART-B
4X12=48

Derive an expréssion for efficiency of an inclined plane when a body moves up the plane?

A shaft carries four balls A,B,C and D having mass,respectively,15kg,25kg,35kg and 22kg

spaced 50cm aparf The radii of rotation of A,B,C and D are 30cm,25¢m,20cm and -50cm

respectively. The angular positions of the masses B,C and D, measured anticlockwise from A, are

200 degrees, 120 degrees and 290 degrees respectively. The speed of rotation of the shaft is 200

rpm .Determine the magnitude and direction relative to A of unbalanced force and couple about a

plane midway betwieen A and B.

4, Three rotors A,B;, and C having moment of inertia of 2000:6000: and 3500 kg-m? respectively

are carried on a uni;form shaft of 0.35m diameter. The length of the shaft between the rotors A and

B is 6m and betweien B and Cis 32m .find the natural frequency of the torsional vibrations .the
modulus of rigidity }for the shaft material is 80GN/m.

3.

What is the difference between absorption and transmission dynamometers? What are torsion

dynamometers.

6.

Describe with a neat sketch the working of a single plate friction clutch.

7. What are the 1aw$ of j)static friction ii)Dynamic friction iii) solid friction iv)fluid friction.

{ Aok ok
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Subject Code: RIGME3103 ' :

IiE B.Tech I Semester Regular/supple Examinations, November-2019
MACHINE DYNAMICS AND VIBRATIONS (ME)

Time: 3 hours Max Marks: 60

Question Paper Consists of Part-A and Part-B.
Answering the question in Part-A is Compulsory & Four Questions should be answered from Part-B
All questions carry equal marks of 12.

W s

PART-A

1.(a) Explain the terms friction circle and friction couple?

= o, — — i o

(b) What is meant by friction axis of a link?
(c) Give the classification of brakes.
(d) What is meant by balancing of reciprocating masses?
e (e) Define damping factor.
() What are sourcles of vibrations and how they can be eliminated?

[2+2+2+2+242]

PART-BE 4X12=48
2. A thrust shaft of a ship has 6 collars of 600 mm external diameter and 300 mm internal diameter.

Jhe total thrust from the propeller-is 100 kN. If the coefficient of friction is 0.12 and §_1:Eed of the -
;‘”}W?—‘F‘__ \z,;“-—a—l"“w — bl e e e - TRy e - - T

_—— ]

engine is 90 rpm. Find the power absorbed in friction at the thrust block, assuming {a) uniform

pressure and (b) uniform wear.

3. Explain the working of a single plate clutch with neat sketch,

4. a) Describe the construction working of a prony brake dynamometer.

b)In a laboratory experiment, the following data were recorded with rope brake: diameter of the
e flywheel 1.2 m; diameter of the rope 12.5 mm; speed of the engine 200 r.p.m.; dead load on the

brake 600 N; spring balance reading 150 N. Caiculate the brake power of the engine,

5. Four masses ms, my, ms and me are 200 kg, 300 kg, 240 kg and 260 kg respectively. The

corresponding radii of rotation are 0.2 m, 0.15 m, 0.25 m and 0.3 m respectively and the angles

p

-
between successive masses are 45°, 75° and 135°. Find the position and magnitude of the balance” |

mass required, if its radius of rotation is 0.2 m.
~— ~ —BayDerive an expréssion for the natural frequéncy for free longitudinal vibrations
b)An instrument vibrates with a frequency of 1 Hz when there is no damping. When the damping is
provided, the frequency of damped vibrations was observed to be 0.9 ﬁz. Find (i) The damping
factor and (ii) Logarithmic decrement.
7. Determine an expression for the natrual frequency of free transverse vibrations for a simply

supported beam canyinlg a number of point loads by Dunkerley’s method
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Rubrics:
If 50% of the students crossed 50% of the marks: Attainment Level 1

If 60% of the students crossed 50% of the marks: Attainment Level 2
If 70% of the students crossed 50% of the marks: Attainment Level 3

1. Enter the question wise m%jn'ks.

2. Identify the CO of each question.

3. Calculate the maximum marks of each CO.

4. Calculate the CO wise marks obtained by each student. ,

5. Calculate 50% of maximum marks of each CO. T

6. Find number of students crossed 50% of maximum marks for each CO.

7. Find percentage of students crossed 50% of maximum marks for each CO.

8. Find the attainment level of each CO as per the above Rubrics.
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82 | 21475A0315 4 | 4 S 1513|1015 5151315 21 | 35 7] .25 18
83 | 2147540316 515 S| 5151 914 4151535 24 33 23 [720°
84 | 21475A0317 5|5 51515110705 51315]5 25 35 .| 25 | 13
85 | 21475A0318 5(5 51515 9735 31515035 24 1~19 | 337 | 23 207
86 | 21475A0319 515 S1 515 9 [3 4141435 24 . o 32- | 22 5 17
87 | 21475A0320 5] s S15151 10715 515 5 .25 0" 20 | 35: [ 25 ¢ 15:
88 | 21475A0321 515 31 514] 713 5151 4 ~ary| 15T 25 18| 19 :
89 | 21475A0322 5] s S1 515110 (s 515 5 25 1% L340 | D24 ] A4 ¢
90 | 21475A0323 4 | 4 515151 81 5131.55 21 337 | 28 i s -

