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DEPARTMENT VISION

Producing internationally competitive Mechanical Engineers with social responsibility &
sustainable employability through viable strategies as well as competent exposure oriented

quality education.
DEPARTMENT MISSION

1. Imparting high impact education by providing conductive teaching learning
environment.

2. Fostering effective modes of continuous learning process with moral & ethical
values.

3. Enhancing leadership qualities with social commitment, professional attitude, unity,
team spirit & communication skill.

4. Introducing the present scenario in research & development through collaborative
efforts blended with industry & institution.

PROGRAMME EDUCATIONAL OBJECTIVES

PEOL: Graduates shall have strong practical & technical exposures in the field of Mechanical
Engineering & will contribute to the society through innovation & enterprise.

PEO2: Graduates will have the demonstrated ability to analyze, formulate & solve design
engineering / thermal engineering / materials & manufacturing/ design issues & real
life problems.

PEOS3: Graduates will be capable of pursuing Mechanical Engineering profession with good
communication skills, leadership qualities, team spirit & communication skills.
PEO4: Graduates will sustain an appetite for continuous learning by pursuing higher

education & research in the allied areas of technology.

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
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10.

11.

12.

of data, and synthesis of the information to provide valid conclusions.

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.

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.
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.

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

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

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.

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.

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.

PROGRAM SPECIFIC OUTCOMES (PSO)

PSO1.: graduates able to apply principles of engineering, basic sciences & analytics
including multi variant calculus & higher order partial differential equations..

PSO2: Graduates able to perform modeling, analyzing, designing & simulating
physical systems, components & processes.

PSO3: Graduates able to work professionally on mechanical systems, thermal systems
& production systems.

COURSE OUTCOMES
The students will be able to acquire knowledge and design of different types of
CO1
clutches and brakes
The students will be able to understand the basics of bearings, types of bearing,
co2 o . . . . .
lubrication system, design considerations and design of bearings.
cO3 The students will be able to understand the concept of spur gear and the basic
procedure in design of spur gear.
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CO4

The students will be able to understand the concept of helical gear, bevel gear, worm

and worm wheel & the basic procedure in design of above said gears.

CO5

The students will be able to acquire knowledge and design of flat belt, v belt and

chains.

CO6

The students will be able to acquire basic knowledge and design of Connecting rod

and Pressure vessels.

MAPPING OF COURSE OUTCOMES WITH PROGRAM OUTCOMES

PO1| PO PO3 | PO4| PO5[ PO6| PO7( PO8| PO9| PO10( PO11| PO12| PSO1| PSO2( PSO3
CO1l | 2 2 3 2 - - 2 2 3 2
cOo2 |2 2 3 2 - - 2 2 3 2
CO3 |2 2 3 2 - - 2 2 3 2
CO4 |2 2 3 2 - - 2 2 3 2
CO5 |2 2 3 2 - - 2 2 3 2
CO6 | 2 2 3 2 - - 2 2 3 2

Note: H-Highly correlated=3, M-Medium correlated=2, L-Less correlated=1
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SYLLABUS

Course No. Course Name L-T-P- | Yearof
Credits | Introduction
ME 402 Design of Machine Elements-IT 3-0-0-3 [2016

[Prerequisite: ME401 Design of Machine Elements-I
Course Objectives:
e To provide basic design methods for clutches. brakes, belt drives, bearings. gears and
connecting rod.
¢ To introduce the design modifications to be considered for ease of manufacturing.

Syllabus

Design of single plate clutches, multiple disc clutches. cone clutch. centrifugal clutch, block brake.
band brake, band and block brake. intemal expanding shoe brake, rolling contact bearing. sliding
contact bearing, spur gear, helical gear , bevel gear, worm and worm wheel, design of flat belt.
design of V-belt dnves. selection of roller chains, connecting road, design recommendations for
forgings, castings. welded products, rolled sections, turned parts, screw machined products, parts
produced on milling machines.

Expected outcome:
The students will be able to
1. Apply design procedures for industrial requirements.
2. Design machine components to ease the manufacturing limitations.
Text Books:
1. J.E. Shigley, Mechanical Engineering Design. McGraw Hill 2003
2. Jalaludeen . Machine Dsign. Anuradha Publications. 2016
3. V.B.Bhandari, Design of Machine elements, McGraw Hill, 2016

[References Books:

1. Juvinall R.C & Marshek K{M.. Fundamentals of Machine Component Design. John Wiley.
2011

M. F. Spotts, T. E. Shoup, Design of Machine Elements. Pearson Education. 2006
Rajendra Karwa, Machine Design , Laxmi Publications (P) LTD. New Delhi. 2006
Siegel, Maleev& Hartman. Mechanical Design of Machines, International Book Company, 1983

'J-UJ ra

Data books permitted for reference in the examination:

1. K. Mahadevan, K Balaveera Reddy, Design Data Hand Book, CBS Publishers & Distributors,
2013

2. Narayana Iyengar B.R & Lingaiah K. Machine Design Data Handbook. Tata McGraw Hill,
1984

|3, PSG Desien Data, DPV Printers. Coimbatore, 2012
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Module

Contents

Hours

End
Sem.

Exam
Marks

Clutches — friction clutches, design considerations. multiple disc clutches,
cone clutch. centrifugal clutch

Brakes- Block brake, band brake, band and block brake, internal
expanding shoe brake

15%

Rolling contact bearing- Design of bearings. Types. Selection of a
bearing type, beaning life, static and dynamic load capacity, axial and
radial loads, selection of bearings. dynamic equivalent load

Sliding contact bearing- lubrication. lubricants, wiscosity, Joumal
beanngs. hydrodynamic theory. Sommerfield number, design
considerations, heat balance, bearing housing and mountings

15%

FIRST INTERNAL EXAM

Gears- classification. Gear nomenclature, Tooth profiles, Materials of
gears, Law of geanng (review only ). virtual or formative number of
teeth, gear tooth failures, Beam strength, Lewis equation. Buckingham’s
equation for dynamic load. wear load. endurance strength of tooth,
surface durability. heat dissipation — lubrication of gears — Merits and
dements of each type of gears.

Design of spur gear

15%

Design of helical gear

Design of bevel gear

Design of worm & worm wheel

15%

SECOND INTERNAL EXAM

v

Design of flat belt- matenials for belts, ship of the belts, creep. centnfugal
tension

Design of V-belt drives, Advantages and limitations of V-belt drive

Selection of roller chains, power rating of roller chains. galling of roller
chains, polygonal action. silent chain.

20%

VI

Connecting rod — material. connecting rod shank. small end. big end
connecting rod bolts, inertia bending stress. piston

20%

Pressure vessels. thin cylinders, Thick cylinder equation, open and closed|

viinders
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QUESTION PAPER PATTERN
Note : Use of approved data book is permitted
Maximum marks: 100
The question paper should consist of three parts

Part A

Time: 3 hrs

There should be 3 questions from module I and II and at least 1 question from each module

Each question cammies 15 marks

Students will have to answer any 2 questions out of 3 (2X15 marks =30 marks)

Part B

There should be 3 questions from module IIT and IV and at least 1 question from each module

Each question cames 15 marks

Students will have to answer any 2 questions out of 3 (2X15 marks =30 marks)

Part C

There should be 3 questions from module V and VI and at least 1 question from each module

Each question cames 20 marks

Students will have to answer any 2 questions out of 3 (2X20 marks =40 marks)

Note: Each question can have a maximum of four sub questions, if needed.
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SET1 Total Pages: 2

Reg No.:

Name:

APJABDUL KALAM TECHNOLOGICAL UNIVERSITY

EIGHTH SEMESTER B.TECH DEGREE EXAMINATION, MAY 2020

Course Code: ME 402

Course Name: Design of Machine Elements-11

Max. Marks: 100

Duration:2 Hour 15 Minutes

Use of design data book is permitted

Missing data may be suitably assumed

steady load of 8 kN. The journal diameter from trial calculation is found to be 120
mm. Design suitable journal bearing for the pump to operate under hydrodynamic
condition.

PART A
Answer any two full questions, each carries 15 mark Marks
1 | a) | Amultiple disc plate consists of five steel plates and four bronze plates. The inner | (10)
and outer diameter of the friction discs are 76 mm and 150 mm respectively. The
co-efficient of friction is 0.1 and the intensity of pressure on friction lining is
limited t00.3 N/ mm?2. Calculate the force toengage clutch and power transmitting
capacity at 750 rpm.
b) | Give an account on self-energizing and self-locking conditions in brakes. (5)
2 | a) | Asingle row angular contact ball bearing number 310 is used for an axial flow | (10)
compressor. The bearing is to carry a radial load of 2500 N and an axial or thrust
load of 1500 N. Assuming light shock load. Determine the rating life of the
bearing.
b) | Why it is necessary to dissipate the heat generated when clutches operate. (5)
3 A journal bearing of a centrifugal pump running at 1740 rpm, has to support a | (15)

PART B

Answer any two full questions, each carries 15 marks.
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Design a pair of spur gears to transmit 20 KW at a pinion speed of 1400 rpm. The
transmission ratio is 4. The material for pinion and gear are 15Ni2Cr Mo15 and
C45 respectively. The pressure angle of gear and pinion is 20°.

(15)

Design 20 degree involute worm gear to transmit 10 kW with worm rotating at
1400 rpm and to obtain a speed reduction of 12:1. The distance between the shafts

is 225 mm.

(10)

b)

Differentiate crown gear and miter gear.

®)

Design a suitable gear drive to transmit 2 kW at 1440 rpm between two shafts at

right angles. Select suitable materials for the gears.

(15)

PARTC

Answer any two full questions, each carries 20 marks.

Design a connecting rod for a petrol engine for the following data:
Diameter of the piston = 68 mm
Stroke length = 80 mm

160 mm

Length of connecting rod

3.5 N/ mm?

Maximum explosion pressure

Mass of reciprocating parts 2.5 kg
Speed = 4000 rpm

Compression ratio = 8:1

(16)

b)

In what way a thin cylinder is differed froma thick cylinder.

4)

Select a flat belt to drive a mill at 250 rpm from a 10 KW, 730 rpm motor. Centre
distance is to be around 2m. The mill shaft pulley is of 1m diameter.

(12)

Write short notes on galling of roller chains.

4)

Discuss the effect of centrifugal tension on power transmission in belt drive.

4)

Design a chain drive to actuate a compressor from a 10KW electric motor at 960

rpm. The compressor speed is to be 350 rpm. Minimum centre distance should be

(12)
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0.5m. Motor is mounted on an auxiliary bed. Compressor is to work for 8
hours/day.

b) | A steel tank having an internal diameter of 2.5 m is required to withstand an
internal fluid pressure of 25N/mm?. The tensile and compressive elastic strength
of the material is 200N/mm?. Find the thickness of the wall of the tank if the

working value of the circumferential stress is two-third of the tensile elastic

strength.

(8)

*khkk
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QUESTION BANK

(KL)

Knowledge Level | K1 : Remembering K3:Applying K5: Evaluating

Course Outcome | K2: Understanding K4: Analysing K6: Creating
(CO)

MODULEI

Q:NO:

QUESTIONS

(610)

KL

What are the general considerations that must be observed in the design of
friction clutches?

COo1

K2

A single plate clutch, effective on both sides, is required to transmit 25 kW at
4000 r.p.m. Determine the inner and outer diameter of friction surface if the co-
efficient of friction is 0.23, ratio of diameter is 1.25 and the maximum pressure
is not to exceed 0.1 N/mmz2. Also, determine the axial thrust to be provided by
springs. Assume the theory of uniform wear.

COo1

K5

The block brake, as shown in Figure, provides a braking torque of 360 N-m. The
diameter of the brake drum is 300 mm. The co-efficient of friction is 0.3. Find:
(i) The force (P) to be applied on the end of the lever forthe clockwise and counter
clockwise rotation of the brake drum; and

(i) The location of the pivot or fulcrum to make the brake self-locking for the
clockwise rotation of the brake drum.
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COo1

K5

Give an account on self-energizing and self-locking conditions in brakes.

CO1

K2

o1

How does the function of a brake differ from that of a clutch?

Co1

K2

A multiple disc plate consists of five steel plates and four bronze plates. The inner
and outer diameter of the friction discs are 76mm and 150mm respectively. The
co-efficient of friction is 0.1 and the intensity of pressure on friction lining is
limited to 0.3 N/ mm?. Calculate the force to engage clutch and power
transmitting capacity at 750 rpm

COo1

K5

A differential band brake, as shown in fig, has an angle of contact of 225°. The band
has a compressed woven lining and bears against a cast iron drum of 350 mm
diameter. The brake is to sustain a torque of 350 N-m and the coefficient of friction
between the band and the drum is 0.3. Find 1. The necessary fore (P) for the
clockwise and anti-clockwise rotation of the drum; and 2. The value of ‘OA’ for the
brake to be self-locking, when the drum rotates clockwise.

CO1

K6
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All dimensions in mm.

Why it is necessary to dissipate the heat generated when clutches operate.

CO1

K2

What are the procedures involved in designing a block brake

Co1

K2

10

A centrifugal clutch is to be designed 15KW at 900 rpm. The shoes are 4 in
number. The speed at which the engagement begins is 3/4™ of the running speed.
The inside radius of the pulley is 150 mm. The shoes are lined with ferrodo for
which the co-efficient of friction may be taken as 0.23. Determine (1) mass of
shoes (2) size of the shoes

COo1

K6

11

In a band and block brake, the band is lined with 12 blocks, each of which
subtendsan angle of 20° at the drum centre. The two ends of the band are attached
to a differential brake-lever at the distance of 40 mm and 160 mm from fulcrum
in such a way that the longer distance is nearer to the actuating force. Find the
force required at the end of the lever 1.2 metre long from fulcrum to give atorque
of 4kN-m. The diameter of the brake drum is 1 metre and the coefficient of
friction between the blocks and the drum is 0.25.

COo1

K6

12

Give an account on self-energizing and self-locking conditions in brakes

Co1

K2

MODULE I

A journal bearing of a centrifugal pump running at 1740 rpm, has to support a
steady load of 8kN. The journal diameter from trial calculation is found to be 120
mm. Design suitable journal bearing forthe pump to operate under hydrodynamic
condition

CO2

K6

What is meant by the rating life of a bearing?

CO2

K2

A bearing is required to carry 4500N stationary radial load. The shaft rotates at
1000 rpm and the life desired is 30000 hours. The running conditions are steady
without shock loading. Select a suitable bearing

CO2

K6

Describe about Sommerfield number.

CO2

K2

A single row angular contact ball bearing number 310 is used for an axial flow
compressor. The bearing is to carry a radial load of 2500 N and an axial or
Thrust load of 1500 N. Assuming light shock load. Determine the rating life of
the bearing.

CO2

K6

Give an account on dynamic equivalent load in bearings

CO2

K2

A bearing is to carry 7,000 N radial load and 4,000 N thrust load. The shaft
rotates at 1500 rpm. For smooth load and 8 hrs per day service for5 years (a)
Select a deep groove ball bearing; (b) Compute the 90% of the life bearing and
the probability of the selected bearing serving the above life

CO2

K6
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8 Explain the principle hydrodynamic lubrication CO2 K2
9 Design a journal bearing for a centrifugal pump to the following specifications; CO2 K5
diameter of the journal = 75 mm, speed of the journal = 1140 rpm and load n each
journal=11500N
10 Define the term bearing characteristic number CO2 K2
MODULE 111
1 State and prove law of gearing COo3 K2
2 Why gear design is to be checked for beam strength and compressive strength? COo3 K3
3 Design a pair of spur gears to transmit 20 kW at a pinion speed of 1400 rpm. The CO3 K5
transmission ratio is 4. The material for pinion and gear are 15Ni2Cr Mo15 and
C45 respectively. The pressure angle of gear and pinion is 20°.
4 Discuss the modes of gear failures COo3 K2
5 Explain Lewis equation COo3 K2
6 What condition must be satisfied for a pair of spur gears to have a constant CO3 K2
velocity ratio?
7 Design the teeth for a pair of cut-teeth spur gears with 20° full depth teeth to be COo3 K5
made of nickeled chromium steel. The gears are to be transmitting 45 kW at 3000
rpm of the pinion. The pinion has 21 teeth and the gear has 25 teeth. Find the
module, face width and diameter for continuous service
8 What do you mean by backlash in gears? CO3 K2
9 Write short notes on Buckingham’s equation for dynamic load Cos3 K2
10 What is dynamic load in gear drive? How it could be avoided? COos3 K2
11 Design theteeth for a pair of cut-teeth spur gears with 20° full depthteeth tobe made | CO3 K6
of nickeled chromium steel. The gears are to be transmitting 45 kW at 3000 rpm of
the pinion. The pinion has 21 teeth and the gear has 25 teeth. Find the module, face
width and diameter for continuous service.
12 Discuss the modes of gear failures COo3 K2
MODULE IV
1 Differentiate crown gear and miter gear CO4 K2
2 What is virtual number of teeth in bevel gear and state its significance? CO4 K2
3 A pair of parallel helical gears consists of an 18 teeth pinion meshing with a 45 CO4 K5

teeth gear and 75 kW power at 2000 rpm is supplied to the pinion. The normal
module is 6mm and pressure angle 20°. Determine thetangential, radial and axial
components of the resultant tooth force between the meshing teeth, if the helix
angle is 23°.
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Design 20 degree involute worm gear to transmit 10 KW with worm rotating at
1400 rpm and to obtain a speed reductionof 12:1. The distance between the shafts
IS 225 mm

CO4

K6

Give a brief account for skew gears

CO4

K2

(o]

What is helix angle? How this angle differentiate helical gear from spur gear.

CO4

K2

A pair of helical gears with 30° helix angle is used to transmit 15 kw at 10,000
rpm of the pinion. The velocity ratio is 4:1. Both the gears are to be made of
hardened steel of static strength 100 N/mm?. The gears are 20° stub and the pinion
is to have 24 teeth. The face width may be taken as 14 times the module. Find the
module and face width from the stand point of strength and check the gears for
wear.

CO4

K5

A pair of straight bevel gear is required to transmit 10 kW at 500 rpm from the
motor shaft to another shaft at 250 rpm. The pinion has 24 teeth. The pressure
angle is 20 degree. If the shaft axes are at right angles to each other, find the
module, face width, addendum outside diameter and slant height. The gears are
capable of withstanding a static stress of 60 MPa. The face width may be taken
as ¥ of the slant height of the pitch cone .

CO4

K5

1 kW of power is transmitted to the worm shaft at 720 rpm. The number of threads of
worm is four with 50 mm pitch circle diameter. The worm wheel has 30 teeth with 5 mm
module. Calculate the rubbing velocity, Efficiency of the worm gear and the power
lost in friction.

CO4

K5

MODULE V

Discuss the effect of centrifugal tension on power transmission in belt drive.

CO5

K4

When do we prefer a V-belt to a flat-belt?

CO5

K2

Design a flat belt drive for a stone crushing machine. The power is transmitted
from a 20 kW motor running at 1200 rpm to the machine running at 260 rpm.
The diameter of machine pulley is 1 m.

CO5

K6

Select a suitable V-belt and design the drive for a wet grinder. Power is available
from a 0.5KW motor running at 750 rpm. Drum speed is to be about 100 rpm.
Drive is to be compact.

CO5

K5

Explain the term “Crowning of pulley” and also state” law of belting”.

CO5

K2

Analyze the chordal or polygonal action of a roller chain

CO5

K4

Select a flat belt to drive a mill at 250 rpm from a 10 KW, 730 rpm motor. Centre
distance is to be around 2m. The mill shaft pulley is of 1m diameter.

CO5

K5

A motor driven blower is to run at 650 rpm driven by an electric motor of 7.5KW at
1800 rpm. Design a V-belt.

CO5

K5

Explain briefly about creep in belts and ply in belts.

CO5

K2

10

Write short notes on galling of roller chains.

CO5

K2

MODULE VI
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Explain why | section is usually preferred in the case of a connecting rod?

CO6

K2

Under what force, the big end bolts and caps are designed.

CO6

K2

Design a connecting rod of | cross section for an IC engine running at 1800 rpm and
developing a max pressure of 3.15 N/mm?. The diameter of the piston is 100 mm,
mass of the reciprocating parts per cylinder is 2.25 Kg, length of the connecting rod
is 380mm, stroke of the piston is 190mm and compression ratio is 6:1. Take a factor
of safety of 6 for the design. The max allowable bearing pressure at big end and the
small end are respectively 10 N/mm? and 15 N/mm?. The density of material of the
rod may be taken as 8000 Kg/m? and allowable stress in the bolts as 85N/mm? and
the cap as 80 N/mm?.

CO6

K6

A seamless cylinder with a storage capacity of 0.025m? is subjected to an internal
pressure of 8 MPa. The length of the cylinder is twice its internal diameter. The
cylinder is made of plain carbon steel 20C8. (Ultimate stress is 380 MPa and
Factor of safety is 2.5). Determine the dimensions of the cylinder.

CO6

K5

Discuss the materials commonly used for making the connecting rod. Give
reasons.

CO6

K2

In what way a thin cylinder is differed froma thick cylinder.

CO6

K4

Design the connecting rod of a steam engine to the following data:

Length of the connecting rod = 825 mm, Dia. of the crank pin= 155 mm. Dia. of
the cross head pin=95mm, Max. Load on the pin= 148720N. The rod is to be made
of circular cross section and made hollow by boring a central hole of 28mm Dia.
throughout the length.

