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"INSTITUTE VISION AND MISSION
VISION:

To emerge as a Ceptre of excellence in technical education with a blend of effective student
centric teaching lgarning practices as well as research for the transformation of lives and
community.
f

MISSION: |

1. Provide the; 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 experiential and innovative skills.
3. Imbibe life}ong learning skills, entrepreneurial s/kills and ethical values in students for

addressing societal problems.

e

PRINCIPAL
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DEPARTMENT VISION AND MISSION
VISION:

To strive for makin'g 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:
M1. To train the students with State of Art Infrastructure to make them industry ready

professionais and to promote them for higher studies and research.

M2. To employ 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.
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PEO I: Excel in profession with sound knowledge in mathematics and applied sciences
PEO 2: Demonstiate leadership qualities and team spirit in achieving goals

| $
PEO 3: Pursue higher studies to ace 111‘ research and develop as éntrepieneurs.

t
PROGRAM SPECIFIC OUTCOMES (PSOs)

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

PSO2. The students will be able to design various thermal enginegering systems by applying
the principlés of thermal sciences. |

PSO3. The studenté 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 analys.‘is: Identify, formulate, review research literature, and analyse complex
engineering probl;ems 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 syster:n 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 investigations of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of data, and
synthesis of the information 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 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 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. 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 n{anagement 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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REVISED Bloom’s Taxonomy Action Verbs
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Definitions I. Remembering | Il. Understanding 11, Applying ‘IV: Analyzing V. Evaluating VI. Creating
Bloom’s Exhibit memory | Demonstrate Solve problems to | Examine and break| Present and Compile
Definition of previously understanding 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, | elementsin a
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.
Verbs * Choose e (lassify e Apply e Analyze e Agree * Adapt
e Define e Compare e Build e Assume ® Appraise e Build
Find Contrast Choose e (Categorize e Assess e Change
How Demonstrat_e Construct » | .. Classify e Award e Choose
e Label e Explaift e Develop e Compare e Choose e Combine
Q e |ist e Extend ® Experiment with|'® . Conclusion e Compare e Compile
e Match e |llustrate e |dentify e (Contrast e Conclude = Compose
e Name e Infer * Interview = Discover e (Criteria e (Construct
e Omit ® |Interpret e Make use of * Dissect e (Criticize e (Create
e Recall e Qutline e  Model e Distinguish e Decide * Delete
® Relate ® Relate e Organize Divide e Deduct ® Design
e Select . ‘Rephrase * Plan Examine e Defend = Develop
e Show e [Show e Select * Function e Determine e Discuss
e Spell e ‘Summarize e Solve ® Inference e Disprove e Elaborate
e Tell e Translate e Utilize ® Inspect e Estimate = Estimate
e  What e List Evaluate * Formulate
e When * Motive Explain Happen
e  Where * Relationships | * Importance Imagine
*  Which e Simplify ® Influence * Improve
e Who ®  Survey * Interpret e [nvent
e  Why « | 2. Take partin Judge *  Make up
* "] Testfor Justify e Maximize
e ‘e . Theme Mark ® Minimize
* Measure *  Modify
e Opinion e Original
* Perceive * Originate
* Prioritize Plan
, Prove Predict
Rate Propose
* Recommend Solution
® Ruleon Solve
e Select * Suppose
Support Test
Value Theory

derson, L. W., & Krathwohl, D. R. (2001)

‘e

L
i

e

K3

A taxonomy for learning, teaching, and assessing, Abridged Edition. Boston, MA: Allyn and Bacon.
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DESIGN OF MACHINE ELEMENTS -11

. COURSE OUTCOMES

. ;/After successful completion of. thls course, the students will be able to: ;- -

Apply the design procedure to engineering problems, including the consideration of techmcal
C321.1
and manufacturing constrains of bearings.

C321.2 |Identify the loads and stresses while designing the connecting rod and crank shaft.

C321.3 | Analyze stresses on the piston and cylinder depending upon Design and proportions.

Identify the loads and machine members subjected and calculate static and dynamic stresses

C3214 to ensure safe design.

C321.5 | Compare capacities of power transmission of Belt, Rope and Chain Drives.

@
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NEC

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

COURSE INFORMATION SHEET

PROGRAMME: i%.TECH MECHANICAL ENGINEERING

COURSE: DESIGN OF MACHINE
ELEMENTS -2
(Design Data Hand Book Allowed)

Semester: VI CREDITS: 3

COURSE CODE:
REGULATION: R20

COURSE TYPE (CORE /ELECTIVE /
BREADTH/ S&H): CORE

COURSE AREA/DOMAIN: DESIGN

PERIODS: 6 Per Week.

COURSE PRE-REQUISITES:
COURSE
.COD l ESCRIP
C.CODE NAME DESCRIPTION SEM
P Knowledge of design considerations in machine
Design of members and applying engineering principles in
R2OME3103 | Machine | TCW0crS and appying englneerin PHOcld v
designing simple machine members (keys, cotters,
Elements -1 . .
couplings, springs)
. Knowledge of stress, strain, shear force and bending
Mechanics . .
R20ME2105 ) moment, center of gravity, slope and deflection, | I
of Solids .
| torsion.
R20CC1107 Exllgmeer.mg Knowlc.adgc? of free body diagram, kinematics and I
Mechanics dynamics, impulse and momentum.
Linear
R20CC1102 | Algebra & | An ability to solve ordinary and differential equations I
Calculus
COURSE OUTCOMES:
S.NO ' COURSE OUTCOME STATEMENT
col Apply the design procedure to engineering problems, including the consideration of
technical and manufacturing constrains of bearings. [K3]
Tdentify the loads and stresses while designing the connecting rod and crank shafi.
CO2 .
K3] . '
Co3 Analyze stresses on the piston and cylinder depending upon Design and proportions.
[K4]
CO4 | Identify the loads and machine members subjected and calculate static and dynamic




stresses to ensure safe design. [K3]

CO5 | Compare capacities of power transmission of Belt, Rope and Chain Drives. [K2]
SYLLABUS:
UNIT DETAILS
DESIGN OF BEARINGS: Types of Journal bearings, Lubrication, Bearing
Modulus, Full and partial bearings, Clearance ratio, Heat dissipation of bearings,
I bearing materials, Journal bearing design, Ball and roller bearings, Static loading of
ball & roller bearings, Bearing life.
DESIGN OF IC ENGINE COMPONENTS: Connecting Rod, Thrust in
connecting rod, Stress due to whipping action on connecting rod ends, Cranks and
I Crank shafts, strength and proportions of over hung and center cranks, Crank pins,
and Crank shaffts.
Pistons, Forces acting on piston, Construction, Design and proportions of piston,
ol Cylinder. Cylinder liners.
DESIGN OF CURVED BEAMS: introduction, stresses in curved beams,
IV | Expression for radius of neutral axis for rectangular, circular, trapezoidal and T-
Section, C — clamps. Design of crane hook.
POWER TRANSMISSION SYSTEMS: Transmission of power by Belt and Rope
V | drives, Transmission Efficiencies, Belts — Flat and V types — Ropes - pulleys for belt
and rope drives, Materials, Chain drives.
TEXT BOOKS

T | BOOK TITLE/AUTHORS/PUBLISHER

T1 | Machine Design, V.B. Bandari, Tata McGraw Hill Publishers .

T2 | Machine Design, Pandya & Shaw, Charotar publishers.

REFERENCE BOOKS

R | BOOK TITLE/AUTHORS/PUBLISHER

R1 | Machine Design, R.N. Norton, Pearson Publishers.

R2 | Design Data hand book. Mahadevan, CBS Publishers.

R3 | Mechanical Engineering Design, JE Shingly, Tata McGraw Hill Publishers.

TOPICS BEYOND SYLLABUS/ADVANCED TOPICS:

S.NO DESCRIPTION Associated PO & PSO

Introduction to Design of Machine Tool

1 PO1, PO2, PO3, PSO3

Elements.
WEB SOURCE REFERENCES:
1 | Student Resources provided in NEC website student login : http://www.nrtec.ac.in
2 | https:/lecturenotes.in/subject/426/design-of-machine-members-dmm
3 | https://nptel.ac.in/courses/112106137/
4 http://www.jntumaterials.co.in/2015/03/jntu-mechanical—engineering—design-of.html
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https://ﬁles.jntufastupdates.com/download/design-of-machine-members-ii-lecture—notes/

hitps://nptel.ac.in/downloads/112105 125/

https://india.oup.com/product/design—of-machine-elements-9780199477647

http://www.jntukeleam.in/design-machines—course-detail.html

O ool NN W

https://www.sanfoundry.com/1 000-machine-design-questions-answers/

4 o
DELIVERY/INSTRUCTIONAL METHODOLOGIES:

C1{Chalk & Talk CWPPT [ Active Learning
OJ Web Resources O Students Seminars CCase Study
[IBlended Learning O Quiz Ol Tutorials "
OProject based learning OJINPTEL/MOOCS O Simulation
OFlipped Learning OIndustrial Visit CIModel Demonstration
[IBrain storming ORole Play CVirtual Labs~*-
MAPPING CO’S WITH PO’S:
co |FO RO PO [ PO P0 [ PO | PO | PO | PO | PO | PO [PO | PSO | PSO | PSO
112013456 |7 |8 |9 w0 |1Uj12]1 2 3
cotr | 2 | 34 3 | 2]|-1-1-1-1-+- - - | - - - 3
coz | 21332 |-1-1-1-19+- - - » - 3
co3 | 213321 -1-1-1-1- -1 - - - 3
coa | 2 |3 |3 2| -|-1-~1-1- - S - » 3
cos | 2131312 |-1|-1-1-1- - I - - 3
Average | 2 3 3 2 - - - - - - - - - - 3
MAPPING COURSE WITH POs & PSOs:
Cours | PO | PO ||PO | PO | PO | PO | PO | PO | PO | PO1 | PO1 | PO1 | PSO | PSO | PSO
e 1 | 23| 45|67 |8|9]0 1 2 1 2 3
c3i1 | 2 1 -1 -1-1- - - - . - 3
Course Outcome Assessment Methods Weightages
Direct Cumulative Descriptive Test
Assessment Internal Objective Test 30% Final
Examinations Assignment Test ° 90% | Course
(CIE) Outcome
'Semester End Examinations (SEE) 70% (100%)
i i End
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
I£ 70% of the students crossed 50% of the marks: Attainment Level 3

Course %tructor

Course Coordinator Mo@eﬁéﬁtor Head e Department O




ANNEXURE I:
(A) 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 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 health and safety, and the cultural,
societal, and environmental considerations.
4. Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of data, and
synthesis of the information to provide valid conclusions.
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, 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 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 enginéering 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. 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.
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 industli'y.




Cognitive levels as per Revised Blooms Taxonomy:

Cognitive
Domain

Level

Key words

Remembering

K1

Choose, Define, Find, How, Label, List, Match, Name, Omit,
Recall, Relate, Select, Show, Spell, Tell, What, When, Where,
Which, Who, Why.

Understanding

Classify, Compare, Contrast, Demonstrate, Explain, Extend,
Ilustrate, Infer, Interpret, Outline, Relate, Rephrase, Show,
Summarize, Translate.

Applying

K3

Apply, Build, Choose, Construct, Develop, Experiment With,
Identify, Interview, Make Use of, Model, Organize, Plan, Select,
Solve, Utilize.

Analyzing

K4

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

Evaluating

K5

Agree, Appraise, Assess, Award, Choose, Compare, Conclude,
Criteria, Criticize, Decide, Deduct, Defend, Determine, Disprove,
Estimate, Evaluate, Explain, Importance, Influence, Interpret, Judge,
Justify, Mark, Measure, Opinion, Perceive, Prioritize, Prove, Rate,
Recommend, Rule on, Select, Support, Value

Creating

Ké

Adapt, Build, Change, Choose, Combine, Compile, Compose,
Construct, Create, Delete, Design, Develop, Discuss, Elaborate,
Estimate, Formulate, Happen, Imagine, Improve, Invent, Make up,
Maximize, Minimize, Modify, Original, Originate, Plan, Predict,
Propose, Solution, Solve, Suppose, Test, Theory

Unit wise Sample assessment questions

COURSE OUTCOMES: Students are able to

COLl: Apply the design procedure to engineering problems, including the consideration of
technical and manufacturing constrains of bearings. [K3]

CO2: Identify the loads and stresses while designing the connecting rod and crank shaft. [K3]
CO3: Analyze stresses on the piston and cylinder depending upon Design and proportions.

[K4]

CO4: Identify the loads and machine members subjected and calculate static and dynamic
stresses to ensure safe design. [K3]
CO5: Compare capacities of power transmission of Belt, Rope and Chain Drives. [K2]




S.NO

QUESTION

KNOWLEDGE
LEVEL

CO

UNIT 1

a) What are rolling contact bearings? Discuss their
advantages over sliding contact bearings.

b) A ball bearing subjected to a radial load of 5KN is
expected to have a life of 8000 hours at 1450 rpm with a
reliability of 99 per cent. Calculate dynamic load capacity
of the bearing so that it can be selected from manufactures
catalogue based on a reliability of 90 per cent.

K1 & K3

Co1

a) List the important physical characteristics of a good
bearing material.

b) The main bearing of a steam engine is 100 mm and 175
mm long. The bearing supports a load of 28 KN at 250 rpm.
If the ratio of diametral clearance to the diameter is 0.001
and absolute viscosity of the lubricating oil is 0.015 kg/m-s.
Find: i) the coefficient of friction and ii) heat generated at
the bearing due to friction.

K1 & K3

co1

a) A 100 mm long and 60 mm diameter journal bearing
supports a lioad of 2500 N at 600 rpm. If the room
temperature is 20°C, what should be the viscosity of oil to
limit the bearing surface temperature to 60°C? Diametral
clearance = 0.06 mm. Energy dissipation coefficient based
on the projected area of the bearing = 210 W/m?°C

b) A 250%250 mm bearing carries a load of 108 KN. The
bearing rotates at 1500 rpm. The clearance ratio is 670. For
full journal bearing the power lost in friction is 14.36 KW.
Find the viscosity of the oil.

Co1

What are the various terms used the journal bearings
analysis and design. Give their definitions in brief.

K1

Co1

UNIT 2

The following data is given for the cap and bolts of the big
end of the connecting rod.

Engine speed=1500rpm

length of the connecting rod =320mm

length of stroke=140mm

mass of reciprocating parts=1.75kg

length of crank pin=54mm

diameter of the crank pin=38mm

permissible tensile stress for the bolts=120MPa
permissible bending stress for cap=120MPa

Calculate the nominal diameter of the bolts and thickness of
the cap for the big end.

CO2

a) Explain the design of centre crankshaft when crank is at
dead center.

b) Explain the design of centre crankshaft when crank is at
an angle with the line of dead centre positions and subjected
to maximum torsional moment.

Cc0o2




A connecting rod is to be designed for a high speed, four
stroke IC engine. The following data are available.

Piston diameter=88mm;

Mass of reciprocating parts=1.6kg; Length of the
connecting rod (centre to centre)=300mm; Stroke=125mm;
RPM=2200 (when developing 50kw);

Possible over speed=3000rpm; compression ration = 6.8:1;
Probable explosion pressure=3.5MPa.

Design and draw fully dimensioned drawing of the
connecting rod.

Co2

UNIT 3

The following data is given for the piston of a four stroke
diesel engine.

Cylinder bore=100 mm

Material of piston rings=grey cast iron

Allowable tensile stress=90 MPa

Allowable radial pressure on the cylinder wall=0.035MPa
Thickness of the piston head=16 mm

Number of piston rings=4

Calculate (i) Radial width of piston rings (ii) Axial
thickness of the piston rings

(iif) Gap between the free ends of the piston ring before
assembly (iv) Gap between the free ends of the piston ring
after assembly

(v) Width of the top land (vi) Width of ring grooves

(vii) Thickness .of piston barrel and (viii) Thickness of

barrel at top end

COo3

Design a cast iron piston for a four stroke IC engine for the
following specifications

Cylinder bore=120 mm

Stroke length=150 mm

Maximum gas pressure=5 MPa

Brake mean effective pressure=0.7 MPa

Fuel consumption=0.25 Kg/KW/hr

Speed=2400 rpm

Assume any other data necessary for the design

Cco3

a) Explain the various types of cylinder liners.
b) Discuss the design of piston for an internal combustion
engine.

K2 & K6

Co3

The following data is given for the piston of a four stroke
diesel engine.

Cylinder bore = 120 mm

Maximum gas pressure = 6 MPa

Allowable bearing pressure for skirt = 0.45 MPa
Ratio of side thrust on liner to maximum gas load on
piston=0.1

Width of top land =20 mm

Width of ring grooves =3 mm

Total number of piston rings = 4

Axial thickness of piston rings = 3.5 mm

COo3




| Calculate (i)length of skirt (ii) length of piston

UNIT 4

A punch press, used for stamping sheet metal, has a
punching capacity of 50 kN. The section of the frame is as
shown in Fig. Find the resultant stress at the inner and outer

fibre of the section.(All dimensions are in mm)
800& 3

Section at X=X

CO4

Determine (i) location of neutral axis, (ii) maximum and
minimum stresses when a curved beam of circular section
of diameter 60 mm is subjected to pure bending moment of
+ 1350 ng. The bottom width is towards the centre of
curvature. The radius of curvature is 75 mm and beam is
curved in a|plane parallel to depth. Also plot the variation
of stresses across the section.

CO4

A central h:orizontal section of a hook is symmetrical
trapezium 90 mm deep. The inner width being 90 mm and
outer being 45 mm. The hook carries a load of 67.5 KN, the
load line passes at a distance of 40 mm from the inside edge
of the section. The centre of curvature is in the load line.
Calculate the extreme intensities of stress. Also plot the
stress distribution across the section.

CO4

a) Write and derive the expression for Winkler-Bach
formula. :

b) What are the assumptions made in the derivation of
stresses in a curved bar.

K1

CO4

UNIT 5

i
A V belt drive is required for a 15 KW, 1440 rpm electric
motor, which drives a centrifugal pump running at 360 rpm
for a service of 24 hours per day. From space
considerations, the center distance should be approximately
1m. Determine
(i) Belt specifications
(ii) Number of belts
(iii) Correct center distance and
(iv) Pulley; diameters

CO5

Tt is required to select a v-belt drive to connect a 20 KW,
1440 rpm motor to a compressor running at 480 rpm for 15
hours per day. Space is available for a center distance

COs




approximately 1.2m. Determine

i) The specifications of the belt

if) Diameter of the motor and compressor pulleys

iii) The correct center distance and the number of belts

A100 mm wide and 10 mm thick belt transmits 5 KW
between two parallel shafts. The distance between the shaft
centers is 1.5 m and the diameter of the smaller pulley is
440 mm. The driving and driven shafis rotate at 60 rpm and
150 rpm respectively. Find the stress in the belt, if the two
pulleys are connected by i) open belt ii) a cross belt. The
coefficient of friction is 0.22

COs
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Month/Year:

I1I B.Tech II Semester Regular Examinations,

Sub Code: R20ME3201

SUBJECT NAME: DESIGN OF MACHINE ELEMENTS-II

(ME)
MODEL PAPER-I

Time: 3 hours
Mazx. Marks: 70

Note: Answer All FIVE Questions.

All Questions Carry Equal Marks (5 X 14 = 70M)

QUESTION

KL

co

Unit -1

Solve the following problem.

Design a journal bearing for a centrifugal pump
running at 1440 r.p.m. The diameter of the journal is
100 mm and load on each bearing is 20 kN. The factor
ZN/p may be taken as 28 for centrifugal pump
bearings. {The bearing is running at 75°C temperature
and the a'tmosphere temperature is 30°C. The energy
dissipation coefficient is 875 W/m?/°C. Take diametral
clearance |as 0.1 mm.

K3

CO1

[14M]

OR

Solve the following problem.

Select a single row deep groove ball bearing for a
radial load of 4000 N and an axial load of 5000 N,
operating at a speed of 1600 r.p.m. for an average life
of 5 years at 10 hours per day. Assume uniform and
steady load.

K3

CO1

[14M]

Unit - 1I

Solve the'following problem.

Design a suitable connecting rod for a car with the
following data:

Piston diameter = 68mm.

Stroke length = 80 mm.

Length of connecting rod = 160mm.

Maximum explosion pressure = 3.5 Mpa.

Weight of the reciprocating parts = 2.5 kg

Speed =4000 rpm.

Compression ratio 8:1

K3

CO2

[14M]

| OR

Explain the design of Center Crankshaft when the
crank shaft is at dead center.

CcO2

[14M]

| Unit - 11T




Solve the following problem.

A horizontal four stroke diesel engine has the
following specification.

Brake power = 5 kW., Speed = 1200 r.p.m

Imep = 0.35 N/mm?, Mechanical Efficiency = 80 %.

Calculate the dimensions of the cylinder and the
cylinder head.

K3

CO3

[14M]

OR

Solve the following problem.

Design a plain carbon steel center crank shaft when
the crank is at dead center for a single acting 4 stroke
single cylinder engine for the following data:

Piston diameter =250 mm.

Stroke = 400 mm

Maximum combustion pressure =2.5 N/mm2

Weight of the fly wheel =16 kN.

Total belt pull =3 N

Length of the connecting rod = 950 mm.

K3

CO3

[14M]

Unit - IV

Solve the following problem.

A curved beam of rectangular section of 30 mm width
and 40 mm depth and mean radius of curvature of 60
mm is initially unstressed. If a bending moment of 400
N-m is applied to the beam which tends to straighten
it, determine the stresses at the inner and outer surface
and sketch a diagram to show the variation of stresses
across the section. Also find the position of Neutral
axis.

K3

CO4

[14M]

OR

What are the assumptions made in Winkler Bach
theory? Derive an expression for radius of neutral axis
for T section.

CO4

[14M]

Unit-V

Derive the expression for length of on Open belt drive
& Cross belt drive.

K5

COs5

[14M]

OR

Solve the following problem.

In a cross belt drive the diameter of the driver and
follower pulleys are 200mm and 400mm respectively.
The centre distance of the driver is 2m.The driver
pulley rotates at 400rpm. Find the angle of contact
between belt and both the pulleys and the length of the
belt required .What is he power capacity of the driver,
if the permissible tension in the belt is 1.2kn and
coefficient of friction between belt and pulleys is
0.252.

K3

COs5

[14M]
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1\?6 l QUESTION KL | CO |MARKS

'; Unit - 1
Solve the following problem.
A journal bearing of 50mm diameter and 80mm long,
has a bearing pressure of 6 N/mm?, the speed of the
journal is 1000 rpm. The ratio of journal diameter to
the diametral clearance is 1000. The bearing is
lubricated with oil, whose absolute viscosity at the
operating {temperature of 75°C may be taken as 0.015
kg/m-s. The room temperature is 25°C, Determine (i)
the amount of artificial cooling required and
(ii) the mass of the coolant oil required, if the
difference between the outlet and inlet temperature of
the oil is 10°C. the specific heat of the oil is 1900
J/kg/’C and heat dissipation coefficient is 500
W/m?/°C |

K3 CO1 [14M]

OR

Solve the following problem.
A shaft rotating at constant speed is subjected to
variable load. The bearings supporting the shaft are *
subjected to stationary equivalent radial load of 3 kN
b | for 10 per. cent of time, 2 kN for 20 per cent of time, 1 K3 CO1 [14M]
kN for 30 per cent of time and no load for remaining
time of cxfcle. If the total life expected for the bearing
is 20 x 106 revolutions at 95 per cent reliability,
calculate dynamic load rating of the ball bearing.

Unit - IT

Solve thefollowing problem.
2 A horizontal four stroke diesel engine has the | 4 coz | [iam]
following} specification.




Brake power = 6 kW., Speed = 1800 r.p.m

Imep = 0.45 N/mm?, Mechanical Efficiency = 75 %.

Calculate the dimensions of the cylinder and the
cylinder head.

OR

Solve the following problem.