L
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91 | 21475A0324 51555 s5|s5j10]4]5]5]|5]4]5 20 34 25 19
92 | 2147540325 515551351 9 |s5[5]5]3]5]35 19 31 24 |:-17
93 | 21475A0326 4l a4 4|5 s5|a4f10f3]3]3]3]3]5 @19 ] 33 | 21 | 16
94 | 21475A0327 51555 s5|5]10f[4[5]5]5]4]:5 20 34 | 25 .19
95 | 21475A0328 a4 5| 5s5]5] 6 (5[4]l3][3)131]35 Lo16 ) 3L 22 )16
96 | 21475A0329 55|55 s5|s5]1wf[3[3]3]4 4 P20 32200 |14
97 | 21475A0330 51555 s5|5]10fs5]5]15]5 5 200 | 35 )25 | 15
98 | 21475A0331 51515155151 95515131515 19 | 34 | 25 18
99 | 21475A0332 555555105 ]5]5]5 5 20 35 a5 [ 15|

100 | 21475A0333 5|1 5] s5[s5]3]s5]10]5]5]5]35 3 20 31 23 15
+[ 101 | 21475A0334 41 4] 5] 554 9|3 4 53] 5:[5 19 32 24 |+18
102 | 21475A0335 5 5 5151515 414 51545 14 26 23 17
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-Rubrics: o ¥
- If50% of the students crossed 50%-of the marks: Attainment Level 1 - -

If 60% of the students crossed 50% of the marks: Attainment Level 2 - -
If 70% of the students crossed 50% of the marks: Attainment Level 3

1. Enter the question wise marks for mid examinations, assignments & quiz.
2. Identify the CO of each question.
= 3. Calculate the maximum marks of each CO based mid exams, assignments and quiz.
4. Calculate the CO wise marks obtained by each student.
5. Calculate 50% of maximum marks of each CO.
6. Find number of students crossed 50% of maximum marks for each CO.
7. Find percentage of students crossed 50% of maximum marks for each CO.
8. Find the attainment level of each CO as per the above Rubrics.
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Course Code: C323 Course Name: DYNAMICS OF MACHINERY Year/Sem: /1

CO-PO & CO-PSO Mapping
| POs & PSOs

COs PO1 | PO2 | PO3 [ PO4 | POS | PO6 | PO7 | POS | PO9 [ PO10| PO11| PO12| PSO1 PSO2|PSO3

~
in
-]

T 2.23 -
5 208 443
o 2.00
—hodt
1.48
g 150
E
§ 200 _—
ho] L]
<€ 050 - .
.00 - - —
POs & PSOs

G 1. Copy CO - PO matrix and CO attainment matrix from previous pages and find PO attainment,
2. PO attainment is calculated as per the following formula:
POi * Total CO attainment Level /3 where 'i' ranges from 1 to 12

¥
1. Copy CO - PSO matrix and CO attalnment matrix frem previous pages and find PSO sttainment.

2. PS0 attainment is calculated as per lthe following formula:
PS0i * Total CO attainment lJ‘evel /3 where i’ ranges from 1 to 3

-




Course Code: C323 |

Course Name: DYNAMICS OF MACHINERY

Year/Sem: III/TI

CO Attainment

Total coO Attamment

o . et ‘Level = L
: GO Aﬁaiﬁment ‘ Indirect CO Direct. co -
co é%‘ " Level g5 Attainment Attamment *f90%

= (External) Level e

J(Inte;%i%%; L. Tidirect COW o

‘ ha Attainment *10%) ~

: = e

) e, . L7

298 o= i

299 ..

i T3

’W =

223

R

the previous

1. Copy the Direct CO Attainment Level (Internal) and Direct CO Attainment Level (External) from

e

sheets and then find the Dlrect CO Attainment Level ’
2. Find Direct CO attamment level using the formula: '

CO Attainment Level! (Internal) * 30% + CO Attainment Level (External) * 70%
3. Copy Indirect CO Attainment Level.

4, Find the CO attainment level using the formula:

* Direct CO Attainmen1‘t Level *90% + Indirect CO Attainment Level * 10%