CO6

K6

A steel tank having an internal diameter of 2.5 m is required to withstand an internal
fluid pressure of 25N/mm?2. The tensile and compressive elastic strength of the
material is 200N/mm?2. Find the thickness of the wall of the tank if the working value
of the circumferential stress is two-third of the tensile elastic strength

CO6

K5

Determine the dimensions of cross-section of the connecting rod for a diesel
engine with the following data;

Cylinder bore= 100mm, length of connecting rod = 350mm, Max gas pressure = 4
MPa and take factor of safety as 6.

CO6

K5

10

Determine the dimensions of small end and big end bearings of the connecting rod
for a diesel engine with the following data;

Cylinder bore=100mm, Max gas pressure = 4 MPa, (I/d) ratio for piston pin
bearing=2, (l/d) ratio for crank pin bearing=1.3, Allowable bearing pressure for
piston pin bearing=12 MPa, Allowable bearing pressure for crank pin bearing = 7.5
MPa

CO6

K6

11

The following data is given for the cap and bolts of the big end of connecting rod;
Engine speed = 1800 rpm, Length of connecting rod=350 mm, Length of stroke=175
mm, Mass of reciprocating parts =2.5 kg, length of crank pin=76mm, diameter of
crank pin=58mm, thickness of bearing bush=3mm, Permissible tensile stress for
bolt=60 MPa and Permissible tensile stress for cap=80 MPa. Calculate the nominal
diameter of the bolt s and thickness of cap for the big end.

CO6

K6

Department of Mechanical Engineering, NCERC, Pampady
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Friction

6 Considerations in
Designing a Friction
h

241 Introduction ,
\/ A clutch is a machine member used to connect a
driven shaft so that the driven shaft may
d at will, without stopping the driving
tly found in automobiles.
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[
» used when a positive drive is reqmred
: Jutch. The jaw clutch permits one shaft to diy e
cking jaws. It consists of two halves, one of which jg perma_n =
<— Moving—»

(@) Square jaw clutch. (b) Spiral jaw clygch,
Fig. 24.1. Jaw clutches. «,~-='.
" shaft by a sunk key. The other half of the clutch is movable and it is free to shdeamumg,
g'haft but itis prevented from turning relatively to its shaft by means of feather ke ey. The;m
utch may be of square type as shown in Fig. 24.1 (a) or of spiral type as shown in Fig. 2414

L square jaw type is used where engagement and disengagement in motion and underlols

not necessary. This type of clutch will transmit power in either direction of rotation, The spiraljum

m ybeqﬁeft -hand or right-hand, because powe1 transmitted by them is in one dm:ctlon only Thmlm

itch has its principal application in the transmission of power
stbe started and stopped frequently. Its application is also found in i
vered to machines partially or fully loaded. The force of friction
Lfrom rest and gradually brings it up to the proper speed without excessive
- ‘automoblles friction clutch is used to connect the engine 0
, care should be taken so that the friction surfaces engag
it up to Bréper speed. The proper alignment of the bearing
asc Ogé’id‘the clutch as poss1ble It may be noted that
" "!fﬁ'e'coh'taét surfaces.
dissipated and
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at fy to wnthstand hlgh tempe

e

) : ﬂs commonly used for lining of friction surfaces and their important properfles
. following table.

Table 24.1. Properties of materials commenly used for lining of
friction surfaces.

. al of friction surfaces Operating | Coefficient of Maximum Maximum
condition friction operating pressure
‘ A temperature (°C) (N/mm?)
{qron on cast iron or steel dry 0.15 - 0.20 250 — 300 0.25- 0.4 |
|(ast iron on cast iron or steel In oil 0.06 250 — 300 0.6-0.28
jdened steel on Hardened stecl In oil 0.08 250 0.8-038
|;{:;' onze on cast iron or steel Inoil | 0.05 150 0.4
ii“}.x- asbestos on cast iron or stecl | dry 0.3 150 — 250 02-03
|IE'= metal on cast iron or stcel dry 0.4 550 0.3
liru der metal on cast iron or \lu.| In oil | 0.1 550 0.8

f7 6vCon5|derahons in Designing a Friction Clutch
Thpfollowmg considerations must be kept in mind while designing a friction clutch.
o1. The suitable material forming the contact surfaces should be selected.

2 The moving parts of the clutch should have low weight in order to minimise the inertia load,

“especially in high speed service.

). Tt (CIutch should not require any external force to maintain contact of the friction surfaces.
m* prov1s1on for taking up wear of the contact surfaces must be provided. P “r
The clutch should have provision for facilitatin |

e clutch should have provision for carrying

g repairs. HIYE AV O
away the heat generated at the contact
r ek sl

...... L ._ ¥ P £ i } ] 1 ?,[l‘vll ‘.’c"’ﬁ
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8 Sing Plate Clutch

=
g
{

Flywheel -\_; N\

Crank

shaft _\ N

£

vy ;‘n’ "i
Clutch plate with friction ;,

T
HIGY

¢
R

» i

{ _:‘ r

— Pressure plate

@ ) O/’””l‘ \«— Thrust
] E | bearing
(\‘ N (‘E g
‘\ - - i N ? /= —
ré\ Kf //; =
N
% | 1 ] ¥
i A ‘ o ) Driven Shaft S
: Dn’ving—/ ' Pivot fe 4 RS j
| shaft ~—— Release leyer
! B S (withdraw] finger)

’ .

! \

i ,

i Knife edge .
5 T L
9 Fig. 24 Single disc of plate clutch, L
‘ . . T I
| A single disc or Plate clutch, as show nin Fig 24.2, consists of a clutch plate wh

are faced with 3 frictional materi] (usually of Ferrodo).

move axially along the
body which ig bolted to
crankshaft or the drivin
set of strong Springs w
release levers or fingers) are carrie
arranged in such 3 manner
movement of 3 thrust bear
.

Splines
the flywhee
g shaft. The
hich

‘Wh

t

hei ,S'-}Spended Pivot angd
o Y858 i,-fmm«

Departmer

of the driven shaft.
L. Both the press
Pressure plate pushes the
are arranged radially inside
d on pivots suspen
SO that the Pressure pl

‘ ng. The bearing IS mounted upon a forked shaft and
'Clutch pedal is preggeq,

|
[t is mounted on the hub which
The pressure plate is mounted ms! il
ure plate and the flywheel rotate withie®
clutch plate towards thg; d
the body. The three levers. g
ded from the case of the OB
ate moves away from the flywh

110

ol
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force exceeds the torque to be transmitted, then no sl
] o o smitted, then no sli -
nitted from the driving shaft to the driven shaft. , then Illo sll?bing

an of a Disc or Plate Clutch S

ider tWO friction surfaces maintained in contact by an axial thrust (W) as ‘shown 1n

f Single disc or plate

L
P

Friction surface

(b

(a)
B’ Iig. 24.3. Forces on a disc clutch.

Let T = Torque transmitted by the clutch,
p = Intensity of axial pressure with which the contact surfaces are
held together,
rpand r, = External and int
r r = Mean radius of the friction face, and

i = Coefficient of friction. o cov
dius r and thickness dr as shown in Fig. 24.3 (b). .

ernal radii of friction faces,

delt an elementary ring of ra

ow that area of the contact surface or friction surface N
= O r.dr notii ol

Wl i b I - fescioah aett o et ae
1 or axial force on the ring, \ lad
S 5 I } t
- W = PressurcXAIea :pXZTC r.dr et
e 4 i at radius 7o Sl
- onlplFlze ing acting tan%cntlally {4 140000 TR
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2 1F Lb"mm 16871 ‘N‘ Hl l’r[imI Y B

n u.prlqtff VAL ot o1
| ation within the limits from r, 10 7, for the toy
tional torque acting on the friction surface or on the ol

Al

3
i1 jr' 2n p..p-rz.clr =27 p o
r 3

- RN
2n“_l)£lL+

- (Substityfj

(5 = (r)

wn W =
(r, )" = ()

= W.R

3}
R (" %) | = Mean radius of the friction surface,
(n — (ry) '
2. Considering uniform axial wear. The basic principle in designing machine!pas
subjected to wear due to sliding friction is that the normal wear is proportional to the workbff
The work of friction is proportional to the product of normal pressure ( p) and the slidi

Therefore,

Normal wear o« Work of friction o< p.V
p.V =K (aconstant) or p= K/V o (8)
:'iltmaybe noted that when the friction surface is new, there
iform pressure distribution over the entire contact surface.
ure will wear most rapidly where the sliding velocity
and this will reduce the pressure between the friction
s wearing-in process continues until the product
er the entire surface. After this, the wear will

ial intensity of pressure at a distance 7
1. Since the intensity of pressure varies

) RCLSS Scanned by CamScanner
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erefore equation (i) may be written as
=Cln

- that the frictional torque acting on the ring

T = 2nwpridr=2n @
r « = x Tl o) o
H > Xr°dr =2npC.rdr (- p=ClD

Total frictional torque acting on the friction surface (or on the clutch)
utch),

k2 = J:‘ 2np Cordr=2r uCli’—.z-],'
5 o
IL o (5 o= il
= 2np € ——)# —apCl(i) - (n)]
R LR
2n (n — 1) I ’v)]—§xl~1vW“‘1+"3):“'W'R
n + 5
Re= 1, = Mean radius of the friction surface.

ales © 1.In general. total frictional torque acting on the friction surfaces (or on the clutch) is given by

T = nL.WR
» = Number of pairs of friction (or contact) surfaces, and
R = Mean radius of friction surface

L) L7 |—
: . (For uniform pressure)

_(For uniform wear)

2. For a single disc or plaie | lutch. normally both sides of the disc are offective. Therefore a single disc
dutch has two pairs of surfaces 11 ¢

3, Since the intensity of pressure
ferefore equation (if) may be written as
Do X1y = &

4. Since the intensity of pressur

yntact (r.e. 1= 2)
ius (r,) of the friction or contact surface,

. s maximum qt the 1mner radius

or Pna t—C/’1

at the outer radius Tiction or contact surface,

e is minimum (r) of the f

S =G or P in .
5. The average pressure () o1 the friction Of contact surface 18 given by
ce on friction surface W

" ol forecon B0 SR = P~ (a1
= on surface n[(r,) ~(n)1
old clutch, the

Pav = Cross- _sectional ared of fricti
y of pressure is approximately uniform, but in an

e of a new clutch, the intensit
theory is more approximate-
i iction torqueé
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-
1y

disc clutch,
ny = Number of discs on the driving shaft, and
n, = Number of discs o (]
Number of pairs of contact surf

=7 +n, - ]
- . \ - B . B
al frictional torque acting on the friction
T =npWR

R = Mean radius of friction surfaces
3 3
L % (rl)2 ‘("2)0
(7)" = (r)*

Fig. 24.5, Multiple

1e driven shaft.
aces,

surfaces or on the clutch,

rmine the maximun, minimum and average

inside radiys of the contact surface
7 R § B
N7, =50 mm;
T Mmd;g}_;w:;-ﬂf :

22
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hat average pressure,
n Total normal force on contact nhe :
Cross-sectional area of contact surface n[(li)z -(n)

[
3 2 e 0.17 N/mm Ans.
: n[(100)" — (50)7]
. fgample 24.2. A plate cluich having a single driving plate with contact surfe ’ =
! o d 1o transmit 110 kW at 1250 r.p.m. The outer diameter of the contact s

lll- The coefficient of friction is 0.4. -
Assuming @ uniform pressure of 0.17 N/mm?; determine the inner diameter afrbe

(@
surfaces. | ol ;
(b) Assuming the same dimensions and the same total avial thrust, determine the maximum
torque that can be transmiric d and the maximum intensity of pressure when uniform
conditions have been reached )

Solution. Given : P= 110 kW =110 x 10°W : N=1250rp.m. ; d, =300 mmorr = 150 mm ;

p=0.4;p=0.17 N/mm

{a) Inner diameter o :
Let Inner diameter of the contact or friction surfaces, and 1
- = Inner radius of the contact or friction surfaces.
We know that the h;nlx.y transmitted by the clutch, Al
o P x 60 110 x 10 6l . 840 N-m
2 N 2 tx 1250
i = 840 x 107 N-mm

~ Axial thrust with which the contact surfaces are held together,
W = Pressure X Area=p XX l(’l): = ("z)zl
, — 0.17 x & [(150)? — () = 0534 [(1500* — ()] s
a0 radius of the contact surface for uniform pressure conditions, = '

2 [ ) - @) =3[—(150)3———- (n) | « wRis

£ =3 n)’ -] 3 :51-_,;4 e

by the clutch (),
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1 = Q ‘l'_l’ N

« or uniform wear conditi I

kn 150475
0 e

-112.5mm

T=npnWR= 2><0.4><9()l|><|]2,5=

= 811 N-m Ans.
num intensity of pressure
For uniform wear conditions, p.r= ' (a const
iner radius (r,), therefore
Ppar X1, = C or C=p
We know that the axial thrust ( W),
- WU =21 C(ri-r)=2nxp x75(
B - P = 9011735 47 = :0.255 N/mm?
e JExample 24.3. A smgle plate clutch, effective on both sid
00'%:p.m. Determine the outer and inner diame
255, ratio of diameters is 1.25 and the ma
termine the axial thrust to be provided by springs

ters of frictiona

. Solution. Given : n =2 P = 25 kW - 25 x 107 W
Bldy=125 or r,/r,=125;p =0.1 N/mm

max

uterand inner diameters of frictional surf

Let d1 and al2 = Outer and inner di

know that the torque transmitted by the clutch,
_ PX60 25%10° x 60
_ S 2n A T 2 1 x 3000
earcondltxons p.r=C (aconstant). Since the
o j

llﬂu{

8] | X ;l:!_'lln‘

|
:
Y'a

ant). Since the Intensity Ofpres
n\

" 1

max X 79 N/mm

50 -175) = 35343 ﬁ'

H’J\

es, Is required tot ‘ Kq
[ surface if the coeff

Ximum pressure is not to exceed.()
Lssume the theory of uniform we

» N = 3000 r.pm.; jb =0

i

]

ameters (in mm) of frictional surface, and
ryandr, = Corresponding radii (in mm) of frictional surface,

_ny_l

o 79 6 N m= 79 600 nn

mtensuyo LR
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= = . 2

E W =2m Ci(ry = 1,) = 20 0.1 1, (125 7= )" W0 i
B — 01157 (,)2 = 0.157/(96)2 = 1447 N Ans. .
Eiﬂmple 24.4. A dry single plate clutch is to be designed for an automotive vehicle W;Ziasei
- is rated 10 give 100 kW at 2{00 r.p-m. and maximum torque 500 N-m. The outer radius of the
:’D;l"p-zate is 25% more than t}_ze inner r'ad.ius. The intensity of pressure between the plate is not to
oed 0.07 N/mm?. The Coejﬁczent of friction may be assumed equal to 0.3. The helical spnr?gs
;a;niﬂd by this clutch to provide axial force necessary to engage the clutch are eight. If each spring
M-' stiffness equal to 40 N/mm, determine the dimensions of the friction plate and initial compres-
don in the Springs.

Solution. Given : P = 100 kW = 100 x 103 W ; *N = 2400 r.p.m.; T = 500 N-m
2500x 10° N-mm ; p = 0.07 N/mm?; it = 0.3 ; No. of springs = 8 ; Stiffness/spring = 40 N/mm
Dimensions of the fric
Let r, = Outer radius of the friction plate, and

N

Inner radius of the friction plate.

r,
Since the outer radius of the friction plate is 25% more than the inner radius, therefore
%

, =125 r, |

Foruniform wear conditions, p.r = C (a constant). Since the intensity of pressure is maximum at |
tieinner radius (r,), therefore

X p.r, = C or C=0.07 r, N/'mm

@daxial load acting on the friction plate, .
W =2nr C(r,—r,) =21 x 0.07 7, (1.25 r, — r,) = 0.11.(r,)A N )]

Weknow that mean radius of the friction plate, for uniform wear,

E o3 42-r2 =1.25r§+r2 =175 b wosk gl
"« Torque transmitted (7), ...
X103 = nWR=2x03x0.11(r)? 1.125r,= 0074 ()}  .(-s .ﬁ'ﬁ
i (r,)? = 500 x 103/ 0.074 = 6757 x 10> or r,=190 mﬁlfﬂﬁlﬁ e W

| = 6757 . *
7= 125 r, = 1.25 x 190 = 237.5 mm Ans. '
2AR e lh;:iﬂ: *- Q’P'J‘f - .

S
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Depa

radius (r,), therefore,

==

L:i’"{‘a
Robde ale

A7 phe

w VR = x(f;3x2993x0 l’==359

“21:N 359 x 2 T x 500 R
d, | P = 60 0 -ISWW“

: . -disc clutch has three discs on the driviug
fiameter of the contact surface is 120 mm. The &
ed 10 ﬂ 1 N/mm?. Design the clutch for transmitting 25 gy al'l
ar condition and coefficient of friction as 0.3. e
h stior Grlven n=3:n,=2;d,=120mmor r, =60 mm P = 0.1 N
%10 W:N=1575rpm.;pu =03
s — Qutside radius of the contact surface.

- ’ \‘
'_iff‘_' ‘

£
J\ﬁfc know that the torque transmitted,

.Il 1 3
60 25x 10

. T_PX)

= 2w N 21-

* Foruniform wear, we know that p.r = C.

151.6 N-m = 151 600 N-mm
s1LY of pressure is manmmnlh:i
e

P XT> = C or C=0.1x( 6 N/mm
We know that the axial force on each fric
W =2rC (r,-r,) = 21 x (
For uniform wear, mean radius of the con
R n+nrn 5+ 60
B R-——j’ L —
We know that number of pairs of um[tml surfa
n=n,
<. Torque transmitted (7),
| 151600=n.;Lw.R=4xu._<x37,7(,, 60) (0.5 r, + 30)

+n,—-1=3+2-1=4

]

[Substituting the value " -
=22.62 (r,)* - 81 432 *

151600 +
x_.;: 81432 =10 305

22.62
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27N 2mx750 -
, mean radius of the cﬁﬁtﬁét*éﬁffa&rsﬁ:';" s ¥
ntr, 70+ 40 ‘

R = == |
} > 2 55 mm
dal force required,
- W =P, X [(r)? = (2] = 035 x 1t [(70)2 - (40)*] = 3630 N

We also know that the torque transmitted (Gi5);
7 57300 = nW.WR=nx0.1 X 3630 x 55 =19 965 n
L n=2357300/19 965 =287

® Gince the number of pairs of contact surfaces must be even, therefore we shall use 4 pairs of

mtsurfaces with 3 steel discs and 2 bronze discs (because the number of pairs of contact surfaces
pneless than the total number of discs).  Ans. !

'jAcmal axial force requir. 1
“' Let W' = Actual axial force required.
. Since the actual number of pairs of contact surfaces is 4, therefore actual torque developed by
eclutch for one pair of contact surface,

T' = Tr; = ﬂ%g)g =14 325 N-mm

We know that torque developed for one pair of contact surface (T,
14325 = p. W' R=01xW'x55=55W"'

W' =14325/55=2604.5N Ans.

3 A

ALRA averagepressmw

Weknow that the actual average pressure,
' f 4.5 i
Iy W — = 2(20 — =025 N/mm® Aps. :
ml(5) = (n)1 ®70)" - (40)°]

imum pressure ,

!

Pa

P = Actual maximum pressure.

L wear, p.r = C. Since the intensity of pressure is maxllmum at th?. }}}n? 3.

r  C=40p,, N/mm
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Depa

* and torque transmitted (T ),
Boustis I51.5 % 10°= L WR =4 % 03 x Wx 93.3 = 112 1

" Maximum power transmitted

’?tbrque transmltted,
PX60  25x10° x 60

SOnN . 2nx1575
B (% . 10° Nomm

1V radlus of the contact surface, for uniform pressure,

i (n) = (n) 1208 —(gpp
- [\ 2| 20 o
(]’)O) (60)2 -3]1)’%

=151.5 N

T
ot

31() = (n)
gy
W =151.5 x 103/ 112 = 1353 N Ans. b
Given : No. of springs = 6
= Contact surfaces of the spring = 8
Wear on each contact surface = 1.25 mm
Total wear = 8 x 1.25 =10 mm = 0.01 m

Stiffness of each spring = 13 kN/m = 13 x 10° N/m
. Reduction in spring force
= Total wear x Stiffness per spring x No. of springs :
=0.01 x13x10°x6=780N o -

W =1353 -780 =573 N , ok

_Mzgo =0.09 m

T=n.pW.R=4x0.3x573x0.09= 62N—,.x

A5 »=T X 2n N 62 X 21 x 1575 —10 227“‘ = 102
60 60 :

e . s {3 r
pd 1 "m-*Ltlm“ b=

),  PAMPEEY Scanned by CamScanner
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s ity o) e At 1 TRt WOTER .
o e Ring G pf ol pEIW R

* .I - b 3 sz J4 .
/)\b Conical f;iction SUITACE . s At %

I
7

Spring

Driving shaft
Driven shaft

Driver

Fig. 24.6. Cone clutch.