Design a plain carbon steel center crank shaft when
the crank is at dead center for a single acting 4 stroke
single cylinder engine for the following data:

Piston diameter =275 mm.

Stroke = 420 mm

Maximum combustion pressure =2.5 N/mm?

Weight of the fly wheel =15 kN.

Total belt pull =2.5 N

Length of the connecting rod = 850 mm.

K3

COo2

[14M]

Unit - ITT

Explain in detail the design procedure of Cylinder.

CO3

[14M]

OR

Solve the following problem.

Design a cast iron piston for a single acting four stroke
engine for the following data:

Cylinder bore = 100 mm; Stroke = 125 mm;
Maximum gas pressure = 5 N/mm2 ; Indicated mean
effective pressure = 0.75 N/mm? ; Mechanical
efficiency = 80% ; Fuel consumption = 0.15 kg per
brake power per hour ; Higher calorific value of fuel =
42 x 10% kJ/kg ; Speed = 2000 r.p.m. Any other data
required for the design may be assumed.

K3

CO3

[14M]

Unit - IV

Solve the following problem.

A curved bar of rectangular section, initially
unstressed, is subjected to bending moment of 1400 N-
m which tends to straighten the bar. The section is 4
cm wide by 5 cm deep in the plane of bending, and the
mean radius of curvature is 10 cm. Find the position of
the neutral axis and magnitudes of the greatest bending
stress and draw a diagram to show approximately how
the stress varies across the section.

K3

CO4

[14M]

OR

Derive an expression for radius of neutral axis for
circular section.

K5

CO4

[14M]

Unit-V

What are different types of Flat Belt Drives? Explain
any four with neat sketch.

COs

[14M]

OR

Solve the following problem.
Two pulleys, one 450 mm diameter and the other 200

K3

COs5

[14M]




- —

mm diameter, on parallel shafts 1.95 m apart are
connected by a crossed belt. Find the length of the belt
required and the angle

of contact between the belt and each pulley. What
power can be transmitted by the belt when the larger
pulley rotates at 200 rev/min, if the maximum
permissible tension in the belt is 4 kN, and the
coefﬁciel]lt of friction between the belt and pulley is
0.25?

O
”»*




Narasaraopeta Engineering College
L= A
- sw= (Autonomous)
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Department of Mechanical Engineering

COURSE INFORMATION SHEET

PROGRAMME: B.TECH MECHANICAL ENGINEERING
COURSE: DESIGN OF MACHINE Semester : VI CREDITS: 3
ELEMENTS -2
(Design Data Hand Book Allowed)
COURSE CODE: . COURSE TYPE (CORE /ELECTIVE /
REGULATION: R|19 BREADTH/ S&H): CORE
COURSE AREA/DOMAIN: DESIGN PERIODS: 5 Per Week.
COURSE PRE-REQUISITES:
‘COURSE
. RIP M
C.CODE " NAME DESCRIPTION SE
. Knowledge of design considerations in machine
’ Design of members and applying en ineerin rinciples in
19BMESTHO4 | Machine |\ o oo on¢ @PPYINS CASTCEHmg PHMCIp v
designing simple machine members (keys, cotters,
Elements -1 . .
couplings, springs)
Mechanic Knowledge of stress, strain, shear force and bending
19BME3THO06 . S moment, center of gravity, slope and deflection, | III
of Solids .
torsion.
19BCC2THI1 Engmeer'mg Knowl.e'dge. of free body diagram, kinematics and I
Mechanies | dynamics, impulse and momentum.
Linear An ability to solve ordinary and differential
19BCCITHO3 | Algebra & ’ w I
. equations
" Calculus
COURSE OUTCOMES:
S.NO COURSE OUTCOME STATEMENT

col Apply the design procedure to engineering problems, including the consideration of
technical a:nd manufacturing constrains of bearings. [K3]

Identify the loads and stresses while designing the connecting rod and crank shaft.

CO2 ;
[K3]

CO3 Analyze stresses on the piston and cylinder depending upon Design and proportions.
[K4]

CO4 | Identify the loads and machine members subjected and calculate static and dynamic




stresses to ensure safe design. [K3]

CO5 | Compare capacities of power transmission of Belt, Rope and Chain Drives. [K2] -
SYLLABUS:
UNIT DETAILS
DESIGN OF BEARINGS: Types of Journal bearings, Lubrication, Bearing
_| Modulus, Full and partial bearings, Clearance ratio, Heat dissipation of bearings,
L bearing materials, Journal bearing design, Ball and roller bearings, Static loading of
ball & roller bearings, Bearing life. _
DESIGN OF I.C ENGINE COMPONENTS: Connecting Rod, Thrust in
connecting rod, Stress due to whipping action on connecting rod ends, Cranks and
1 Crank shafts, strength and proportions of over hung and centre cranks, Crank pins,
Crank shafts.
Pistons, Forces acting on piston, Construction, Design and proportions of piston,
I Cylinder. Cylinder liners.
DESIGN OF CURVED BEAMS: introduction, stresses in curved beams,
IV | Expression for radius of neutral axis for rectangular, circular, trapezoidal and T-
Section, C — clamps. Design of crane hook.
POWER TRANSMISSION SYSTEMS: Transmission of power by Belt and Rope
V | drives, Transmission Efficiencies, Belts — Flat and V types — Ropes - pulleys for belt
and rope drives, Materials, Chain drives.
TEXT BOOKS
T | BOOK TITLE/AUTHORS/PUBLISHER
T1 | Machine Design, V.B. Bandari, Tata McGraw Hill Publishers .
T2 | Machine Design, Pandya & Shaw, Charotar publishers.
REFERENCE BOOKS
R | BOOK TITLE/AUTHORS/PUBLISHER
R1 | Machine Design, R.N. Norton, Pearson Publishers.
R2 | Design Data hand book. Mahadevan, CBS Publishers.
R3 | Mechanical Engineering Design, JE Shingly, Tata McGraw Hill Publishers.

TOPICS BEYOND SYLLABUS/ADVANCED TOPICS:

S.NO DESCRIPTION Associated PO & PSO

Introduction to Design of ine T
1 ntroduction to Design of Machine Tool POI1, PO2, PO3, PSO3

Elements.

WEB SOURCE REFERENCES:

1 | Student Resources provided in NEC website student login : http://www.nrtec.ac.in

2 | https://lecturenotes.in/subject/426/design-of-machine-members-dmm

3 | https://nptel.ac.in/courses/112106137/

4 http://wwwjntumaterials.co.in/zo15/03/jntu—mechanical-engineering—design—of.html
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https://ﬁles.jﬁtufastupdates.com/download/design-of-machine-membérs-ii-lecture-noteé/

https://nptel.ac.in/downloads/112105125/

https://india.oup.com/product/design-of-machine-elements-9780199477647

http://www.jntukelearn.in/design-machines-course-detail.html
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https://www.sanfoundry.com/1000-machine-design-questions-answers/
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DELIVERY/INSTRUCTIONAL METHODOLOGIES:
i

CJdChalk & Talk COlPPT [l Active Learning
0! Web Resources O Students Seminars [ICase Study
[IBlended Learning CHQuiz [ Tutorials
OProject based léarning OJINPTEL/MOOCS O Simulation
CFlipped Learning [JIndustrial Visit OOModel Demonstration
[CIBrain storming CIRole Play CVirtual Labs
MAPPING CO’é WITH PO’S:
{
I _
co |FPO|[POI[POTPOTPO[PO[PO]PO|[PO[ PO [PO|PO| PSO | PSO | PSO
1 [ 2 | 3|4 |56 |7 ]|8]9 |10 |11|2]| 1 2 3
cot [ 2 [ 3,031 2| -1-1-1-71- - - - - - 3
coz | 2 |3 |3 2| -[-1-1-71- - - - - - 3
co3 [ 2 [ 33 [ 2] -1-1-1-71- - - | - - - 3
cod |2 |3 |3 | 2 -1-1-1-71- - - - - - 3
cos | 2 | 33 |2 -[-1-1-71- - - - - : 3
Average | 2 3°1 3 2 - - - - - - - - - - 3
MAPPING COURSE WITH POs & PSOs:
Cours | PO | PO | PO | PO | PO [ PO | PO | PO | PO | PO1 | PO1 | PO1 | PSO | PSO | PSO
e 112 |3 |4|5]|6|7]|8]09 0 1 2 1 2 3
C31 | 2 T3 - - - -1 -1- - N - | 3
Course Outcome Assessment Methods Weightages
Direct Cumulative Descriptive Test
Assessment Internal Objective Test 30% Final
Examinations Assignment Test ° 90% | Course
1 (CIE) A Outcome
Semester End Examinations (SEE) 70% (100%)
i ( E
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

U

Course Instructor

D Qajxv\»/

Course Coordinator Modufé Coordinator

ANNEXURE I:
(A) 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 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 health and safety, and the cultural,
societal, and environmental considerations.
4. Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of data, and
synthesis of the information to provide valid conclusions.
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, 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 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 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. 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.
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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 indepentzient and life-long learning in the broadest context of technological change.

(B) PROGRAM SPECIFIC OUTCOMES (PSO0s):

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 empbhasis 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:

Cogmtgve Level Key words
Domain
6 Choose, Define, Find, How, Label, List, Match, Name, Omit,
Remembering | K1 Recall, Relate, Select, Show, Spell, Tell, What, When, Where,
! Which, Who, Why.
Classify, Compare, Contrast, Demonstrate, Explain, Extend,

Understanding | K2 Ilustrate, Infer, Interpret, Outline, Relate, Rephrase, Show,
' Summarize, Translate.

Apply, Build, Choose, Construct, Develop, Experiment With,
Applying K3 Identify, Interview, Make Use of, Model, Organize, Plan, Select,
Solve, Utilize.

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

Analyzing K4

Agree, Appraise, Assess, Award, Choose, Compare, Conclude,
Criteria, Criticize, Decide, Deduct, Defend, Determine, Disprove,
Evaluating K5 | Estimate, Evaluate, Explain, Importance, Influence, Interpret, Judge,
Justify, Mark, Measure, Opinion, Perceive, Prioritize, Prove, Rate,

6’ ‘ w Recommend, Rule on, Select, Support, Vialue

’ Adapt, Build, Change, Choose, Combine, Compile, Compose,

! Construct, Create, Delete, Design, Develop, Discuss, Elaborate,

Creating K6 Estimate, Formulate, Happen, Imagine, Improve, Invent, Make up,

Maximize, Minimize, Modify, Original, Originate, Plan, Predict,
Propose, Solution, Solve, Suppose, Test, Theory

EERTTIEE PR

Unit wise Sample assessment questions

COURSE OUTCOMES: Students are able to

COI: Apply the design procedure to engineering problems, including the consideration of
technical and manufacturing constrains of bearings. [K3]
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CO2: Identify the loads and stresses while designing the connecting rod and crank shaft. [K3]
CO3: Analyze stresses on the piston and cylinder depending upon Design and proportions.

[K4]

CO4: Identify the loads and machine members subjected and calculate static and dynamic
stresses to ensure safe design. [K3]
COs5: Compare capacities of power transmission of Belt, Rope and Chain Drives. [K2]

S.NO

QUESTION

KNOWLEDGE
LEVEL

co

UNIT 1

a) What are rolling contact bearings? Discuss their
advantages over sliding contact bearings.

b) A ball bearing subjected to a radial load of 5KN is
expected to have a life of 8000 hours at 1450 rpm with a
reliability of 99 per cent. Calculate dynamic load capacity
of the bearing so that it can be selected from manufactures
catalogue based on a reliability of 90 per cent.

K1 & K3

co1

a) List the important physical characteristics of a good
bearing material.

b) The main bearing of a steam engine is 100 mm and 175
mm long. The bearing supports a load of 28 KN at 250 rpm.
If the ratio of diametral clearance to the diameter is 0.001
and absolute viscosity of the lubricating oil is 0.015 kg/m-s.
Find: i) the coefficient of friction and ii) heat generated at
the bearing due to friction.

K1 & K3

co1

a) A 100 mm long and 60 mm diameter journal bearing
supports a load of 2500 N at 600 rpm. If the room
temperature is 20°C, what should be the viscosity of oil to
limit the bearing surface temperature to 60°C? Diametral
clearance = 0.06 mm. Energy dissipation coefficient based
on the projected area of the bearing = 210 W/m?2°C

b) A 250%250 mm bearing carries a load of 108 KN. The
bearing rotates at 1500 rpm. The clearance ratio is 670. For
full journal bearing the power lost in friction is 14.36 KW.
Find the viscosity of the oil.

CO1

What are the various terms used the journal bearings
analysis and design. Give their definitions in brief,

K1

co1

UNIT 2

The following data is given for the cap and bolts of the big
end of the connecting rod.

Engine speed=1500rpm

length of the connecting rod =320mm

length of stroke=140mm

mass of reciprocating parts=1.75kg

length of crank pin=54mm

diameter of the crank pin=38mm

permissible tensile stress for the bolts=120MPa

COo2
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permissible bending stress for cap=120MPa
Calculate the nominal diameter of the bolts and thickness of
the cap for the big end.

a) Explain the design of centre crankshaft when crank is at
dead center.

b) Explain ;the design of centre crankshaft when crank is at
an angle with the line of dead centre positions and subjected
to maximum torsional moment.

co2

A connecting rod is to be designed for a high speed, four
stroke IC engine. The following data are available.

Piston diameter=88mm;

Mass of reciprocating parts=1.6kg; Length of the
connecting rod (centre to centre)=300mm; Stroke=125mm;
RPM=2200; (when developing 50kw);

Possible over speed=3000rpm; compression ration = 6.8: I;
Probable explosion pressure=3.5MPa.

Design and draw fully dimensioned drawing of the
connecting rod.

COo2

! UNIT 3

The following data is given for the piston of a four stroke
diesel engine.

Cylinder bore=100 mm

Material of piston rings=grey cast iron

Allowable ténsile stress=90 MPa

Allowable radial pressure on the cylinder wall=0.035MPa
Thickness of the piston head=16 mm

Number of piston rings=4

Calculate (i) Radial width of piston rings (ii) Axial
thickness ofjthe piston rings

(iii) Gap between the free ends of the piston ring before
assembly (iv) Gap between the free ends of the piston ring
after assembly

(v) Width of the top land (vi) Width of ring grooves

(vii) Thickness of piston barrel and (viii) Thickness of

barrel at top end

CO3

Design a cast iron piston for a four stroke IC engine for the
following specifications

Cylinder borie=120 mm

Stroke lengtll'1=1 50 mm

Maximum gas pressure=5 MPa

Brake mean effective pressure=0.7 MPa

Fuel consumption=0.25 Kg/KW/hr

Speed=2400!rpm

Assume any other data necessary for the design

CO3

a) Explain the various types of cylinder liners.
b) Discuss the design of piston for an internal combustion
engine. ‘

K2 & K6

COo3

The following data is given for the piston of a four stroke
diesel engine.

CO3




Cylinder bore = 120 mm

Maximum gas pressure = 6 MPa

Allowable bearing pressure for skirt = 0.45 MPa
Ratio of side thrust on liner to maximum gas load on
piston=0.1

Width of top land =20 mm

Width of ring grooves =3 mm

Total number of piston rings = 4

Axial thickness of piston rings = 3.5 mm

Calculate (i)length of skirt (ii) length of piston

UNIT 4

A punch press, used for stamping sheet metal, has a
punching capacity of 50 kN. The section of the frame is as
shown in Fig. Find the resultant stress at the inner and outer

fibre of the section.(All dimensions are in mm)
be——— 800 ———>

" N
N
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9

Section at X=X

CO4

Determine (i) location of neutral axis, (ii) maximum and
minimum stresses when a curved beam of circular section
of diameter 60 mm is subjected to pure bending moment of
+ 1350 Nm. The bottom width is towards the centre of
curvature. The radius of curvature is 75 mm and beam is
curved in a plane parallel to depth. Also plot the variation
of stresses across the section.

CO4

A central horizontal section of a hook is symmetrical
trapezium 90 mm deep. The inner width being 90 mm and
outer being 45 mm. The hook carries a load of 67.5 KN, the
load line passes at a distance of 40 mm from the inside edge
of the section. The centre of curvature is in the load line.
Calculate the extreme intensities of stress. Also plot the
stress distribution across the section.

CO4

a) Write and derive the expression for Winkler-Bach
formula.

b) What are the assumptions made in the derivation of
stresses in a curved bar.

K1

CO4

UNIT 5

AV belt drive is required for a 15 KW, 1440 rpm electric
motor, which drives a centrifugal pump running at 360 rpm
for a service of 24 hours per day. From space

80




* w2 g M

S BAATRLE Ly, Sipe S
0 R

¢

considerations, the center distance should be approximately
Im. Determine

(i) Belt specifications

(if) Number of belts

(iii) Correct center distance and

(iv) Pulley diameters

It is required to select a v-belt drive to connect a 20 KW,
1440 rpm motor to a compressor running at 480 rpm for 15
hours per day. Space is available for a center distance
approximately 1.2m. Determine

i) The specifications of the belt

if) Diameter of the motor and compressor pulleys

iii) The correct center distance and the number of belts

CO5

A100 mm wide and 10 mm thick belt transmits 5 KW
between two parallel shafts. The distance between the shaft
centers is 1.5 m and the diameter of the smaller pulley is
440 mm. The driving and driven shafts rotate at 60 rpm and
150 rpm respectively. Find the stress in the belt, if the two
pulleys are connected by i) open belt ii) a cross belt. The
coefficient of friction is 0.22

COs

!
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Q. QUESTION KL | CO | MARKS

Unit-1

Solve the following problem.

Design a journal bearing for a centrifugal pump
running at 1440 r.p.m. The diameter of the journal is
100 mm and load on each bearing is 20 kN. The factor
a|ZN/p may be taken as 28 for centrifugal pump | K3 CO1 [12M]
bearings. The bearing is running at 75°C temperature
and the atmosphere temperature is 30°C. The energy
1 dissipation coefficient is 875 W/m?/°C. Take diametral
clearance as 0.1 mm.

OR

Solve the following problem.

Select a single row deep groove ball bearing for a

b radial load of 4000 N and an axial load of 5000 N,
operating at a speed of 1600 r.p.m. for an average life
of 5 years at 10 hours per day. Assume uniform and
steady load.

K3 | Col | [12M]

Unit - 1T

Solve the following problem.

Design a suitable connecting rod for a car with the
following data:

Piston diameter = 68mm.

Stroke length = 80 mm.

2 Length of connecting rod = 160mm.

Maximum explosion pressure = 3.5 Mpa.

Weight of the reciprocating parts = 2.5 kg

Speed =4000 rpm.

Compression ratio 8:1

K3 | co2 | [12M]

OR
b Explain the design of Center Crankshaft when the
crank shaft is at dead center.

K2 | coz | [12M]

3 Unit - TIT
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Solve the following problem.

A horizontal four stroke diesel engine has the
following specification.

Brake power =5 kW., Speed = 1200 r,p.m

Imep =0.35 N/mm?, Mechanical Efficiency = 80 %.

Calculate the dimensions of the ,cylinder and the
cylinder head.

K3

CO3

[12M]

OR

Solve the following problem.

Design a. plain carbon steel center crank shaft when
the crank is at dead center for a single acting 4 stroke
single cylinder engine for the following data:

Piston diameter =250 mm.

Stroke = 400 mm

Maximum combustion pressure =2.5 N/mm2

Weight of the fly wheel =16 kN.

Total belt pull =3 N

K3

CO3

[12M]

Length of the connecting rod = 950 mm.
i Unit - IV

Solve the following problem.

A curved beam of rectangular section of 30 mm width
and 40 mm depth and mean radius of curvature of 60
mm is initially unstressed. If a bending moment of 400
N-m is applied to the beam which tends to straighten
it, determine the stresses at the inner and outer surface
and sketch a diagram to show the variation of stresses
across the section. Also find the position of Neutral
axis.

K3

CO4

[12M]

OR

What are the assumptions made in Winkler Bach
theory? Derive an expression for radius of neutral axis
for T section.

K2

CO4

[12M]

Unit-V

Derive the expression for length of on Open belt drive
& Cross belt drive.

K5

COs

[12M]

il OR

10.252.

Solve the following problem.

In a cross belt drive the diameter of the driver and
follower pulleys are 200mm and 400mm respectively.
The centre distance of the driver is 2m.The driver
pulley rotates at 400rpm. Find the angle of contact
between belt and both the pulleys and the length of the
belt required .What is he power capacity of the driver,
if the permissible tension in the belt is 1.2kn and
coefficient of friction between belt and pulleys is

K3

CO5

[12M]
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Unit-1

Solve the following problem.

A journal bearing of 50mm diameter and 80mm long,
has a bearing pressure of 6 N/mm?, the speed of the
journal is 1000 rpm. The ratio of journal diameter to
the diametral clearance is 1000. The bearing is
lubricated with oil, whose absolute viscosity at the
operating temperature of 75°C may be taken as 0.015
kg/m-s. The room temperature is 25°C, Determine (i)
the amount of artificial cooling required and

(i) the mass of the coolant oil required, if the
difference between the outlet and inlet temperature of
the oil is 10°C. the specific heat of the oil is 1900
J/kgPC and heat dissipation coefficient is 500
W/m?/°C

K3 CO1

[12M]

OR

Solve the following problem. -

A shaft rotating at constant speed is subjected to
variable load. The bearings supporting the shaft are
subjected to stationary equivalent radial load of 3 kN
b | for 10 per cent of time, 2 kN for 20 per cent of time, 1 K3 Co1
KN for 30 per cent of time and no load for remaining
time of cycle. If the total life expected for the bearing
is 20 x 106 revolutions at 95 per cent reliability,
calculate dynamic load rating of the ball bearing.

[12M]

Unit - II

Solve the following problem.
2 A horizontal four stroke diesel engine has the K3

Co2
following specification.

[12M]
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Brake power =6 kW., Speed = 1800 r.p.m

Imep = 0.45 N/mm?, Mechanical Efficiency = 75 %.
Calculate the dimensions of the cylinder and the

cylinder head. _
; OR
Solve the'following problem. g

Design a plain carbon steel center crank shaft when

the crank is at dead center for a single acting 4 stroke

single cylinder engine for the following data: .
Piston diameter =275 mm.

b Stroke = 420 mm K3 co2 | [12M]

Maximum combustion pressure =2.5 N/mm?

Weight of the fly wheel =15 kN.

Total belt pull =2.5 N

Length of the connecting rod = 850 mm.

Unit - 11X

a | Explain in detail the design procedure of Cylinder. K2 CO3 [12M]

OR

Solve the following problem.

Design a cast iron piston for a single acting four stroke
engine for the following data:

Cylinder bore = 100 mm; Stroke = 125 mm;

Maximum gas pressure = 5 N/mm?2 ; Indicated mean

b effective pressure = 0.75 N/mm? ; Mechanical K3 o3 [12M]
efficiency = 80% ; Fuel consumption = 0.15 kg per
brake power per hour ; Higher calorific value of fuel =
42 x 10° kJ/kg ; Speed = 2000 r.p.m. Any other data
required for the design may be assumed.

Unit-1V

Solve the:following problem.

A curved bar of rectangular section, initially
unstressed, is subjected to bending moment of 1400 N-
m which tends to straighten the bar. The section is 4
a | cm wide by 5 cm deep in the plane of bending, and the | K3 COo4 | [12M]
4 mean radius of curvature is 10 cm. Find the position of
the neutral axis and magnitudes of the greatest bending
stress and draw a diagram to show approximately how
the stress,varies across the section.

. OR
b D.erlve an expression for radius of neutral axis for K5 cos4 | [12M]
circular section. ] ,
! Unit-V

a | What are| different types of Flat Belt Drives? Explain

any four with neat sketch. K2 CO5 [12M]

OR

Solve the{following problem.

Two pullys, one 450 mm diameter and the other 200 | =5 | €03 | [12M]




mm diameter, on parallel shafts 1.95 m apart are
connected by a crossed belt. Find the length of the belt
required and the angle

of contact between the belt and each pulley. What
power can be transmitted by the belt when the larger
pulley rotates at 200 rev/min, if the maximum
permissible tension in the belt is 1 kN, and the

coefficient of friction between the belt and pulley is
0.25?