‘pesign of a Cone Cluich
faces of
a pair of friction surfac

a cone clutch as shown in Fig. 24.7. Alittle consideration

nsider a pair of friction surf
e is a frustrum of a cone.

 that the area of contact of

Li— Friction surface

frustrum of 4.2008:
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Departmerl

3W, = Normal pressure x Area of ring = P X 27 rdr co

ial force acting on the ring, g
8W = Horizontal component of 6W (i.e. in the direction of
1 Sy e . g 4

= W xsin ot =p, X 21 r.dr cosec oL X sin 0=21 x

Sec g

: ! P .r.d;-._, ]
- Total axial load transmitted to the clutch or the axial spring force requirelii, £

L : 2 2 _ SN
, W = J’an pp-rdr =21 p, {’T] =2np, [(LI)_Q(L)] :

n

=Tp, [(r] )2 —(I‘:'):]

1%
~ and P

3 TII:()‘] ’): ~(ry )% | ;;‘-i

1l

I We know that frictional force on the ring acting tangentially at radius r,
— o X 21tr dr cosec ot

‘ F, = oW =up x2mr.drcosec «

. Frictional torque acting on the ring,

HB=F X7r= Wp, X 21r.dr cosec O X r

= 21 lW.p, cosec O.r° dr

. . o A . i ) ) - - : »~,
Integrating this expression within the limits from r, to r, for the total frictional torgue®
clutch. ?

- Total frictional torque,

"
- J[2]
K= Jrz TP, cosec 0.’ dr = 2m |L.p, CoseC 0=

n

3 3
= 21 L.p, cosec o, [——(r‘) ; (72) :’
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Rl 4

w that

g uniform wear

4.7, let p, be the normal
in case of uniform wear,

(’1)_‘(;2)3_
"= ()

Friction surface

(@) For steady operation of the clutch.

/"\ uW,

Friction \\‘/\’ \ -
suriacce 74‘\\\-:'\ - [0
T ]":U“' cos &
a
W,
o
- | g
W= W sind

(b) During engagement of the clutch

Fig. 24.8. Forces on @ friction surface

ance r from the axis of the clutch.

at a dist
I\Ll\ with the distance.

of pres ssure

intensity
y of pxusuu varies inve

the intensit

C (a constant) or p,=C [ r

e acting on the ring,
x Area 0

pr =
the normal forc
W, = Normal pressure

on the ring,
&SW xsma =p, xznr.drcosecaxsina

fring=p, % 21tr.dr cosec &
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= N s cih. I-.! '%t
I f al n;‘ ,_*5
usuallymcorporaxedmto

I .c_ons:sts of a number of shoes on the
J efpulley, as shown in Fig. 24.10. The
of the shoes are covered w1th a fncuon

ce which is assumed constant. The weight of the shoe,
when revolving causes it to exert a radially outward force
ié‘oentnfugal force). The magnitude of this centrifugal
~ force depends upon the speed at which the shoe is
revolving. A little consideration will show that when the
centrifugal force is less than the spring force. the shoe
remains in the same position as when the driving shaft
was stationary, but when the centrifugal force is equal to
the spring force, the shoe is just floating. When the
centrifugal force exceeds the spring force, the shoe moves
outward and comes into contact with the driven member

and presses against it. The force with which the shoe presses against the driven memberist
of the centrifugal force and the spring force. The increasc of speed causes the shoe to pressk
L

enables more torque to be transmitted.

Ferrodo Lining

$
%2

77177 shaft
PRRR

2.

- r
i
P

ﬂl"Fig. 24.10. Centrifugal clutch

7! AR LA R R AR RN .‘}
L\
N [
N
N
N

3'&\
&

Centrifugal clutch with e
and four steel fioat plgta
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M}. gular speed at Wthh the engagement begins to

' i;ake place, and
— Coefficient of friction between the shoe and rim.

‘know that the centr ifugal force acting on each shoe at

*P = m.o>.r
: Fig. 2 of a
e the speed at which the engagement begins to take Fig. 24.11. Forces on a shoe
centrifugal clucth.

enera]ly taken as 3/4th of the running speed, therefore
d by the spring is given by

mward force on each shoe exerte
_f jis , 2
s ; 2 }\ 9 o)
i P = m (W V: r=m|—w | r=—mo-r
‘ ' + 16
ith which the shoe presses against the rim

-
e

s : .
" Net outward radial force (i.e.
the running specd

centrifugal force) wi

. 2 9 2 7 2
P —P =mo.r—— mo-.r =— mw-.r
C » () 1

frictional force acting tangentially on each shoe,

= (Ps—P)

» Frictional torque acting on each shoe
b _pxR=pP.-P)R

tional torque transmitted,
= IJ'(P;—P.;)RX”
1is expression, the mass of the shoes

=n.F.R
(m) may be evaluated.

f the shoes, ; '
. s ek sppvhek

= Contact length O
e h of the shoes.
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sha ’pi'éss;e'é" gémﬁ'f thé nm a

re: sion, i ihofshoe (b) may be obtained.
of the spring
scussed above that the load on the Spring is given by

9
= —X m.(!) T
£ 16

ple 24.14. A centrifugal clutch is to be deszgnea’ [0 transmit 15 kw at 99
our in number. The speed at which the engagement begins is 3/41p of the
radius of the pulley rim is 150 mm. The shoes are lined with Ferrog, o et

Tinning
ofor ' ﬁ”fﬁl{‘ o
f friction may be taken as 0.25. Determine: I. mass of the shoes, and 2. Size of the

Solution. Given : P=1SkW=15x1W;N=900tpm.:n=4- s R =150 mm = 015m

m = Mass of the shoes.

t We know that the angular running speed,

PR 2nX900 o o s
60 60
Smce the speed at which the engagement begins is 3/4 th

of the running speed, therefore anguli
‘which engagement begins is :

3 3 ‘w_{l'l"l
0)1 = Z = Z X 9426 = 70.7 rad/s

that the centre of gravity
j the splder Le.

120mm 0.12 m

of the shoe lies at a distance of 120 mm (30 mie

bl

7= m (94.26)% 0.12 = 1066 m N |
rted by the spring i.e. the centrlfugali 0

df (157 SERGTY (B, ud ) '1"

3

4
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"" I = Contact length of shoes in mm, and
b — Width of the shoes in mm. ¥
e

tthe arc of contact of the shoes subtend an angle of @ = 60° or 7/ 3 radians, at

150 =157 mm

é:)f contact of the shoes

A=1Lb=157b mm? -
2 sret » 1
‘ : s = {p) pxarter , choes is 0.1 N/mm?, theretore
o i ity of pressure ( p) exerted on the shoes 18
o that the intensity Ol |
uming tha

: presses against the rim

_ Ap=15Tbx0.1=157bN ‘

. also know that the force with which the shoe presses against the rim
e =P -P 1066 m — 600 m =466 m

( Y

— 466 x 2.27 = 1058 N
we find that

J From equations | and
- 67.4 mm

! "“‘U 1

Department of Mechanical Engineering, NCERC, Pampady 35
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TN Lt

¥ P
Auach o o land i Y cutlp ol ¥
1 R arr— —

et W

froduction
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during Braking
Materials for Broke |
pes of Brokes

f :v‘- K or Shoe
ofed Block

‘ »
blé Block or

Jo Band Brok e
&

Bnnal Band Broke
ﬂ" Block Brake
‘Exponding Broke :
. 25.1 Introduction
A brake is a device by means of which artificial
frictional resistance is applied toa moving machine member,
in order 1o retard or stop the motion of a machine. In the
process of pc:fonmnglh:sﬁmon.lhehnhmumher

LS
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of the friction surfaces, and o
51’ the brake to dissipate heat equivalent to the et
ctional difference between a clutch and a brake js (j, -
driven member moving together, whereas brakes are useq tq «

tos op

* The energy absorbed by a brake depends upon the type of mo
~ motion of a body may be either pure translation or pure rotation or g ¢
S and rotation. The energy corresponding to these motions is kinetic energy, Lepy
~ motions as follows : '
il 1. When the motion of the bedy is p

avelocity v, m / s. Let its velocity is reduced to v. m / by

Ombinatio

= ]

Consider a body of magg (m‘)
IOy

I, applyi |
Bl applying the brake, Ty
] a ; . 4 # . p - . I'he ,
i 1n Kinetic energy of the translating body or kinetic energy of translation, N
| l W’
.;‘ E; = om0 - ()3 B
i This energy must be absorbed by the brake 1 i ' bt
bk ab y the brake. If the movine bodyv is « Ly
§ - brakes thenv, =0, and, # POGY IS stopped affer gl
" "‘ -': | I , '
: 1’11 e m(v;) i
5 'Jl' : } 2. When the motion of the body is ; Consider a body of d;'i
e _ . S i i S1AeT a body of mass moment of i
: f (about a given axis) is rotating about tha axis ! e

gk with an angular veloci

velocity is red o , , g elocity m, rad /s. Let
e uced to w, rad / s after applying the brake. Therefore, the challlge in kineti
t, : B Ko, 7 7 net

~ e
~PEgs

| Booster
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Aiiigrt&taﬁhg ‘,BOdM‘

S

{rE2 h _2_ I (“)1)2 BT L B .

ﬁ;””u:;'dofn th"i body ‘S a COmI;tination of translation and rotation. Consider a
g e gtu ;rl motions, e.g. in the locomotive driving wheels and wheels of a
.:'guc_h cases, the _0 kinetic energy of the body is equal to the sum of the kinetic
nslation and rotation.

s vy ¢ !

kinetic energy to be absorbed by the brake,

, E=E +E,

Sometimes, the brakfa has to ﬂbSOl‘b the potential energy given up by objects being lowered by
glevators etc. Consider a body of mass m is being lowered from a height h, to h, by applying
Therefore the change in potential energy, B

! E, =mg (hy —h,)

If fl,and v, M | s are the velocities of the mass before an
1 potential energy 1s given by

Vi + Vp
= m.g = |t =m.g.V.
E3 5 - 1.g.v.l

Vi + vy

d after the brake is applied, then the

y = Mean velocity = , and

il ¢ = Time of brake application.
, the total energy to be absorbed by the brake,

E=E + E,+ E,
F, = Tangential braking force or frictional force acting tangentially at the

contact surface of the brake drum,
. d = Diameter of the brake drum,
: ‘ N , = Speed of the brake drum before the brake is applied,
: i. N, = Speed of the brake drum after the brake is applied, and

g

e N, + N,
0 v Mean speed of the brake dum = “T75 i i o
‘ done by the braking or frictional force in time 7 seconds, i
edINE 1 i A st il 1 st 9l .;‘,'Jl"y'_ﬁil.\q ¥ iR

Ay
he wordon
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S ahd metal surfaces that are shghlly lubricated = g¢ _

tomobllc brakes with asbestos block lining = 180 _ 225°¢
ce ﬁle energy absorbed (or heat generated) and the rate of
cular speed are dependent on the normal pressure between the bra
ortant factor in the design of brakes. The permissible normal pressu
nds upon the material of the brake lining, the coefficient of fri
the energy is to be absorbed. The energy absorbed or the hea

' E = HS =W.Ry.v=W.p.Av (in /s or watts)

[t = Coefficient of friction,

10

‘:r
o the
kmg Surf es
re bC[Ween th
ction and the magiis
generated jg given

Ry = Normal force acting at the contact surfaces, in newtong
b

P = Normal pressure between the braking surfaces in N/m?
- )
A = Projected area of the contact surfaces in m?, and

W
[-!l,:_.‘_ i
v = Peripheral velocity of the brake drum in m/s. :

The heat generated may also be obtained by conside ring the amount of kinetie orpé(&ﬂ |
e ;nergles which is being absorbed. In other words. 4

H, = E +E,
Ey = Total kinetic energy absorbed, and
E = Total potential energy absorbed.
The heat dlSSlpated (H,) may be estimated by
P 1 B =C(,-1)A
C Heat dissipation factor or coefficient of heat transferln ”'

1, — I, = Temperature difference between the exposed radlatmg St
' Surrounding air in °C, and

- A, = Area of radiating surtace in m?.

for a temperature dlfference of 200°C.
é heat d1ss1pated are quite approxunate and shou

3
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onsidered in place of temperature rise. Ih&eiperiexﬁ:e has also showr
high, ‘the rate of wear of brake lining will be high and the brake life will.

v should be lower than the upper limit value for the brake lining to have
e following table shows the recommended values of p.v as suggested by

r different types of service.

Table 25.1. Recommended values of p.v.

Type of service Recommended value of p.v in N-m/m” of
projected area per second

tinuous application of load as in lowering 098 x 10°

ittent application of load with comparatively 193 x 10°©
periods of rest and poor dissipation of heat.

ntinuous application of load and good 29%10°

jon of heat as in an oil bath.

951, A vehicle of mass 1200 kg is moving down the hill at a slope of 1: 5 at
9 be stopped in a distance of 50 m. If the diameter of the tyre is 600 mm, determine the
g torque to be applied 1o stop the vehicle, neglecting all the frictional energy except
oIf the friction energy is momentarily stored in a 20 kg cast iron brake drum, What is
erature rise of the drum? The specific heat for cast iron may be taken as 520 J / kg°C.
ne, also, the minimum coefficient of friction between the tyres and the road in order
not skid, assuming that the weight is equally distributed among all the four wheels.
Given : m = 1200kg;SlOpe= 5558 v=72km/h=20m/s ; h=50m ; d = 600 mm
=0.3m ;m,=20kg: c=520J/kg°C
e to be applied to stop the vehicle
cinetic energy of the vehicle,

E L my® =1 %1200 (20)* = 240 000 N-m
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et e

’F mgw-l M uansy 1ol
: tmqmmenscofthcdrmnmw.
sorbed by the brake drum,
l,= - n=Energyabsorbedbythebrakedrum
. =357720N-m=357720] St 1N—m=1])
that the heat absorbed by the brake drum (/).
357720 mbXCxAt—20x520xA1—lO4OOAz
At =357 720/ 10 400 = 34.4°C Ans.

. ]‘ U\

L = Minimum coefficient of friction between the tyre and road, and
Ry, = Normal force between the contact surface. This is equal to weight of
the vehicle
=mg=1200x9.81=11772N
We know that tangential braking force (F),
71544 = LR = x 11772
W =7154.4/11772 = 0.6

25.4 Materials for Brake Lining

1 ‘The material used for the brake lining should have the following characteristics :
!A 1> It should have high coefficient of friction with minimum fading. In other words, the coefficient
of friction should remain constant over the entire surface with change in temperature. )

- 2. Itshould have low wear rate.

» 3. Itshould have high heat resistance. !
SR4 t should have high heat dissipation capacity.

5. It should have low coefficient of thermal expansion

6. It should have adequate mechanical strength

-:,.*Ig should not be affected by moisture and oil.
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MN

.r'b 7 T"‘w'n dn e Dy
Jmammmbmkem
 Coefficient of friction () | Allow .

p:mlw(l’)

0.20 - 0.35

0.08 - 0.12
0.10 = 0.20

0.07 —0.28
005 -0.10

Dry Greasy Lubricated N/mm?
0.15-02 0.06 - 0.10 0.05 -0.10 1.0-L75
- 0.05 - 0.10 0.05-0.10 0.56 — 0.84
0.20 - 0.30 0.07 -0.12 0.06 - 0.10 034-14
: 0.40 — 0.62

0.35 0.25-0.30 0.22-0.25

- aQ

03-0.5 0.15-0.20 0.12-0.15 0.07 - 0.28

- - - ‘q
1al 035 -05 (.25 - 0.30 0.20 - 0.25 0.20 - 0.5 1

ps On mMc o dl
al 0.40 ).48 0.25 ) 30 ( ‘
on mel o o |

irodynamic Drake d

llc brakes e.g. pumps or hyds
bl'akCh eg. LL”L] ALOrs an 1d ed idy

CUrrcit orans
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be DIOC ’"
g on the brake drum i in axial
o ks, The analysis of these brakes is

1 |
rith only mechanical brakes, therefore, thes

e are discussed in dctaii, in

15'1] i b

k or Shoe Brake

sck or shoe brake is shown in Fig. 55.1. It consists of a block or shoe which is
e block is made of a softer material than

ﬂF rim of a revolving brake wheel drum. Th

P & F=<—Tx P
0 4y
20
‘ Y
A | A
) |
(b) Anticlockwise rotation of brake wheel.

~ (@) Clockwise rotation of brake wheel.

. ingle block brake. Line of action of tangential force passes
o7 i

railway (rains and tram cars. The
act on the wheel, which

. through the fulcrum of the lever.

oA 1)
im of the wheel. This type of a brake is commonly used on
etween the block and the wheel causes a tangential braking force (o
tation of the wheel. The block is pressed against the wheel by a force applied to one end
or to which the block is rigidly fixed as shown in Fig. 25.1. The other end of the lever is

1 a fixed fulcrum O.
0 4; . P = Force applied at the end of the lever,

g e ‘ .

Ry = Normal force pressing the brake block on the wheel,

= Radius of the wheel,

fficient of friction, and
ential braking force or the frictional force acting at the P?ﬂmt

L g
g (T

™ k -
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4

6% LLRNr_H-Plr . ' oo s S

s .
thc line of action of the tangential braking force (F) passes through a dlstance
crum O, and the brake wheel rotates clockwise as shown in Fig. 25.2 (a), then for
dng moments about the fulcrum O, _

.~ Ryxx+F,xa=Pl

3 o7 v s Pl
RNxx+|.l NXa =L or N X+ |La 1
N Ww.P.Lr
o ue, PE=elLR P =
. ng torq BATHIEhiN X+ |La
! l > =< [ >
.. i v ——] el __I
| B V l _%* }—7 &-__—_—l
P, 0% T8 Feo P
RN Fi " ROA
2e (26217 )h_
2 v
&
(@ Clockvwse rotation of brake wheel. (b) Anticlockwise rotation of brake wheel.
4 Flg 25.2. Single block brake. Line of action of F, passes below the fulcrum.
the brake wheel rotates anticlockwise, as shown in Fig. 25.2 (b), then for equilibrium,
RN‘x = Pl+ Ft_a =Pl + l,l.RN.ll .(l)
R = Pl |
Ry &x—p.a) = Pl or Nl dies W.a ]

ine of action of the tangentlal braking force passes through a distance
he brake wheel rotates clockw1se as shown in Fig. 25.3 (a), then for

o X ooy o g Lna'-l?- it g
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the by » wheel rotates anticlockwise 2s shown i Fig 253 (5), then for equilibrigm
ments about the fulcrum O, we have
R.xx+F xa=Pl

k,ﬂtx&p,k,\.f‘; Pi

braking torquc. r, = BBy’

Noten: L From shove we soe th when the besic o h i : § 2180 aned e
B rotasen chockwie i case B [Ty
R, xz * |

From this we soe tha! the =

feietional foroe (. R o) adds 10 ¢

force (PN la otter sonds, the U T

Belps 10 apply the brade Suct e

aee sald 1o be sell emergirang brakes Vo

frictionad force ks groad onowgt 1o .

with no extermal force, thon the brude o

: ﬂmnccr RIS

““m,'liﬂht"nqu Ve Of egus
ﬂmncumw fore is aeodc

| “mmchtan is solf dochang
v refore the condition for the tirke 10 b s
h

I.f PEpe
h | “'m hale o5 used only

“Nﬂmpn&g afd ot B o o b omg

¢ __ ‘.ﬁ“’mmhi proves B beade Do sabtisg § e lope groater S 4
‘ baaning ares of B block of stor. Saos S Barisg provars on e s,

A

' e * Projocind loag of stoe = wilr wa §) g iand J

o brake is app -u-gm-uﬁ-n wous on G
,Fﬁ of e shah. I anler

#':'

o
B
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-Equivalent coefficient of friction = a -
X : = : At IR
- *Acmal coefficient of friction. o

life and may provide a higher braking torque.
: L Fe— 200 ——>le— 250 i
— "

| )
e

S0 | /’f\ 2001

N
il

LME“‘_.

All dimensions 1n mm.

Fig. 25.5

wm. 254, Pivoted block or shoe brake
L brake is shown in Fig. 25.5. The diameter of the drum is 250 mm
700 N is applied at the end of a lever and the
s 0.35. determine the torque that may be

ple 25.2. A single blo
angle of contact is 90°. If the operating jorce 0]
of friction berween the drum and the lining i
d by the block brak:

BSolution. Given : d = 250 mm or 7 125 mm ; 2
Since the angle of contact 1s grealer than 60° , therefore equ

4 x035X% sin 45

9 =090°=mn/2rad; P=T00N; p=0.35

ivalent coefficient of friction,

4 sin© _ 0.385
H = 29 +sin26 nt/2 + sin90°
Ry = Normal force pressing the block to the brake drum, and
F, = Tangential braking force = 1. Ry /Fe - /LL ‘ﬁ #
A G

ents above the fulcrum O, We have
F, E i

00 = —x 200 = x 200 = 520 F,

-200) + £, x 50 = Ry %2 W % 0.385 f

"‘*.‘:“’.' - 700 x 450 or F‘ =700 x 450/ 470 = 670 N
Bl 4 by the block brake,

R TP S
> franSmitic & ol
G [ ! ) o~ Y
_ 670 x 125=383 7
o ul 2 T

-
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2 Ao J
a

=l - *.“' 1 f '
it s 36 2 neiniiison [ninsg

1 e 99

e adnild & AT O 1

¢« 103/1207 =372.8 N

T, =F xr=3728x0.16
= 59,65 N-m Ans.

Brakes on a cqr wh
(nner side )

All dimensions in mm.
: Fig. 25.6 Fig. 25.7
pExample 25.4. The block brake, as shown in Fig. 25.7, provides a braking torque of 360 N-m.
‘diameter of the brake drum is 300 mm. The coefficient of friction is 0.3. Find :

tion of the brake drum; and

location of the pivot or fulcrum to make the brake self locking for the clockwise rotafion
brake drum.

e clockwise and counter clockwise rotation of the brake drum & &

ckwise rota 9% of the brake drum, the frictional force or the tangentl&l orc

BhDWn,mFig 258
- q'lrt "_,
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Y S T e = T

lzodl caffiaghe %2 oy

 that braking torque (Ty), | P A
360 = F,xr=F,x0.15 or F,= 360/0.15 = 2400 N
RN =F,/p=2400/0.3=8000N

about the fulecrum O, we have

a] force,
taking moments
P (600 + 200) + F x50 = Ry %200
p x 800 + 2400 x 50 = 8000 x 200
P x 800 = 8000 x 200 — 2400 x 50 = 1480 x 10°
P = 1480 x 10%/800 = 1850 N Ans.
ockwise rotation of the drum, the frictional force or the tangential fo

For the counter cl
ontact sur

rce (F)

xﬁngal the ¢ faces is shown in Fig. 25.9.

Taking moments about

200 = 2400 x 50 + 8000 x 200 = 1720 X 10°
P = 1720 x 10°/ 800 = 2150 N

the fulcrum O, we have

I,

2, Location of 1/ ke self-locking

The clockwise rotation of the brake drum is shown in Fig. 25.8. Letx be the distance of the pivot
otfulerum O from the line ol action moments about the fulerum O,
we have

P (600 + 200) + F, X A

In order to make the brake self-lockin
2810,

of the tangential force (F). Taking

/\'\ x 200 =0
g, F, x x must be equal to Ry % 200 so that the force P 18

F Xx = Ry X 200
2400 X x = 8000 x 200 or x= 8000 x200/ 2400 = 667 mm Ans.
an elevator having 650 mm diameter is fitted with a brake drum
ided with four cast iron brake shoes each subtending an
en loaded is 2000 kg and moves with a speed of 2.5 m/s.
brake has a sufficient capacity 10 S10P the elevator in 2.75 metres. Assuming the coe_tﬁciem of
L between the brake drum and shoes as 0.2, find: 1. width of the shoe, if the allowable pressure
e shoe is limited to 0.3 N/mm?; and 2. heat generated in stopping the_{l‘gva;qr:- 1 eling
tion. Given : d = 650 mm Or 7= 325mm=0325m;d = s i m=5 ’.“»;5""‘.

B b s oo cm=2000%E V225 BIEREZE [ p=02;p,=03 N/mm?®

“V_EXamplc 25.5. A rope drum of
Ol m diameter. The brake drum is proy
€0f45°. The mass of the elevator wh

W BNE ONEFE
PSR A Ty ® [£31Te)

P Aoy Lanitoit) -
£ i ' i W
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u.waxmmm-,,
on the shoe ( p,),
17787.5 46.5
3827 W "
w = 465/03=155mm Ans.
stopping the elevalor

that hez w in stopping the clevator

= Total energy absorbed by the brake

.

-

= Kinetic energy + Potentia
=1 % 2000 (2.5)° + 2000 % 9 § > e
= 60.205 kN

ble Block or Shoe Brake

When a single block brake 1s applicd
? ngs due to the normal forcc R,
rawback, a double block or shoe brake
S applied at the opposite ends of a diam
3;"'*- The brake is set by
e upper ends of the brake arms tu;.x i
;f' wthebcllcmnk lever, the Spr
€ is released. This type of brah
Cran mdlbcforcc!’upnmu d by an
‘a' . thnlhccum:m 1S switched of
cunklcvcrand the brake is er 1 aut
¢ (0 the m force and thus [hcu will be no
' nt of the load.
m the brakmg action 1s doubled
kS and the two blocks may be operated
'Illohmllopcmcom In case
e, e ‘nhnsmtsgwmb)

*‘*L"  the two blocks.

60 205 Nem

JC
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Vidth ¢ :"ebralkeffhoes ) Wl

o "j:' Py = Bearmg pressure on the lining material of tt
- = 0.5 N/mm? '
wWe kn ow that pr0]ected bearing area for one shoe, .
_ A, = b (2rsin 0) = b (2 x 500 sin 35°) = 574 b mm?

W g- tnow that normal force on the right hand side of the shoe,

Fop 0598 _ 0.59x 4412
R, = —= e e o
NUT T 032 0.32 B3R

nd normal force on the left hand side of the shoe,
Fo, 0778 077x4412 |
= = = e S0 616NN "

Dapnei 0.32 0.32

We see that the maximum normal force is on the left hand side of the shoe. Therefore we shall ]
| gesign the shoe for the maximum normal force i.e. Ry,

We know that bearing pressure on the lining material ( p,),

Ry, 10616 185

0.5 = = — =
Ay 574b b
b = 18.5/0.5 =37 mm Ans.
4. Force required to be e: y the thrustor to release the brake
Let P = Force required to be exerted by the thrustor to release the brake.

. Taking moments about the fulcrum of the lever O, we have
Px 500 + Ry, x650=F, (500 — 250) + F, (500 + 250) + Ry, x 650

(SubstltutmgFl =059 Sand F,, = 0.77 S)
-+5288x106 — 0.65 % 105 +2.55 x 106+ 6.9 x 10° = 10.1 x 10°

6 6 ool S
_ 10110 —5.288X10° _ geg N Ans. el it
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(@) Clockwise rotation of drum. (b) Anticlockwise rotation of drum,
Fig. 2

- . 5 'u‘,' i
3.14. Simple band brake. R

T, = Tension in the tight side of the band,
T, = Tension in the slack side of the band,

6 = Angle of lap (or embrace) of the band on the drum,
M = Coefficient of friction between the band and the drum,
r = Radius of the drum, |

t = Thickness of the band, and

r, = Effective radius of the drum=r+1¢/2.

€ know that limiting ratio of the tensions is given by the relation,

n T
-+ 231log|-L |= .0
8z il

) eSS Scanned by CamScanner
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‘ arddmeeonm ordetto t1‘,‘ en

d attached to the fulecrum O will be tight

: 1
ion T,. The tensions 7, and T, will revcrsc for annclockénse rotauon of |

p— b—>
(@) Clockwise rotation of drum. (b) Anticlnckwxsc rotation of drum.
. 25.15. Simple band brake.
¢ tensile stress (o) for the material of the band is known, then maximum tension in

3, If the permissible

he band is given by
T, =0 %wXI

where w = Width of the band, and
¢t = Thickness of the band.
ot exceed 150 mm for drum

The band thickness (1) may

4. The width of band (w) should n diameter (4 greater (iag L o

lml_nmfor drum diameter less than 1 metre. also be obtained by using the empirical
relauon ie. t=0.005 d

. For brakes of hand operated winches, the steel b

25 -40 40 — 60 80 100 140 — 200

ands of the following sizes are usually used :

band (w) in mm

3_4 4-6 4-7

band (7).in mm 3

e 25.8. A simple band brake operates on a drum of 600 mm in diameter
0 rp.m. The coefficient of friction is 0. 25. The brake band hais a conta :

a fixed pin and the other end to the brake ;zbﬂn 125'“‘

mm lang and pIaCM ﬁe:pemflbttl&ﬁ
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Depa

1 osf@y - 8°]
12 = 6706 mm*
e 4472

U : 431750
Tii(iligg stress = o0

= 64.4 N/mm”
ducedilgending stress is within permissible limits.

| Band and Block Brake

The band brake may be lined with blocks of wood or other material, as showninFi-g o

ction between the blocks and the drum provides braking action. Let there are ‘n’

ks, epéch subtending an angle 2 6 at the centre and the drum rotates in anticlockwise lnmﬂb“?f

Ry

W Fig. 25.33. Band and block brake.
T, = Tension in the tight side, 4
T, = Tension in the slack side, 'W
= .Coef.ﬁcic?nt of friction between the blocks and drum,

),  PAMPEEY Scanned by CamScanner

53



(T, - T) cos® _ Ry
(T, + Tll) sin O RN

l}gf’ (T, -T\) =ptan6(T, +T,")
I | + tan 6
i il T Il tan ©
gimilarly it can be proved for cach of the blocks that
LR PR e T
B T, g el n  lepiane
L G 6 T Taot (L ptan® f )
T, ]m’ % ;—’ T, W T, ] —ptan®
: i 2 3 “
- ;
%Braking torque on the drum of effective radius 7.,
E
g r =Gy,
BT g 4 R S ...(Neglecting thickness of band)
: =(T,-T,

Nte:For the firs ion i .o and in the slack side is T, and for the second block,

S ' the tight side is T and in the s : : sec :

e sion ln'ethe ti];:ﬁcs%;i;hiz l;"j;’g :: th]: slsck side is Tl ' Similarly for the third block, the tension in the tight
1 2

i87,"and in the slack side is 7' and so on. For the last block, the tension in the tight side is 7, _, and in the
ko side is 7' and so on.

de is T,
P A 500 ———»
mple 25.14. In the band and block brake |

25.34, the band is lined with 12 blocks

which subtends an angle of 15° at the cen're

drum. The thickness of the blocks is
the 1““ eter of the drum is 850 mm. If;
is inaction, the greatest,and least |
ire TIande, show that

\lg'\l T [

it A
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SioT fl'1 (greatest tension).
onsider one of the blocks (say first block) as shown is

r !mymg four forces :
1. Tension in the tight side (7)),

2. Tension in the slack side (7)) or the tension in the t
band between the first and second block, \ '

3. Normal reaction of the drum on the block (R,,), and
4. The force of friction (lL.R,)).

Car wheels are made of alloys to be 1 stresses and fatigue.

Resolving the forces radially, we have

(T, + T,)sin 7'%° =R, ol
ar  Resolving the forces tangentially, we have
| i (T, -T,)cos 7',¢ =R, o
Dividing equation (ii) by (i), we have y

‘l

(., = T,) cos7'h° T, - T,

=ut) 23 ior

(K +7i)sm71/2 Tl'*'Tl
1 + ptan7%°

~ 1-ptan7%°
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IF _- .
et s B :
TTE00 anldanl Yo HoodBrake

o ('Ii -L)nDN T
— __\% 2 " &

= e
h-TZ _ Powerx60 _ 22510 x 69 o
4 DN mxixoap = !790N ...(ii)

We have proved that '

4 ” h I_Ji‘i“l!/j_]n 1+0.4%0.1317 \2 I
1o I Wtan 7 50 ¥ (m) oo ..(iv)

" From equations (ii7) and (iv), we find that
T, =24 920N ; and T,=7020N
Now taking moments about O, we have

Px500 =T, x 150—T1x30=7020x 150 — 24 920 x 30 = 305 400
P =305400/500=610.8N Ans.

%.12 Internal Expanding Brake

An internal expanding brake consists of two shoes S, and S, as shown in Fig. 25.36 (a). The
auter surface of the shoes are lined with some friction material (usually with Ferodo) to increase the
eeefficient of friction and to prevent wearing away of the metal. Each shoe is pivoted at one end about
afixed fulcrum O, and O, and made to contact a cam at the other end. When the cam rotates, the
stioes are pushed outwards against the rim of the drum. The friction between the shoes and the drum
produces the braking torque and hence reduces the speed of the drum. The shoes are normally held in
off position by a spring as shown in Fig. 25.36 (a). The drum encloses the entire mechanism to keep
oitdust and moisture. This type of brake is commonly used in motor cars and light trucks.

L.;ading or Trailing or
primary shoe secondary shoe

) MCULES Scanned by CamScanner
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Departme

, efshoe turns
> rate of wear of

e

Inside view, of a truck disk brake

i 0, B 00, sin 8
‘pressure atA Py<sinb or p = p, sin 6
Normal force acting on the element,

ORy, = Normal pressure x Area of the element

=pPy(b.7.80)=p sin0@(h.r.50)

OF = u.SRN =Wp,sin6 (b.r.36)
‘Braking torque due to the element about O,

X 0T, = oF . r=Wp sin0(b.r.380) r=pp, br*(sinb.06)
| brakmg torque about O for whole of one shoe.

i)

=WUpb r? fsinede =Up b rPi= COSE)]gI2
0l

=Wp, b7 (cos 6, —cos 6,)

ma  force ORy, of the element about the fulcrum 0,
8 S

Scanned by CamScanner

o7



. "

| ‘I' ‘ﬂ' e I >.7 y i
=4p. b.r.001®, -8)+](sin20 ~sin28,)] .
pnal force 8F about the fulcrum O, A
“,I“KM:“(I—M!CNO‘
=W.p, sin@b.r. 809 (r-00, cos®)
=W.p,.b. rirsin@-00, sin 8 cos 6) 50

A>AB=mr~ w.&n

e 3\“,.3\—“,9:;::120)

=W.p.0.rjrang \m.‘ﬂ‘(m ‘
)

moment of frictional force about the fulcrum O
{f )

M, = W

w ot

Now for leading +hoc T

’ - A "'
foe trailing shoe, taking o '
3 F.xl M + M

\ u".lhm the brake booamoes scll Jackiy
ple 25,15, F“, 25.37 shows the arrangement of two Brake shore 3 witic b vt on the internal
i al brake drum. The braking force F, and F, are ‘zpph—n[ as shown and each
Sulcrum O and 0, The width of the brake lining ix 35 mem. The intensity of
3 Auo.lmomr‘. wisere 0 i3 messured as shown from cither pivol. The

_aﬁwwMumwtdeme,“r,
i o s
o 'H ‘\ I ‘& ST’ .
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1. Infroduction,

Classification of Be

Types of Sliding

Bearings,

4. Hydrodyncmic L
Bearings.

AssUmptions inH ydrodynamic
Lubric

ated Beon‘ngs.
6. Important Factors for the
Formation of Thick Qjf Filrmn.

‘ rf7 Wedge Film Journaqy Bearings,

arings,
Contact

ubricated

nng Materiqfs
Materials yseq
—~ontact Beqyin
Lubricants,
Properties of Lubricants,

1S used jn Hydrodyncmic
I Bearings,

for Sliding
gs.

- heat ated, a layer of fluid (kn
- heal generaied _

26.1 Introduction P
A bearing is a muchirneﬂchm_e‘m “_’hiChSU 1
Moving machine element (known as -l‘,“l“%lr)f"
relative motion between the Contacf 8 : -
members, while carrying the load-_A h“k'
Will show that due to the relative mo}'lon begll
Surfaces, a certain amount of POWCL 1S Mty
frictional resistance and if the mbblfll‘gidi_
contact, there will e rapid wear. In o
istance and wear and in some cases

provided. The lubricant
= '7 s .“., 0,,.!-
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Roller Bearing .
1 Depe"dfﬂg upon the direction of load to be supported.\The bearings under this group arc
- y,

dassif \ p
(@) Radial bearings, and (b) Thrust bearings.

irection of motion of the moving element

Inradial bearings. the load acts perpendicular to the d
26.1 (a) and (b).

ad acts along the axis of rotation
wn in Fig. 26.1.

3 shown in Figf

In thrust bearings, he lo as shown in Fig. 26.1 ().

\ote : These bearings may move in either of the directions as sho
Load Fixed Moving
Load . — et = =
+ l‘ 4 clcmcm’/ p -»»M‘,.‘/ element

] - e
s v Moving

| Moving element ;
| > | element

TN 777

(¢) Thrust bearing.

- Fixed element
@}_di bearing.

vl

b) Radial bearing.
dial and thrust bearings.
The bearings under

Fig. 26.1. Ra

tact. this group are classified as :

the nature of €on ‘
i and (p) Rolling contact bearings. : ) |
in Fig. 26.2 (a), the sliding takes place along the surfaces
. The slidmg contact bearings are also
}\.“

{ H.‘.-‘ )
- sa g

ding upon
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) NN
\ 120° /

Full journal bearing. (b) Partial journal bearing. (¢) Fitted journa] bearing

| e Fig. 26.3. Journal or sleeve bearings.
'f[‘fie sliding contact bearings in which the sliding action is along the circumference of acircle or
| arc of a circle and carrying radial loadsA are known as journal or sleeve bearings.) When th
. if contact of the bearing with the journal is 360° as shown in Fig. 26.3 (a). then the bearing i
S afulljournal bearing. This type of bearing is commonly used in industrial m
o 1‘]l)i::'al:ing loads in any radial direction.

€ angle
_ S called
achinery to accommodse

& When the angle of contact of the bearing with the journai is 120°, as shown in Fig. 26.3 (b), then

> bearing is said to be partial journal bearing. This | ype of bearing has less friction than full
urnal bearing, but it can be used only where the load is alw ays in one direction. The most common
cation of the partial journal bearings is found in rail road car axles. The full and partial journal

s may be called as clearance bearings because the diameter of the journal is less than that of
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| journal bearing has no clearance , arnal and bearing

ring is called a fitted befuing, as shown in Fig. 26.3 (¢). R il
iding contact bearings, according to the thickness of layer of the Jubricant between 1
| the journal, may also be classified as follows : Hil |
Thi k film hearings. The thick film bearings are those in which the working surfaces are
completely separated from each other by the lubricant. Such type of bearings are also called
¥ o hydrodynamic lubricated bearings.

| 1 Thin film bear g The }hin film bearings are those in which, although
| working surfaces partially contact each other atleast part of the time. S

are also called boundary lubricated bearings.
. The zero film bearings are those which operate without any

.
(

lubricant i$ present,
uch type of bearings

& Zero film | Jubricant
present.

4. Hydro: ricated hearings. The hydrostatic bearings are those

tween the journal and the bearing.

which can support stead
This is achieved by forcing een the members.

y loads without any relative motion be
externally pressurized lubricant betw

:'.

> o

2.4 Hydrodynamic Lubricated Bearings

We have already discussed that in hydrodynamic

ubricated bearings, thert thick film of lubricant
petween the journal bearing. A little
eonsideration will sho» t when the bearing 1s
supplied with sufficient Iul nt. a pressure is build
wpin the clearance spacc when the journal is rotating
B a0 axis that is eccentric with the bearing axis.
e load can be supported by this fluid pressure without
any actual contact between the journal and bearing.
The load carrying ability of a hydrodynamic bearing
anses simply because a viscous fluid resists being
a.round.. Under the proper condil'ion.s. l-his Hydrodynorﬁi
S oance to motion will develop a pressurc distribution
A Jubricant film that can support a useful load. The load supporting pressure in hydrodynamic
—> arises from either e QA
,'-ﬂw,ﬂow of a viscous fluid in a conve
4 the resistance of a viscous fluid to being
(known a5 squeeze film lubrication).
ssumptions in Hydrodynamic Lubricated Bearings _
n the theory of hydrodynamic lu

4
. e T‘-‘.—J v -

.
c Lubricated Bearings

rging channel (known as wedge film lubrication), or
squeezed out from between approaching surfaoés 3

ollowing are the basic assumptions used i

Ay

t ind

F S

N U
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HOA il o hdrs st e s S
~he two surfaces in a direction approximately tap
L i) 5 boriieeals a0 o 6 it SR
ity of one of the surfaces to take up a small inclination to the other s
—oL T R T il
‘of the relative motion. RS
16 of action of resultant oil pressure must comcide with' thelline
,.;'

e_rﬁﬁ'io‘a‘d between the surfaces.

Wo?ge Film Journal Bearings | e
The load carrying ability of a wedge-film journal beam?g results when the journa] 4y dor g
bearing rotates relative to the load. The most common Case 13 that of a steady load, a fixeg
X 'g),bcaring and a rotating journal. Fig. 26.4 (a) shows a w with metal

 c0 tact at A on the line of action of the supported load. When the Jﬂ@% :
§ ﬁ;fmmlw direction, as shown in Fig. 26.4 (b), the point of contact will move to B, so that the
- angle AOB is the angle of sliding friction of the surfaces in conta_ct at B. In the absence of a ubricant

' there will be dry metal to metal friction. If a lubricant is present in the clearance space of the bearing

- m:id;iOumal', then a thin absorbed film of the lubricant may partly separate the surface, but a continyoyg
: fﬁmd film completely separating the surfaces will not exist because of slow speed.

(non-

7 1“’; G
2 L Ll VA

B\\ \/4

e

. A
(@) Atrest. (b) Slow speed. () High speed.
i @"t: Fig. 26.4. Wedge film journal bearing. “:Zﬂ

- When the speed of the journal is increased, a continuous fluid film is established as iil-l—"ig-?ﬁ'4
). ie centre of the journal has moved so that the minimum film thickness is at C. It may be o
om D to Cin the direction of motion, the film is continually narrowing and henceis a corivﬂgl_ﬂjg
converging film may be considered as a wedge shaped film of a sllppt"l'be‘“"llg

':'éfjbumal. A little consideration will show that from C to D in the d '

1
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,san;e oil is used to
% wbi:érings.,ln the cylinder,
o contact with hot cylinder
d collect carbon deposits from
“ HEAR

nal conductivity. The be
¢ of high thermal conductivity so as (0 pe
»id removal of the heat generated by friction.
. Thermal expansion.
yw coefficient 0

aring material

The bearing material
f thermal expansion, SO |4
» bearing operates over a wide range of J
ire, there is no undue change in the clearance. P
these properties as discussed above are, how-
. cult to find in any particular bearing material.
The various materials are used in practice, depending
upon the requirement of the actual service conditions.
The choice of material for any application must represent d compr ymise.
the comparison of some of the properties of more common metallic bearing materials,
Table 26.1. Properties of metallic

rmit

Fatigue Comfor-
strength mability
Poor Good
Poor to Good
 fair »
s Fair Poor
bt
Poor

Embed-
dability

Excellent

Good

Poor

Poor to

fair

Poor

Ant

sCorm v
Excellent
Good to
excellent
Poor
Poor to
fair

Good

Poor

Fair to

P

Marine bearings

rials.