0/
°oe
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ACADEMIC CALENDAR FOR I B.TECH 1 & T SEMESTERS
ACADEMIC YEAR 2021-22
"I SEMESTER
Description From Date To Date Weeksw
Commencement of Class Woﬂ( 04-10-2021 v
1+t Spelt of Instructions 04-10-2021 | 20-11-2021
1 Assignment Examination 18-10-2021 23-10-2021 7 Weeks
11 Assignment Examination 08-11-2021 | 13-11-2021
T Mid Examination 22112021 | 27-11-2021 | 1 Week
270 Spell of Instructions Je112021 | 15-01-2022 |
11T Assignment Examination 13-12-2021 | '1_8-12-20.21‘ - 7 Weeks
[TV Assignmeht Examination 03012022 | 08-01-2022 |
1l Mid Examination 17-01-2022. 22-01-2022 1 Week

Prebaration & Practicals

End Examinations

Commencement of II Semester Class work

24-01-2022
31-01-2022

L 29-01-2022.

12-02-2022

IWeek B

15t Sp.eil of Instructions

I Assignment Examination

11 Assignment Examination

1 Mid Examination

11 SEMESTER
1402202 |
14022022 | 02-04-2022
28-02-2022. | 05-03-2022 | 7 Weeks
721032022 | 26-03-2022
04042072 | 09-042022 | | Week_
11-042022 | 28-05-2022

2nd Spell of Instructions

11 Assignment Examination

| 25042022 |

30-04-2022

7 Weeks

A ¥ . R
IV Assignment Examination

. i . .
11 Mid Examination

16-052022 |

Prepara’tiofm & Practicals
End Examjnations
Coxmucnccu’ient,uf IV YEAR I SEM Class work

|

21-05-2022

| 30-05-2022 | 04-06-2022 1Week

[ oeos202z | 11:062022 | 1 Week “
oca0m | 25062022 | 2 Weeks
27-062022 | |
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SUBJECT -
Desigit of Maching Elements .1 "

Heat Tyansfer Lo
Dynamics of Machinery

Robotics & Applications

Digita] Marketing - .
Machine Too]s & Machine Dynamics I.ap
Heat Transfer Lab :
Pneumatics & HVAC Lap

English Employabi_lity Skills Lap
Essence of Indian Traditiona] Knowledge

Honors/Minor 4
PEHVAC/MT&MD Lap ]
e

-FACULTY T e
Dr.S.Jaya Krishna oo S
Mr.T.Narendar ' s
Dr.M.Venkanna Babu '
Dr.P.Suresh Babu
Dr.Y.Siva Reddy .
Mr.P.Narendar/ R.Chinna Rao
Mr.K.Govardhan Reddy/B.Ag'ay Kumar-
Mr.K Kiran Chand/MD.Taju
Mr.A.Veny Gopal

Mr.D.Satish
Signa‘B%pipal
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NARASARAOPETA ENGINEERING COLLEGE: NARASARAOPET (AUTON OMOUS) !
DEPARTMENT OF MECHANICAL ENGINE G
III B.TECH II SEM TIME TABLE
Section-A
ROOMNO: 1320 Wef: 12/12/2022
1 .2 BREAK 3 | 3 5 6 7_ 8

TIMINGS | 2% [ 10.00-10.50 | 10,501 1.00 | 11.00-1150 | 11.50-12.40 230 | 130220 | 220500 3.104.00
: - R — ’ ‘Honors/
MON ROB&A ] m® | _pu DME-TI DOM M
“TOE " DMEnr HI/MI&MDLAR L . | ROB&A. | DOM: Noors!

WED | DOM . HT ¥ ER T o Honors/Minors

THU HT | DM DMENI | c MT&MD / P&HVAC LAB .

FRI | pMED |- HI/ P&HVACTAB’ H EESLAB !

e L ) Honors/

SAT o DM HT < ROB&A DME-I1 Minors
CODE =’ " suBmEcr FACULi'Y .
DME-II "™ = Design of Machine Elements Dr.T.R4ja Santosh Kumar o
HT | & Heat Transfer “3° Dr.D.J8gadish £
DOM Dynamics of Machinery Dr.B.Ravi Naik

*ROB&A Robotics & Applications Mr.T.VRao -
Dm . Digital Marketing Mrg:SD.Sah;pa '

"MT&MD LAB Machine Tools & Machine Dynamics Lab Mr.M.Srinivasa Rao/N.Arun Kumar
HTLAB . s Heat Transfer Lab- Mr.K. K:John Babu /E.Saidtilu
P&HVAC.LAB Pneumatics & HVAC Lab Mr. M.Venkaiah/p, Sravani
EES LAB English Employability Skills Lab Mr.A.Vemy Gopal

* EITK Essence of Indian Traditional Knowledge Mr.D.Satish
¢ . Signatyre/6f HOD Signature%al
. e
- BN
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DEPARTMENT OF MECHANICAL ENGINEERING
l

INTERNAL | EXTERNAL | TOTAL
III;IE?\;I'II;;;’(I:‘I];R LiT\p MARKS MARKS MARKS CREDITS
211(0 30 70 100 3
Code: R20ME3201 DESIGN OF MACHINE ELEMENTS -2
(Design Data Book is allowed)

COURSE OUTCOMES:
COL: Apply the design procedure to engineering problems, including the consideration of technical
and manufacturing constrains of bearings.
CO2: Identify the loads and sltresses while designing the connecting rod and crank shaft.
CO3: Analyze stresses on the'piston and cylinder depending upon Design and proportions.
CO4: Identify the loads and machine members subjected and calculate static and dynamic stresses to
ensure safe design.
COS5: Compare capacities of i)ower transmission of Belt, Rope and Chain Drives.
|
UNIT ~1I:
6ESIGN OF BEARINGS: Types of bearings, Lubrication, Bearing Modulus, Full and partial
oearings, Clearance ratio, Heat dissipation of bearings, bearing materials, Journal bearing design, Ball
and roller bearings, Static loading of ball & roller bearings, Bearing life.

UNIT ~-1I:

DESIGN OF I.C ENGINE COMPONENTS: Connecting Rod, Thrust in connecting rod, Stress due
to whipping action on connecting rod ends, Cranks and Crank shafis- strength and proportions of over
hung and centre cranks, Crank I?ins.

UNIT -III: PISTONS AND CYLINDERS
Pistons, Forces acting on piston, Construction, Design and proportions of piston, Cylinder. Cylinder
liners.

UNIT -1V:

DESIGN OF CURVED BEAMS: introduction, stresses in curved beams, Expression for radius of

neutral axis for rectangular, circular, trapezoidal and T-Section, C — clamps. Design of crane hook.
@NIT -V:

POWER TRANSMISSION SYSTEMS: Transmission of power by Belt and Rope drives,

Transmission Efficiencies, Belts — Flat and V types — Ropes - pulleys for belt and rope drives,

Materials, Chain Drives, Tensions of Belt and Chain Drives.

TEXT BOOKS: :
1. Machine Design, V.B. Bandari, Tata McGraw Hill Publishers.
2. Machine Design, Pandya & Shaw, Charotar publishers.

%
o
NEC
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DEPARTMENT OF MECHANICAL ENGINEERING
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REFERENCES:

1. Machine Design, R.N. Norton, Pearson Publishers.
2. Design Data hand book. S.Md.Jalaludeen, Anuradha Publishers.
3. Mechanical Engineering Design, JE Shingly, Tata McGraw Hill Publishers.

WEB REFERENCES: n)
. https://www.digimat.in/inptel/courses/video/112105124/L01.html

. hitp://nptel.vtu.ac.in/econtent/courses/ME/06ME61/index.php

1
2
3. http://creativestellars.blogspot.com/p/design.html
4
5

. https://www.jntumaterials.co.in/2015/04/jntujntuk-design-of-machine-members-i.html
. https://lecturenotes.in/subject/549/design-of-machine-members-i

A
TS
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DEPARTMENT OF MECHANICAL ENGINEERING

Llit!lp INTERNAL | EXTERNAL | TOTAL CREDITS

III B.TECH-II-SEMESTER MARKS MARKS MARKS
110 40 ' 60 100 | 3
DESIGN OF MACHINE ELEMENTS -2
Code: 19BMEG6THO1
(Design Data Book is allowed)

COURSE OUTCOB{{ES:

CO1: Apply the design procedure to engineering problems, including the consideration of technical
and manufacturing constrains of bearings.

CO2: Identify the loads and stresses while designing the connecting rod and crank shaft.

CO3: Analyze stresses on the piston and cylinder depending upon Design and proportions.

CO4: Identify the loads and machine members subjected and calculate static and dynamic stresses to
ensure safe design. |

CO5: Compare capacities of power transmission of Belt, Rope and Chain Drives.

UNIT-1:

DESIGN OF BEARINGS: Types of Journal bearings, Lubrication, Bearing Modulus, Full and partial
bearings, Clearance ratio, Heat dissipation of bearings, bearing materials, Journal bearing design, Ball
and roller bearings, S’éatic loading of ball & roller bearings, Bearing life.

UNIT -1I:

DESIGN OF L.C ENGINE COMPONENTS: Connecting Rod, Thrust in connecting rod, Stress due
to whipping action on connecting rod ends, Cranks and Crank shafts- strength and proportions of over
hung and centre cranks, Crank pins.

UNIT - III: PISTONS AND CYLINDERS

Pistons, Forces acting on piston, Construction, Design and proportions of piston, Cylinder. Cylinder
liners.

UNIT -1V: i

DESIGN OF CURVED BEAMS: introduction, stresses in curved beams, Expression for radius of
neutral axis for rectaﬁgular, circular, trapezoidal and T-Section, C — clamps. Design of crane hook.
UNIT -V: ‘

POWER TRANSMiSSION SYSTEMS: Transmission of power by Belt and Rope drives,
Transmission Efficiencies, Belts — Flat and V types — Ropes - pulleys for belt and rope drives,

Materials.

F
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DEPARTMENT OF MECHANICAL ENGINEERING
\

TEXT BOOKS:
1. Machine Design, V.B. Bandari, Tata McGraw Hill Publishers .
2. Machine Design, Pandya & Shaw, Charotar publishers.

REFERENCES:

1. Machine Design, R.N. Norton, Pearson Publishers.
2. Design Data hand book. S.Md.Jalaludeen, Anuradha Publishers.
3. Mechanical Engineering Design, JE Shingly, Tata McGraw Hill Publishers.

WEB REFERENCES:

https://www.digimat.in/nptel/courses/video/112105124/L01 .html

ht_lp://nptel.vtu.ac.in/econtent/courses/ME/06ME6l/index.php
http ://creativestel1ars.blogsgot.com/g/desigg.html

bttps://www.jntumaterials.co.in/20 15/04/jntujntuk-design-of-machine-members-i.html
https://lecturenotes.in/subject/549/desien-of-machine-members-i

Y
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] . |
DEPARTMENT OF MECHANICAL ENGINEERING :

LESSON PLAN \
[N W - ‘{%‘? 3 ﬁf%%&r@f"%f —T-
fen iy Se?gﬁ; Bl:am:hE ;i. . %‘ﬁ;{gg@qﬁdaa
DESIGN OF MACHINE Mochmmical
R20ME3201 ELEMENTS -2 VI A chanica
(R20) ngineering

COURSE OUTCOMES: Students are able to
CO1: Apply the design procedure to engineering problems, including the consideration of technical

and manufacturing constrains gf bearings. [K3]

CO2: Identify the loads and st:resses while designing the connecting rod and crank shaft. [K3]

CO3: Analyze stresses on the piston and cylinder depending upon Design and proportions. [K4]

CO4: Identify the loads and machme members subjected and calculate static and dynamic stresses to

ensure safe design. [K3]

. b,
Ly T

hain Drives. [K2]

Ref
Unit . - Total Delivery
Outcome Topics/Activity Text .
No book Periods Method
! UNIT-1: DESIGN OF BEARINGS
f : T1, T2,
Lil Types of Journal bearings RLR3 2 PPT
' . . T1, T2, Chalk,
1.2 | Lubrication, Bearing Modulus _RIR3 2 Talk, PPT
Co L. . 13 Full and partial bearings, T1, T2, Chalk,
Apply the design | Clearance ratio RL,R3 2 Talk, PPT
procedure to engineering . .. A PPT &
) problems, including the | | 4 Heat' d1551pat19n of bearings, T1, T2, 5 Tutorial
consideration of technical bearing materials RLR3
and manufacturing T1. T2 Chalk,
constrains of bearings. | 15 | Journal bearing design . RER3 2 Talk, PPT
[K3] | . : RS &.Tutorial
C 1.6 Ball and roller bearings, Static T1, T2, 2 g:lellclki’PT
" | loading of ball & roller bearings RI1,R3 2
& Tutorial
2 PPT
- T1, T2,
1.7 Beanng. life. RIR3 .
UNIT-2: DESIGN OF I.C ENGINE COMPONENTS
Connecting Rod, Thrust in T1. T2 Chalk,
2.1 | connecting rod, RIR3 2 Talk, PPT
29 Stress due to whipping actionon | TI1, T2, 3 PPT &
" | connecting rod ends R1,R3 Tutorial
T1, T2, 2 PPT
2.3 | Cranks and Crank shafts, RIR3
2.4 | Strength and proportions of over | T1, T2, Chalk, Talk
hung crank shaft RI1,R3 2

™ !u Ex
i



Strength and proport.iori‘s" of over

s

-+ | hung crank shaft : T1, T2, 2
24 RIR3 Chalk, Talk
|
25 Centre cranks, Crank pins, Crank | TI, T2, 3 PPT &
| shafts. R1,R3 Tutorial
CO3. UNIT-3. PISTON AND CYLINDER
Analyze stresses on the 3.1 | Pistons T1, T2, 3 Chalk,
3 piston and cylinder : . R1,R3 Talk,
depending upon Design 39 Forces acting on piston, T1, T2, 3 PPT &
and proportions. [K4] " | Construction R1,R3 Tutorial
MID I EXAMINATION DURING SIXTH WEEK
Analyze stresses on the . . . T1, T2, Chalk,
5 piston and cylinder 3.3 | Design and proportions of piston RLR3 3 Talk,
depending upon Design . . . T1, T2, PPT &
and proportions. [K4] 3.4 | Cylinder. Cylinder liners. RIR3 3 Tutorial
UNIT - 4: DESIGN OF CURVED BEAMS
, R PN T1, T2, Chalk,
CO 4 + | 4.1 | Introduction, o RIR3" 2 Talk,
Identify the loads and : . e T1, T2, PPT &
} machine members 4.2 | Stresses in curved beams. R1,R3 Tutorijal
4 subjected and calculate Expression for radius of neutral TL. T2 3 Chalk,
static and dynamic 4.3 | axis for rectangular, circular, Rl’ R3’ Talk, &
stresses to ensure safe trapezoidal and T-Section, 2 Tutorial,
design. [K3] T1, T2, 2
4.4 | C-Clamps. RLR3 PPT
; 4.5 | Design of crane hook. 'Il‘{ll’ g’ 3 Chalk, Talk
i UNIT - 5: POWER TRANSMISSION SYSTEMS
| 51 Transmission of power by Belt T1, T2, 2 Chalk,
CO5s. ** | and Rope drives R1,R3 Talk,
Compare capacities of . .. TI, T2, ) PPT &
5 power transmission of _ 5.2 | Transmission Efficiencies RLR3 Tutorial
Belt, Rope and Chain TL T2 3 Chal
Drives. [K2] 5.3 | Belts —Flat and V types Rf R3’ Talkk,/
. i Ropes - pulleys for E;élti,é’iﬁd rope | T1,7T2, 3 PPT
*" | drives, Materials, RI1,R3
5.5 | Chain drives. 2 PPT

MID IT EXAMINATION DURING EIGHTEENTH WEEK

END EXAMINATIONS

Text Books:

T1 Machine Design, V{B Bandari, Tata McGraw Hill Publishers.
T2 Machine Design, Pandya & Shaw, Charotar publishers. .

Reference Books:

R1 Machine Design, R'.N. Norton, Pearson Publishers.
R2 Design Data hand book. Mahadevan, CBS Publishers.
R3 Mechanical Engineering Design, JE Shingly, Tata McGraw Hill Publishers.

1
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LESSON PLAN
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Couré¢'Code)  |*  “CourseTitle (Regalation) - Sem " Bnths e soatact, 17 o -
DESIGN OF MACHINE Mechanical
19BMEGTHO1 ELEMENTS -2 VI B 5 A&B
(R19) ngineering

COURSE OUTCOMES: Students are able to
COL: Apply the design procedure to engineering problems, including the consideration of technical

and manufacturing constrains of bearings. [K3]

CO2: Identify the loads and stresses while designing the connecting rod and crank shaft. [K3]

CO3: Analyze stresses on the piston and cylinder depending upon Design and proportions. [K4]

CO4: Identify the loads and machine members subjected and calculate static and dynamic stresses to

ensure safe design. [K3]

CO5: Compare capacities of power transmission of Belt, Rope and Chain Drives. [K2]

. Ref
Unit . - Total | Delivery
No Outcome Topics/Activity E::lt( Periods | Method |
UNIT-1: DESIGN OF BEARINGS
. T1, T2,
1.1 | Types of Journal bearings RIR3
COo 1. 1.2 | Lubrication, Bearing Modulus 11, T2,
Apply the design _ _ RI,R3
procedure to 13 Full and partl.al bearings, T1, T2,
engiheering problems, Clearance ratio R1,R3
1 inc!uding the 14 Heat dissipation of bearings, T1, T2, Chalk,
consideration of " | bearing materials R1,R3 12 Talk,
technical and PPT &
manufacturing 1.5 | Journal bearing design 11, T2, Tutorial
constrains of bearings. R1,R3
[K3] Ball and roller bearings, Static T1. T2
1.6 | loading of ball & roller T A
beari R1,R3
earings
’ o T1, T2,
1.7 | Bearing life. RIR3
UNIT-2: DESIGN OF 1.C ENGINE COMPONENTS
‘ 21 Connecting Rod, Thrust in T1, T2,
CO 2. ; " | connecting rod, R1,R3
9 Identify the loads and 22 Stress due to whipping action | T1, T2, Chalk,
stresses while-designing | “*“ | on connecting rod ends R1,R3 12 Talk,
the comié&iﬁg';roc;i and i T1, T2, PPT &
crank Shaft. [K3] 2.3 | Cranks and Crank shafts, R1,R3 | Tutorial
z 24 Strength and proportions of T1, T2,
" | over hung crank shaft R1,R3




25 Centre cranks, Crank pins, TI1, T2,
"~ | Crank shafts. RI1,R3
CO 3. UNIT-3. PISTON AND CYLINDER
Analyze stresses on the 3.1 | Pistons T1, T2, Chalk,
3 piston and cylinder ) R1,R3 6 Talk,
depending upon Design 39 Forces acting on piston, T1, T2, PPT &
and proportions. [K4] | Construction R1,R3 Tutorial
MID I EXAMINATION DURING SIXTH WEEK
Analyze stresses on the 33 Design and proportions of T1, T2, Chalk,
3 piston and cylinder " | piston R1,R3 6 Talk,
depending upon Design . : ; TI1, T2, PPT &
and proportions. [K4] 34 | Cylinder. Cylinder liners. RI1,R3 Tutorial
UNIT - 4: DESIGN OF CURVED BEAMS
4.1 | Introduction, ]l;ll, Eg’
. o4 ; T1, T2,
Identify the loads and | 4.2 | Stresses in curved beams. R1.R3
machine members ; : 2
; Expression for radius of Chalk,
4 subjected and calculate .
Static and denmsils 43 neutral axis for rectangular, T1, T2, 12 Talk,
Y " | circular, trapezoidal and T- R1,R3 PPT &
stresses to ensure safe . .
. Section, Tutorial
design. [K3]
T1, T2,
4.4 | C —Clamps. R1.R3
4.5 | Design of crane hook. FII;]]’ I];g’
UNIT - 5: POWER TRANSMISSION SYSTEMS
51 Transmission of power by Belt | T1, T2,
COs. . " | and Rope drives RI1,R3
Compare capacities of TL. T2 Chalk
5 power transmission of | 5.2 | Transmission Efficiencies Rl’ R3’ T ?k >
Belt, Rope and Chain LT 12 PPé}F 5
i s Its—F SO
Drives. [K2] 5.3 | Belts — Flat and V types RI.R3 Tutorial
5.4 Ropes - pulleys for belt and T1; T2,
" | rope drives, Materials, RI1,R3
5.5 | Chain drives.
MID IT EXAMINATION DURING EIGHTEENTH WEEK
END EXAMINATIONS

Text Books:
T1 Machine Design, V.B. Bandari, Tata McGraw Hill Publishers.
T2 Machine Design, Pandya & Shaw, Charotar publishers.

Reference Books:
R1 Machine Design, R.N. Norton, Pearson Publishers.

R2 Design Data hand book. Mahadevan, CBS Publishers.
R3  Mechanical Engineering Design, JE Shingly, Tata McGraw Hill Publishers.
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DEPARTMENT OF MECHANICAL ENGINEERING
COURSE ARTICULATION MATRIX

R20-REGULATION

Explanation of Course Articulation Matrix Table to be ascertained:
» Course Articulation Matrix correlates the individual COs of a course with POs and

PSO:s.
» The Course Outcomes are mapped with POs and PSOs in the scale of 1 to 3.
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UNIT 1
JOURNAL BEARINGS

1.1 WHY TO STUDY FRICTION, WEAR & LUBRICATION?

Moving parts of every machine is subjected to friction and wear, Friction consumes and
wastes energy. Wear causes changes in dimensions and eventual breakdown of the machine.
element and the entire machine. The loss-of just a few milligrams of material in the right place,
due to wear can cause a production machine or an automobile to be ready for replacement. If
we imagine the amount of material rendered useless by way of wear, it is startling! Lots of
materials ranging ‘from Antimeny to zinc, including fitanium, venadium, jron, carbon, copper,
aluminum etc., would be lost. It is therefore essential to conserve the natural resoutces through
reduction in wear, Lubrication plays a vital role in our great and complex civilization.

1.2 BEARINGS

A bearing is machine part, which support a moving element and confines its motion. The
supporting meniber is. usually designated as bearing and the supporting meriber may be
journal. Since there is a relative motion between the bearing and the moving element, a certain
amountof power must be absorbed in overcoming friction, and if the surface actually touches,
there will be a rapid wear.

1.2.1 Classification: Bearings are classified as follows:

1. Depending upon the nature of contact between the working surfaces:-

a) Sliding t':onta_ctbearings
b) Rolling contact bearings.
) t

1

a) SLIDING BEARINGS:

o Hydrodynamically lubricated bearings

¢ Bearings with bourdary lubrication

e Bearings with Extreme boundary lubrication.
s Bearings with Hydrostatic lubrication.

b) ROLLING ELEMENT BEARINGS:
i- Ball bearings

Roller bearings
= Needleroller bearings




1. Based on the nature of the load supported:
» Radial bearings - Journal bearings
¢ Thrust bearings
- Plane thrust bearings
~Thrust bearings with fixed shoes
- Thrust bearings with Pivoted shoes
* Bearings for combined Axial and Radial loads.

JOURNAL BEARING:

It is one, which forms the sleeve around the shaft and supports a bearing at right angles to
the axis of the bearing. The portion of the shaft resting on the sleeve is called the journal,
Example of journal bearings are- Solid bearing , Bushed bearing and Pedestal bearing.