The following table shows

!‘ Corrosion Thermal

| resistance conductivity

[ Excellent Poor
Fair to Poor
good
Good Fair
Poor to Fair t0
fair good
Excellent Fair

-'| ¥ ~I:L'“ ‘

Excellent

bk
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Siiding Contact Bearings « 969

, ghe babbit is generally used as a thin laver. 0.05 mm to 0.15 mm thick, bonded to an
ﬁdﬂ'” lhf COmMPOsIBon of the Pt metals s as follows

”WWU!? E e T Copper 4.5

B ' Antimony S8

oy Lead U 5%
Lond base babbirs : | cad 84 Iin ¢ Amis |

] N

Copper 0.59

h e ; senerally used in the form of
ol DS | '

m ;ur, meiai

L

The ’nh,w;-r;

gipecioe

8T
TS "

-
LRE s .‘u,’.' i

} LA
Waere samd on

hility and
ol ot 11

‘ l i ! Pri
Mty b

AIng

The wWood bearin

A naticnuon
m“'"hal.’n:v, and
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ng properties:

3 A G,
o s

- 4. Itis practically chemically inert.
26.11 Lubricants

classified into the following three groups :
Solid.

The liquid lubricants usually used in
bearings are mineral oils and synthetic ois.
The mineral oils are most commonly used
because of their cheapness and stability.
, The liquid lubricants are usually preferred
i where they may be retained.

1. Liquid, 2. Semi-liquid, and

A grease is a semi-liquid lubricant
having higher viscosity than oils. The
greases are employed where slow speed and
heavy pressure exist and where oil drip from
the bearing is undesirable. The solid
lubricants are useful in reducing friction
where oil films cannot be maintained
cause of pressures or temperatures. They
* be softer than materials being

graphite is the most common

bearings is Nylon 'andf.abjw‘ %
cs desirable in bearing materials and both can be used dry i.e. as a
nger, harder and more resistant to abrasn{e wear. Itis u§ed for appli
rties are iinportant e.g. elevator bearings, cams 1n telephone.dl.als etc. 'ljh:e Tgfg; |
gi]g lon as a wear surface or liner for journal and other sliding beanngs becamﬁ

used plastic material for

" 1. It has lower coefficient of friction, about 0.04 (dry) as compared to 0.15 for Nylon,
2. Itcanbe used at higher temperatures up to about 315°C as compared to 120°C for
3. It is dimensionally stable because it does not absorb moisture, and

The lubricants are used in bearings to reduce friction between the rubbing surfaces and to ¢,
away the heat generated by friction. It also protects the bearing against corrosion. All lubricants g,

proper lubrication is essential to protect ﬂ’e ’;.’f’nw
s either alone or mixed

1S 1

Nylop,

Wherever moving and rotating parts are presént

parts from wear and tear and reduce fic
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Piss = Density of il at 15.5°C. : T
he term viscosity index is used to denote the degree of variation of vi

= ol 3
X

L1 |

poini ?t is the lowest temperature at which an oil gives off sufficient vapour to support
S —Wm;“?“t actually setting fire to the oil when a flame is brought within 6 mm at the

oint. It is the temperature at which an oil gives off sufficient vapour to burn it
s when ignited.

oo £y . L ) ; ]
r point or freezing point. 1t is the temperature at which an oil will cease to flow when

7513 Terms used in Hydrodynamic Journal Bearing

A hydrodynamic journal bearing is shown in Fig. 26.7, in which O is the centre of the journal
wd 0’ is the centre of the bearing.

~ Let D = Diameter of the bearing,

. : : Line of centres Bearing
Diameter of the journal, /‘[

d

S

and

[ = Length of the bearing.

e
| R < |
iThe following terms used in hydrodynamic journal o’
ifing are important from the subject point of view :

B Diametral clearance. It the difference between the \ /

c=D-d - - .
Ihe diametral clearance (c) in a bearing should be small Fig. 26.7. Hydrodynamic journal beanng.

duce the necessary velocity gradient, so that the pressure built up will support the load. Also the
has the advantage of decreasing side leakage. However, the z.sllo.wance must be made for manu-
s in the journal and bushing. A commonly used clearance in industrial machines is 0.025 mm

ce. It

is the difference between the radii of the bearing and the journal.

Gl T 0l Ind37: 5] i = :

P
o

il 2 TabiC] = B

J— S-S LR,
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":ﬁs--mbd' sl h Sl
It is the minimum distance between he |

ally, attitude or eccentricity ratio,

ezcl—%zl_ﬁzl 2_"2 o

' (o c C € e (o € = CIQ)
‘7. Short and long bearing. If the ratio of the length to the

eter of the journal (i.e. I/ d) is less than 1, then the bearing is

sai Iég.gbe short bearing. On the other hand. if / /d is greater than

- 'mngthe bearing is known as long bearing.

g Notes : 1. When the length of the journal (/) is equal to the diameter of

l’l':e Journal (d ), then the bearing is called square bearing.

2. Because of the side leakage of the lubricant from the bearing,
the pressure in the film is atmospheric at the ends of the bearing. The
average pressure will be higher for a long bearing than for a short or
square bearing. Therefore, from the stand point of side leakage, a bearing
with a large //d ratio is preferable. However, space requirements,
manufacturing, tolerances and shaft deflections are better met with a short
bearing. The value of / /d may be taken as 1 to 2 for general industrial Axle bearings
machinery. In crank shaft bearings, the // d ratio is frequently less than 1.

~ 26.14 Bearing Characteristic Number and Bearing Modulus for

. Journal Bearings
¥ JI fm”,) )1

e coefficient of friction in design of bearings is of
~means for determining the loss of power due to bearin g frict
- that the coefficient of friction for a full lubricated journal bea

.
g .“ I8 :¢’7 (u) b ’ an (l”)

great importance, because it affords a
ion. It has been shown by experiments
ring is a function of three variables, i..

E d
erefore the coefficient of friction may be expressed as il
&
- ZN d | . 1
B K= q) T ey e .
e PiguG, 4 routh 0T SN

K = Coefficient of friction, i1 aubog DL
atise _ - ¢ = A functional relationship, _

s o0l 200 SN

= Absolute viscosity of the lubricant, in kg /m-s, -y

= Speed of the journal in r.p.m., Tl M
&L sure on the projected bearin
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of the curve PQ
he region of thick film
Between Q and R, the
i (Z) of the speed (N? are
I or the pressure (p)1s SO
k l!pvt:;at their combination ZN / p
"’;”;du“ the film thickness so that

ol metal 1O metal contact will
pﬁ:lt. The thin film or hm'md;v:ry
nperfect lubrication

jibrication OF i
s between R and 5 on the curve.

This is the region where the
iscosity of the lubricant ceases to
jp a measurc of friction
daracteristics but the oiliness of the
bricant is effective in preventing
smplete metal to metal contact and
seizure of the parts.

It may be noted that the part
PQ of the curve represents stable S et
gperating conditions, since from -JUICT) Dedrii
anypoint of stability, a decreasc in viscosity (Z) W i1l reduce ZN / p. This will result in a decrease in
tefficient of friction (1) followed by a lowering of bearing temperature that will raise the viscosity

(2).
From Fig. 26.8, we see that the minimum amount of friction occurs at A and at this point the

Vilue of ZN /p is known as bearing modulus which is denoted by K. The bearing should not be

09?{3&3(1 at this value of bearing modulus, because Thinflm o

islight decrease in speed or slight increase in boundary lubrication
L “","“‘"?Wﬂlbreak the oil film and make the journal (unstable)

- " 0perate with metal to metal contact. This will

I m}ﬁgh friction, wear and heating. In order

Vet such conditions, the bearing should be

for a value of ZN /p at least three times

m value of bearing modulus (K). If the

bjected to large fluctuations of load

cts, the value of ZN / p = 15 K may

Thick film lubrication
e S -€ > P
\ (stable)
| Partial
lubrication

¢ D EIG
FUEEER N -

—Coeff. of friction (1) —>
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< 519 of I J
e ';emp w1th values given in Table 2 3$e e )
nd the point of film breakdown. | %,

& ;Eble 26. 3.-7-Design values for journal bearings.

Operating values“:*-ﬁ
A 1y : < : A L \_
i Bearing ity R bean'ng Absolute ZN/p o LI_;‘\- '
pressure (p) | Viscosity | Zin kg/m-s g i
in N/mm? (Z)in | pin N/mm?
_ kg/m-s
and air-craft | Main 56-12 0.007 2.1 — 08-18
Crank pin 10:5 =24.5 0.008 1.4 0.7.=1174
Wrist pin 16 — 35 0.008 .12 1.5=91
Main 5-85 0.02 | 2.8 0.001 0.6-2
Crank pin 9.8 -12.6 0.04 ‘ , 06-15
Wirist pin 126154 | 0065 | 0.7 15-2
Main S15='516 0.02 | 3.5 0.001 0.6-2
Crark pin 7-'10.5 0.04 | 1.8 0.6-15
‘ Wrist pin 84-12.6 0.065 | 1.4 1.5-2
m engi i 12 -
R R 35 0.03 2.8 0.001 | 07-15
e Crank pin 4.2 0.04 2.1 1
812 gy 2. 0.7-12
e 1 Wrist pin 10.5 0.05 1.4 L2l
N Cr:lnl : 2.8 0.06 2.8 0.001 1-2
TN Ry pin 10.5 0.08 0.84 09-13
ol .pin 12.6 0.06 0.7 1:2246!
i VV¥EX
1.75 0.015 35 0001 | L
4.2 0.030 0.84
12.6
) 12ilior 5628 ) anal
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| bearing

pressure (p)
in Nfmm?
35
Main (1)7/%)
generators, MOLOrs, Rotor 07-14 0.025 28 0.0013 122
- |cen igl gal Pumps
%iy‘mmission shafts Light, fixed 0.175 0.025- 7/ 0.001 2 iy
& Self -aligning 1.05 0.060 2l 25524
g Heavy 1.05 2 2-3
Machine tools Main 2:1 0.04 0.14 0.001 14
Punching and shearing | Main 28 0.10 L 0.001 1-2
rn:‘:hmes Crank pin 56
Rolling Mills Main 21 0.05 14 0.0015 1-1.5
L‘L —-—
.16 Critical Pressure of the Journal Bearing i
The pressure at which the oil film breaks down so that metal to metal contact begins, 18 knogn
® criti ‘s i ing. be obtained by the
Seritical pressure or the minimum operating pressure of the bearing. It may be y
'@]"ng empirical relation, i.e.

Critical pressure or minimum operating PIESSHES
- i

2 ) 3
N () (i | Nmm? _(when Z is in kg / m-s)
ZiS sl 0% an i il 1 |

s

imerfeld Number

; ! it ag Deiles i
I feld ber is also a dimensionless parameter used extens vely in the
% merield num e j 18 Fice [ 3 3]

yrilaiecoest sl Sea

Department of Mechanical Engineering, N , Pampady 73
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ating surface and o
. However, for the convenience in bearing design, (4

expressed in terms of the projected area of the journal,

e bearing, |

0 B

Q,=CA(,- t,)J/sor W (o S

C = Heat dissipation coefficient in W/m?/°C, .

A = Projected area of the bearing in m? = / x d,

I, = Temperature of the bearing surface in °C, and

1= Temperature of the surrounding air in °C.,

value of C have been determined cxpcrimcmull y by Q. Lasche. The values depend uponthe

bearing, its ventilation and the temperature difference. The average values of € (in Wim¥re) 4

arnal bearings may be taken as follows :

For unventilated bearings (Still air) |

B = 140 to 420 W/m*/°C

- For well ventilated bearings
1 = 490 to 1400 W/m?*/°C

t has been shown by experiments that the temperature of the bearing (r,) is approximately

ly between the temperature of the oil film () and the temperature of the outside air (4.). In

words,

1

T t,,—r”=§u0—r‘)

1

es ¢ 1. For well designed bearing, the temperature of the oil film should not be more than 60°C, otherwise the
| hie oil decreases rapidly and the operation of the bearing is found to suffer. The temperature of the
1 called as the operating temperature of the bearing.

the temperature of the oil film is higher, then the bearing is cooled by circulating water through

' = m.S.t J/s or watts
= Mass of the oil in kg /s, | AN
- Specific heat of the oil, Its value may be‘takeﬁ as

N O ';l": i # [ len
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Rl ! i ‘-‘- u
lubricant from Table 26.2 and its operating
peratl (1,). This temperature should be between
65" C and 60°C with 82°C as a maximum for high
____.rature installations such as steam turbines.

setermine the operating value of ZN/p for the
; bearing temperature and check this value with
i iIcufcspondin,g values in Table 26.3, to determine the .
iy of maainin i i pesion 1002 o
rotor axis aﬁd in the landing gear
for fixed wing aircraft.

Assume a clearance ratio ¢ / d from Table 26.3.
Determine the coefficient of friction (1) by using the

relation as discussed in Art. 26.15.

7. Determine the heat generated by using the relation as discussed in Art. 26.18.

8. Determine the heat dissip:

1 9. Detcrminc the thermal LkiillllhTiLHN to see that
the heat generated. In casc the heat generated is more than the heat ¢
bearing is redesigned «

ited by using the relation as discussed in Art. 26.18.
the heat dissipated becomes atleast equal to
fissipated then either the

T it 1s III'IiII\ILlH_\ cooled by water.

wrnal bearing for a centrifugal pump from the following data :

900 r.p.m.; Type of oil is SAE 10, for
15.5°C ; Maximum

Exampll.‘ :(‘Al I)( 1en aj
() OO0 N; Spee d of the journal =

“Load on the journal =
' — 0.017 ke / m-s; Ambient temperarure of oil =

N y )
i WﬂbSOluI(’ viscostly al » Jo it ¢

g pressure for the pump = 1 5 N/ mn.

“Calculate also mass of the
ilbe limited to 10°C. Heat dissipation coelficien!
;Solution. Given: W=20000 N ;N = 900 r.p.m. ; I,
_‘lemmz.‘,: 10°C : C = 1232 wW/m-/°C
Th journal bearing 1s designed as discussed in the following steps :

First of all. let us find the length of the journal ( /). Assume the diameter of the journal (d )

om Table 26.3, we find that the ratio of ! / d for centrifugal pumps varies from 1 to 2.

1/d=1.6.

wa

lubricating oil required for artificial cooling, if rise of temperature

= 1232 Wim°/°C.

=55°C;Z=0.017 kg/m-s ; 1, = 15:5°0E
G

l=1.6d=1.6x100=160mmAns.

y Jow that bearing p ‘
T W 20000 _ -5
P T4 160x100 ‘

ﬁﬁg{,f'f'
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26 3 we find that for centrifugal pumps, the clearance ratio (c/ d) ANk
o = 0.0013
~ 5. We know that coefficient of friction,

33(ZN \(d 33 1
o | e —+kz——><|224x + 0,
103( p ](() 10° 0.0013 O

= 0.0031 + 0.002 = 0.0051 -~ [From Art. 26.13, k=000
6. Heat generated,
d.N

R 1 0 =pWV=pw|" ]\\‘ ( .y RN
Ny e 4 60 60
s (1t x 0.1 %900
" = 0.0051 x 2()0(!(){ } 4807 W
. '_L' R3E e GO
u .. (d is taken in metres

7. Heat dissipated,

'7‘. Q, = C-A(Ih'—/uD:('.i'Ju“ 1) W e (rA=ixd
. We know that
g (B-1) =3 (5, —t)= 1 (55°-15.5°) = 19.75°C

8 “: ?,.l'

Q,=1232x0.16 x 0.1 x 19.75 =389.3 W

p,,'l‘hereforc, either the bcanng should be rLdlegncd by taking /y = "1
be cooled artificially.

e amount of artificial cooling required
= Heat generated — Heat dissipated = Q QJ* 1 vaguld
e =480.7 — 389.3 914 W
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1/ ‘ = ‘ ¥, bl 15 }f.(] 1]‘1 {

nute if the bearing i‘empemtm v
cosity of the oil at 60°C is 0.02
he bearing clearance is 0.25 mm.

SOluﬂon' Given: W=150kN=150x 10N ;

_ 300 mm = 0.3 m; N = 1800 r.p.m.;
6N/mm2 7 =0.02kg/m-s ; ¢ =0.25 mm
l w'gth of the bear ing

Let | = Length of the bearing in mm.,
We know that projected bearing area,
A=1[xd=1x300=300!mm?
and allowable bearing pressure ( p),
W 150X ]() ﬁ()()

A 3001 !
]=500/1.6=312.5mm Ans

1.6 =

2 Amount of heat 10 D by the lubricant

We know that coefficient oi

33 (ZN\(d'
w=—=— = |tk=
10° \ P c

0.009 + 0.002 = 0.011

Il

aring if the allowab I"”*B |

f friction for the bearing,

Axle bearing

33 (002 %1800 )( 300
== (—i— 3000 4 0.002
10° 16 025

Rubbing velocity,
S E!__[\L i 1t x 0.3 x 1800 _ 783 m/s
x 60 60
¢ Amount of heat to be removed by the Jubricant,
150 x 10° x 28.3 = 46 695 J/s or W

Q =uWV= 0.011 x
— 46.695 kW Ans.

le 26.3. A full journal bearing of
N/mm?2. The speed of the jour"
ce is 1000. The bearing is

S (LIE=WD

50 mm diameter and 100 mm long has a b
al is 900 r.p.m. and the ratio of jourr .
lubricated wn‘h o:l' ‘whose absolute vis

erature of 75°C may be takenas 0.011 kg/m-s. The
: . ired, and 2
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3, Accuracy of shaft alignment.

4, Low cost of maintenance, as no lubrication is required while in service. &
| 5 Small overall dimensions. |
| 4 Reliability of service. 1

7. Easy to mount and erect.
g, Cleanliness.

Disadvantages
1. More noisy at very high speeds.
9. Low resistance to shock loading.
3. More initial cost.

4. Design of bearing housing complicated.

K
21.3 Types of Rolling Contact Bearings

& Following are the two types of rolling contact bearings:

B 1. Ball bearings; and 2. Roller bearings.

Outer race ~\
f |

2l - Retainer\\;ﬂ Y5

\ : k“\ " 1 j
N Inner race_/r- R

\ r

| |
] O | e o =

(@ Ball bearing, (b) Roller bearing.  (a) Radial ball bearing.  (b) Thrust ball bearing
" Fig. 27.1. Ball and roller bearings. Fig. 27.2. Radial and thrust ball bearin

: ball and roller bearings consist of an inner race which is mounted on the shaft or jo
Louter race which is carried by the housing or casing. In between the inner and outer race,
r rollers as shown in Fig. 27.1. A number of balls or rollers are used and these
by retainers so that they do not touch each other. The retainers thm Str

1 4
WR

W Ball
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fﬁ; ﬂ; e ,L‘tv\\\'
— L\F ‘(II'.HTQN Y

T Fig. 27.3. Types of radial ball bearings. ol

OF\2x
1 of this bearing, the races are offset and the maximum number of balls gre Placeg

he races. The races are then centred and the balls are symme'trncally locatefi by the uge -

er or cage. The deep groove ball bearings arc used due to their high load carrying capagj i

itability for high running speeds. I — o il

"The load carrying capacity of a ball

~ bearing is related to the size and

number of the balls.

2. Filling notch bearing. A
~filling notch bearing is shown in Fig.
073 (b). These bearings have notches
in the inner and outer races which
permit more balls to be inserted than
in a deep groove ball bearings. The
notches do not extend to the bottom
of the race way and therefore the balls
mnserted through the notches must be
- forced in position. Since this type of
o bearing contains larger number of balls
- than a corresponding unnotched one,
~therefore it has a larger bearing load Radial ball bearing

- capacity.

i T BRI

oS act bearing is shown in Fig. 27.3 (c). These bearings
B SReOUterTace cut away to permit the insertion of more balls than in a deep groove

ut without hav.ing a notch. cut into both races. This permits the bearing to carry a relatively
gadnone dl(rie.ctmn' while also carrying a relati vely large radial load. The angular contact
Y used in pairs so that thrust loads may be carried in either direction.  . PIe ‘

# bearing. A double row bearing is shown in Fig, 27.3 (d), These bearings

: pR contact between the balls and races. The double row bearing is appre

Vbearings. The load capacity of such bearings is slightly less

et B r -4 el
Fotid i« : 5
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Rolling Contact Bearings

e .’ﬂseq“‘fnﬂy’ fth tlf ogter race may be displaced through a small angle without interfering with
IS LoD DRIt heaning. The internally self-aligning ball bearing is interchangeable with

Fﬂﬁ standard Dimensions and Designations of Ball Bearings
' The dimensions that have been standardised on an international basis are shown in Fig. 274

dimensiqn§ are a function O_f the bearing bore and the series of bearing. The standard dimensions
~siven in millimetres. There is no standard for the size and

onber of steel balls. N 777
) ) P ‘-,‘.L:.,‘-ﬂavgu —
The bearings are designated by a number. In general, the U N
lmm];erconsists of atleast three digits. Additional digits or letters s
geused toindicate special features e.g. deep groove, filling notch ’
oo, The last three digits give the series and the bore of the bearing. Outside :
The last two digits from 04 onwards, when multiplied by 5, give diameter =
ihe bore diameter in millimetres. The third from the last digit
designates the series of the bearing. The most common ball
bearings are available in four series as follows : |
1. Extra light (100), Light (200), (EW]
3. Medium (300), Heavy (400) Y -
NOII'S: 1 Iffa bearing is designated by the number 305, it means that the |¢ Widlh—b{
is of medium series whose bore is 05 % 5, i.e., 25 mm. SR .
bearing ium series whose bore 15 05 % 5, 1.¢ Vi Fig. 27.4. Standard designations
2. The extra light and light series are used where the loads are of ball bearings.
moderate and shaft sizes are comparatively large and also where available
Space is limited.