Solid bearing:

A cylindrical hole forired in a cast iron machine meriber to receive, the shaft which
makes a running fit is the simplest type of solid journal bearing. Its rectangular base plate has.
two holes drilled in it for bolting down the bearing in jts position as shown in the figurel.1. An
oil hole is provided at the top to lubricate the bearing. There is no means of adjustment for
wear and the shaft must be intraduced into the bearing endwise. 1t is thereforé used for shafts,
which carry light loads and rotate at moderate speeds.
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Bushed bearing:

It consists of mainly two parts, the cast iron block and bush; the bush is made of soft
material such as brass, bronze or gunmetal. The bush is pressed inside the bore in the cast iron
block and is prevented from rotating or sliding by means of grub- screw as shown if the figure
1.2, When the bush gets worn out it can be easily replaced. Elongated holes in the base are
provided for lateral adjustment.

Pedestal bearing:

It is also called Plummer block. Figure 1.3 shows half sectional front view of the
Plummer block. It consists of cast iron pedestal, phosphor bronze hushes or steps made in two




halves and cast ir!on cap. A cap by means of two square headed bolts holds the halves of thé
steps together. The steps are provided with collars on either side in order to prevent its axial
movement. The snug in the bottom step, which fits into the corresponding hole in the body,
prevents the ‘rota’éion of the steps alonig with the shaft. This type. of bearing can be placed any
where along the s%zaft length.

|

Fig 1.3 : Pedestal Bearing

Thrust bearing:

Itis used to guide or support the shaft, which is subjected to a load along the axis of the
shaft. Since a thrust bearing operates without a clearance between the conjugate parts, an
adequate supply of oil to the rubbing surfaces is extremely important. Bearings designed to
carry heavy thrusﬂloads may be broadly classified in to two groups-

FOOT STEP BEARII;SIG, AND COLLAR BEARING

Footstep bearing: Footstep bearings are used to support the lower end of the vertical
shafts. A s"impie‘-f&rm of such bearing is shown in fig 1.4. It consists of cast iron Bloek into which
a-gunmetal bush i"'iiﬁtted. The bush Is prevented from rotating by the snug provided at its neck.
The shaft rests-on @ concave hardened stéel disc. This disc is prevénted from rotating alohg with
the shaft by means of pin provided at the bottom.

\ - ; ‘

| Fig:1.4 Foot step Bearing




Collar bearing:

The simple type of thrust bearing for horizontal shafts consists of one or more collars
cut integral with the shaft as shown in fig.1.5. These collars engage with corresponding bearing
surfaces in the thrust block. This type of bearing is used if the load would be too great for a step .
bearing, or if a thrust must be taken at some distance from the end of the shaft. Such bearings
may be oiled by reservoirs at the top of the bearings.

Collars

Qilhole

7

— e M Thrust

Block
Single collar bearing Multi collar bearing
Fig.1.5 Collar bearings

Thrust bearings of fixed inclination pad and pivoted pad variety are shown in figure 1.6a &
b. These are used for carrying axial loads as shown in the diagram. These bearings operate
on hydrodynamic principle.

Fig.1.6a Fixed-incline-pads thrust bearing  Fig.1.6b Pivoted-pads thrust bearing

Rolling contact bearings:

The bearings in which the rolling elements are included are referred to as rolling contact
bearings. Since the rolling friction is very less compared to the sliding friction, such bearings are
known as anti friction bearings.




Ball bearings:

It consists of an inner ring which is mounted on the shaft and an outer ring which is carried
by the housing. The inner ring is grooved on the outer surface called inner race and the outer
ring is grooved on,its inner surface called outer race. in between the inner and outer race there
are numiber of stegl balls. A cage pressed steel completes the assembly and prevides the means
of equally spacing and holding the balls in place as shown in the figure 1.7. Radial ball bearings
are used to carry mainly radial loads, but they can also carry axial loads.

Cylindrical roller bearings

The simplest form of a ¢ylindrical roller bearing is shown in fig 1.8. It consists of an
inner race, an outer race, and set of roller with a retainer. Due to the line contact between
the roller and the raceways, the roller bearing can carry heavy radial loads.

Tapered roller bearings:

In tapered roller bearings shown in the fig. 1.9, the rollers and the races are all
truncated cones having a common apex on the shaft centre to assure true rolling contact. The
tapered roller bearing can carry heavy radial and axial loads. Such bearings are mounted in
pairs so that the two bearings are opposing each other’s thrust.

1.2.2 ADVANTAGES OF SLIDING CONTACT BEARINGS:

» They can be operated at high speeds.
e ‘They can carry heavy radial loads.
& |They have the ability to withstand shock and vibration lfoads.
= |Noiseless operation.
Disadvantages: !

s High friction losses during staring.
s More length of the bearing.
s Excessive consumption of the lubricant and high maintenance.

1.2:3 ADVANTAG$~S ROLLING CONTACT BEARINGS:
s Low starting and less running friction.
& It can.carry both radjal as'well as thrust loads.
« Momentary over loads can be carried without failure.
e Shaft alignment is moreaccurate than in the sliding bearings.
Disadvantagesf:
Mare rjoisy at high speeds.
Low resistance to shock loads.
High initial cost.
Finite life due to eventual failure by fatigue

B e



1.3 SOLID FRICTION

1. Resistance force for sliding

s Static coefficient of friction

& Kinetic coefficient of friction
2. Causes

* Surface roughness (asperities)

¢ Adhesjon (bonding between dissimilar materials)
3. Factors influencing friction

* Sliding friction depends onthe normal force and frictional

coefficient, independent of the sliding speed and contact area

4, Effect of Friction

* Frictional heat (burns out the bearings)

= Wear (loss of material due-to cutting action of opposing métion)
5. Engineerscontrol friction

* Increase friction when needed (using rougher surfaces)

¢ Reduce friction when not needed (lubrication)

The coefficients of friction for different material combinations under different
conditions are given in table 1.1.

TABLE1.1
COEFFICIENTS OF FRICTION
Material T
Pertectly cloan matals In Selzure > 5
vacuum
Clean mefals in'air 0.8z
Clean metals In wet alr 0515
Steet on dry bearing metals 0,185
(2.9, fead, bronze)
Steel on ceramics 0.1-0.8
Caramics on ceramics 0.05-0.5
{6.g. carbldes on-carhides)
| Polymers on polymars 0.05-1.0
Metals.and ceramics on 0.04-8.8
polymers
| {PE, PTEE. PVC)
Boundary lubtication of 0.05.0.2
metals -
High-temperalure lubricants 0.05:0:2
{MoS3, graphite)
| Hydrodynamic lubrication 0.001-0.005




1.4 LUBRICATION:

Prevention of'metal to metal contact by means of an intervening layer of fluid or fluid like
material. |

Types of sliding lubrication:

* Sliding with Fluid film lubrication.

e Slidingwith Boundary lubrication.

& Sliding with Extreme boundary lubrication.
s Sliding with clean surfaces.

i
1.4.1 HYDRODYNAMIC / THICK FILM LUBRICATION / FLUID FILM LUBRICATION
I

Metal to Metal contact is prevented, This is shown in figure 1.10, Friction in the
bearing is due to oil film friction only.Viscosity of the lubricant plays a vital role in the power
loss, temperature fise & flow through of the lubricant through the bearing.The principle
operation is the Hydrodynamic theory.This lubrication can exist under moderately loaded
bearings running at sufficiently high speeds.

| phkm

Fig.1.10 Thick Film Lubrication
[
1.4.2 BOUDARY l.li}BR[CATION {THIN FILM LUBRICATION})

During startmg and stopping, when the velocity is too low, the oil film is not capable of
supporting the load. There will be metal to metal contact at some spotsas shown in figure 1.11.
Boundary lubncation exists also in a bearing if the load becomes too high or if the viscosity of
the lubricant is too low. Mechanical and chemical properties of the bearing surfaces and the
lubricants play a vital role.

Fig.1.11 Boundary Lubrication




Oiliness of lubricant becomes an important property in boundary lubrication. Anti oxidants and
Anti-corrosives are added to lubricants to improve their performance. Additives are added to
improve the viscosity index of the lubricants.

Oiliness Agents
s Increase the ol film’s resistance to rupture, usually made from oils of animals or

vegetables.

¢ The molecules of these diliness agents have strong affinity for petroleum oil and for
metal surfaces that are not easily dislodged.

+ Oiliness and lubricity {another term for oiliness), not related to viscosity, manifest itself
under boundary lubrication; reduce friction by preventing the oll film breakdown.

Anti-Wear Agents

Mild EP additives protect against ‘wear under moderate loads for boundary
lubrications Anti-wear agents react chemically with the metal to form a protective
coating that reduces friction, also called as anti-scuff additives.

1.4.3 Extreme boundary lubrication

Under certain conditions of temperature and load, the boundary film breaks leading to
direct metal to metal contact as shown if figure 1.12. Seizure of the metallic surfaces and
destruction of one or both surfaces begins. Strong intermolecular forces at the point of contact
results in tearing of metallic particles. “Plowing” of softer surfaces by surface irregularities of
the harder surfaces. Bearing material properties become significant. Proper bearinig materials
should be selected.

Fig.1.12 Extreme Boundary Lubrication

Extreme-Pressure Agents

Scoring and pitting of metal surfaces might occur as a result of this case, seizure is the
primarily concern. Additives are derivatives of sulphur, phosphorous, or chlorine. These
additives prevent the welding of mating surfaces under extreme loads and temperatures.




Stick-Slip Lubrication

A special case of boundary lubrication when a slow or reciprocating action exists. This
action is destructive to the full fluid film. Additives are added to prevent this phenomenon
causing more drag force when the part is in motion relative to static friction. This prevents
jumping ahead phenomenori.

]
1.4.4 Solid film lubrication
When bearings must be operated at extreme ‘temperatures, a solid film lubricant such
as graphite or molybdenum di-sulphide must be used because the ordinary mineral oils are not
satisfactory at elevated temperatures. Much research is currently being carried out in an effort
to'find composite bearing materials with low wear rates as well as.small frictional coefficients.

1.4.5. Hydrostatic lubrication

Hydrostatic Ic}bricatian is obtained by introducing the lubficant, which is sometimes air or
water, into the ie‘ad~bearing area at a pressure high enough ‘to separate the surfaces with a
relatively thick film of lubricant. So, unlike hydrodynamic lubrication, this kind of lubrication
does not require motion of one surface relative to another. Useful in designing bearings where
the velocities are small or zero and where the frictional resistance is to be an absolute
minimum;

1.4.6 Elasto Hydrodynamlc lubrication
Elasto-hydrodynamxc {ubrication is the phenomenon that occurs when a lubricant is
introduced between surfaces that are in rolling contact, such as mating gears or rolling
bearings. The mathematlcal explanation requires the Herizian theory of contact stress and fluid
mechanics. i

1.5 Newton’s Law of Viscous Flow

In Fig. 1.13 let a plate A be moving with a velocity U/ on a film of lubricant of thickness A.
Imagine the film to be composed of a series of horizontal layers and the force F causing these
layers to deform d’r slide on one another just like a deck of cards. The layers: in contact with the
moving plate are gssumed to have a velocity U; those in contact with the statienary surface are
assumed. to have ia zero velocity. Intermediate layers have velocities that depend upon their
distances y fronithe stationary surface.

Newton'’s viscous effect states that the shear stress in the fluidis proportional fo the rate of
change of veiocttwwnth respect to y.
Thus l

T=F/A=Z{du/dy).




Fig.1.13 Viscous flow

where Z is the constant of proportionality and defines absolute viscosity, also called dynamic
viscosity. The derivative du/dy is the rate of change of velocity with distance and may be called
the rate of shear; or the velocity gradient. The viscosity Z is thus a measure of the internal
frictional resistance of the fluid.

Far most lubricating fluids, the rate of shear is constant, and du/dy = U/h. Fluids exhibiting this
characteristic are known as a Newtonian fluids.

Therefore t=F/A=Z (U/h).

The absolute viscosity is measured by the pascal-second (Pa - s} in 5i; this is the same as a
Newton-second per-square meter.

The poise is the cgs unit of dynamic or absolute viscosity, and its unit is the dyne second per
square centimeter {dyn - s/em2]. It has been customary to use the centipoises (cP) in analysis,
because its value is more convenient. The conversion from cgs units to SI units is as follows:

Z(Pa-s)= (10)> 2 (cP)
Kinematic Viscosity is the ratio of the absolute Viscosity to the density of the lubricant.
L=2fp

The ASTM standard method for determining viscosity uses an instrument called the Saybolt
Universal Viscosimeter. The. method consists of measuring the time in seconds for 60 mL of
lubricant at a specified temperature to run through a tube 17.6 micron in diameter and 12.25
mm long. The vesult is called the kinematic viscosity, and in the past




the unit of the square centimeter per second has been used. One square centimetre per
second is defined as a stoke.

The kinematic viscosity based upon seconds Saybolt, also called Saybolt Universal viscosity
(SUV) in seconds, is given by:

Zk = {0.22t ~180/t)

where Zy is in centistokes {cSt) and t is the number of seconds Saybolt.

1.6 Viscosity -Temperature relation

Viscous resnstance of lubricating oil is due to intermolecular forces. As the temperature

increases; the oil expands and the molecules move further apart decreasing the intermolecular
forces. Therefore- the viscosity of the lubricating oil decreases with temperature as shownin the
figure.1.14. It speed increases, the oil’s temperature increases and viscosity drops, thus making
it better suited for the new condition. An oil with high viscosity creates higher temperature and
this in turn reduces viscosity. This, however, generates an equilibrium condition that is not
optimum, Thus, selection of the correct viscosity oil for the bearings is essential.
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Fig.1.14 Viscosity temperature relationship

Viscosity index of a lubricating oil

Viscosity Index {V.I) is value representing the degree for which the oil viscosity changes
with tem'pera{ureg. If this variation is small with temperature, the oil is. said to have a high
viscosity index. The oil is compared with two standard oils, one having a V.I. of 100 and the
other Zero. A viscosity Inidex of 90 indicates that the oil with this value thins out less rapidly
than an oil with V.I. of 50.




1.7 Types of lubricants

s Vegetable or Animal oils like Castor oll, Rapeseed oil; palm oil, Olive il etc.
» Animal oils like lard oil, tallow oil, whale oil, etc.
s Mineral oils-petroleum based- Paraffinic and Naphthenic based oils

Properties of lubricants

Availability in wide range of viscosities.

High Viscosity index.

Should be Chemically stable with bearing material at all temperatures encountered.
Oil should have sufficient specific heat to cariy away heat without abnormal rise in
temperature.

® Reasonable cost.

. o 0 @

Selection Guide for Lubricants

The viscosity of lubricating oil is decisively for the right thickness of the lubricating film
(approx. 3-30um} under consideration of the type of lubricant supply

Low sliding speed High Viscosity
High sliding speed Low viscosity
High bearing clearance High Viscosity
High load { Bearing pressures) Higher Viscesity

1.8 Bearing materials

Relative softness (to absorb foreign particles), reasonable strength, machinability {to
maintain tolerances), lubricity, temperature and corrosion resistance, and in some cases,
porosity (to absorb lubricant) are some of the important properties for a bearing material.

A bearing element should be less than one-third as hard as the material running against
it irorder to provide embedability of abrasive particles.

A bearing material should have high compression strength to withstand high pressures
without distortion and should have good fatigue strength to avoid failure due to pitting. e.g. in
Connecting rod bearings, Crank shaft bearings, etc. A bearing material should have
conformability. Soft bearing material has conformability. Slight misalignments of bearings can
be self-correcting if plastic flow occurs easily in the bearing metal. Clearly there is a
compromise between load-bearing ability and conformability.

In bearings operating at high temperatures, possibility of oxidation of lubricating oils
leading to formation of corrosive acids is there. The bearing material should be corrosion
resistant. Bearing material should have easy availability and low cost. The bearing material




should be soft to allow the dirt particles to get embedded in the bearing lining and avoid
furthertrouble. This property is known as Embeddability.

Different Bearing Materials

« Babbitt or White metal - usually used as a lining of about 0.5mm thick honded
to bronze, steel or castiron.

Lead based & Tin based Babbitt’s are available.

Excellent conformability and embeddability

Goad corrosion resistance.

Poor fatigue strength

. Coppef' Based alloys - most common alloys are copper tin, copper lead, phosphor
bronze: harder and stronger than white metal: can be used un-backed as a solid
bearing.

. Alummum based alloys - running properties not as good as copper based alloys but
cheaper‘

Ptfe suitable in very light applications

Smtered bronze - Sinteted bronze is a porous material which can be
lmpregnated with oil, graphite or Ptfe. Not suitable for heavily loaded
applications but useful where lubrication is inconvenient.

* Nylon - similar to Ptfe but slightly harder; used only in very light applications.

Triple-layer composite bearing material ‘consists of 3 bonded layers: steel backing, sintered
porous tin bronze interlayer and anti-wear surface as shown in figure 1.15. High load capacities
and low friction ra‘tes, and are oil free and anti-wear.
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Fig.1.15 Tri-metal Bearing
i
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If oil supply fails, frictional heating will rapidly increase the bearing temperature, normally lead
to metal-to-metal contact and eventual seizure. Soft bearing material (low melting point} will
be able to shear and may also melt locally. Protects the journal from severe surface damage,
and helps to avsid component breakages (sudden locking of mating surfaces).




1.8 Petroff’s Equation for lightly Loaded Bearings

The phenomenon of bearing friction was first explained by Petroff on the assumption
that the shaft is concentric. This can happen when the radial load acting on the bearing is zero
or very small, speed of the journal is very high and the viscosity of the lubricant is very high.
Under these conditions, the eccentricity of the bearing (the offset between journal center and
bearing center) is very small and the bearing could be treated as a concentric bearing as shown
in figure 1.16

Sectim 44"

Fig.1.16 Concentric Bearing

Let us now consider a shaft rotating in a guide bearing. It is assumed that the bearing carries a
very small load, that ‘the clearance space is completely filled with oil, and that leakage is
negligible {Fig. 7.16). Let the radius of the shaft be r, and the length of the bearing by /.

If the shaft rotates at N’ rev/s, then its surface velocity is U = 2rtr N'. Since the shearing stress in
the lubricant is equal to the velocity gradient times the viscosity,

t=ZU/h=2rmN'2/c

where the radial clearance ¢ has been substituted for the distance h.

F= Frictional force=t A= (2nrN'Z/c) (2rwrl)= (4n2r’iZN'[c)

Frictional torque= Fr = ( 4r2r’IZN' fc )

The coefficient of friction in a bearing is'the ratio of the frictional force F to the Radial load W
on the bearing. T =F/W={4n2’1ZN' fcW }

The unit bearing pressure in a bearing is given by p= W/2rL= Load/ Projected Area of the
Bearing. Oor W= 2prL

Substituting this in equation for f and simplifying

>




f=2n? (2N /p) (r/c)

This is the Petroff’s equation for the coefficient of Friction in Lightly Loaded bearings.

Example on lightly loaded bearings

E1. A full journal bearing has:the following specifications:

¢ Journal Diameter:46 mm

¢ Bearing length: 66 mm

+ Radial clearance to radius ratio: 0.0015

* speed;: 2800 r/min

= Radial/load: 820 N.

. VlSCOSlty of the lubricant at the operating temperature:8.4 cP
Considering the bearmg asa hghtly loaded bearing, Determine (a} the friction torque (b)
Coefficient of fnction under given operating canditions and (c) power loss in the bearing.

|
|
Solution: '

Since the bearing is assumed to be a lightly loaded bearing, Petroff’s equation for the
coéfficient of frlctmn can be used.

l’ =21 (ZN'/p) (r/c)
N= 2800/50=46.66 tj/sec.

' 7=84cP=84x10° Pasec
| T=46/2=23mm=0023m

{
}

P=w/2rL= 820/ 2X0.023X0.066= 270092 Pa.

Substituting all these values in the equation for f,f=0.019
=Frictional terdue: Frictional force x Radius of the Journal

= {fWir

= (0.019 x 820 x.0.023

=0.358 N-m

=0.358 x46.66/ 1000
= 0.016 kW




1.10 HYDRODYNMIC JOURNAL BEARINGS
Concept

The film pressure is created by the moving surface itself pulling the lubricant into a
wedge-shaped zone at a velocity sufficiently high o create the pressure necessary to separate
the surfaces against the load on the bearing.

One type occurs when the rate of shear across. the oil film is a constant value and the
line representing the velocity distribution is a straight line. In the other type the velocity
distribution is represented by a curved line, so that the rate of shear in different layers across
the oil film is different. The first type takes place in the case of two parallel surfaces having a
relative motion parallel to each other as shown in Fig.1.19.

N

-y BY *
A B
oz o T
y
Fig. 1.19 Velocity profiles in a parallel-surface slider bearing.

There is no pressure developmenit in thisfilth. This film cannot support an external Load.
The second type of velocity distribution -across the oil film occurs if pressure exists in the film.
This pressure may be developed because of the change of volume between the surfaces so that
a lubricant is squeezed out from between the surfaces.and the viscous resistance of flow builds
up the pressure in the film as shown in Fig 1.20 or the pressure may be developed by other
means that do not depend upon the motion of the surfaces or it may develop due to the
combination of factors. What is important to note here is'the fact that pressure in the oil film is

always present if the velocity drstnbution across the oil film Is represented by a curved line
- Filtn pressure

distribution

L Stchonary

Fig.1.20 Flow between two parallel surface




Plate AB is stationary while A’ B’ is moving perpendicular to AB.
Note that the velocity distribution is Curvilinear. This is a pressure induced flow.
This film can support an External load.

Hydrodynamic film formation

Consider now the case of two non parallel planes in which one is stationary while the:
other is in motion with a constant velocity in the diréction shown in Fig 1.21. Now consider the
flow of lubricant through the rectangular areas in section AA” and BB’ having a width equal to
unity in a direction perpendicular to the paper.

The volume of the lubricant that the surface A’B’ tends to carry into the space between
the surfaces AB and A’B" through section AA’ during unit time is AC'A’. The volume of the
lubricant that thisl surface tends to discharge from space through section BB’ during the same
period of time is BD’B’. Because the distance AA’ is greater than BB’ the volume AC'A’ is greater
than volume BC'B’ by a volume AEC'. Assuming that the fluid is incompressible and that there is
no flow in the d;rectlon perpendicular to the motion, the actual volume of oil carried into the
space must be equat to the discharge from this space. Therefore the excess volume of oil i
carried into these space is squeezed out through the section AA’ and BB’ producing a constatnt
pressture — induced flow through these sections.

L
T 1 038 1 B 2 D

Fig.1.22 Resultant Velocity Distribution




The actual velocity distribution in section AA” and BB’ is the result of the combined flow
of lubricant due to viscous drag and due to pressure —induced flow. The resultant velocity
distributions across these sections are as shown in Fig 1.22.

The curve A’'NB’ shows the general character of the pressure distribution in the oil film
and the line LM shows the mean pressure in the oil film. Because of the pressure developed in
the oil film the, plane A'B’ is able to support the vertical load W applied to this plane,
preventing metal to metal contact between the surfaces AB and A'B’. This load is equal to the
product of projected area of the surface AB and mean pressure in the oil film.

Conditions to form hydrodynamic lubrication

‘There must be a wedge-shaped space hetween two relative moving plates;

There must, be a relative sliding velocity between two plates, and the lubricant must flow from
big entrance to small exit in the direction of the moving plate;

The lubricant should have sufficient viséosity, and the supply of the lubricant is abundant.

Formation of oil film in a Journal bearing

Imagine a journal bearing with a downward load on the shaft that i$ initially at rest and
then brought up to operating speed. At rest {ar at slow shaft speeds), the journal will contact
the lower face of the bearing as shown in the figure 1.23. This condition is known as boundary
lubrication and considerable wear can ‘occur. As shaft speed increases, oil dragged around by
the shaft penetrates the gap between the shaft and the bearing so that the shaft begins to
“float” on a film of oil. This is the transition region and is known as thin-film lubrication. The
journal may occasionally contact the bearing particularly when shock radial Joad occur.
Moderate wear may occur at these times. At high speed, the oil film thickness increases until
there comes a point where the jourhal does not contact the bearing at all. This is known as
thick film lubrication and no wear acturs because there is no contact between the journal and

the bearing.
The various stages of formation of a hydrodynamic film is shown in figure1.23.

o] {5}
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Pressure distribution around an idealised journal bearing

A typical pressure distribution around the journal in a hydrodynamic bearing is as shown in
the Fig. 1.24..

Fig.1.24 Bearing pressure distribution in a journal bearing

Typical oil groove:patterns

A o = -

|
|

Some typical groove patterns are shown in the above figure. In general, the lubricant may be
brought in from the end of the bushing, through the shaft, or through the bushing. The flow
may be intermittent or continuous. The preferred practice is to bring the oil in at the center of
the bushing so that it will flow out both énds, thus increasing the flow and cooling action.

1.13 Thermal asg;:acts of bearing design

Heat is generatedl in the bearing due to the viscosity of the oil. The frictional heat is converted
into heat, which increases the temperature of the lubricant. Some of the lubricant that enters
!

|
|



the bearing emerges as a side flow, which carries away some of the heat. The balance of the
lubricant flows through the load-bearing zone and carries away the balance of the heat
generated. In determining the viscosity to be used we shall employ a temperature that is the
average of the inlet and outlet temperatures, or

Tav={Ti+T }/2

where= {71+ T) is the inlet temperature and Tis the temperature rise of the lubricant from inlet
to outlet. The viscosity used in the analysis must correspond to Tay.

Self contained bearings:

These bearings are called selfcontained bearings because the lubricant sump is within the
bearing housing and the lubticant is cooled within the Housing. These bearings. are described as
pillow-block or pedestal bearings. They find use on fans, blowers, pumps, and motors, for
example. Integral to design considerations for these bearings is dissipating heat from the
bearing housing to the surroundings at the same rate that enthalpy is being generated within
the fluid film.

Heat dissipated based on the prajected area of the bearing:

Heat dissipated from the bearing, J/S  Hp= CA {tg-ta)

Where C= Heat dissipation coefficient from data hand book

Another formula to determine the heat dissipated from the
bearing Hp= Id {T+18)*/ K3 .

Where Ks= 0.2674x 10° for bearings of heavy construction and well ventilated = 0.4743x10°
for bearings of light construction in still air air

T=t-ta

Where,

ts = Bearing surface temperature

ta =Ambient temperatire

48 , =
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For good perform%xnce thye following factors should be censidered.
Surface finish of the shaft (journal): This should be a fine ground finish and preferably lapped.

Surface hardness of the shaft: It is recommended that the shaft be made of steel containing at
least 0.35-0.45% c]arbon. For heavy duty applications shaft should be hardened.

Grade of the lubricant: In general, the higher the viscosity of the Iubricant the longer the life.
However the higher the viscosity the greater the friction, so high viscosity lubricants should
orily be used wzth;htgh loads. In high load applications, bearing life may be extended by cutting
a grease groove into the bearing so grease can be pumped-in-to the groove.

Heat dissipation: ‘Friction generates heat and causes rise in temperature of the bearing and
lubricant. In turn, this causes a reduction in the viscosity of the Jubricating ol and could resuit in
higher wear. Therefore the housing should be- designed with heat dissipation in mind. For
example, a bearing mounted in a Bakelite housing will not dissipate heat as readily as one
mounted in an aluminium housing.

Shock loads: Because of their oil-cushioned operation, sliding bearings are capable of operating
successfully undet conditions of moderate radial shock loads. However excessive prolonged
radial shock loads are likely to increase metal to metal contact and reduce bearing life. Large
out of balance forces in rotating members will also reduce bearing life.

Clearance: The bearmgs are usually a light press-fit ih the housing. A shouldered tool is usually
used in arbour press. There should be a running cleararice between the journal and the bush. A
general rule of thumb s to use a clearance of 1/1000 of the diameter of the journal.

Length to diameter ratio(l/d ratio): A good rule of thumb is that the ratio should lie in the
range 0.5-1.5. If the ratio is too small, the bearing pressure will be too high and it will be
difficult to retain !ubncant and to prevent side leakage. If the ratio is too high, the friction will
be high and the assembfy misalignment could cause metal to metal contact.

Examples on journal bearing design
Example EI;
Following data are given for a 3602 hydrodynamic bearing;

Radial load=3.2 kN
iicumal speed= 1490 r.p.m,
dou rnal diameter=50 mm
Bearmg length=50mm
Radtal clearance=0.05 mm
V:scosuty of the Jubricant= 25 cP

Assuming that the total heat generated in the bearingis carried by the total oil flow in
the bearing, calculate:

s Power lost in friction;

* The coefficient of friction;

s  Minimum oilfilm thickness

s Flow requirement iri 1/min; and

»  Temperature rise.
Solution:

|
!
|
1
I




P= W/Ld = 3.2x1000/ (50x50) =1.28 MPa.= 1.28x10°
Pa Sommerfeld number = S= (ZN'/p} (r_/c)'2

r/c=25/0.0.05 = 500
Z= 25 ¢P = 25x107 Pa.sec
= 1490/60= 24.833 r/sec: Substituting the above values, we get
$=0.121
ForS=0.121 & L/d=1,
Friction variable from the graph= (r/c) f= 3.22
Minimum film thickness variable= h, /c =0.4
Flow variable= Q/rcN 1= 4.33

f=13.22x0.05/25= 0.0064

Frictional torque= T= fWr = 0.0064%3200x 0.025.
=0.512 N-m

Power loss in the Bearing= 2t N T/ 1000 kW
= 0.080 kW

hs =0.4x0.05=0.02 mm

Q/f ¢ N' L= 4.33 from which we
get, Q= 6720.5 fnrn® /'sec.

Ex2
~ Determination of dimensionless variables is shown in‘the following figures.
Assumme that all the heat generated due to friction is carried away by
the lubricating oil.
Heat generated = 80 watt=mGC,T
where:
m= mass flow rate of lubricating oil= pQ in kg/sec
Cp= Specific heat of the oil= 1760 J/kg °C
T=temperature rise of the oil
p= 860x10° kg/mm®
Substituting the above values,
T=7.9¢C
The Average temperature of the oil=T; +T/2 = 27+ <7.9/2:=30.85 2C
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Example E2:

A 50 mm diameter hardened and ground steel journal rotates at 1440 r/min in a lathe
turned bronze bushing which is 50 mm long. For hydrodynamic lubrication, the
minimum oil film thickness should be five times the sum of surface roughness of
journal bearing. The data about machining methods are given below:

Machining method surface Roughness(c.l.a)
Shaft grinding 1.6 micron
Bearing  ‘turning/boring 0.8 micron

The class of fit is H8d8 and the viscosity of the lubricant is 18 cP. Determine the
maximum radial load that the journal can carry and still operate under hydrodynamic
conditions.

Solution:

Min. film thickness = h,=5 [ 0.8+1.6] = 12 micran=0.012
mm For H8 d8 fit, referring to table of tolerances,
@50 H8 = Min. hole limit = 50.000 mm
Max. hole limit = 50.039 mm
Mean hole diameter= 50,0195 mim
@ 50 d8 = Max. shaft size = 50- 0.080= 49.920
mm Min. shaft size = 50- 0.119= 49.881 mm
Mean shaft diameter= 49.9005 mm.
Assuming that the process tolerance i$ centered,
Diametral clearence= 50.0195- 49.9005= 0.118 mm
Radial clearence= 0.119/2= 0.0595 mm

hy /c = 0.012/0.0595=0.2
L/d =50/50=1
From the graph, Sommerfeld number= 0.045

S=(zZN'/p) (r/c)* =0.045

r/c=25/0.0595=420.19

Z= 18 cP=18x10" Pa:sec

N'= 1440/60= 24 r/sec

From the above equation, Bearing pressure can be calculated.
p=1.71x10° Pa=1.71 MPa.

The load that the bearing can carry:
W= pld =1.71x 50x 50= 4275 N




l

Example E3:

The followingidata are given for a full hydrodynamic journal bearing:
Radial load=25kN
Journal speed=900 r/min.
{Unit bearing pressure= 2.5 MPa
{1/d) ratio=1:1
Viscosity of the lubricant=20cP
Class of fit=H7e7
Calculate: 1.Dimensions of bearing
2. l\;ﬂin'imum film thicknessand
3. Reguirement of oil flow

Solution: |

N =900/60=15r/sec
P=W/Ld l

2.5= 25000/L4=25000/d 2
As L=d. ‘

d= 100 mm &L=100 mm

For H7 e7 fit, ?eferting* to table of tolerances,
@100 H7 = Min. holelimit = 100.000 mm
Max hole limit =100.035 mm
Mean hole dlameter- 100.0175 mm
@ 100 e7 =i Max. shaft size = 1060~ 0.072= 99.928
mir Min. shaft size = 100- 0.107=
| 99.893 mm
Mean shaft diameter= 99.9105 mm
Assuming that the process tolerance is centered,
Diametral clearence= 100-0175- 99.9105= 0.107 mm
Radial clearence= 0.107/2= 0.0525mm

Assume r/c= 1000 for general bearing applications.
C= r/1000—50/1000 0.05 mm.

ZT 20 cP= 20x10 Pa.sec

N'=15rfsec | ,

P=2.5 MPa= 3.5 x10° Pa

S={ZN'/p) (r/c)z =0.12

For Lfd=1 & 5:—-0; 12, Minimum Film thickness variable= hg fc=04
ho = 0.4x 0.05=.0.02 mm




Example E4:

A journal bearing has to support a load of 6000N at a speed of 450 r/min. The
diameter of the journal is 100 mm and the length is 150mm.The temperature of the
bearing surface is limited to 50 C and the ambient temperature is 32 °C. Select a
suitable oil to suit the above conditions.

Solution:

N'= 450/60 =7.5 r/sec, W=6000 N, L=150mm, d=100
mm, t4=322C, tg =502C.
Assume that all the heat generated is dissipated by the bearing,

Use the Mckee’s Equation for the determination of coefficient of friction.
f=Coefficient of friction= K, { ZN'/p) (r/c) 10730 &

p= W/ld= 6000/ 100x150 = 0.4 MPa.
K. =0.195x 10° for a full bearing
f=0.002

rfc= 1000 assumed

U=2nrN' = 2x3 14x 50x7.5= 2335 mm/sac~ 2.335 m/sec.
f=0.195x% 10° x(Z*7 5/04)x1000x10 +0.002
f=0.3657+0.002

Heat generated= f *W*U.
Heat generated= (0.365Z+ 0.002)x6000x2.335

Heat dissipated from a bearing surface is given by:

Hg= Id (T+18}Z/ K3

Where K= 0.2674x 10%for bearmgs of heavy construction and well
ventilated = 0.4743x10° for bearings of light construction in
still air air

T=15-t) =50-32=182C

Hp = 150x100{ 18-!-'18)2 / 0.2674x10° =727 Watt

Hp = Hg for a self contained bearing.

72.7 =(0.365Z+ O.GOZ)'XGOOOXZ.33S
Z=0.0087 Pa.Sec.

Relation between pil temp, Amb. temp, & Bearing surface temperature is
given by tg — ta= % (fo- ta)
to = oil temperature= 68 2C
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Select SAE 10 Oil for this application
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Introduction

As the name implies, the infernal combustion engines (briefly written as L. C. engines) are those engines in which
the combustion of fuel takes place inside the engine cylinder. The 1.C. engines use either petrol or diesel as their fuel. In
peiw‘l engines (also called spark ignition engines or S.I engines), the correct proportion of air and petrol is mixed
in the carburettor and fed fo engine cylinder where it is ignited by means of a spark produced at the spark plug. In

digsel engines (also called compression ignition engines or C.I engines), only air is supplied to the engine cylinder
during suction siroke and it

ittis compressed fo a very high pressure, thereby raising its temperature from 600°C to
1000°C. The desired.quantity of fuel (diesel) isnowinjected into theengine cylinder in the form ofa very fine spray and
gets ignited when comes in contact with the hot air. The operating cyele of an 1.C. engine may he completed
githerbv the two strokes or'fonr strokes of the
‘piston. This, an engine which regquires two strokes of the pistou OF ohe cumple'(e revolution of the
crankshaft to complete the cycle, is known as two stroke engine. An engine which requires four
strokes of the pxston or twgo completerevolutions of the crankshaft to complete the cycle, is known as
four stroke engine. .
The two stroke petroi engines are gerierally employed in very light vehicles such as seooters,
motor cycles.and three wheelers, The two stroke-diesel engines are generally.employed in marine
propulswm

“The four stroke: petml engines arg generallyemployed in light vehicles such as ears, jeeps.and

.dlsainaeroplanes. The fourstroké.diessl engines are genetally efployed iii heaty duly vehieles such
a8 buses; tricks, tiactors, ,dxesel Tocomotivé and in the earth mévig machinery.

Principal Parts of an Engine
Tﬁe pﬁn‘oipal ‘parts o‘fan 1€ eng’iné,;as 'shown m Fig. 33’2‘ 1areas fell’ows :

rods wzth small and big: en& beanng, 4 Crank crankshaft ﬂnd crank pm and A Va]ve gear xi{e;:ﬁamsm.
‘The design of the above meritioned prmmpal patts are discussed, in detail, in the following
pages.
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Cylinder and Cyimder Liner

The function of acylmdel is toretain the working fluid and to guide the piston. The cylinders:
are usually madenfcast itonor caststeel, Sincethecylinder has to Wlthstandhxvhtemperamre dueto
the combnstion of fuel; rhefc:fone _sopie arrangemernt must be provxded td cool the éylinder, The

single cylindér engines {sﬁch asscooters and motorcyeles) are generally aircooled. Theéy areprovided
with ‘fing aroind the: ayh:

ider: The multi-cylinder‘engines {(such as of ¢ars) are providéd with watst
Jackets around the eylinders to.cool it. I smaller engines. the cylindet, water jacket and the frame.are

made 5 one PIECE, buit for all the larger engines, these parts are manufactiired separately, The: cylinders

are provided with cyimder liners so that in case of wear, they can besasily replaced, The cylinder-
liners are.of the foliawm% two types

1. Dryliner and 2. Wet liiier.



T

.

{a) Dry liner. {5) Wet liner.
Dry and wet Iiner,
A cylinder liner which ddes nof have any direct contact with theé engine cooling water, is knowrt

R % Water B
i juckets

Wet liner

as dry liner, as shown in Fig. (@). Acylinder liner which have its outer surface in direct contact
with the engine cdoling water, is known as wet lingr, as shown inTFig. ).

The cylinder liners are made from-good quality close grained cast iron (i.e. pearlitic cast iron),
nickel eastiron, nickel chromiurm cast iron. In séme cases, nickel chromium cast siéel with miolybdenum.
may be used. The inner surface of the liner should be properly heat-treated in order to obiain a hard
surface to reduce wear:

Design of a Cylinder

In designing a ¢ylinderfor an 1. C. engine; it is réquired to determiné the following values :

L. Thickness of the eylinder wall. TheCylinderwall is subjécted to.gas pressire and the piston
side thrust. The gas pressure produces fhe followingtwo types of stresses :

(&) Longitudinal stress, and (5} Circumferential stress.

Since these two stressess act gt right angles to each other, thereforé; the net stress in €ach
direction is reduced, )

The piston side thrust tends to'bend the cylinder wall, but the:stress in the wall due to side thrust
isvery small and hence it may beneglected.

Let Dy = Ouitside diameter of the cylinder in mm,
D = Tnside diameter of the ¢ylinder in-mm,
p = Maxinium pressure inside the engine.cylinderin N/mm?,
t = Thickness of the c)zﬁnder wall in mm,and
1/m = Poisson’s ratio, It is usually taken as 0.23.
The apparent Tohgitudinal'stress is given by
T s - i
o = FO“]:CB _ *4—)( D* K i . D2 .p
LT Atea

T o oz (DE—1 2
‘Z-KDQ‘ Yo pry D) -0
and the apparent circumferential'stresss is given by

o, =Torce Dxlxp Dxp
¢ Area KR 2t
-.. (Where [isthi lengthi of the cylinder and avéa is the piojecied ared)

.. Net longitndinal siress = @ ’--n'—?

T . G
and net ¢ircumferential stress =g, ~ ;;2’—

The thickness of‘a cylinder wall (t)xs tisually obtained By using a thin cylindrical formula,i.e.,
XD

f= A C
2o, ,
where. p = Maximum préessuré-inside the cylindér i N/min?,

D = Inside diameter of the cylinder orcylifider bore. ia ifim,
@, = Pérmissible circuniférential bt hodp stress:for the cylinder material
in MPa or N/mm®. Its. value may be taken fiom 35 MPa to
100 MPa dependifig upo the size and material of the cylinder.
C = Allowarce for réboring.
The allowance for reboring (C ) depending upor the cylinder bore (D) for I C. éngines is given
in the following table:
Table 32.1. Allowance for reboring for 1. C. engine cylinders.

350: | S00- | 380 | 400 | 450+ | 500
8.0 9.5 e | 125 125 | 125

Clmimy. | 15 |24 | 40 | &3

o




The thickness of the cylinder wall usually varies from 4.3 mm to 25 mm or more depending
upon the size of the cylinder. The thickness of the cylinder wall () may also be obtainéd from the
following empirical relation, Le,

£ =0045 0 +1.6 mm
The 6ther empirical relations ave as follows
Thickness of the dry liner
=003 D1 0.035D
Thickness of the water jacket wall
= (0.032 D + 1.6 mm or ¢/3 m for bigger cylinders and 3¢ /4 for
smallercylinders
Water space between the outer cylinder-wall and inner jacket wall
= 10 mm fora 75 mm cylinder to.75 mm for a 750 mm cylinder
or 6.08 D+ 6.5 mim

2. Boreand length of the cylinder: The bore (i-¢. intier diameter) and length of the. cylinder may
be determined as dxscussed below :

Let 7, = Indicated niean effective préssure-in N/mim?,
D = Cylinder bore in mim,
‘ A = Cross-sectional area of the cylinder ik fim?,
i = D4
1 1 = Lengthi of stroke in mres,

N = Speed of the engine in rp.m.,and
n = Number of weorking strokes per min
= N, for two stroke engine
= Ny2, for four stroke engine. \
We:know that the power produced inside the éngine cylinde, e indicated power,
! LP. &%‘M watts.
Fronithis expressmn, the bore.(D)-and length of stroke )15 détermined. The Iength of strokeds
generally takenas, LZS Dito2P;

Since there i 1s a clearance on botlrsides of the- cylinder, therefore length of the.cylinderisiaken
as 15 percent g nreaterthzm the’length of stroke: In other words,
Length ofmecyhnder, = 1.15.% Length of stroke=T1.15 £
Noteys (g) Ifthe power developed itfhe crankshaft, i.¢. brake power (B. &) and the mechanical- <ificiency (nm)
of the engine is Lnown, then
; BP.
L BEE,
(53 The mamﬁum gas pressure { ) may be taken as 9 to 10:times thesmean effectivespressure (| P
3. Cylimder, ﬂange and studs. The cylinders are cast mtegral with the-upper half of the crank-
case grithey ate attached to the: crankcase by means-of 2 flange with: studs or holts and nuts, The
Cylinider flange is: mtegral with thecylinder aifd should be made thicker than the'Cylinder wall. The.
ﬂange thickness'shonld be taken as 1.2 #to 14 t, where ris the thickness of cylinder wall.

The ch,ameter of the'siudsor bolts may be: obtamed by equan% the kgns lgad direte: lhe muximitm

T 2
ZXD".p

where ‘ D = Cylinder bere in mm,
‘ P = Maximum pressuré in N/mm?,,
i, =Numberof studs. It may be taken ds 0.01 D +4 to 0.02 D'+ 4
z'!e = Core or minor diameter, -L&. diaméter at the root of thethréad in
mm,
= Allowable tensile stress:for the material of studsor bolts inMPaor
N/mim?, It may be takén as 35 to 70 MPa.
Tlie nominal or iajor didrieter of the stud or bolt (2 )} usually lies between 0.75 ¢, to f, where
xs the. thickness of flange. In no case, a stisd or bolt less than 16 mm diameter should’be used.
The distance of the flange from the centie of the hole for the stud orbolt should netbe legsithan
d + 6 mm and not more than 1.5, where is the nominal diameter ofthe stud or bolt,
norder to tiakéaledk proof joint, the pitch of theStuds or bolts shonld lie between 194 ‘to
28.5 J:i: whefe.d llsm mm.

o T ST
g X Z(de) G;




4. Cylinder head. Usually, a separate cylinder head or cover is provided with most 6f thé engines.
It is, usually, made of box type section of considerable depth to accommodate ports for air and gas
passages, inlet valve, exhaust valve and spark plug (in case of petrol engines) or atomiser at the centre
of the cover (in case of diesel engines).

The cylinder head may be approximately taken as a flat eircular plate whose thickness (f, ) may
be determined fromi the following relation :

L, = D CLP
h o,

where D = Cylinder bore in mm,
P = Magimum pressure inside the cylinder in N/mm?,

6, = Allowable circimfereritial stréss in MPa or N/mm?. It hay be taken
as 30 to 50 MPa, and
C = Constant whose value is taken as 0.1.

The studs or bolts are screwed up tightly alengwith a metal gasket or asbestos packing to provide

a leak proof joint between the cylinder and cylinder head. The tightness of the joint alse depends

upon the piich of the bolts or stiids, which should lie between 19./7 to 28.5./7. The piich circle

dlljmneter (D)is usually taken as I + 3d. The studs or bolts are designed in the same way as discussed
above.




Example 32.L A four stroke diesel engine has the following specifications :
Brdke power = 3%W ; Speed= 1200 rp.in. ; Indicated méan effective pressure = 0.35 N/ mm? ;
Mechanical efficiency = 80 %.
Determine : 1.bore and length.of the cylinder; 2. thickness of the cylinder head ; and 3. size of
studs forthe cylinder head.
Selatien. Given: B.P. = 5kW = 5000 W; N = 1200 r.p.m. or n = N/2 = 600 ;
2, =033 N/ 2,:1‘}“~80./b =08
L. Bare and iezzgtlz af cylinder
Let D = Bore of the cylinder in mm,

A = Cross-sectiorial arenof thé gylinder = %x*D? mm>
{ = Length of the stroKe in m. A
= 1.5 Dthm= 1.5.D/ 1000 {Assume)
We knoW, that fhis indicafed power, LP = B.P. /11, =35000/0.8 =6250'W
We also kuow that the indicated power-(1.P),
P-ltin  033xL5DxmD? % 600

= 4~12 X ]0:’3‘ D3

{ 6250 = “"5 601000 X4
f _ S : {3 Forfodr siokegngine, » = N/2)
| D = 6250 /412 x 103 = 1517 3 10° or. D = 115 mm Ans.
and | 1=15P=15%115=172.5 mm
5 Taking a ¢learance on both sides of the cylinder equal to 15% of thesstroke, therefore length of
the:cylinder, L =1.151=1.15x 172:5 = 198 say 200 mm Ans.