3. The medium series has a capacity 30 to 40 per cent over the light series.

4. The heavy series has 20 to 30 per cent capacity over the medium series. This series is not used

ensively in industrial applications.
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La T e L
i 70 i
215 75 130 s
315 160 T Y
ai 190 s,
216 e 140 26
B 316 170 39 '
h- 416 200 48
1’ ' 217 85 150 28
317 180 41
| 417 210 52
o8 | 90 160 30
318 \ 190 43
418 3 225 54

21.6 Thrust Ball Bearings

The thrust ball bearings are used for carrying thrust loads exclusively and at speeds below 2000
1pm. At high speeds, centrifugal force causes the balls to be forced out of the races. Therefore at

high speeds, it is recommended that angular contact ball bearings should be used in place of thrust
. ball bearings,

.
. AV B

il o s eBBdiy
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2. Spherical ; ) A spherical roller bearing is shown in Fig. 27.6 (b). These

are self-aligning bearings. The self-aligning feature d by grinding one of the races in the

L
form of sphere. These bearings can normally tolerat r misalignment in the orderofil-l- and
when used with a double row of rollers, these can ¢ irust loads in either direction.

(a) Cylmdnca] roller. (b) Spherical roller. (c¢) Needle roller.
Fig. 27.6. Types of roller bumngs

pace sohtbat neither a cage nor a retainer is needed. These
&lheavyloadsamtobecamedwnmanoscﬂlatory

on pin
el
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Needle roller bearings Tapered roller bearings

8lpasic Static Load Rating of Rolling Contact Bearings

" The load carried by a non-rotating bearing is called a static load. The basic static load rating 1s
fined as the static radial load (in case of radial ball or roller bearings) or axial load (in case of thrust
yall or roller bearings) which corresponds to a total permanent deformation of the ball (or roller) and
race, at the most heavily stressed contact, equal to 0.0001 times the ball (or roller) diameter.

In single row angular contact ball bearings, the basic static load relates to the radial component
the load, which causes a purely radial displacement of the bearing rings in relation to each other.
Nofe : The permanent deformation v hich appear in balls (or rollers) and race ways under static loads of moderate
magnitude, increase gradually w ith increasing load. The permissible static load is, therefore, dependent upon
fhie permissible magnitude of permanent deformation. Experience shows that a total permanent deformation of
00001 times the ball (or roller) diameter, occurring at the most heavily loaded ball (or roller) and race contact
e be tolerated in most bearing applications without impairment of bearing operation.

In certain applications where subsequent rotation of the bearing is slow and where smoothness and friction
’quirements arc not too exacting, a much greater total permanent deformation can be permitted. On the other
hand, where extreme smoothness is required or friction requirements are critical, less total permanent deformation
‘may be permitted.

_ According to IS : 3823—1984, the basic static load rating (Cy) in newtons for ball and roller
 bearings may be obtained as discussed below :
- 1. For radial ball bearings, the basic static radial load rating (C,) is given by
T @ =f0.i.Z.D2 cos o
' i = Number of rows of balls in any one bearing,
7 = Number of ball per row.
" D = Diameter of balls, in mm,
e L5 o= Nommal angle of contact i.e. the nominal angle between the line of
~ ,ction of the ball load and a plane perpendicular to the axis of bearing,
~ and i
i ;j—gmffastbr;dependiné upon the typ_g:of beamngu ni s Soiie SRS
' hedringaruadeipfihandencd. stéclatetakion asifollovis ittt
T § dgne-iy 4 "‘ : '

Lt

Depa
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¢, = fyZD"sin 0 .
" 7 — Number of balls carrying thrust in one direction, and
f, = 49, for bearings made of hardened steel.
or thrust roller bearings, the basic static axial load rating is given by
er= j%.Z.le.D.sin o
oy 7 = Number of rollers carrying thrust in one direction, and

fy = 98.1, for bearings made of hardened steel.

B i :
— 27.9 Static Equivalent Load for Rolling Contact Bearings

B T static equivalent load may be defined as the static radial load (in case of radial bal] or roller

bearings) or axial load (in case of thrust bail or roller bearings) which, if applied, would cause the

same total permanent deformation at the most heavily '»[Héx\ud ball (or roller) and race contact as that
which occurs under the actual conditions of loading.

More cyilindricql roller bearings

load (W) for radial o rojier bearings under

] | g,ﬁeaj;p;m;lgnimdengéthosmo tained
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.:27a2.Vduesot)%qnd Yﬁ‘@"ﬂdu e T

bearing f’*?ef T M e Ee
5-‘?‘ ey ,.',_L_‘ “J x & e B ( I.
Pans 1 | T BNl L
el Xt e, =y b = ’ L ¥
———c_ - UK LR “'-"'--Y(l"-"\"-t ol L
ontact groove ball bearings BT o5 — 0
; ing ball or roiler bearingg 0.50 0.22 cot B 0.44 cot 6 |
d tapered roller bearing ;
; gular contact groove bearings : ‘
1. g 0.50 0.46 1 0.92 |
| & 0u=20° 0.50 0.42 1 0.84 |
i o= 25° 0.50 0.38 1 0.76
} 0. =30° 0.50 0.33 I 0.66
i o =35° 0.50 0.29 1 0.58
o = 40° 0.50 0.26 1 0.52
S | a=45° 0.50 0.22 1 0.44
|* P

Motes+ 1. The static equivalent radial load (Wogr) is always greater than or equal to the radial load (W (Wo).

2.For two similar single row angular contact ball bearings, mounted ‘face-to-face’ or ‘back-to-back’, use

du:valuesofX and Y, which apply to a double row angular cont

‘ mangularconlacl ball bcanngx mounted ‘in tandem’,
l\ agular contact ball bearings.

; 3.The static equivalent radial load (Wg) for all cylindrical roller bearings is equal to the radial load (W, )

f 4. The static equivalent axial or thrust lmd (W,,) for thrust ball or roller bearings with angle of contact
- U#90° under combined radial and axial loads is given by

i
‘ Woa = 23 Wptan ot + W,

act ball bearings. For two or more similar single
use the values of X and ¥, which apply to a single row

"Tlus formula is valid for all ratios of radial to axial load in the case of direction bearings. For single
i Onbeanngs it is valid where W/ W, <0.44 cot a.

_ 5'The thrust ball or roller bearings with o = 90° can support axial loads only. The static equivalent axial
this type of bearing is given by

oA =W,

»'I;L

AL or roller) bearing may be defined as the numbe; of rey p(lu i
lllxdlwdual b:;le(c d) which the bearing runs before the first ewdeg?
of t11 e rings or any of the ro]]mg element§ :

86
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used for short periods or intermittently and whose
n would not have serious consequences e.g. hand
: ]lftmg tackle in workshops, and operated machines,
cultural machines, cranes in erecting shops, domestic

chines working i mtermittently whose breakdown w ould have
| serious consequences e.g- auxillary machinery in power
Stahons conveyor plant for flow production. lifts,
' plece £00ds, machine tools used frequently.
" M'hchmes working 8 hours per day and not alw:

:
8000 — 12000

cranes for

ays fully utilised 12 00020 009
‘ e.g stationary electric motors, general purpose g >

gear units.
Maclnnes working 8 hours per day and fully utilised ¢.¢
- | machines for the engineering industry, cranes for bulk
Vglmlanng fans, counter shafts.
i?‘ Machm% working 24 hours per day e.g. separators, COMpressors,
' S, mine hoists, naval vessels,
€s required to work with high degree of reliability

S per day e-g pulp and paper making machinery, public

o

20000-3000

‘uods.

ating is defined as the constant stationary radial |
Nt axial load (m case of thrust ball or rollel‘*

87
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Ball bearings

2. According to IS: 3824 (Part 2)-1983, the basic dynamic radial load rating for radial roller

bearings is given by
€. =f. (il cos a)’® Z4. DB

3. According to IS: 3824 (Part 3)-1983, the basic dynamic axial load rating for single row,

single or double direction thrust ball bearings is given as follows :
* (@) For balls not larger than 25.4 mm in diameter and & = 90°,

1 C =f. 723 pl8
T (b) For balls not larger than 25.4 mm in diameter and o. # 90°,
b, | C=i (cos o)? tan o. Z23 . D8
() For balls larger than 25.4 mm in diameter and o = 90°
! C=3.647f, . 225 . D
: -1' balls larger than 25.4 mm in diameter and o # 90°,
; C =3.647f, (cos o) tan & . 2% . D'4
. to IS: 3824 (Part 4)-1983, the basic dynamic axial load rating for single 1

tion thrust roller bcanngs is given by ot w1 relnife
it At 5 < RE e -

v
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T aﬁ'typ&ofbbatmgwhenmemmtmg{

*fuselfahgnmobeannoswhenmne;m]s b
~ =12 forall types of bearings except self-aligning v
[ stationary. i
‘ of radial load factor (X) and axial or thrust load factor (y )fu. ﬂb «L :
s may be taken from the following table:

Tdale 27. 4. Values of X and Y for dynamically loaded beorhgs. ;

Wa
6 0.025
=0.04
= 0.07
=0.13
=(0.25
=0.50
Single row
Two rows in tandem

Two rows back to back
Double row

Light series : for bores

BB a

10 — 20 mm
25-35
40-45
50-65
-~ 70-100
A105 110

FSTETy

i L

X cﬁi.l.""t%

i
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6 )
L= W X 10” revolutions

i 1/k
C=W:rs
10

[ = Ratine lifs

Jhere Rating life,

C = Basic dynamic load rating,

W = Equivalent dynamic load,
and

k = 3, for ball bearings,

10/3, for roller bearings.
The relationship between the life in revolutions (L) and
the life in working hours (L)) is given by
L = 60 N . L revolutions

Roller bearing

where N is the speed in r.p.m.
Now consider a rolling contact bearing subjected to variable loads. Let W,, W,, W, etc., be the
loads on the bearing for successive n,, n,, n, etc., number of revolutions respectively.
If the bearing is operated exclusively at the constant load W/, then its life is given by
L\
C L _
L, =% | X 10° revolutions
W
. Fraction of life consumed with load W, acting for n, number of revolutions is

n, e
= T~ X 6
e =% el 1o

Similarly, fraction of life consumed with load W, acting for n, number of revolutions is

RIRLE

) } nﬁ W 1 ‘ E B
S = — __g_ o= _—

_ ( of hfe consumed with load W, actmg for ny number of revoluuons 18

{rijgs et '! A4 v,.

J‘I'“_.l o] (T
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T eennn L -

o Tl h@ﬂ (-,- Ve m) ;t,mlll'l LT X ipe
V )k"?.ho---n(w)k |

3 )
+ nz(Wg)" + ny (Wy)* + . ] ;M »
n

.., and k = 3 for ball bearings, we have

| 1/3
' \tifl(W]) + oy (Wy)? + ny (Wy)? +. J

"|+n2+ﬂq+

r{

1/3

BT G 1 00 i
LN W = l;| L [{! -} [_,! R

~ See Example 27.6.

“'!f"l;,;t?*’- Reliability of a Bearing
We have already discussed in the previous article that the rating
pofldentlcal bearings will complete or exceed before the firs
habihty (R) is defined as the ratio of the number of beari

m on revolutions to the total number of bearings under

. bearing having a reliability of more than 90%. According to Wiebull, the relation between the
ng life and the reliability is given as

] L b ! l \I/h
-

the life of the bearing corresponding to the desired reliability R
EBS are

life is the life that 90 per cent of
L evidence of fatigue develops,
128 which have successfully completed
test. Sometimes, it becomes necessary to

and a and b are constants

a = 6.84, and bi= 7

1 the of a bearing corresponding to a reliability of 90% (i.e. R,,), then

v B0 Tl

1) by equation (ii), we have

L
ach h. Ving |
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Bevel Gear
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Bevel Gears

Bevel gears are used to transmit power between two intersecting shafts.
There are tWo types of bevel gears - Straight and spiral. In case of straigth bevel

gears, the teeth are straight, which converge into a common apex. In case of

spiral bevel gears, the teeth are curved. Straight bevel gears are easy to design
and manufacture. These gears produce noise at high speed conditions.

Spiral bevel gears are difficult to design and manufacture. These gears
facilitate quieter operations, even at high speeds.

Department of Mechanical Engineering, NCERC, Pampady
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Equivalent or Formative or Virtual number of
teeth for bevel gears(Z,)

Bevel gears are replaced by equivalent spur gears, 1O simplify the
design calculation and analysis. An imaginary spur gear considered in a plane
perpendicular to the tooth at the largest end, is called vil.'tual spur gear. The
pitch cone radius ‘R’ of the bevel gear is equal to the pitch circle radius of
the virtual spur gear. : .

The number of teeth on this imaginary spur gear is called virtual
number of teeth.

Department of Mechanical Engineering, NCERC, Pampady
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For pinion For gear

Z z,
£ l Zv2 =

cos O 5, cos 9, cos &,

Z & Z, the actual number of teeth on the pinion and gear of
| arc e

the bevel gear respectively.

"

£ &Z thenvirtual n

vl 5 are .
v the bevel gear respectively.

of pinion and gear respectively.

umber of teeth on thie pinion and gear of

8 &8,  are pitch angles

Department of Mechanical Engineering, NCERC, Pampady
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Tooth stress or strength of gears

Lewis Equation

The strength of a bevel gears tooth is obtained in the similar way a5

that of the spur gear. The modified form of the Lewis equation for the
tangential tooth load is given here.

R—b
F,=[C,]bXTTXmXYy, R

o)) - Allowable Static Stress
d —  Pitch Circle Diameter of pinion
b -  Face width . .
: dy -  Pitch Circle Diameter of gear
m - Module
Y, —  Lewis Factor (or) tooth form factor for the equivalent number R-b ). |
o el R |52 bevel factor.

: - f 2
R - Cone distance B d% dy
K= ? -+ ?

Department of Mechanical Engineering, NCERC, Pampady 96



Dynamic Load for Bevel Gears

Buckingham’s Dynamic load
From PSG Data book Pg No. 8.50

F1=F,+Fl

G

0.164V_xcb+F) |

=F,+
Fi| 0,164V, + 1485 Veb 1 F,

All the notations are similar to spur gear deign.

Department of Mechanical Engineering, NCERC, Pampady 97



Wear strength of Bevel Gears

The maximum (or) limiting load of wear strength of bevel gear is
given here. |

b0k,

cos O

Q, - Ratio factor based on the virtual number of teeth.
d — Pitch Angle
b - Face width
k, - Load stress factor
__ 22,
S i + Zv,

Note: Accordin i ’
: g to Buckingham’s the wear load should be great
dynamic load for safe design Sk

Department of Mechanical Engineering, NCERC, Pampady
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Forces Acting on Bevel Gear

The normal force (Fy) on the tooth is perpendicular to the tooth profile

and thus makes an angle equal to the pressure angle (0 to the pitch circle.
Thus the normal force can be resolved into two components.

(i) Tangential component (F7)

(ii) Radial component (Fg)

Department of Mechanical Engineering, NCERC, Pampady

-

\‘
N

a=pressure angle = 20°
8, =Pitch cone angle for pinion _

e s i i

|

b =face width Bha ik T ngr Hang
R = cone distance Distance
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The bearing reactions are produced by tangential component (or)
tangential tooth load.
The end thrust in the shaft is produced by the radial component.

Fr
COS(X—"F—.I'V‘
) FT':FNCOS(X
. Fr
O = ===
Sin FN
FR=FNSina

Department of Mechanical Engineering, NCERC, Pampady 100



: Infroduction.
Terms used in Helical Gears.
Face Width of Helical Gears,

“Number of Teeth for Helical
Gears.

Proportions for Helical
Gears.

"6, Strength of Helical Gears,

29.1 Infroduction

A helical gear has teeth in form of helix aro
gear. Two such gears may be used to connect two
shafts in place of spur gears. The helixes may b
~ handed on one gear and left handed on the other. T

‘s_.u__ifgqes are cylindrical as in spur gearin
~instead of being paralle] o the
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ollowing terms in connection with helical - . Tﬁ i
are 1mP°1‘taJlt. from the subject point of view @S SOWIIILS
jelix angle. It is a constant angle made by the .helices i

.
{LORL -

¥ Axif'lPi’ ch. Itis the distance, parallel to the axis, between similar
'}fgiﬁ_cg_n_tthe;th.‘lt is the same as circular pitch and is therefore

>

| \’Y . .
genoted bY Per The axial pitch may also be defined as the circular pi —
.fnihc p]ane of rotation or the diametral plane_ akp itch . cal
‘ 3, Norma!l pitch. Itis the distance between similar faces of adjacent Flg; nz:mlenlzleazre)gmwg

cethalong @ helix on the pitch cylinders normal to the teeth. It is denoted
ane which is a plane

by py- The normal pitch may also be defined as the circular pitch in the normal pl

:pe;pendicular to the teeth. Mathematically, normal pitch,
py =P, cos

1t by standard hobs, then the pitch (or module) and the pressure angle of the hob will

the other hand, if the gears are cut by the Fellows gear-shaper method, the pitch

of rotation. The relation between the normal pressure

he diametral plane (or plane of rotation) is given by

Note ; If the gears arc Ct
gpply in the normal plane. On
and pressure angle of the cutter will apply to the plane

angle (9,,) in the normal plane and the pressure angle (¢)int
tan ¢, = tan ¢ x cos o

%3 Face Width of Helical Gears
1 one pair of teet
her end

e tooth displacement (i.e. the ad-

h in contact, th
least equal to the axial

In order to have more thar
) or overlap should be at

vancement of one end of tooth over the ot

pitch, such that
: Overlap = p,=btan o _ | 79
P The normal tooth load (W) has two components ; One 15 tangential c.:on}ponent (W;) and the
n in Fig. 29.2. The axial or end thrust is given by 23
(i) S

), as show

raxial component (W,
‘ w. =W, sin o = Wy tan O
Bo B ; 9 that 1;15 the helix angle increases, then the
m equation (i), We S€€ ‘o ond thrust s given by

werlap increases. But at the same time

ble. It isv'usual;y recon

ji), also increases, which 18 undesira -+ oular pitch
‘be 15 percent of the circulat PEE:
overlap should be LY PEEEL 5, - “?

{OverlaRgaa

Scanned by CamScanner
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".»Number ot T fauuénﬁa c

lical gear may be: deﬁ"n

lent n berofteethforahe : _
on the surface of a cylinder having aradius equal to thetradium e

> (l
‘minor axis of an ellipse obtained by taklrlg,g‘ﬁgg“ on ¢ gea
, formative or equlvalent number of teeth on a helical gear TR
: Ty =T/ cos’ |
T = Actual number of teeth on a helical gear, and g 0 e
o = Helix angle. } w\

_ro’oriibns for Helical Gears

K Though the proportions for helical gears
‘merican Gear Manufacturer's Association (AGMA).

~ Pressure angle in the plane of rotation,
iy v it
i - b = 1520 25° \

are not standardised, yet the following are recommended

e e

~ Helix angle, o = 20° to 45°
e Addendum = (0.8 m (Maximum)
: J .-m " Dedendum = | m (Minimum)
‘ : Minimum total depth =18m
r ' Minimum clearance =02m
- ' Thickness of tooth = 1.5708 m

RIxE o
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= Allowable static stress,
C, = Velocity factor,

b = Face width,

m = Module, and

= Tooth form factor or Lewis factor corresponding to the
or virtual or equivalent number of teeth. |

Notes : 1- The value of velocity factor (C)) may be taken as follows : . i
: ‘ 1
G iy for peripheral velocities from 5 m /s to 10m/s. &
= ;
— ———, for peripheral velocities from 10 m /s to 20 m/s. |
15+v (flﬂf
0.75 : = than 20 / s
= . for peripheral velocities greater than 5 i
0.75 + v 1
= 012 + (.25, for non-metallic gears. il
1+v i
2. The dynamic tooth load on the helical gears 1s given by ; :}-,ﬂi
21v (bC cos” o+ Wy) cos & i t','-;‘
= S X
o & 21 v ++bC cos® o+ Wy L‘!
where v, b and C have usual meanings as discussed in spur gears: : !
3. The static tooth load or endurance strength of the tooth is given by
Ws = O, brmy' 5 |
tooth load for helical gears is given by i

~ 4. The maximum or limiting Wear

Dp b. Q K
Wy = " cos’

ears
» b, 0 and K have usual meanings as discussed | in SP e

w[g+—}-] ‘,f ‘l

EG YIRS T

R 7 4
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i = Dp/2) = 00812
oW that number of teeth on the pinion,
T, = Dp/m= 80/ m

ive or equivalent number of teeth for the pinion,

T, 80/m 80/m _ 2264
I e N (8
.. Tooth form factor for the pinion for 20° stub teeth,
o 0.841 0.841
Y. e = ~0.175 - ——— = 0.175 =000
' A 2264/ m 5

We know that peripheral velocity,
n Dp .Np 7 x 0.08 x 10000

y = =

60 60

=42 m/s

.. Velocity factor,
| 75 0.75
;: C = 0 =0.104  _.(-: v is greater than 20 m/s)

v T 075+ ly 075 + 42

Since the maximum face width (b) for helical gears may be taken as 12.5 m to 20m, wheremls
the module, therefore let us take
bE=5125im
We know that the tangential tooth load (W),
358 = (0 - C) b.tm.y',
= (100 x 0.104) 12.5 m x © m (0.175 — 0.0037 m)
e = 409 m* (0.175 - 0.0037 m) = 72 m* — 1.5 m?
R | Solving this expression by hit and trial method, we find that
e

m = 2.3 say 2.5 mm Ans. 4
b=125m=125x25=31.25say 32 mm Ans.
arsfor wear

Scanned by CamScanner
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s double helical gears whi
are made of the same mate

E, =EBz= =200 kN/mm? = 200 x 1

l)
(Gg)” sin On (L oy
1.4 | B %o

ch are aiso called herringbone gears:

The picture S
orial (i.e. cast steel), therefore let us take

Since both the gcd!
03 N/mm?