% Thickness of the gylinder hea
Since the magirmum pressure ) in the engiie cylinder is taken ds 9 to 10 times the mean
effective pressureé (', ), theréfore Iet us take
p =97, = 9% 035 =3.15N/thin?
We:know that ﬂm:knens ofthe cyclmder hedd,

. [0.1%315 -
|~43 =996 say 10 mm Ans.

| .(Takiig € =0,1 and ., =42 MPg = 42 Nfmm?)
3. Sizef stndsfaﬁﬂw eylinder head
Let = d = -Nominal digmeter of the stud in mm,
.. = Core diameter of the stud in mm, I¢is usually takenas 0:84 4,
&, = Tensile stress for the matégial of the stud which iy tisually nickel

RSO

steel.
= Number of studs,
We know fhd% xhjcer_ceacting onthe: cyﬁnder head {or on the studs)
‘ = Zx Dxp=7 T 015315 =32702 N D

The number ofsmds (n, ) aruusually taken between 0.01 D+ 4 {ie. 0.01 %115 +4=5.15) and
0020+ 4 (e 00’)x 115«—1-4 -6.3). Letus-take n,= 6,
We knowt. tha? resistinig foree affered byall the studs

= nX —-.f_d'ls}‘ o, =6 xu— 2 0.84d)% 65 =216 42N AT
j ~{Taking o= 65 MPa =865 Nlmm:)'
From equations (i and (@), #% = 32 702/216= 151 6r d= 123 §ay 14 fam
The pitch circle ghameter of he studs: CD yistaken D +3d
o ‘ .p = 1Ii+3x14~-‘137mm
‘Weknow {hat pitch of the studs ~ _ “ XD, _EXI5T 829 mm
1J T o 6
WeKXnow that for aleak-proofjoiit, the:pitth of the stods should liebetween 19\/3 ta 28»5\/2 )
where d isitlie npmindl iameter-of the stud.
e I
& Midimum-pitichof thestods = = 19Jd = 19414 =71.1 mm

and m:mmumpxtc of the studs = 28.5Vd =28.5:/14 =106.6mm
Since the;: pm,h of the studs obtained abdve (7.2 82.2 mm) ligs within 71.1 mm.and 106.6 mm,
therefare, size of the: stud () calculated abave is satisfactory.

b a4 =14 mmAns:

|

A
l




Piston

The piston is a disc which reciprocates within a cylinder. It is either moved by the fluid or it
moves the Auid which enters the cylinder. The main function of the piston of an internal combustion
engine is to receive the impulse from the expanding gas and to transmit the energy to the crankshaft
through the connecting rod. The piston must also disperse a large amount of heat from the combustion
chamber to the cylinder walls.

Piston head
or crown
ﬁ r 7 r
b, ,f/ ‘ {_ Ribs g//,y Grooves for
sﬁj gi l »}7 / o ‘/ compression rings

7 /j f/”/ﬁ‘ - Groove for

% . % ."  | ' - P,;Zf;n ,//// ail control ring
. ///’ ) % ?;/ M/ Piston barfel

Skirt 7 ‘ /erchp Pil_s{qn
-~ ' —.—-——-.-mw-'iz--—a-v—rd-—vglﬂ'- EO - o o) -
j UL 7 Wéﬁ
7 %
: 44
Z P
v ¥ : % 3

Piston £61:1 & Bnﬂhé@*(Tnmk‘type}

‘The piston of ifiternial tonibustion engings ar eusuaHy of trunk type-as shown in Fig. 32.3. Such
pistons are"open at one end and consists of the following patts :

1. Head or crows. The piston héad of crowi may be flat, convex or ¢oncave dépending upon
thedesign of combustion chamber. Tt withstands the. pressure af g in the cylinder.

Z. Pision rings. The piston m:_;gs are used to seal the eyliner in orderto preyent Teakage of the
gas past the piston.

3. Skirt. The skirt acts as a bearing for the side thrust of the connecting red on the walls of
cylindér.

4. Pistonr pin. It is also ealled gudgeon pin or wrist pin. Itis used to connect the piston.to the
connecting rod.

Design Considerations for ¢ Piston

In designing a piston for 1.C. engine, the following points should be taken into consideration :

1. Itshould have enormous-strength to withstand the high gas pressure and inertia Yorces.

2. Ttshould have minfmum mass 1o niinimise the inertia forces.

3. Irshould forni‘an effective gas dnd vil sealing of the cylindet.

4. Ttshould provide sufficient bearing aréa to prévent nrdue wear.

5. Itshould disprese the heat:of combustion quickly to the cylinder walls.

6. Trshould have high speed reciprocation without noise,

7. Itshould beof sufficient rigid constructicn to withistand thermal and méchanical distortion.

8. Itshould have sufficient support for the piston pin.

Material for Pistons
The most commonly used materials for pistons of I.C. engines are cast iron, cast aluminium,
forged aluminium, cast steel and forged steel: Thé cast iron pistons are used for moderately rated
engines with piston speeds below 6 m / s and dluminiom alloy pistons are used for highly rated en-

gines running at higher piston sppeds. It may be noted that




1. Since the ¥coefficient of thermal expansion for aluminiwm is about 2.5 times that of cast iron,
therefore, a greater clearance must be provided between the piston and the cylinder wall {than with
cast iron piston) in order to prevent siezing of the piston when engine-runs continuously under heavy
10ads. But if excessive cléarance is allowed, then the piston will develop ‘piston slap® while itis cold
and this tendency] increases with wear. The less clearance between the piston and the cylinder wall
will lead to siezing of piston.

2. Since the aluminium alloys used for pistons have high **heat conductivity (nearly four
times that of cast iron), therefore, these pistons ensure high rate of heat transfer and thus keeps
dowri the maximuri temperature differénce between the centré and edges of the piston head or
crown.

Nﬁtes. {ﬁ) F{)r a cast xron mston. the temperamze Bt tha cemre m" the pfston head (TL) is about 425"(1 Io 450°C

(b) Eor alummmm allny pistons;, T is.about 260°C L ’990"(2 and T s about 18‘5°C pie] 215°C.

3. Since the aluminium alleys -are: about ***{liree times. lighter than cast iron, therfore, it§
mechamcalstren“thxs good:atlow temperatures, but they lose their: strength (about.50%) at temperatures
dhove' 825°C. Sometxmes the pistons 6f aluminium, allogs are coated with-aluminiym oxide by an
eledirical iethod:

32.8 Piston Hedd or Crown
The piston head orcrown is designed keeping in view the following two main censiderations;, ive,
1. Tt should baveadequate strength towithstand the straining action dueto pressure of explosion
inside they eugme*cy]mder and
z. It shouiidxsmpate the heat of combusnon to ﬂle cyhnder walls as qmckly as possible.

aaaaa

by, u'eanngit ds, a: :ﬂat cxcular plite of uqurm thm’kness, ﬁxed at the outex edg aes zmd sublc_cied o
uniformly disiibuted load due to the gas pressure pver the éntire: cross-séction.
The'thickiiess of the.piston head (i), atcording to Grashoff's formula is given by

B

where p = Maximum zas pressure;orexplosion pressure in Nimm?,
l D = Cylinderhore er outside diameter of the piston in mm, and
i o, = Permigsible bending (fensile) stress For the material of the pmon in
MPa oermm Tvmay betaken as 35 to40MPa for prey castiron,
! 50.16:90. MPa for nickel.east iton dnd aluminivm alldéy-and 60 ta
| 100 MPa for, forged: steel.

Onthebasisief sécond considerationsof heat transfer, the thickiiess of the-piston head should be
such that the-heatabsorbed by thepiston due-combustion of fudlis quickly transferred o the cylinder
walls. Treatm« the pistori head #is-a. flat cmcular ‘plate,its thickmess 18 gwen by

i by = 12~~§‘67c"(~’1§’: ~T) - {in mim) wel}

! 4 ’Ihecoefhuentofthermal expansiom for aluminium is0:24 % [0- ny £“Cand forcast iren it is 01 X 10-8m ¢ T
s The heat: t;nnd\'xclwny for alunsiniim is 174,75 W/im/°C and forcast fren itds 46,6 Wim #C,
1% The density of|aluminiurn is'2700'kg /o and for cast irontit is 7200 kg / .

where H = Heat flowing thiotigh the piston hedd i kJ/5 or watts;

k =Heat.conductivity factor in W/m/°C, Its valueis 46:6 W/m/°C for
grey cast ion, 51.25 W/m/°C for stéel and 17475 Whn/°C for
atuminium alloys.

T =Temperture at the centre of the piston head in °C,.and

T, = Temperature 4t the edges of the piston head in °C.

‘The tempetature differenice (T— T;;) may b takenas 220°C for castiron and 75°C fordlumininm.

The heat flowing through the positon head (/) may be deternined by the followingexpression, i..,

H =X HCV X% B.P. (it kW)

where {C = Constantrepresenting that portion ofthe heat supplied ta theengine
which is absorbed by thepiston. Its value is usudlly taken

HCV = Hﬁzsherocalonﬁc value of the fuel in kl/kg. It may be taken as

45 5 10% kJ/kg for diesel and 47% 103 KI/ kg forpetrol,
mr = Massof the fuel used in'kg per brake power per second, and
B.P. = Brake powerof thic éngife per tylinder




Notes : 1. The thickness of the piston head (t,5) is calculated by using equations {f) and {#) and larger of the two
values obtained should be adopted.

2. When £, is 6 mm or less, then noribs are required to strengthen the piston head against gas loads. Bur
when £ is greater then 6 mm, then a suitable number af ribs at the centre line of the boss extending around the
skirt should be provided to distribute the side thrust from the connecting rod and thus to prevent distortion of the
skirt. The thickness of the ribs may be takes a5 £;/ 3 to £,/ 2.

3. For engines having length of siroke 1o Sylinder bore (£./ D) ratio upid 1.3, a cup s provided in the fop
of the piston head with a radios equal t6 0.7 D. This is done i0 provide a-spnce for combustion ehamber.

32.9 Piston Rings

The piston rings are used (o impart the necessary radial pressure‘to maintain the seal betweenr
the piston and the cylinderboré. These are nsunlly made of gréy castiron or alloy tast iron becauseof
their good wearing properties-and alsé they retain spring characteristics-even at high temiperatures.
The piston ritigs are of the following two fypes :

1. Compression rings or pressure rings, and 2. Ofl control rings or oil scraper

The compression rings or pressure rifgs are inserted in the grooves at.thé top portion of the
Ppiston dnd may be thiee 16 seven in number. These rings also transfer heat from the piston to the
cylinder liner arid absorb some part of the:piston fluctuation due 1o the side thrust,

_The oil control rings or oil scrapers are provided below the ,cpmgressxpn rings. Th‘ese; Tings
pmv’ide proper‘lnbricqti’on to the lfner by al]owmg snfﬂciennoﬁ tomove:up Eimmgnpwm d strdke ’and

'''''

ef th_a 011 tmhﬁ combustmn chamber

“The compression rings are usually made of rectarigular eross-section and the diameter of the
ring is slightly larger than the: cyhnde;. bore. Apart of theringis cut- off in orderto pemumrto gointo
the:cylinder against the linerwall, The disgonal cut orstep cut ends, as'shown inFig. 32.4 (@) and (b}
réspectively, may be used. The gap between the énds should be sufficiently large when the ting 1s put
‘¢old:so thateven at the'hiighest femperature, thé'ends 46 not touch each ctheér wiien the ring éxpands,
otherwise there might be buckling of thé ring;

e DiAICEET

{b) Stepcut.

(@) Diagonal cut.

“The radial thickness (t Jofthering niay be obtamed by cansxdenngthe ratial pressure between
the cylinder wall and the ring. From bending stress consideration in the ring, the radial thickness is
givenby

~whiere D = -Cyﬁndér borein mm,
B, =Pressure of gason the cylinder wall in N/mn?, Tts value is limited
froar 0,025 N/mm%1o/0/042 N/mm?, and
g, Allwwable bending (tensﬂe) stress in MPa. Ity value may be taken
from 85 MPa 10,110 MPa for cast iron rings.

The axial thickness (z, ) of the rings may be taken as 0,7 £, 10 ;.

The minimum sxial thicknes (f,) may also be-obtained from the following empirical relation:
1, = 07 wheére  mg = Numbér of rings.

The width of the:top land (i.e. the distance from the top of the piston to the fitst #ing groove) is
made larger than otherring lands to protect the top.ring, from high temperature conditions existing at
the mp of thep:sian

. Widthoftopland, &, =#,fol21,

The width of other ring; lands (i.e. the distance between the ring grogves) in the piston may be
made equal to-or slighily 1ess than fhe axial thickness of the ring (tz)

= Width of other ring lands, b; =075t 10 1,

The depth of the ring grooves should be more than the depth of the ring so that the ring doesnot
take any piston side thiust.

The gap between the free:ends of the ting is given by 3.5 t, to 4 #,. The gap, when the ring is in
the cylinder; should be 0.002 D to 0.004 D.




32.10 Pision Barrel

Itis a cylindrical portion of the piston. The maxinium thickness (£,) of the piston barrel may be
obtained from the following empirical relation :
i £ =003D+b +45mm

b = Radial depth of piston ring &roove which is taken as 0.4 mm Jarger
than the radial thickness of the piston ring (7,)
=1, + 0.4 min
Thus; the:above rélation may be written as
£, =0.03 D+, +49mm
Thie piston wall thickness 7, towards the-open end is decreased and should be taken a5 0.25 1,
10035 &,

32,11 Piston Skiri

The portion of the piston belowthe ring section isknown.as piston skirt. In acts-asa bearing for
the sidé thrust of the conitecting rod. The length of the piston skirt should be such fhat the bearing
pressure on‘the pxbton bairel dug 1o the side thrust does nof exceed 0,25 N/mm? of the projeéted-area
for low speed-engines and 0.5 N/mm? for high speed engines. It may be noted thaf the maximum
thrust will be dunny the expansion'stroke. Thiessidethrust {R) on thecylinder lneris usually. taken as
1/10 6fthe maximumi gas load on the pistori.

where

‘We know that maximum gas load of the piston,
i nD'

=~ Maximumyside thrust oy ﬂsg:cylm@eg

i 2 .
R=PI0= Blp x“‘% e
where i P =Maximuim gas préssuzé S i Nffnm2, and

D = Cylinderbore in .
The side- thmsi (Ryis also given by
R = Bearing pressure:xProjected.bearing area: ‘of the piston skirt
=Py EeS D % l

where: , I = Lengthof the piston skirt inmm. e

1

Fromequations () and {i), the Iéngihi of the-piston skirt (Jy is-determinéd. Inactual practice; the
length of the plsﬁm skirt is taken as 0,65 t0.0.8 times thescylinder bore. Now the total length of the
piston Lis gweu by

L. = Length of skirt + Léngth of ring section + Top land

’Ihelengthcfthe piston usually varies ‘between D and 1.5 D, Itmay benoted that 2 onger plston
provxdes better bearing surfacg for qmemlmnntr oftheengine, butitshould not;be made unnecessarily
Tong 4% 4t will increase its own mass and thus the ineértia
forees. I,
32.12 Piston|Pin

“Phe piston/pin (also called gudgeon pin or wrist pin) // T / / //f’} ,
is used to connect the piston and the connecting rod. It is. ,
usually madehollow and tapered on the inside; the sma]lest Fig 32 ~P13"DH PID o
inside:diamerer b]emv atthe centre of thepim, as shown in Fig.32:5. The piston pin passesﬂquugh the
bosses provided on the inside of the plston skirand the bush ofithe small end of the connecting Tod.
The cerifre: ofpastou pin should:be: 0.02 D 6 0.04 Drabovethe ceniré of the skirt, in order {6, off-set
the'turning effect of the friction dnd to obtain uniform distribution of pressure between the pistonand
the. cy]mderlmer

The materi!al used for the pistor pin 1§ usually éase hardened steel dlloy containing:wickel,
chrémiuth, molyrdenum or vanadium having fensile strength from 710.MPd o' 910 MPa.

szton

Circlip




The connection between the piston pin and the small end of the connecting rod may be made
either full floating itype or semi-floating type. In the full floating type, the piston pin is free to turn
both in the *piston bosses and the bush of the small end of the connecting rod. The end movements of
the piston pin should be secured by means of spring circlips, as shown in Fig. 32.6, in order to prevent
the pin from touching and scoring the cylinder liner.

In the semi-floating type, the piston pin is either free to turn in the piston hosses and rigidly
secured to the small end of the connecting rod, or it is free to turn in the bush of the small end of
the connecting rod and is rigidly secured in the piston bosses by means of a screw, as shown in
Fig. 32.7

The piston pin should be designed for the maximum gas load or the inertia force of the piston,
whichever is larger. The bearing area of the piston pin should be about equally divided between the
piston pin bosses and the connecting rod bushing. Thus, the length of the pin in the connecting rod
bushing will be about 0.45 of the cylinder bore or-piston diameter (D), allowing for the end clearance
of the pin etc. The outside diameter of the piston pin (4,) is determined by equating the load on the
piston due to gas pressure (p) and the lead on the piston pin due to bearing pressure ( Dy, ) at the small
end of the connecting rod bushing.

Locking Small erid of Locking screw
screwy connecting rod Piston pin
e __ Pisten pin ol 7
L Ll LI LALLM LN L PENLIS: %
.

LLL LA

.

|
i |

(&) Piston pin secured tothe boss
... ofthepiston.
3 \ g type piston pin.
Let d, = Outside diameter of the piston pin in mm
I, = Length of the piston pin i the bugh of thé small end of the connecting
- rod in mm. Tts valug is usually taken as 0.45 D.
Py, = Bearing pres§ure at the small end of the connedting rod bushing in
N/mm?. Its value for the bronze bushing may be taken as 25 N/mm?.
‘We know that load on the piston dueto gds pressure or gas load

w D2 .
= - Xp ~AL)
R D)
and load on the piston pin due to bearing pressure or bearing load
= Bearing pressure X Bearing area=p,, X d, X [, ... (i)

From equations (£} and (i}, the outside diameter of the piston pin (d;) may be obtained.

pistons, where d, is the outside diameter of the piston pin. The piston bosses are usually tapered, increasing

- The mean diameter of the piston bosses is madé 1.4 d; for cast iron pistons and 1.5 dy for alumimiom )
the diameter towards the piston wall.




The piston pin may be checked in bending by assuming the gas load to be uniformly distributed
over the length [, with supports at the centre of
the bosses at the two ends From Fig. 32.8, we
find that the length between the supports,

D é ll + D Aqs\nnu\mx\\\\&m 5
[ = ll 5 5 EESE EECID R ET T EIE I T E TS
= " Piston o4 Ly
Now maximum bending moment at the pin A n @ a} ’g
centre of the pin, I y y & “
P 1 P_L 1 2 R
M= =% 2 —~|—x Lx 1
2 2 iy 27 4
{
_P L B b
272 274
N
P({L+D- _ P Il
T202x2 27 4

P.L  PD | L _PD
g8 8 8 8

()

We have already discu_]sseci that the piston pin is made hollow. Let 4, and 4. be the outside and
inside diameters of the piston pin. We know that the section modulus,

()" —(dy)
Z = 32[ ) dg ]

We know that maxxmum bending moment,

e (dy) — (&)
M=o m[ R
where 65, = Allowable bending stress for the material of the piston pin. It is
P usually taken as. 84 MPa for case hardened carbon steel and
140 MPa for heat treated alloy steel.
Assuming d, = 0.6 d, the-induced bending stress in the piston pin may be checked.




Example 32.2. Design a cast iron piston for asingle acting four stroke engine for the following
data:

Cylinder bore = 100 mm ; Srmke 125 mm ; Maximum gas pressure = 5 Nfmm? ; Indicated
mean effective pressure = 0.75 N/mt s Mechanical efficiency = 80% ; Fuel consumption =0.15 kg
perbrike power per hour ; Higher ca?org}‘” i value of fiuel = 42 % 10° kifkg ; Speed = 2000 ipam.

Any other data required for the design may be assumed,

Solution, Given: D= 100 mm ; L = 125 mm = 0.125 m ; p = 5 N/mm® ; p,_ = 0.75 N/mnr?;
N =80% =08;m=015ks /BP/h=417x 10%kg /BP/s; HCV =42 x 1P ki / kg
N=72000 .p.m.

The dimensions for various components of the pistan.ate determined as follows :

1. Piston head or crown

The thickness of the piston he:id or crown is determined on the basis of strength as well as on the

basis of heat dissipation and the larger of-the two values 1s adopted.

'We know that the thickness of pisior head dn the basis of strength,

[3p.D%  [3x5000
“\16c, | 16%38
«{Tiking O for cdst iron = 38 MPi-= 38 N/mii?)

=157 say 16 mm

Since the.engine is a four stroke engine, therefore, the number of working strokes per minute,
= N 2=72000 /2 = 1000
and €ross-sectionfl drea bf the cylindes;
L _mD? w00y e
A= 1 = i = 7855 m
We know-that indicated power,

PuLAn 0.75% 0,125 x 7855 x1000

Jb‘

iP = T &0 =12 270 W
= 1227 kW
~. Brakepower, BP =P X 1, =1227%08=98kW wle Ny, = BPLIP)

We know that the heat flowing thrgugh. thepiston head,
H=CxHCVxmxBP
=005%42 x 10° x41.7% 1§ x 98 =086 kW= 860 W

.~ Thickness of the piston head on the basis of heat dissipation, - (Teking € =0.05)

H 860.
B = 1256k(T - Tn)  12.56% 46.6 %220
(= For cagt Irdn , k= 46.6 W/m/°C, and I~ T =230°C)
Taking the larger of the two values, we shill adopr t; = 16 mm Ams.
Since the ratio of L/ D is 1.25, therefore a:cup in the top of the piston head with a radins-equal
to 0.7 D (i.e. 70 mm) is provided.
2. Radial ribs
Theradial ribs May be-four in number. The thickness of the ribs varies from /310 1,42,
-+ Thickness of theribs, #; = 16/310 16 /2 =533 {0'8 mmn
Lérus adopr 7y =7 mn1 Ans.
3. Piston rings
Lerusassume thattherezare total fourrings (f.e, #,=4) out of which threg are.compression rings
and orie is.dn bil rmg
'We know thatthe radial thickness.of'the/piston-rings,

=0.0067m = 6:7mm

=100,/22 2222 = 3 4 mm
A.,ﬂ»’ahmg;gh_‘j:ﬂé(),% N/min?, and G, =90-MPa)

and axial thickness of the piston rings " "
=071ty =07%34 19 34 mm=238 to. 34 mm

Letus-adopt 7 = 3mm
We also know that the minimum axial thickness.of the pistion ring,
D 00
= 29 95 mm

2= 5, 10%4
Thus the-axial thickness'of the piston ring asalready caleulated (e L=3 mm)i§ satisfactory. Ans.




The distance from the fop of the piston w the first ring groove, i.e. the width of the top land,
by =htol2f;=161012X16mm=161t0192 mm
and width of other ring lands,
b, =0751,10,=0.75%3 10 3mm =225 to 3 mm
Let tis adopt b, = 18 mm; and &, = 2.5 nim Ans:
We know that the gap between the free ends of the ring,
G, =351 tod ;=35 %34 04 %34 mm=119to 13.6 mm
-and the gap when the ring is in the cylinder,
G, =0.002.D 1o 0.004 D = 0.002 X 100 to 0.004 x 100 mm
' =02 10 0.4 mm
Let us adopt G, = 128 mm ; and Gy= 0.3 mm Ans.
4. Piston barrel
Since the radial depth of the piston ring grooves (%) is dbout 0.4 mm more than the radial
thickniss of the piston rings: () therefore, b =1+ 04=34+04= 38 mm
We know' that the maximum thickpess of barrel,
1y = 0.03 Ditb + 4.5 mm =0.03 X 100+ 3.8 +4.5=11.3 mm
and pistony wall thickness towards the operend,
' 1, =025 410035 5=025% 11310035 x11.3=2§103.9 nm

Letus radopt' t; =34 mm
5, Piston skirt |
Let | 7 = Lengthof the skirtin mm.
WWe kuow that the maximum side thrust on’the cylinder due to.gas pressure { p.),
t' R =px "D‘ ¥ p = 0.1% “(12")“ %5 =308 N
A Taking = 013
Wealso kniow that tlie side thfust'due to:bearing pressure.on the piston bmrel ¢ Py
{ R =p; % D) [=045% 100% [ =45.IN _ o '
; . (Taingg p; =045 Ntm?)
From.ghove, we iind that

457 =3928or 1=3928 /45 =87.5 50y'90 i Ans.
- Total Tength of the piston ,
L = Length of the skirf + Lengtli of thé ring sectior + Top land.
. =]+ (41, +3b) + by
=90 + (4 %3+ 3 %3] + 18= 120’52y 130 mmi Ans.
6. Piston pits .

Let ! dy = Ourside diameter of the pinin.mm,
1, =Length ofpiir i the bish 6I'the sitiall end of the conneching fod ifr
i mm..and,
I Py = Bearing, pressure:at thesmall end of the connecting rod bushing in
i " N/iam?. Itvalve for bronzebushing is taken as25 N/mm?.