+ Load stress 1actor,

e —

Mee e i ’——-’7*— 3
1.4 200 x 10 200 x 10

or limiting loa

1 ! J: 0.678 N/mm’

(618)° sin 14.4°

ad for wear,

We know that the maximum

W.

w = co% o
{s much more th

Since the maximum load for wear 1> ;
esign is s m consideration © wear.
gﬂ L ith 30° helix angle has to transmit 35 I_cW

mple 29.2. A helical cast S Je, pitch diameter and face wi
e gear has 24 teeth, determiné the s 56 MPa. The wzdth of face may
Y1, ) h -

1 may
i static 58 I Caw tl ¢ the end thrust on the geaw

s the normal pitc

M:5554 N

cos” 45°
an the tangential load on the tooth, therefore

O
’
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ferms used in Bevel Gears.
Determination of Pitch
Angle for Bevel Gears.

. Proportions for Bevel Gears,

Formative or Equivalent
Number of Teeth for Bevel

‘ears—Tredgoid's

Approximation.

 Strength of Bevel Gears.
"orces Acting on a Bevel

g ot 00

3, o A evivaegs Slan By

sl ol e nen TSV Oe) Sl

e
{2

30.1 Introduction

The bevel gears are used for transmitting power at a
constant velocity ratio between two shafts whose axes
Intersect at a certain angle. The pitch surfaces for the bevel
gear are frustums of cones. The two pairs of cones in contact
is sh-own in Fig. 30.1. The elements of the cones, as shown
in Flg. 30.1 (a), intersect at the point of intersection of the
axis of rotation. Since the radii of both ,thﬂ-‘\gea}fs arg

_,pFroportional to their distances from the a

3 y ro}l together without sli
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shaft axes must in

! e s St S

a6 of b @y

(a)
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(a) Mitre gears.

Fig. 30.2. Classification ¢

-3 dulnternal bevel gears. When the teeth on the

Cl gear are cut on the ln\igkmw
2n they are known as internal bevel gears.

I",; ote Melgtar‘l‘na\ hd\l St HL’] Or spiral tect Css ”""h":r“”tmmlm
sbevel gear has straight teeth and the axcs of the <

- 30.3 Terms used in Bevel Gears

” "; \
Cone distance

Cone centre —

09
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one. It is a cone contalmng the pitch élem@ts*o

eﬁtre. It is the apex of the pitch cone, It ma
s intersect each other. y be deﬁned as ma- POI
D 8

ch angle. 1t1s the angle made by the pitch line with the axis of the shaft, If s denotédﬂijnf )

ne distance. It i i the length of the pitch cone element, It is also called as a pitch cone-j,, :
4 denoted by “OP’. Mathematically, cone distance or pitch cone radius,

Pitch radius _ Dpl2 . Dgi2

sin B, sin BP] sin O,

5, Addendll m angle. 1t 1s the angle subtended by the addendum of the tooth at the cone centre.
g genoted by ‘o’ Mathematically, addendum angle,

1 N / |
O = tan (m] A(';,y.,..- - |
dete a = Addendum, and OP = Cone distance. . '
6. Dedenduin It is the angle subtended by the dedendum of the tooth at the cone centre.
fisdenoted by ‘B’. Mathematically, dedendum angle,
d
B = tan™! OP
Where d = Dedendum, and OP = Cone distance.
1. Face angle. 1t is the angle subtended by the face of the tooth at the cone centre. It is denoted
00", The face angle is equal to the pitch angle plus addendum angle.
8. Root angle. 1t is the angle subtended by the root of the tooth at the cone centre. It is denoted 3
by 0. It is equal to the pitch angle minus dedendum angle. )
" mz-tg?acl‘ (or normal) cone. Itis an imaginary cone, perpendicular to the pitch cone at the end of

10. Back cone distance. It is the length of the back cone. Itis denoted by “Ry’. It is also called

bk, k cone radius, !

. Backiy, 2. Tt is the distance of the pitch point (P) from the back of the boss, para.llel to the
hPOmt of the gear. It is denoted by ‘B’.
2. Crown he; eht. It is the distance of the crown point (C) from the cone centre (0) parallel to

Of the gear. It is denoted by ‘H: - g I .
MOunnng height. 1t is the distance of the back of the boss from the cone ce Phe o
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B (L - D) S B alime
;factor - maybﬂCalledaSgeve[faggo{ -
& g

he 127
ory Op eration O

sauefact
go the ratio 1./ b shoul

f the bevel gears, the fa.cé’%v'i rél; s‘l‘{g
d not exceed 3. For this, the number o tee l? the

¢ V.R.is the required velocity ratio. il md’i Loths
p7 8-,

!
imilar manner as discussed for spur.

Th dynamic Joad for pevel gears may be obtained in the si
Joad or endurance strength of the tooth for bevel gears is given by

4,'['h static tooth 1C
r L A b
Wi c.bmmy' (____)
\ 4 . ;

may be taken from Table 28.8, in spur gears:

The e value of flexur: a] endurance limit (C,)
or limiting load for wear forb

5, The maximuin
b D 0.K

W=
LOQ Op)
as discussed in spur gears except that

evel gears 1S given by

0 is based on form:

\ve usual meanings

vherCDP,b 0 and K he
uivalent number of &€ -.‘\ such that
2 T
) =
= Tge ™ Tgp

na gevel Gear

8 Forces Aciing ©
hass

COnSldVbeVLl gear and pin
he tooth P

ion in Mes

a nd the other is the radi@

produces the bearing reactlons

11
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Depa

orce actmg on the plmon shaft

: Gear shaft
“%4— Gear

|
|

Pinion shaft

|
l'nnni

‘ ‘l‘J Fig. 30.5. Forces acting on a bevel gear.
Ly e =

httleconmderatlon will show that the axial force on the pinion shaftise

aft but their directions are opposite. Similarly, the radial force on the pinion sha
’;“t_he axlal force on the gear shaft, but act in opposite directions. .umq#

Design of a Shaft for Bevel Gears e

igning a pinion shaft, the following procedure may be adopted :
st of all, find the torque acting on the pinion, |
A P x 60

tis given by

w— 2
),  PAMPAAY ™ g canned by CamScanne |




s shaft is subjected to twistin IR R
i Teti o 0= § et e i ¢ T"l"}"’:!,!.';."l!,,‘.!_l, bending MO
alent twisting moment, . e

T \/W : roiin 21! ool YIRS

; .},‘w the diameter of the pinion shaft may be obtained by using the to‘rsibh etj‘

T
N = — 3
1 T X T (dy)

dp Diameter of the pinion shaft, and
7 = Shear stress for the material of the pinion shaft. o e
7. The same procedure may be adopted to find the diameter of the gear shaft. ‘ _ : J,u
- pxample 30.1. A 35 kW motor running at 1200 r.p.m. drives a compressor at 780 r.p.m.
o uh a 90° pevel gearing arrangement. The pinion has 30 teeth. The pressure angle of reeth is

\-f:‘: 5"1/20_ The wheels are capable of withstanding a dynamic SIress,
" 280 ; P ) 2
o, =140 | 550 +y MPa, where v is the pitch line speed in m/ min.

- teeth may be taken as

The form factor fe
: 0.686 o :
0124 - ., where T 1§ the number of teeth

Tg \G A

squivalent of a spur gear.

1
* The face width may be taken as of the
lant height of pitch cone. Determine for the
the module pitch, face width, addendum,
tendum, outside diameier and slant height.
7 ‘Solution : Given : = =35 X 103
N. ") i
1200 r.p.m. ; N = 7801.p-m- > Us =90"3
_ 30=141°;,b=L/4
le and face width for the pinion A o
&t m = Module inmm High performance 2-and 3 -way bevel g
) . -- aﬁ

b = Face width in mm osilg S B il -**ﬁlaﬁﬂ*_l

B =L/4,and .(Given) .

D. = Pitch circle diameter of the P

r i o L g

. ]
|I o
Lo ."‘ -
e, '
. .
ik
a

vy Sex - SR M
o) s A e
pion. ,

13
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;—0124 "?5—8—" OH)S'Ir. 4Ty |

i 0.686 0.686
oy =0.124 - =0.124 - ———=0.116
e ) 84.4 3
the al owable static stress (G o) for both the pinion and gear is same (j,e, e\ ‘
! ,iess than y'.. therefore the pinion is weaker. Thus the design should be by
; ba
w that the torque on the pinion,

_ Px60 35x10% x 60
e = = TR SINCH '
= 2N,  2rmx1200 - 278-5N-m=278500 N-mm

[;I'a,ngentlal load on the pinion,
e 2T 2 X278 500 18 567
R = D, % .7 = mx30 m
10w that pitch line velocity,

TDp Np _mm.Tp Ny _ mm x30 %1200 / mi
= 1000 ~ 1000 50— m/min

113.1 m m / min
lowable working stress,

» = 140 780 1

| fﬁthat length of the pitch cone LleLH

280 280 :
= [\() 1315 )MPuoermm2 i

tor slant hughl of the pitch cone,
D, mXT, m X 30

B2sing.. 2 8in@p, 2 sin 33° 27.54 m mm
dth (b) is 1/4th of the slant height of the pitch cone, therefore

L 27 S54m
b i = 6.885 m mm

; )
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m = 6.6 say 8 mm Ans. |
vidth, b =6'885m=6.885x8=55 \ it R
and dedendum Jor the pinion ' i
e know that addendum, BN T e
a=1m=1x8=8mmAns 1 gt
"endum, d=12m=1.2x%8=9.6 mmAns
lu‘:fm diameter for the pinion i
We know that outside diameter for the pinion
D, = I?P +2acos B, = m.Tp +2 a cos Bpy
— 8 x 30+ 2 x 8 cos 33°=253.4 mm Ans.

Slant heigiir

We know that slant height of the pitch cone,

[ =2754m=2754x8= 220.3 mm AnRS.
A pair of cast iron bevel gears connect two shafts at right angles. The pitch
80 mm and 100 mm respectively. The tooth profiles of the gears
static stress for both the gears is 53 MPa. If the pinion \
d number of teeth on each gear from the stand- ‘I

r Take surface endurance limit as

Example
dmeters of the pinion and gear are
areof 14 1/2" composite form. The allowable

Wnsmits 2.75 kW at 1 100 r-p.m., find the module an
~heck the design from the standpoint of wea

point of strength and cl

80 MPa and modulus of elasticity for cast iron as 84 kN/mm?.
Solution. Given 0 = 00°; Dp= 80 mm = 0.08 m; Dg = 100
Ggp= O = 55 MPa =55 N/mm?; P = 2.75 kW -‘-}750 W ; Np = 1100 p:T:
N E, = E, = 84 |N/mm? =

mm=0.1m;¢=14%°; '.
. —60MPa=630

€l m = Module in mm. y i bl
Since the shafts are at right angles therefore pitch angle for the pnu(;r(;,
| (22 2 ot (,_J e
E Op) = tan” ﬁ = RO . 109 | s vl o
. 2\ DK =W iy g = ,.|'Y X : Y
1 o e 0 e

»_ 38.66° = ,51-34? b yeey ol

Y g fg{w% b

A |
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, ing the face width (b) as 1/3rd of the slant height of the pitch cone (
0 b =1/3=64/3=213say22mm
~ We know that torque on the pinion,
i Px60 2750 x 60
= 2mxNp 2mx1100
.. Tangential load on the pinion,
e 20:870
VTS D72 8012
We also know that tangential load on the pinion,

L—-b
W, —(GOPxC)bXKmX\ (*]

= 23.87 N-m = 23 870 N-mm

=597 N

L

397 = (55 x0.566) 22 x ©m (0.124 — 0.00 668 m) (

64 — 22
e
= 1412 m (0.124 — 0.006 68 m)
= 175 m — 9.43 m?
| Solving this expression by hit and trial method. we
- find that
' m = 4.5 say 5 mm Ans.
* Number of teeth on each gear
? ~ We know that number of teeth on the pinion,
' ' I, =D,/m=80/5=16 Ans.
ber of teeth an the gear,
T =Dg /m= 100/ 5 =20 Ans.
t rs for wear
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jon 1S sati

& pxample 30-3-
) ,:mine the requirec

Particulars
Rcliie "

since

Material

Speed

Check the gears fo

Solution. Given : 6, =90°;
0po= 35 MPa = 55 N/mm?; Np = 1200 r.p.m. :

Required module

{ i . )
= Since the shafts are at 11

Let

We know that formative number O

kel
ow that tooth

Ry 9” hat?
-.'.l_ ”‘.

... b

Number of teeth

Brinell hardness number

Allowable static stress

Tooth profile

mative number of teeth for the geab
To = Tg* sec Opy

form factor for the pinion,
jt =40 X -7

| Maximum or limiting load for wear,
p _ Dy biQ.K

~ Bevel Gears

w o cosOp

0 80 x 22 x1.22 x 1.687
. cos 38.66°

the maximuim load for wear is much more than the tangential load (W), the
sfactory from the consideration of wear. Ans. 2

A pair of bevel gears connect two shafts a
1 module and gear diameters for the following specifications :

=4640 N

1 right angles and transmits 9 kW.

Pinion

Gear

sic and wear loads.

. p=9kW=9000W ;T =
N, =420 rp.m. ;o=

21

Semi-steel
200

85 MPa
1200 r.p.m.

m = Required module in mm.

91,_, =\05=

Tot= Ty, - S€C 0p

o

supiif
4 — e

ght angles, therefore pitch angl

l =1 _7.‘?— 2 -1 _2_1 — i)

0p; = tan ! VR = tan T e || || S
,1-{u'*.i. angle for the gear,
Op; = 90° - 19.3° = 70.7°

f teeth for the pinion,
=21 sec 19.3° = 22.26

~ 60 sec 70.7°=

60
Grey cast iron
160

55 MPa
420 r.p.m.

14 é ° composite 14 %° composite

21 ;TG:60;GOP=85MPa=85N/mm2;
14 17,2

e for the pinion,

] FATE YT sibiry L

refore the
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Gears

1 M O’ ;’:

of Wort

8. Propor?
'é& Proport
87, Efficienc)

8 Strengt!
Teeth

9 Weor Too
Geor

0 Therma! 7o
i

rim

[:-' es AC’H-‘{,,‘ on Wi

N LJ
i

fion of Worm Gearing 31.1 Introduction E
¥ [he worm goars arc widely used for transmitting

ocily ratigs between non-intersec

i’ﬁﬁi’&% necessarily, at nght angles.

mgiwvelocilyr?ﬁosashighasmz_j ol'm.

sinslgsu:pinamimmllm but it has a lower
1 worm

T
i
. The
‘ nwe'n cU
- .
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drical or straight worm, s shown in Fig. 31.1 (a), is most commonly used.
e the thread is involute helicoid of pressure angle 14 14° for single and double threaded
wwéﬁ and quadruple threaded worms. The worm threads are cut by a straight sided milling
having its diameter not less than the outside diameter of worm or greater than 1.25 times the
T oo PRS- s . - —— - i ———

—

o A SIAP P

cone or double enveloping worm, as shown in Fig.
extremely accurate alignment.

D=l N 2p I~
] \.4\"‘/ ==

31.1 (b), is used to some extent, but it

(b) Cone or double enveloping worm:
NI

Fig. 31.1. Types of worms.

ht 1fafez varm gear, as shown in Fig. 31.2 (b), and
‘worm gear, as shown in Fig. 31.2 (c).

g i1l o0

A8 20V
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lom gear is usec mostly where the power source operates at a high speed and oufpu)‘ is af a slow
f + with high torque. It is also used in some cars and frucks.

14 Terms used in Worm Gearing a8 i

The worm and worm gear in mesh is shown in Fig. 31.3 1
The followine terms, in connection with the worm gearing, are important from the subject pbin‘t
o ; : jJ.. .
L. Axial pitch. 1t is also known as linear pitch of a worm. It is the distance measured axqall’Sr
& parallel to the axis of w orm) from a point on one thread to the corresponding pom; :
jacent thread on the worm, as shown in Fig. 31. 3. It may be noted that the axial pitch (p,) of a

8qual to the circular pitch ( p.) of the mating worm gear, when the shaftyare a.t'-ggbt"g%%
] ) :“h.-cvt?-. .

s
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[ead '(i‘éat’hé lmear distance through which a point on 2 thread moves ahe
hof t e'w_oﬂn,FOI single start threads, lead is equal to the axial pitch, but for multip
[endis equal to the product of axial pitch and number of starts. Mathematically,

Lead, [=p,-n

P, = Axial pitch ; and n = Number of starts.
ngle between the tangent to the thread helix on the pitch cylinder ang
f the worm. It is denoted by A.

S

7.”(“" : :
| 3. Lead angle. Itis the a
the plane normal to the axis o

A little consideration will show that if one complete .
turn of a worm thread be imagined to be unwound from ) Ly I=p.n
the body of the worm, it will form an inclined plane whose )7 L
base is equal to the pitch circumference of the worm and IL4 1 Dy, ;],

altitude equal to lead of the worm, as shown in Fig. 31.4.

From the geometry of the figure, we find that
[ead of the worm

. 31.4. Development of a helix thread.

O =0 .
Pitch circumference of the worm
I Dy 1t
= nDy 7Dy (s I=pyn)
Dol .. TTm.n ]
b /)\\* - H[) =¥ ..(*r p,=p,;and p.=Tm)
where m = Module, and
Dy, = Pitch circle diameter of worm

B The lead angle (A) may vary from 9° to 45°. It has been shown by F.A. Halsey that a lead angle
less than 9° results in rapid wear and the safe value of A is 12%2

I

Hydraulic or Pneumatic Speed A ; X
Change Actuator Ratio Detection Switches

‘ ‘H" :J.: 1.4
. - Round Housing With O-ring
T ‘Seated Cooling Jacket
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act design, the lead angle may be determined by-'thefféfnaméfrélﬁﬁ

comp
1/3 o

Ne is the speed of the worm gear and Ny, is the speed of the worm »
essure angle. It 1s measured 1 ‘o :

4 qooth pressure ang red in a plane containin i

he thread profile angle as shown in Fig. 31.3. thergy On . "

el e "
~ The follow1ng table shows the recommended values of lead angle (A) an

‘angle (¢)

d is equal

d tooth pressure

e and pressure angle.
—-______’————‘—’_—_—-I
3545

edl. 1;_‘Rfc-:ibmmended values of lead angl

Tabl

0-16 16 - 25 25-35

14V4

7?[358[11'3 angle()
in degrees

For automotive applications, the
pressure angle of 30° is recommended
bobtain a high efficiency and to per-
mit overhauling.

5. Normal
measured along the nort
between two corresponding points on

o adjacent threads of the worm.
Mathematically,
Normal pitch, py = P,-€0S .y

5“‘3- The term normal pitch 1S used for a
ﬁ;ﬂ;ha@ng single start threads. In case of &
having multiple start threads. the term
orma] Jead (Ly) is used, such that
,. Iy =1.cos A

80 Helix angle. 1t is the angl

g gle. : ! : S
the tangent to the thread helix o the pitch cylmder afnd o almsdo:nm? W?rm. W 1’s“(}~eno
; 3 ; ent of worm lead angle, IR,
1.3. The worm helix angle is the contchigie E oy --:,'g---.-m i
Oy + A= 90° e
e noted that thp_}l@ﬁ?ﬁ ang

It is the distance
nal to the threads

bt
Worm gear teeth
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o 56 o A

Iy

'G_dule and T is the number of teeth on the worm gear.
Ny nDg _mm Tg
R i |
= Ec_T_G_:L’_a_TL:TQ st '-'P(-=n’"=1’a3andl:pa.,nj
l Pa N n :
Number of starts of the worm.

From above, we see that velocity ratio may also be defined as the ratio of number of teeth on the

gear to the number of starts of the worm.
{[hefollowmg table shows the number of starts to be used on the worm for the different velocity

ed on the worm for different velocity ratios.

i K \m“ 61612

! Quadruple

?
Double i

Table 31.3. Proportions for warm.

Single and double
threaded worms

23
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L= '0"26725 , for rubbing siieeﬂs between 12 2
S 1R L R V)~ ' - i) &
! > ‘
— 0025 + —~— for rubbing speed more than 180
L) 18000

trsd
1583

F the efficiency of worm gearing is less
50%, then the worm gearing is said to be
self locking, i.e. it cannot be driven by applying

ue to the wheel. This property of self

as hoisting machinery.

.'L.H Example 31.1. A triple threaded
sorm has teeth of 6 mm module and pitch
ircle diameter of 50 mm. If the worm gear

has 30 teeth of 147:° and the coefficient of

friction of the worm gearing is 0.05, find

1. the lead angle of the worm, 2. velocity

ratio, 3. centre distance, and 4. cfficiency

of the worm gearing.

Solution. Given : n=3:m=6; I -
. 1 ardened and ground worm shaft and worm wheel
Dw=50mm;T=_aO;(D:]~1.n': [
i pair &

w=0.05.
1. Lead angle of the worm

Let A = Lead angle of the worm.