‘We know. that load on the pin due fo bearing pressure
=Bearing:pressure’s Boding arga = py, % dy % 4,

=25 dzx 045 ¥ 100 = 1125 d; N {Takingl, =045 D)
We also kuow ‘that makinmom load onlhe piston due to,gas pressiuréor maximum, gas Joad
_E D‘ 7 (100)*

Xp =" x5=39275 N
From nbove| we find that
1125 d = 39 275 or d =39 275 f1125= 34.9- sayBSmmAns‘ Sdy = = (6% 35 =21 mm Ans.
The inSide diameter of the-pin {d)) Is:usually taken s 0.6.d,,
Let the piston pin' b madé of heal treated.alloy. Steel for which the bendifig stfess.( &, Jmay be
taken.as T40'MPa! Now let us check fhe induced bending siress in the pin.
We know that- miaximum bending monént at the tentieiof the pin,
. P.DB 39275100
M=—g=""3
We ulso know that maximum. bénding moment (-?1«1-),

AN 4 4.

o o), =491 x 10% /3664 = 134 N/mm? orMPa
Since the mduced bending stress in the pin is less than the permissible value-of 140 MPa (ice.

140, N/xmnz ,ﬁlereﬁxre the dimensions for the pin as: caleplated above {i.e. d =35 mm and d»— 21 mm)
are; sansfaetory

= 491 %107 Nemmt
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Connecling Rod

The comecdngr} rod is the intermediate member betiveen the piston and the crankshaft. Its primary
function is to transmit the push and pull from the piston pin to the crankpin and thus convert the
reciprocatinig motion of the piston inte the rotary mofion of the crank. The usual form of the connecting
rod in internal combustion engines is shown in Fig. 32.9. It consists.of 2 long shank, a small end and a
big end. The cross-section of the shank may be rectangular, circuldr, tubular, I-section or H-séction.
Generally circular.section is used for low speed engines while I-section is preferred for high speed engines.

H,=0.75 Ht0. 0,97

- 2 Bolt

The*length of the connecting rod {,/); depends upon the ratio-of { / ;; where ris the radius of
crank. It may benatechhanhe smaller length will Gecrease theratio I/ #: This increases the angularity
of the.connecting; rod which increases the side thrust of the piston against the eylinder Tiner wh1ch in
tuin incréases the Wear of the liner. The larget length of the éonnecting rod will inciedsé the ratio
11 r: This decreases thc angularity of the connecting rod ‘and thus decreases thesside thrust and the
resulting wear'ef thecyhn‘der But the larger lenigth of the connecting rod inereases the ¢verall height
of the engine, Hence, a compromise ismade and the ratio 1/ ris generally kept as 4 10.5.

The smallend af the connecting rod is usually misde in the:form of an eyeand is provxde& with
2 bush of phosphor b]ronze. Ttis connected to'the piston by mears-of a piston pin,

The big end of the connecting rod is usudlly made split {in two **halves) so that it can be
mounted easily on the crankpin bearing shells. The split cap is fastened to the big-end with two tap
bolts. The bearing: shelfs of the big end are made of steel, brags or bronze with & thin lining (about
0.75 mmy of white m;etal or babbit metal. The wear of thie big end bearma is.dllowedforby inserting
thin metallic strips (known as:shims) about 0,04 mm thick between the cap.and the fixed half of the
conmecting rod. As the wear takes:place, one or more $trips dte rempved and the bearing'is traéd up.

The connectinch:ods areusuaIIy manufac'mrc&by d‘rop ferging process and it shouldhave adequate
mﬂd carbou steels (having 0.35 io O 45 percent carbon) tc alley steels (chrome—mckel OF chmme—
molybdenum steels). Thie carbon steel having 0.35 percent carbon. has an ultimate tensile sirength of
about 650 MPa when | properly heat treated and a,carbon steel with 0.45 percent carbon has a ultimate.
tensile strength of 750 MPa. These steels are tsed for connécting rods ofindustriil engines. The:alloy
steels haye an uitzmhtc tensile strength ‘of about 1050 MPa and are used for connecting rods. of
aerogngines and antc%mobﬂe engines.

The bearings ‘at the two ends of the connecting rod are either splash Iubricated or pressare
lubricated. The big lr:nd bearing is usually splash lubricated while the small .end bearing is pressure
lubricated, In the splash lubrication system, ffie cap.at the big end is provided with a dipper orspout
and set at an angle i m stich a way that when the connectingrod moves downward, the spout will dip
inig the lubricating: il contained i the sump. The oil isforced up the spout and then to'the big énd
bearing. Now* when] the connecting rod moyes upward, a splash. of oil is produced by the spout. This
splashed up lubnczmt find its way info the small end bearing through the widely chamfered holes
provided on the upper surface of the small end.



In the pressure lubricating system, the lubricating oil is fed under pressure to the big end bearing

through the holes drilled in crankshaft, crankwebs and crank pin. From the big end bearing, the oil is fed to
small end bearing through a fine hole drilled in the shank of the connecting rod. In some cases, the small
end bearing is lubricated by the oil scrapped from the walls of the cyinder liner by the vil scraper rings.

Forces Acting on the Conneciing Rod
The various forces acting on the connecting rod are as follows :
i. Force on the piston due to gas pressure and inertia of the reciprocating parts,
2. Force due to inertia of the connecting rod or inertia bending forces,
3. Force due to friction of the piston rings and of the piston, and
4. Force due tofriction of the piston pin bearing and the ctankpin bearing.
'We shall now derive thie expressions for the forces acting on a vertical engine, as discussed bélow.

1. Force on the piston due 1o gas pressure and inertin of reciprocating parts

Consider-a connecting rod PC as shown in Fig. 32.10.

Tﬁ - Piston
.l Piston pin,
Y
T
ol e
S Connectingrod
v &
7
T
P
Top dead IR
ccntrcC[’.DC) G e
7 o Crank pin
Bottomdead ;i -5/
centre,(B.D:C) W
g oneing od]
p =Maximum pressure of gas, .
D =Diameter of piston, . + Acceleration of reciprocating |
A =(ross-section area of piston = I 7 parts =67 - [mse+°°5’°)
. . '.. 3 = ” 4
my = Mass of reciprocating parts,

1
=.d méss of connecting rod,

= Mass of piston, gudgeon pin etc. * %

@ = Angular speed of crank,
¢ = Angle of inclination of the connecting rod with the line of'stroke,.
@ = Angle of inclination of the crank from top dead centre,
» = Radins of crak,
1 = Length of connecting rod, and
n = Ratio of length 0f connécting rod to radius of crank =1/ &
We lazow thiat the force oii the piston due to pressare of gas,
F; =Pressure x Area=p . A =p xn D?/4

and inertiaforce of réciprocating, parts,

F, "= Mass X *Acceleration = n, . @%. r (cnsﬂ + cosze)

It may be noted that theinertia force of rec1pmcatmg parts opposes ; the force on the piston when

it moves during its downward stroke (i. e. when the piston meves from the top dead centre to bottom
dead centre). On the Gther hand, the inertia force of the réciprotating parts helps the force on the
piston-when it:moves from the bottom dead cetitré to top-dead centre.




. Net force acting on the piston or piston pin (or gudgeon pin or wrist pin),
F,, = Force due to gas pressure + Inertia force
=F T F
The —ve sign is used when piston moves from TDC to BDC and +ve sign is used when pisten
moves from BDC to TDLC.
When weight of th‘e reciprocating parts (Wy = n1y - g) is to. be taken into consideration, then
R =RTF W

The force F, gives tise.to a force F. in'the connécting rod and-a thrust Fi; on the; sides of the:
cylinder walls. From Fig. 32.10, we see that force in the connecting rod at any mstant

The force in the conneeting rod will be maximum when the crank and the connecting rod are
perpendicular 16 each other (i.e. when 0= 90°), But at this position, the gas pressuie would be de-
creased considerably. Thus, Jor all practical purposes, theforce in the connecting rod (Fc) is faken
equal fo the maximum force an the piston due to pressure of gas (FL , neglecting piston inertia
effeéts.

2. Force due to men‘zé of the connecting rod or inertia bending forces

Consider a connecting rod PC and a crank OC rotating with uiiiform angular velocity wrad?s.
Inorderto find the acclemnon of various points on the conneeting rod, draw the Klien’s aceeleration
diagram CONO as shawn in Fig. 32.11 {a). CO represents the accelerationof C towards © and NO
répresents theacclemtxon of Ptowards @ The acceleration of other points such as.D; E, Fand Gefe.,
on the connecting edPC may be found by drawing horizontal lines from these pointsto intresect GN
atd, e, f, and g respectively. Nowd0, €0, fO and g0 respresents the acceleration of D, E, F and G.all
towards 0. The inertia force acting on each point will be as follows:

Inertiz qul:cc at C=mxe*» CO
Inertia force at B = m X X dO
Inertia force at E = m X .@*x 0, and so.on.

The inertia forces will be opposite tc: the direction ‘of acceleration or centrifugal forces. The
inerfia forces can be, resoived into two components, one parallel to the connecting rod and the other
perpéndicular fo rod. Thc parallel {or longifiidinal) components adds iip algebraically to the force

i

|



acting on the connecting rod (F,) and produces thrust on the pins. The perpendicular (or transverse)
components produces bending action (also called whipping action) and the stress induced in the
connecting rod is called whipping stress.

It may be noted that the perpendicular components will be maximum, when the crank and
connecting rod are at right anglés to each othér.

The variation of the inertia force on the connecting rod is linear and is like a simply supported
beam of variable loading as shown in Fig. 32.11 () and (¢). Assuming that the connecting rod is of
uniform cross-section and has mass m, kg per unit length, therefore,

Inertia force per unit length at the crankpin

=m X o7
and inertia force per unit Tength at the piston piri
Inertia force due fo.$mall element 6f 1en'g’ﬂl dx-at a distance x fror the piston pin P,

dr, =m, % P X l Xdi
- Resultant inertia force,

.
F = j’n X m@t‘x.’ii&dx-%xmz’f L‘z
= | | XWr: l Rag i l 2‘ A

ml.l m_ .o e ;
= —-é—x Oy = 3 — X W7 -{Substituting m, < I'=m)

This resultant inertia. force acts.at a distance of 21/ 3 from the piston pin P

3 »a v 1 Iy 3 . v
Sincedt has been assumed that 3 1d mass ofthe connecting rod 1s concentrated at piston pin P

(#.¢. small énd of connecting rod)and % rd at the crankpin (i.: big-end of connecting rod), therefore,
the reaction at these two ends will be in the same proportiod. ..

R, = l Fisand R = % Fr

Now the bending moment-acting on the rod at section X — X at a distance x from P
P — ; .~ \.;g ‘G g 2 . x' ; l s §_
My = Rp X x—"m X FXTX 2:!c'x 3

iyl ;vc'3
=——F x———‘—xm PP
L 2 32

-..{Multiplying and'dividing the latter expression by

lex _ JE" _EK{ xs

For maximum bending momnient, dxffexexmate My with rcspect to & and equate-to zero, Le.

dMX —_ . : ;‘ 2 —_

32 1
1--—— =0 or 3 =2 or X =—
> N
Maximum bending moment,
(]
Mmzu = %—% ——%——- .[Erom équation: (}]
Rlt 1 ] lelkg_;;?xﬂx'l
T 31J3 3] 33 3 o3

= DR X OF X e = MR OT e

and the maximum bending stress, due tosinertia of the conecting rod,

e =~

whére 7= :Sgcﬁon: médualus. of triangle multiplied by the distance of C.G. ﬁ-om X X ( ie —%—}

Mo [* B.M. due to variableforce from (a tony m'rxflf) is equal to mcarea |




From above we see that the maximum bending moment varies as the square of speed, therefore,
the bending stress duelg to high speed will be dangerous. 1t may be noted that the maximum axial force
and the maximum bending stress do not occur simultaneously. In an 1.C. engine, the maximum gas
load occurs ¢lose to top dead centre whereas the maximum bending stress occurs when the crank
angle 8=65°to 70° ﬁ{Jm top dead centre. The pressure of gas falls suddenly as the piston moves from
dead centre. Thus the general practice is to design a connecting rod by assuming the force in the
connecting rod (F.) equal to the maximnm force due to pressure (Fy), neglecting piston inertia
effects and then checked for bending stress due to inertia force (i.e. whipping stress).

3. Force due to friction of piston rings and of the piston
The frictional force { F7) of the piston rings may be determined by using the following expression

F =-TCD'tR-.n‘R-PR.p‘
Where D = Cylinder bore,
fp = Axial width of rings,

n, =Number of rings,
p‘k = Pressure of rings (0.025 to 0.04 N/mm?), and
it = Coefficient 6f friction {(about 0.1).
Since the frictional force of the piston rihgs is isually very siall, therefore, it may be
neglected.
~ Thiefriction of the piston is produced by-the nérmal component of the piston préssure which
varies from 3 to 10 percent of thie piston pressure: If the coefficient of friction is about 0.05 to 0206,
then thie fii¢tional force due to piston will be.abiout 0.5 to 0.6 of the piston pressure, whickis very low:
Thus, the frictional foree due to piston is also neglected.
4. Force due o friction of the piston pin bearing and crunkpin bearing
The force due to friction of the piston pin heating and crankpin bearing, is to bend the connecting
rod and tb inerease:the compressive stress on the connecting rod due to the direct 16ad. Thus, the
maximum compressive stress in the connecting rod will be
O far) = Direct compressive stress+ Maximum bending or whipping stress,
due to inertia bending stress

Design of Connecling Rod
In designing a connecting rod, the following dimensions are required to be determined :
1. Dimensions of eross-section of the eonneeting rod,
2.. Dimensions of the crankpinat the big end and the piston pin at the small end,
3. Sizeof bolts for securing the bigend cap, and
4. Thickness -ofithe big end cap:
The procedure-adopted in determining the above mentioned dimensions is discussed as helow :

1. Dimensions of cross-section of the con necting rod

A connéeting rod is-a machine member which issubjected to alternating direct compressivéand
tensile forces. Since the compressive forces are much higher than the tensile forces, therefore, the
cross-section of the c’{oﬁr{é’t‘-‘;ﬁlig rod is designed 4s a strut and the Rankine’s formmla is used.

A connecting rad, as shown, in Fig. 32.12, subjected to-an axial load Wmay buckle with X-axis
s nevtral axis’ (i'¢: injthe plane 6f motion of the:commecting rod) ot Y-axis-as neutral axis (7. in the
plane perpendicular to the plane of motion). The connecting rod s considered like both ends hinged.
for buckling about X-axis and both ends fixed for buckling ahout ¥-axis.

A connecting rad should be equally strong:in buckling about both the axes:

Let A = Cross-sectional area'of the connecting rod,

{ = Length of'the connecting rod,

6, = Compressive yield stiéss,

W, = Buckling.load,
1 _and l;\'.v' = Momenf .qf inerfia of thé section about X-axis dnd Y-axig
7 respectively, and

k and k. = Radius of gyration of the section about X-axis and ¥-axis
" respectively.




According to Rankine’s formula,

oA oA
I 3= i 3 ..{** For both ends hinged, .=

. . oA G..L..A {
and Wy about Y —axis = £ = s Forboth ends fixed, L=

P ; 5]
l1+a (—E-J 1+ a'(mi )
K \ 2k,

where L =Equivdlent length of the connécting rod, and
a = Counstant
=1/7500, for mild steel
=1/ 9000, for wrought iron
=17/ 1600, for cast iron

Wy about X —axis =

30tk ConHEEtig T

In orderto thave a éonne_t‘s,ringfmdctj;u;liyﬁ-s'trong inibucklihg ébﬁut- both theaxes, the buckling
loads must be equal, i.e:

1*‘“4(1‘] 1+a( t ] i s

\Kie,

=4k, or I=4I, wlrr F=A )

Thisshows thatthe connectingrodis fourtimes ~ Flange
strong in buckling about Y-axis than about X-axis. If r L _
L, >4 1, then buckling will occur sbout F-axisand Zé%////%
il <41, buckling will occur about X-axis. In - El
actudl practice, I iskept slightly less than 4L It x-— % =X gosp
is usually-taken between3 and 3.5 and the connecting ~ Web 7 P

rod isdesigned for bucking about X-axis. The desien ’Wf/////ﬁ p l

will dlways be satisfactory for bucklirig about Y-axis. L_ :
Y
B

™

_ The most suitable section for. the connecting
rod s F-section with the proportions as shown in
Fig. 32.13 (o).
Lét thickness of the flange and web-of the
‘section:=¢
Width of the section, B=41t
and depth or height-of the section,
H=35t
From Fig, 32.13 (@), we find that area of the section,
A=20@rxD+3rxe=114
Moment'of ineitia of thé section about X-axis,

IFi s end  aeaed] 419 4
L= qgldren’ -3 6 [=

and momentof inertia of the, section about ¥-axis,

I o=|extixcan? + Ly i | =Bl
I = [Zx lz_.zx (4t)" + lz‘(ﬁt)-t ].- 13 1




(d} Design of right k?ml crank web
The right hand crank web is subjected to the follewing stresses:
(i} Bending strésses in two planes normal fo each other, due to the radial and tangential
components of F,
(#} Direct compressive stress due to Fy, and
{itiy “Torsional stress.
The bending moment due to the radial component of Fi is given hy,

oLty N
My = Hm( —7_2‘——5) D
Wealsoknow that My =Cpr X Z = Gpp X £ X w.#* . (i)
where. { O = Bending stress in the radial direction, and

. . 1 ,
Z = Section modulus = X w-£*
From equations {Zfand (), the value of bending stress 0, is determined.
The bending moment due.to the tangential component of Fy, is maximum at the juncture of
orank and shaft. Itis givén by

where dy = Shaft dggmeter at juncture of right hand crank arm, i.e. at
| " bearing 2.
'We also know tlhzx M, = Oy XZ =0y % %x 1.9 w2 e (ER).
where ‘ O, = Bending sfréssin tangential direciion.

From equanons {¢iiy and v}, the value of bendmg stréss @y, is determined.
The.direct compressive stress is given by,
% —_— ‘& -

T

the crank |
o ' G,.= GbR'l‘GbT""sz
Now; the thstmg moment on the: arm,

z" g i ,
We know that shear stress on- the arm,

- 1 _ 45T

Zg w.i?
o 7. = Palte sofion it - _owt
where Z = Polar section modulus = 35

~ Maximum or total combined stress,

(ﬁc)max ’

Theévahie of (¢ QV) should b within safe limmits. If it excéeeds the safe value,; then the dimension
w may be increased bccause it does not affect other dimensions.
(¢} Design of left im?frd crank web
Since the lefthand crank web s not stressed tosthe extentas the right hand crank web therefore,
the dimensions for the left hand crank web may be made same as for right hand ¢rank web.
{f} Design of crankshaft bearings
The bearing 2 is the most heavily loaded and should be checked for the safe bearing pressure.
We know that the total reaction af the b’earing 2.

- P H ot S t 2
B=gtgt—a

= Total bearing pressure = 77 fiz where I, = Length of bearing 2.
i e
|



Side or Overhung Crankshaft
The side or overhung crankshafts are used for medium size and large horizontal engines. Its
main advantage is that it requires only two bearings in either the single or two crank construction. The
design procedure for the side or overhung crankshafi is same as that for centre crankshaft. Let us now
design the side crankshaft by considering the two crank positions, i.e. when the crank is at dead centre
(or when the crankshaft is subjected to maximum bending moment) and when the crank is-at an angle
at which the twisting morment is aximum. These.two cases are discussed in detail as below:
1. When the crank is at dead centre. Consider 4 side crankshaft at dead centre with its loads
and distances of their:application, as shown in Fig.

Let D =Piston diamgter or cylinder bore in mm,.
P = Maximum intghsity of pressure on the piston in N/mm?,
W = Weight of the flywheel acting downwards:in N and
T, + T, = Resultant belt tension or pull acfinghorizontally in N.
We know that gas load on the piston,

E, = -’ixzaz‘vx.‘p

Due {o.this piston gaglpad (FP) acting horizontally, there will be:two harizontal reactions:H;and
H, at bearings 1 and 2 respéctively, such that

Fla+h) . _Fxa
¢ wd ByE—me
Dueto the weightof the flywheel (Wyacting dowriwards, there will be twovertical reactions Yl
and V;y at bearings l.and 2-respectively, such that
W bl W,-bz«
b and V T B
Now-due to-the resultant belt tension (T + T,) acting horizontally, there will be two horizontal
reaétions H,’ aude af bearings1-and 2r£:s;pecnve:lyf stich that

r = BBy BB
b b

The various parts:of thie side crankshaft, when the crank is at dead ceitre, are now desigaed as
discussed bélow:
(@) Design of crankpin. The-dimensions of the crankpin are obtained by considering the crank-
pin‘in bearing and then ¢hiecked for bending sfrass.
Let d, = Diameter of the crankpin in fam,
1, =Leéngth of the crankpin in.mm, and
P, =Safe bearing pressure on the pin in N/mm? If may be bstwéen
9.8 to 12.6 N/mm?.

We know that F, =d_..L.p,

.H’-—'




I

From ﬂ‘l.is‘explj(ession, the values of d,and [, may be obtained. Thelength of crankpinis usually
from 0.6 to 1.5 times the diameter of pin. The crankpin is now checked for bending stress. If it
is assumed that the (i:rankpin acts as a cantilever and the load on the crankpin is uniformly distribnted,,

Bxl .
then maximum bending moment will be L ; ., But in actual practice, the bearing pressure

on the crankpin is not uniformly distributed and may, therefore, give a greater value

Eoxl .
P and Fp % 1,. So a mean value of bending momment, Z.¢.

. | .
of bending mement ranging between

%— K X[ may beass“urmd.
. Maximum bending moment at the crankpin,
3 ;
M= v Exl, «. (Neglecting pin collarthickiess)
Section modulus for the crankpin,
_ T 43
. Bending stress induced,
o, =MIZ
This induced bending stress should be within the permissible. limits.
(5} Design of bearings. The bending moment at the centre of the bearing 1 i5given by

M =F, (0151, + £+05 L) D)
where 1, = Length of the crankpin,
l t = Thickness of the-crank web =045 4 o075 dé,garfd

I, = Length of the bearing =154, t02d,,
We-also know that:

. Y "

From equations () and (), the diameter of the.bearing 1 may be-determined.
Note £ The bearing 2 i$ also made of the same diameters The length of thie bearings are found on the basis of
allowable bearing pressures and the maxirmum feficfionsit the beaiings.

() Design of crank web. When the ctankis at dead ¢éiitre; the ctank web. is sibjécted o a
bending moment and to a direct compressive-stress.

Weknow that bending moment:on the crank web,
M =F, (075 1+ 057

. 1 :
and section modulys, Z = =X w. £

i Bendmgﬁtrtl:ss-,; Gy =%

We:also know that direct compressive stress,
" Cd= w.r
- Total siress (!m the crank web,
g = Q}z + o,

This total stress should beless than the permissiblelimits,

{d} Design ofsfzm‘tundertize  flywheek. The total bending moment at the flywheel location will
be, the resultant of horizontal bending moment due to the gas load and belt pull and the vertical
bending momentdue to the flywhicel weight.

Lét d, = Diameter of Shaft under the flywheel.

We know that i}orizo‘n_tal bending moment at the flywheel Tocation due to piston gasTload,

M, = Fyla+by-H b,=H, .Ei

and horizontal bending moment at the flywheel location due to'belt pull,

& +5) boby
b

MHbe

-~ Total honzontal bending mement,.
My =M, +M,



‘We know that vertical bending moment due to flywheel weight,

| Wi b,
MV = Vt.b‘z = VZ‘bl = -—b—'
.. Resultant bending moment,
My = J(Mg)* + (My) @D
We also know that
Mg =33 7@ o Af)

From equations {7} and (##), the diamgter of shaft {d.) may determined.

2. When the crank is at an angle of maximum mvikﬁxgg mnement. Consider a position of the
crank-atan angle-of maximum twisting moinentas shown in Fig. 32.19. We have already discussed in
the design of a centre crankshaft that the thrust in the connecting rod (qu gives riseto the tangential
force {Fy) and the radial force (Fp)-

o o
P T

Um

Due to the: tarigential ﬁ)rge ( ther& wﬂl be two reactions at the hearmgs 1 and 2, such that

- b _ B
Due'to the radial force (Fp), there will be iwd reactmns dt the bearings I and 2, sich that
, R@+b, . . - faxa
Hy = —7—=5 and Hpy= ==

The reactions at the bearings 1 and 2 due to the. flywheel weight (W) and resultant belt pull
(T + 'II,) will be same as discnssed earlier.

Now the various parts of the crankshaft are designed as discussed below:
{a) Design of crank web. The most critical section; is where the web joins the shaft. This
section is subjected to the-following stresses :
() Bending stress dué to'the tangential force £, ;
(i) Bending stress due to the radial force.Fy ;
i)y Direct compressive stress due to the radial force Fg; and
(i¥) Shear stress‘due to the twistinig moment of F.
‘We know that bending momenit due to the tangential force,
_ fd
My = Fr|r— 31
where 4, - Dlameter of fhie besring 1.

. Bending stress due to the tangential force,
A M'_M—“-._____éu.bT R SN
gby = T - Lw‘; ‘('.‘ Z= ‘5‘ Rl - W ) »{i}
We know that bending moment due to thé radial Torce,
M =Fp (0752 +0.54
= Bending stress-dué to the radml force,

My 5be 1
Opr = e {Here Z= SXw 2y ()
We know that direct compressive stress,
F

Oy =T ;11




.. Total compressive stress,
O, =0y + Opp ¥ Oy -7}
We know that twisting moment due to the tangential force,

bra Fr@750+059

| T 43T
. Shear stress, T=7Z,

w.f%

where Z, =Polar section modulus =

Now the total or maximum stress is given by’

X}

This total maximim stress should be less than the maximum allowable stress.
(&) Design of shajt at fhe junction of crank
Lt i dg =Diameter of the shaft at the jurction of the-crank.
We know that bending moment at the junction of the.crank,
| M=F,(0 5L+ 9
and twisting moment-on the shafi
T=F,xr
-~ Equivalent twisting moment;

Wealso know th'tt eqmvalent thstmg mioment;

‘ . = —-( dyt -o£iE).

From equations (i} and (fi) the diameter of the.shaft at.the- Jjunetion of the crank (d !) ‘may be
determined.
{€), Design of shaft under the flywheel

Let d, = Diameter.of shaft under the flywheel.

The résultant bending moment (M) #cting on the shaft is obtained in the similar way s
discussed for dead centre ‘position.

We know that horizontal bending moment acting on the shaft due to piston gas load,

and horizontal bending moment atthe ﬂy:‘wheel locatmn due o belt pu‘ll,-

<% Total horizontal bfmclmCr moment,

- My =M, + M,
Vertical bending thomentidue’ to the, ﬂywhecl weight,
, . . Wb
{ vEVrb =Y b=
= Resultant benémg mormertt,

My = \/(MH)Q +(My)?

‘We know that twisting mement on the shaft,

T=FyXr
-~ Equivalent twisting mpment,
L=+ ()
We also know that equivalent thstmg moment,
b L= flg'(:?éisl T i)

From equations (f) and {if), the diamefer of shafi under the flywheel (4.) may be determined.




Example 32.4. Design a plain carbon steel centre crankshaft for a single acting four stroke
single eylirider engine for the following date:

Bore = 400 i ; Stroke = 600 mn ; Engine spéed =200 rp.m. ; Mean gfféctive pressure = 0.5
Nfmm?;: Maximuiit combustion pressure = 2.5 Nfmm?®; Weight of flywheel used.as a pulley = 50 kN;;
Total belt pull = 6.5 kN.

Wrien the trank has turned through 35° froni the:top dead:centre, the pressure onthe piston is
IN/min® and the: torque on thecraikis niaximum. The rativ:of the coniecting fodlength 1o the crank
radius is. 5. Assume any other data required for the design:

Solution. Given : D=400 mm ; L =600 mm or r=300mm; p, =0.5 N/mm?; p=2.5 N/mn?;
W=50kN;T,+T,=65kN;8=35";p =INfmm?; [fr=5

‘Weshall dasxtru the crankshaft for the two positions of the crank, i.e. firstly when the crank is at
the dead cenfre ; and secondly when the crank is at an angle of maximum twisting moment.

1. Design of the crankshajt when the cranl is at the dead centre
We know that the piston gas load;
Fy = g% D" X p=7(400)"25=314200N = 3142 kN
Assume that the distanée (b) between the bearings 1 and 2 is equal to-twice thie piston diameter
D).

We know that due to the piston gz{s load, there will be two horizontal regctions H, and H,at
béarings 1 and 2respectively, such that

_ Behy 3142 %400

N _ Fg,.'ezé By _3142%400 . :
and H, = T =157.1kN

Assume thatthe length of the main bearings to beequal, Ze., ¢, =¢, = ¢/2. We know that due
to the weight of the flywhee] acting downwards, there will be two verfieal reactions. V, and ¥, at
bearings 2 and 3 respectively, such that

Wxe _Wxe/2 W _50

Y, = - p —-;2__,—:_‘ =25 kN
and ¥ =W>cc2 Wx::!?_:y____s_g_zsm
3 Ped ¢ 2 2

Due fo the resultant bélt"tensian (T; +T;) acting hotizontally, ‘there will be twd horizontal
reactions H," and H," réspectively, such that

G+Bya & +T)er2 _ G+T

2  — =%
H, r p 5 = 2\ 3.25KN
and uy=GtBIe GBI L+h 65 _go0
c i 2 2

Now thevarious parts of the crankshaft are designed-as discussed below:
() Design of crankpin
Let 4 = Diameter of the crankpin inmm ;
L, = Length.of the crankpin in ram ;did
= Allowable bending stress for the crankpin. It may be assumed as
75 MPa or N/mm2.
We know that the bending moment at the centie of the crankpin,
Mg =H, - by= 157.1 % 400 = 62 840 kN-mm (i)
‘We also know that
M = 35 0y = (4,775 = 7.364d,)° Nem
=7.364 % 1077 (d)* kN-min w{H)
Equating equations {#} and {if}, we have
{d) =62 840/ 7.364 x 10 = 853 x 106
or d_=7204.35 say 205 mm Ans.
We know that Iength of the crankpin,,

I = B 3142x10°
© dyp,  205%10

= 153.3 say 155 mm Ans.
{Taking p; = 10 N/mn?)




I
(D) Design of Zeﬁ!!mnd crank web
We know that thickness of the crank web,
t =0:65d, +635mm =0.65x% 205 +6.35=139.6 say 140 mm Auns.
* and width of the crank web, w=1.1254,_+ 12.7mm

=1.125 % 205 + 12.7 =243 3 say 245 mm Ans.
‘We know that maximum bending moment on the.crank web,

i)
{
]
i

= T57. 1(400 _}22_'1_;19) -39 668 kN-mm
Sectiord modulus, Z = gx w.i =@ %245 g140) = 800> 10* mim
SO M .39 668 i e B Y
Bendmg stress, ©, = 7 800%10° =49.6% 107 kKN/iin“=49.6 N/mm
We know that direct compressive stress on-the crank web,
i o =Tla ULy se s 107 KN/mm® = 4.58 N/mm®

l ¢ Gt 245%140
» Total stress -on fthe crank web
= 0, +0,=49.6.+4.58= 54. 18 N/mm? ot MPa

Sinee the total stress-on the crank web-is less than the allowable bending: stress of 75 MPa,
‘therefore, the dc.mgn of the left hand crank webis sdfe.

(€5 Design of right hand crank web

Erom the balancmg pointof view, the dimensions of fhie right hand crank-web (i.e: thickness and
width) are inade’ equa] to the dimensions of the:Jeft hand crank web,
{d) Design ofskaﬁ under the flywheel

Let i d = Diamefer of the shaftin.mm.

Sincé the Ien%th's‘ of the main bearings aré ‘equal, therefore

‘ L =hL=1=2 [%—%- J [400—%5-140] 365 min.
Assuming \mdth of the. flywheel as 300 mm, wé have.
¢ =365+ 300 = 665 mm

Allowing: spac'e for gearing and clearance, let us take ¢= 800 mm.
1 ¢ =¢;= % = %9 = 400mm

We know that bendmtr moment due to the weight of flywheel,.
j My, = ‘-3 ¢, =25% 400 = 10000 kN-mm =10 x {0¥ N-mm
and bending: memem: due to the belt pull,
| My =Hy' ~¢, =325 400 = 1300 kN-mm = 1.3 x 10¢N-mm
B Respltant.b;?nding moment.on’ Lhe shafi,

My = (5 + (M) =10 10% (1.3 % 1057
=10,08 x 10 N-mm
We:also know that bending moment on the shaft (31),

ui}:@s * 10° =2 ld oy =g (d, P = 412 (4,

I A IGOSXI06{412 245 % 10%ord = 134.7 say 135 mm Ans.
Z.Design of the crankshaft when the crankis at an angle of maximun twisting moment
We know that#ns_ton gas Joad,

| Fp= %D x = EA00)°1 =125 680N =125 68 kN

In order to, find the thrust in the connecting rod (Fy), we should first find out the angle of
inclination of the é:ox{mecﬁng rod with theline of stroke (i.2. anglé ¢i). Wé know that
. _sin® _ sin35°
SO =TT
¢ =sint (0.1147) = 6.58%

=0.1147




We know that thrust in the connecting rod,
I 12568 125.68
Fo = Cosg  c0s6.58°  0.9934
Tangential force acting on the crankshaft,
Fp = Fysin (8 +¢)=126.5 sin (35° +6.58°) = B4 kN
and radial foice, Fp =Fgcos (0+¢)= 126.5 cos (35° + 6.58°) = 94.6 kN
Due to the tangential force (F), thére will b two reactions at bearings 1 arid Z, such that
Fpxb 84x400

=126.5 kN

Hy==%3 =750 ~#9
Fpxh, 84x400
i ; = 3 =42
and H, 2 30 42 kN

Due to the radial force(FR), there will be two reactions at bearings 1 and 2, such that
g = Fxb_ 946x400

RS g gio - SN
A, = R ;cb, _ o 'Z ;0400 173N

Now the various parts:of thé crankshaft are designed as discussed below:
{a)y Design of craitkpin
Let d, =Diamgter of crafikpin in fum.
We kniow-that the bending momient at the centre:of the crankpin,
and twisting moment on the crankpin,
Tp = Hy, %.1= 42:% 300 =12 600 kN-mm
= Equivalent twisting moment 6n the crankpin,
= J1c)? + @ =(8920) + (12 600)°
=22 740 kN=mm'= 22:74 5 105 N-hm
We kiiow that équivalent twisting moment (T),

2274 x 106 =_( t~—~(d)335 6873 (&)
~(Taking % =35 MPa or N/mm?)
@) =22.74%10°/ 6:873.= 3.3 ¥ 10° or-d, = 149 mm

Smce this value of crankpiir Giametér{j.e. 4, = 149 mmyisless than the alréady ¢ilculateéd value
of d =205 mm, therefore, we shall takefd'_ 205 mm, Ans.

i) Desrgn of shaft under the flpwheel
Let d = Diameter of the shaft in mm.
Theresulting bending momeiit ofi the shaft will be sarne as calculated gariler, i..
Mg =10.08% 105 N-rinini
and twisting momeént on the shaft,
T, =FypX#='84%300 = 25 200 IN-fitm =25.2 % 10° N-mm:
-~ Bquivalént'twisting nioment on shaft;

= J10.08x 10° + (252ix 10%)? = 27.14 % 10° N-ram
We know that'efjuivalent twisting momnient (7,),
9714 x 106 = —E—(d‘ Fro= 2 (135t = 483156 7

T = 27 14% 10% /483 156 =56.17 N/mm?

me above, we see that by taking the already caleulated value of ds = 135 mm, the induced
shéar stres§ is miore than the. alléwable shedr stress of 31 to-42 MPa. Heénce, the. value of 4 i
calculated bytaking T =35 MPa.or N/mm? in the aboveequation, Le.

27.14x 106 = 155 (d.)35=6.873.(d,)°
(d)¥ =27.14% 105/ 6.873 =395 x 106 ord, = 158 say 160 mui Afis.
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and shear stress on the arm,

T 45T 4.5x13.545x10°

TE == . = 12.7 N/mm? or MPa
Ly wit 245 (140)°
We know that total or muximum combined stress,
G 1 :
O e = 5 5 (6,)* + 41
=281 ] @63 +4 (277 =14815 +19.5=34315MPa

Since the maximum combined stregs is within the safe limits, therefore, the dimension.
w= 245 mm is accepted.
{e} Besign of left hand crank web

The dimensions for the left hand crank web may be made same as for righthand crank web.
{ f) Design of crankshaft bearings

Since the bearing 2 is the most heavily loaded, therefore, only this bearing should be checked
for bearing pressure.

We know that the total reaction at bearing 2,

B W T+T
e R e '31;2.+i)° ﬁ-lssssm 185350

-~ Total bearing pressure

=5 -d » =65 %155 =3276 N/mm

Since ﬂnsbeanng pressureisless thanfhesafe limitofSto§ N/mm2 therefcre, lhedes:gn issafe.

Sniumm. leen D:=250-mm ; L=3001m or r=LI2=300/2 = 150t W= 30 kN
=30% 108 N ; p=2.1 Njmm?, p —09mem2 I=45rorl/r=45
We shall design the: cmnkshaﬂ: for the two positions of thecrank, f.e. firstly when
the crank is at the-dead centre:and secondly when the crank is at an angle of maximum
Mstlnv'mament.
« Design of crankshaft when the crankis  at the dead centre

‘We kiow that piston gas load,

By=TxDPup =.—-(050)-21 =103 % 10° N

4.
Now the variousparts of tha crankshaft are designed as discussed below:
{a) Design of crankpin - -
Let d, =Diameter of the'crankpifi iy min; and
ic, ‘=Length'of the-crankpin=0.8 &, ~{Assuie)
‘Considering: th‘e crankpin in bearing, we have
= d { Dy
103 x 103 =d.x o 8.4, %10=8 () ~(Takingpy= 10 N/mm®)
- @yt = 103 X 103 18=12 875 iord,=113.4 say 115 mm )
and 1, =084d,=08%115=92mm

Letusnow check the mgluced bending stress in the crankpin.
‘We know that bending moment atthe crankpin,

3 % 103 X 10° x 92= 7107 % 10* N-mm:

3
M=ghxL=7

4
and section modulus of the crankpin,
Z - ) (d.) 5 (115)" =149 % 10" mm
~» Bending stress induced

3
- K_w__,am Nfmim? or MPa

Since the induced bendmg stress is within'the permissible limifs of 60 MPa, therefore, design of
crankpin is safe,



(7)) Design of bearings

Let d, = Diameter of the bearing 1.

Let us take 31§ckness of the crank web;
r=0.6d=06x115=69 or 70 mm
and length of the bearing, I, = 1.74,= 1.7 x 115 = 195.5 say 200 mm

We know thattbending moment at the céntre of the bearing 1,
M=F, (075, +i+0.5 [))

=103 % 10° (0.75 % 92 + 70+ 0.5 X.200) = 24.6 % 10° N-mim

We dlso knowj that bending moment (1),

24,6 x 106 = —(dg oy = _[fdl—-)?'"so =59(d;)*

‘ (Tdking o, = 60 MPa.or N/mm?)
(@) =24.6% 10°/5.9=42% 10° or 4, = 161.3 mm say 162 mr Ans.
(¢) Design of crank web
Let ; w ="Width.of the ¢rank wéb'in inm.
We kuow ﬂaat%b:endingmoment‘m the crank web,
M =F,(0.75],+ 0.5%)
=103 % 102 (0.75.% 92 + 0.5 % 70).= 107 % 10° N-mm
and 's"‘é'cﬁon»madum;s? Z= é X wit® = —é;x:w(_?ﬂ,}z =817 v mm®
z Bending s‘t;téss, Gj = —lg'= 10871,)7(‘10 =3 );IQ N/mm?
and direct compressive stress,
B 103 >¢10’°‘ _ 147210
O =i Wk w Nmm?

i
‘We know thatitotal stress on the crank web,
Bx10° | 147x10° _ 1447 x16° o

Op =0, + = — ;v + o ” —— N/mm>
The total stress. should not-exceed the permissible limit.of 60'¥Pa or N/mm2
60 = 1441:‘103 or = 14428‘ 10°_ 241 say 245 inm Ans.
(&) Design of shafi under the flywheel. .
Let ‘ d_ = Diameter of shaft under the flywheel.

Fitstofall, , letius.find the horizontal and vettical reacfions at bearings 1 and 2: Assume that the.
width ofﬂywheel 1s 250 mm and [, = [, =200 mm.

Allowing:for certam clearance, the dtqmnce

b = 250 + g +— + clearance

=250+ ggg+g-g—q+ 20 =470 mm

and a =075+ t+05]

=075 X 92+ 70+05,%200= 239 inm
We know thiat the-horizontil téactions H; and Hy atbearings 1 aid 2, due'to the piston gasload

(Fp) are

Bola+h) _ 10810 (39 + 4T0)

3
and B = Fg: a 103 xiflmx 239 =504 % 10° N

Assuming b} = b, = b,/2, the vertical reactiong V and V at bearings 1-and 2 due to the: weight
of the flywheel ém
Wb, WXb/2 W _30%1¢°

Vp= —t=——p = = =15% 1° N
3
and v, = Wbbq W>;b/2 ‘;’__30;10 =15x10° N

Since there is no belt tension, therefore the horizontal reactions due to the belt tension are
neglected.



We know that horizontal bending moment at the flywheel location due to piston gas lead.
M, =F,la+b)~H,-b,

=103 % 10° (’739 +f%—) — 1554 x10% x 4:])0 ( by =‘g)

=48.8 % 10°—36.5 x 10°= 12.3 x 10° N-mm

Since ﬂzere is mo belt pull, therefore, there will be fio horizontal bending moment due to the belt
pull, fe. M, =

. Total honzon’tal bending: moment,

My =M, + M, =M, =123 % 10° N-mm

We know that vertical hendxng moment due to the flywheel weight,

W .by.b, WXbxb_Wxb
b 2x2xh 4

30% 10° %470

—-——-——é—l-—————-—3525)(1(}6 N-mm

M_

< Resultant bending moment,
My = (M + (P =+ (1235 10°F + (3.525% 10°)°
= 128 % 108 N-inm
We know that bending:moment (M),

1282 108 = ——(d Vo, = .;:,,(df{f} 60 = 5.9(d )’

- @y =128%100/59=217x10° or d =129.mm
Actually 4, $Hiould be mbte than . Therefore Jet us take
d, =200 mm Ans.

2. Design of crankshaft when the crank is at an angtle of maximum twisting moment
We know that piston gas lead,
F, = 7 X xp = 20507 00=44300 §

In order 1o find th€ thrust in the connecting rod (7, ,), we should first find out the angle of
inclination of the connecting rod with the line of: storka(Le angle §). We know that

sin@_ sin33° .. .
sing = W =45 =0.1275
¢ =sint (0.1275) = 7.55°
We lmow that thrust in the:connecting rod,
p o Fo _ 44200° _ 44200
9 cosp  COSTA2 0.991F
Tangential force acting on the crankshaft,
Fy = Fgsit (8 + §) =84.565 sin (35™+ %329 = 30.% I0°N
and radial force, Fy = Fyycos (8-+0) =44 565 cos (35° + 732y =33 % 13N
Due to the tangential force (F), there:will be'two. rea‘oﬁons»at the bearings'1 and 2, such-that

and Hy, = FT;a 30x$70x239_153 105 N

Due to the radial Torce (Fy}, there will be two reactions at the bearings I and 2, such that
Fpla+8) _33 %10 x (239 +470)

=44 565 N

o = 49,8 5% 107 1
o, = <@ 29.8%10° N
and Ho=faxe B 5 29 _ s x [N

Now the various parts of the crankshaft dre designéd a3 discussed helow:
@} Design of crank weh
‘We know: that bending moment due to the tangential force,

s . 3 180 e
Jvsz=F:r( —?) 30 %10 (150—-5—3 =18'% 10° N:mm




. Bending stress due to the tangential force,

M.. 6M,. 6x18x%10°
B (2= é % t.w?)

=Tz T W T 70(245)
=2.6 N/mm® or MPa
Bending moment due tﬁ’ the radial force,
My, =Fo (0751,+0.51)
1 =33 % 105 (0.75 % 92+ 0.5 x 70) =3.43 x 105 N-mim
- Bending stress due to the radial force,

' My 6My 1
Gy = R =" e Z=x WD)
bR A sz 6
_5x343 x10%

245 (02 = 171 N/mm® or MPa

‘We know that direct compressive stress,

gy = T 2 BXI it o M
2= w1~ 245 %70 e or MPa

.. Total eompressive-stress,
0, =0, + Oy +6,=26+ 171+ 19=21.6 MPa
We know that twisting moment dué'to the' tangential foice,
=30 x 10%(0.75.92 + 0.5 % 70) = 3.12 x 105 N-mm

|

. T _457 _45x312%10° o
s Shearstress, 1T=5—= = 45 5 1z><10 | Zp _BE
P Wt 245 (70)* P45
= 11.7 N/mm? or MPa.

‘We know that totaljor maximum stress,

7 = Zl_ﬁ. +~J(21 67 +40LTP

=108+ 159 =267MPa

Since this stress is iess than the permissible value of 60 MPa, therefore, the design s safe.
(b} Design of shaft at tfzeﬂmcﬁan of crank

Let i d,, = Diameter of shaft at the junction of crazk.

We know that bending moment at the junction of crank,

- M =Fy(0.751,+ =44 565(0.75 x 92 + 70) = 6.2 x 105 N-mm

and twistingmoment, = T =F % r=30% 10} % 150=4.5 % 10¢ N-mm

- Egﬁivalent:tszt;ing moment,

| T,= [P+ T = [ (6210 + (45 x10°7 =7.66 10° N-mm
‘We also know that eqmvalent twisting moment (T ),

7’.66|<x 106 = ( 4y = .: 180y =114 x10°1 {Taking'd,, = )
= 766>< 106/ 1. 14><106 6.72 N/mm? or MPa

Smce the induced shear stiess is less than the permissible limit of 30 to 40 MPa, therefore, the
design is safe. .
{

x



{c} Design of shaft under the flywheel
Let d_=Diameter of shaft undér the flywheel.
We know that horizontal bending moment acting on the shaft dué to piston gas load,

My =F (a+b)- [\/ (Hg))” + "(Hm)? J by

— 44200 (239 + f’—] - [J (49.8 X 10M7 + (45X 10°)? ]470

=20.95 x 10— 15.77 x 10% =5.18 % 105 N-mm
and bending momnient due to the flywheel weight

Wh.by _ 30%10° x 235% 235
b 470

=3.53x10° N-mm
oAby =by=5/2=470 /2 = 235 mm)

M, =

- Resultant bending'moment,
My = (My)® + M) =+ (5.18 x 1059 + (3.53 x 1052

=:6.27 % 108 N-inm

We know that twisting moinent on the shatft,
T=Fp xr=30x10° % 150 =4.5 x 10* N-mm

.. Equivalent twisting moment,

= o (MpY* + 7%= | (627x10°)° # (4.5x10%

= 7,72 % 10% N-inid
We also know thatequivalent twisting moment (7,),

7.72.% 108 = _3:_ (d, )3 = 35—% f(‘c‘li )3 30 = 5.9 (d.) ..{Takinig't = 30 MPa)

iy (d):"' -772><105/59 131><1060rd 109 mm

Ac:tually, d_ should be more than d,. Thetefore let 5 tike
d, = =200 mmAns
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