RO X3:

‘We know that tan A = —=—=0.36
Dy 50

A = tan”! (0.36) = 19.8° Ans.
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1 BASIC CONCEPTS :

When a speed reducer is required to have a very high velocity ratio of about
e or even more sometimes upto 500, then, by two ways, this requirement may be
fifilled. One is by using spur, helical and bevel gears individually or in combined
§fm in multi-stage arrangement. For example, if the required gear ratio is 100, then,
§8 gear ratio may be obtained as i=5x5x4=100 i.e,, in three steps, because the
imum speed reduction for the above gear-drive in a single-step is about 6.
etimes by using another type of gear-drive known as worm-gear drive, this much

nt of speed ratio may be obtained in a single- step itself.

.~ In the Wg___gg_sg_gnve the driving member is similar to an Archimedian screw

] fhe driven member is similar to a helical gear with curved teeth and also the
i surface of this helical gear is slightly concaved (i.e., shallow type pitch surface).
s drive, the driving member is known as worm in stead of calling as pinion

1 :e driven member is known as worm-gear or worm wheel and the ﬁower 1S
smitted from worm to worm-wheel by qhdm0 contact)in contrast with spur, helical
el gears, where the power 1s transmitted by rolling contact.

",
e *

v he worm gear drive is employed to transmit power between non-paraliel an
- eresting shafts whose axés are usually at 90°. Since they are having/sliding %
act,Ytheir operation is smooth and nmseless but their eﬁi% lower because g -8
j‘.; loss due to friction caused by sliding. This drive is very cgr_n_}m_ct_fofr_xery Adly |

city ratio. Some of the drawbacks of this drive are such that tThe maximum 7

at can be transmitted by the drive is around 100 kW and usually this drive’s

may be kept inside the box, having full of oil in order to reduce the heat

by the sliding friction. The worm may be cut usually with Md

B ﬂirmes represented as single start or multiple starts

- Number of teeth on gear
Number of threads (or starts) on worm' — ’ Q (@

Department of Mechanical Engineering, NCERC, Pampady 25
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'm is operated with worm-wheel by the sliding coppan
ould have low coefficient of friction in order to reduce loss ST
o by combining heterogeneous materials with high quality T
surfaces. Usually carbon or alloy steels may be used to make WOrm ang g
,— | or Bronze may be selecMing worm wheels. Among mma |
sned steel and phospher bronze combination” has the lowest coefficient of fn%
and hence this material - combination may be preferred. 4

b The helix angle, here known as lead angle, of worm-wheel should be
80° so as to make the drive irreversible. If the lead angle is very high of aboyt §
- 70°t0 80°, then, the worm gear drive may be operated as reversible drive, Ff;, '
example: Hand blower. For transmitting very high power of more than 500 kW a
. a very high velocity ratio, spur gear drive with mul
- preferred to worm gear-drive in order to avoid more |
~in worm gear J-ive and also its inefficiency to tran

9.3 DESIGN PARAMETERS: k

Since the worm gear drive transmite power through sliding contact, we shoul
- consider the friction effect when designing. Let us consider a w
- shown in figure 9.1, for which
.Of view are given below.

kept Withig |

ti-stage speed reduction
1eat produced during operation §
smit such a high power.

orm gear drive &
the essential parameters regarding the design poin
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- g

3

m 1 to 47 Nu-.
Number of teeth on worm-wheel, which may be selected from 25
~ to 85._Usually for higher power, 7, may be taken as 60 to 80

‘II- and for lower power, Zy may be taken as 25 to 50. —

4.» or threads on worm, usually fro

h diameter of

Diameter factor which is the ratio between the pite

=
= : | : dy ¢S

‘ worm dj, and the axial module, my, i.e., 4=
— _— Ay
| = Design surface stress (Table 9.1) (PSG 8.4&1)/,
: [op] = Design bending stress (Table 9.2) (PSG 8.45)

. — _“‘f'/

‘ [MJ = Design torque = M, . k. kg, where My is the nominal torque
¥ ) (
b obtained as M; = S (or) b A

- 2T no [ nq J

T

¥ - Load concentration factor =1 for constant loading.

Dynamic load factor =1 for Vg < 3m/s where Vg is the velocity

of worm wheel.

s
- ——
g = Helix angle or Lead angle ie., tanV =[?11-J (Table %PSG 8.45))
/- Zg 1

= Gear ratio or velocity ratio =7—=—".
g Z; ng

'rgiggcy of worm - gear drive (Table g/(PSG 8.46)
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Zy
—= (0]
qlc

and cagt-iron wheel, the number 6540 in the above meitﬁa m I

worm i
w

1

,J,» um axial module pased on bending stress has been derived a8
111 L]

o
= ! (o) a2y ¥y

~ Form factor corresponding to the virtual number of teeth of whie

SIGN PROCEDURE : ;
From the given problem, note down the amount of po ;

wer to be transmitted
atio, worm speed, materials required etc Usually the steci for worn
ronze for Whoel Are preferred, ]

fimate the minimum centre distance, a, based on surface compressifé
_/

for steel worm £
pronze ¥
combin®™=

e compressive stress which depends onl ;
(from Tﬂb}j

HS5Uume mitially)

Department’C 28
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} K;.' "o, qu
~ Number of teeth on worm wheel

1 Zy where Z; = number of starts on worm and i= Velocity ratio

i} = Design torque =M, .k kg,

nitially k.kd may be assumed as 1. "
L]
:, Jetermine the minimum axial module, m,, based on bending stress as “
3. Dete th 1 modul , based bend 4
| :
e >1.24 3 __%]__

! mEE Nelann 07 gl

- 5 g
~ where [op] = Design bending stress (From Table #2) (PSG 8@5‘)— '
. . — ]
. Zo :
¥, = Form factor corresponding Zyy = 35— l\

cos Vv
: i
and v is the helix angle or lead angle of worm wheel which can be obtained 3
m the relation as —— T
e 5 sU
& SG 8.4H)
t — or from table (PSG
1 = ‘ ole—

. ' table 626 (PSG 8.2)
; ‘,module using the ta ———

the centre distance using the i

.

factor, g, and then,
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DESIGN OF TRANSMISSION gy

compressive stress and bending stress a5 b
ible (i.e., design) values.

7 3
—2+1

9 | M <lof
a

and oy =
P mquZYV

Determine the length of worm as i3

=

L> (11 +0.06 Zy) m, for Z;=1to 9 (Table 978) (PSG 8.48) _

and L2 (12.5 + 0.09 Zy) m, for Z,=3to4

] : ) | w
For ground worm, the length L is increased by some amount, to beco

new length, L;
1.e., L =L+ 25 mm for my < 10 mm

=L + 35 to 40 mm for m, = 10 to 16 mm
=L+ 50 mm for m, > 16 mm
the number of teeth on worm A as

. ' ;_,L
, 20G correct it to full number and then findout the 2

), , Parmpad Scanned by CamScannel >
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97
leulate the efficiency of the drive as
| =En% where p =tan ! u (Refer figure 9.2) % ‘»‘,\J.)r
# :(/‘/:7/ — , ’ e
| 04 ,{ M—}/L/ . 1 e/ !
-— Fé .’ 2 F‘z [ () 3 y “v f,r‘. ;
V= B A»gfa/;r‘ g : |
[ ] 4
g = fhe |
}'r/czchy OF WORM GEAR crRive(when worm is dr/'whg)
: ; ¥, lead angle, deg.
- Qnay friction angle de
/& 7an(r+p) P g 5
: «, tan p, from graph below i
.
] {
: '- T | I
F 3 STEEL wORM I‘T f
AP\ | ol
JRERN J | J ;
: \\ /- CAST IRON WORM WHEEL ] f :
: N \ P
N ~.Z ~ BRONZE WORM WHEEL
T~ Jon e
L (il e
! o5 ! L5 2 2.5 3 3s
SLIDING VELOCITY, m/s = B
¢ ¥ Fig. 9.2
ion angle in degrees and = coefficient of friction.
Rop Ty Y D e

Depa ’ ’ Scanned by CamScannel°|



DESIGN OF TRANSMISSION'

Design Surface Stress®, [o.], kgf/cm

Material Sliding Velocity, Vg, m/s
N . e
- Worm \Whoul 0.25 0.5 | 2 3 \
= - ,__——/
Ilﬂtﬁel Cast Tron | 1700-1400 1200 1000 700 = 1

Bronze 1900 1850 1760 »
e — - —— ’/

lubr qcated worth

: ‘.‘x‘rl',\ 4 T . ‘
i te he above values are for accurately cut and well evﬂl
\Y

gg}; I these two conditions are not satisfied, reduce the abo
faﬂj The above values need not modified for fatigue 1ifés @
i ure in worm gearing is due to seizure.

Rotatlon in one
chrectlon iny

—

-
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(Q+25 49 X) Reference diamete,
b 0 o= 45 / {
Tip diametap Gl da=dj 49 foltiy !
|
L Root diametay dp; ‘dn =di~gf my~9¢
| 1
Pitch diametey dj 'rh =My (g + 9 %) ,!
my e R ) ” . ‘ t
mx—q‘:m WORM WHEE]L, ‘ i
Zy Determined by (In axia] section) ) dy /(lgt Zy my {
calculatioy Reference diametey | é
|
Z Zy=17, Tip diametey daz ‘d"z =Gt ity g et 4
L 7o Root diametey dp ’drz =(2-2f) i, 9, i
s 7y Pitch diameter dy ldz =dy }
o WORM WHER], ‘
B - THROAT
fo Normally ¢, - ¢ Axial pitch Px Ipx=mnm,
R d
2 Pz=1Z; py Thorat tip radiys R 31 fo my
R
2 o = 900 Throat roof radius 3
WORM
Tip relief radiug

Root relief radius

Nominal tooth
thickness on réference
diameter in axia]

33
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Departmel

DESIGN OF TRANSMISSION

Lead Angle, v

o Diameter Factor, q\

A —

13 12 11 107 ﬁ
— = =
B oy o 45749"  5°11'40” 5o 497 39~ Gm
R T 18177 11°18' 36" 190 g1/ g 14° 0y ¢
B 12959 417 140 o 1 16°15'18” 16° 41’ 57+ 1go 26 06” 20°33'9
4-\17°06’ 107 18°26' 06" 190 5 £ g 21° 48’ 05" o3

23° 57" 45" 96° 33

34
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o

on of number of teeth, Z2 on the worm wheel**
10 12 12

5 6 6 8 8 10

12 9 11 8 11

28
36

fcould be +2 teeth from values iound I
B4 with*®* where the deviation permissible

e 9.8

Length of the worm, L

ection factor Z, no. of starts

X
1 or 2 3 or 4

0 L 2 (11 + 0.06 Zy) my L 2 (12.5 + 0.09 Zy) my

3‘?.5 L > (8 + 0.06 zp) my L2 (9.5 +0.09 z9) m,

L 2 (10.5 + Zy) my S 2 (10.5 + Zy) my
L >(11+0.1Z3) m,

L>(12+0.1Zy) m,

L2 (125 +0.1 Zy) my

L2(13+0.1 Zy) m,

¢
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R, o

s 1 "
p worm gear shaft is 18 kW and gqq rpm. § .
of hardened steel and the wheel ig made of .ch'%ead Aty
and strength, design worm and worm wheell ed Phogg,

Power to be transmitted . 18 kW
Speed of worm 600 rpm
Speed ratio 20

Material for worm Hardened steg]

Material for wheel Phospher Bronge (Ci

Minimum centre distance between worm an
stress is given by,

3 §w{£u& (/'\(V'\ ‘f

' * Zy \ 540 |2 O)‘ Mg
a 1 5 ¢ \ , | LMy ()SC‘ M)

I worm wheel based ng

D \(')\,\ ‘

l‘ |
1 of worn 2
Mt= 97450 kW i 3 (where ny = s]u‘ud of wor ;
iy M
1 4ol

) === " Se i

i ) 20, Take q = 11 initially [
Zy= No \ Tyintia
i 0. of start ‘ .
b starts on the worm =3 7.15 /\)A/ B

i 0\86 (Assume) (Tablegy iy }

)X 20X 0,86 = 50270 kgf - cm

k=1"." loadis almost

Department G
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N ¢
For worm (steel) and wheel (phospher Bronze)

:d.lt 1590 kgf/em? Assuming V, =3 m/sec -

—

fop] = 550 lu;f/cm2 (" (Tableg) \PSGS.45)

i
60 \ [ 540 Y - |
" 82(‘1—{*1} A\/ 60 ] - i
b~ T 1590

i
i | :l
’1
|

Module based on beam

o M)
m, 2124 \/, By, - o

Yo = Form factor for virtual no. of teetd Z [ ’

|>. l
zﬂ:-Z%— where v = lead angle or helix ‘ |
" o08V ' |
- | | 1 18° 1 i J LT
= Lan - : :
VIL&TI ! q 11 ' " L L~

E’l ,_I')I

- 60 =668 =67
“eos” 15.255 .
3 4

Pt !
¥, = 0.493 (Table@@6) (PSGH 15) Y\J) e
2 ~ O
) = 550 kgf/cm

C i," 50270
" V60 x 11 x 0.493 x 550

»R2mm

{
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Departmel

Now tho contro distanee . } -
=05 my (q+ 72+ 2 x)
= 0.6 % 10 (11 + 60) (Assuming x

=360 mm

Sinco this is loss than the minimum centre distance (‘-‘~374mm)
Lot my = 12 mm

Now a =05y 12 (11 + 60) = 49¢ mm = 42.6 cm (0.K)

3 ] 'I !11
Sliding velocity V.
’ 60 % 1000 » (

=gm, =11x12- 199 mm /O(,e/@)’ i ]

V= 15255()

Veo=— TX132x 600

——— — 4 9 —
60 X 1000 x Cos 15.255° ~ 1.29 m/sec
- § another formula

1 (PSG 8.44)

=12x600 /
W: 4.29 m/sec

T
€ adequgg, data are

- *M/sec ¢ is assumed

o *

ength
not available for surface (STt: o OV
that [0, = 1490 kgf/cm"- 21 o

38
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oo
I X QUZiL

] = 170 kgf/cm?® < oy = 550 kgf/em®
11 x 60 x 0.493 ol bl

a
safe. |~

jof worm L 2(125+0.09Z,) m,

~

S L2(125+ 0.09 x 60) 12 y QL 4

($4
&\ e ‘\ Lf / _A\‘/’

22148 mm /' g ) o

. y
2215 mm r A P .
’ " £ - ' '
N : | .~
of teeth on worm =)= (- !
L
215 ' ( . N
n 9 N
- N \ '\‘ »
Let .=6 i J h ‘
pthe length of worm =6xnxm, Lg N’ !

6xnxl2=226mm

Oy Lo

ith of worm wheel =0.75d,

Face width) =0.76 x 132 = 99 mm

= 100 mm (say) 3
| | g > Q¢ (3 .
ers of worm : (Refer table g4) (PSG 5.43) 9

s
e dismoter dy =, - 192 o @ pc*/ ()g(a W

: .1-dl+2ramx _1’

. =132+4(2%1%12)= 156 mm

ks
\
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=12 (11 + 2 x 0)

Reference diamoter dy

eter bdl -2 fO m, - 2¢

=132—2x1x12—2x0.2x 12
=132 -2 x 12 (1 + 0.2)
=132-28.8

=103.2 mm

- Piteh diameter d,’ = my (q+ 2 x)

(Assuming x = ()

=132 mm

= 22 lllx

=60 % 12 = 720 mm

dag = (Zy + 2 f;+ 2 x) my

=(60 + 2) 12 = 744 mm

dfy = (Zy - 2£p) my -2

=(60-2)12 - (2% 0.2 12)

=691.2 mm

40
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. _ _ tam (15.255)
= (15.255 + 1.72) = 0-893 = 89.3%

1

. Specifications :

B . . fr A*\\.—d\
~ 8l. No. Description

Worm Wheel

L Material

Phosphor Bronze

2, No. of teeth

6 60
3. Module 12 mm 12 mm
B 4. Reference Diameter 132 mm 720 mm
E 5. Tip diameter 156 mm 744 mm
". 6. Root diameter 103.2 mm 691.2 mm
7. Length of worm 226 mm -
Face width of worm wheel - 100 mm
Centre distance 426 mm

Efficiency of drive 89.3 %
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4' sliding contact 1s occured be I*

r‘,'

eeh éear-drive, self-locking is available?

When we require to transmit power between nonparalle] an
shafts and very high velocity ratio of about 100, worm gear
Also worm-gears provide self-locking facility.

d NON-inge,
S can be eﬂ

Write some applications of worm-gear drive.

Worm gear drive find wide applications like hoisting equlpments il
machine indexing head, table fan, steering rod of automobile and s qp

~i4
1}

6. Suggest one material for the following giving the reason.

a) Worm. b) Worm-wheel. c¢) Bevel gears.

a) Worm Steel to transmit high torque.

b) Worm wheel Phospher bronze to get low coefficient of &
friction when the wheel is operated with won

Bevel gears Hardened steel to sustain heavy load a " 0
transmit high power. ‘

the following terms.

J, » ampady Scanned by CamScanner”



materials used for worm gears should have high coefficient

,-.f;- SWers :
a) True
b) False.

What are the merits and demerits of worm-gear drive?
Merits :

1) Compact layout for very high velocity ratio of about 100.
2) Smooth and noiseless operation.

3) Self-locking facility is available.

Demerits :

1) Low efficiency.

2) More heat will be produced and hence this drive can be operated inside
an oil reservoir or extra cooling fan is required in order to dissipate the
heat from the drive.

3) Low power transmission.

\ERCISES :
 What is a worm gear and where is it used?

w’ hat is meant by self-locking? At which gear it is available?

hy is worm gear operated inside an oil reservoir?

lgntea on the following.

.
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moducf:on
z ' Advantages and
Dsadvantages of Chain
Dive over Belt or Rope
| Drive.
1 lerms Used in Chain Drive.
L Relation Between Pitch
" andPitch Circle Diameter.

' cation of Chains.
foiting and  Hauling
, “hains,

wLonveyor Chains,

£ '!h e Transmitting Chains.
i;ﬁ Characfensncs of Roller

i '_f,';f/’or of Safety for Chain

erm:sslble Speed of

Sprocket,
i cir Trcnsmn‘fed by

i &ng}ge;of Teeth on the
16 ?ﬂfp:m ' Driving Sprocket

J;C?o;n Mum Speed for

Ip
] ’°:fh ,c(’)’f Dimensions of
]

n
Shaiy D 1Procedure for

echanical Engineering, NCERC, Pampady

21.1 Introduction

We have seen in previous chapters on belt and rope
drives that slipping may occur. In order to avoid slipping,
steel chains are used. The chains are made up of number of
rigid links which are hinged together by pin joints in order
to provide the necessary flexibility for wraping round the
driving and driven wheels. These wheels have projecting
teeth of special profile and fitinto the corresponding recesses
in the lmks of the chain as shown in Fig. 21.1. The toothed
wheels are known as *sprocket wheels or simply sprockets.

- The sprockets and the chain are thus constrained to move

together without slipping and ensures perfect velocity ratio.

* These wheels resemble to spur gears.
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760 = A Textbook of Machine Design

Hinge l— Chain link 84
i B S —— —- Lafos
,’ o\o\@,@‘—’ e 2

> & Smaller

[ : Or gear
i sprocket
- il _(L)({

or pinion

Ffig. 21.1. Sprockets and chain.

The chains are mostly used to transmit motion and power from one shaft

centre distance between their shafts is short such as in bicycles, motor cycles, a

conveyors, rolling mills, road rollers ete. The chains may also be used for long

8 metres. The chains are used for velocities up to 25 m/ s and for power upto
higher power transmission is also possible.

tg another When, |-
gricultury] Machip,

centre distange up;
110 kW, Insomecase;
21.2 Advantages and Pisadvaniages of Chain Drive over Bel il

Following are the advantages and disadvanta

ges of chain drive over belt or rope drive;
Advantages

I. As no slip takes place during ch

ain drive, hence perfect velocity ratio is obtained.
3

- Since the chains are made of metal. therefore they occupy less space in width thanabis
rope drive.

It may be used for both long as well

9]
.

as short distances.

4. Tt gives a high transmission efficiency (upto 98 percent). 9
5. It gives less load on the shafts,

6. It has the ability to transmit motion to several shafts by one chain only. t
7. It transmits more power than belts. c
8. 1t permits high speed ratio of 8 (o 10 in one step. (
9,

Tt can be operated under adv

“ erse tlemperature and atmospheric conditions.
. Disadvantages

L. The production cost of chains is rel

2. The chain drive needs accurate mo
and slack adjustment.

] : ed. | -
as ty fluctuations especially when unduly stretch

atively high.

ot
peie®

; jcularly ¥

unting and careful maintenance, partic

]

E3

O ET)
Sports bicycle geq, and chain drive mechanism

] A -‘.-.,:f‘ 45
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Chain Drives = 761
s ysed in Chain Drive
:

"

0 lowing terms are frequently used in chain drive,

of chain. 1tis the distance between the hin

of the adjacent link, ge centre of a link and the correspondmg

as shown in Fig. 21.2. It is usually denoted by p.

Chain roller

Hinge Centre /h
NET ) b
>Y Siné = s

_74‘
vf\j— Sprocket ’P

i\ % _ o

itch 0.
} 1‘: inge e centre

Fig. 21.2. Terms used in chain drive.

- LPitch circle diameter of chain sprocke. It is the diameter of the circle on which the hinge
centres of the chain lie, when the lem is wrapped round a sprocket as shown in Fig.21.2. The
points A, B, C, and D are the hinge centres of the chain and the circle drawn through these
centres is called pitch circle and its diameter (D) is known as pitch circle diamcter.

WURelation Between Pitch and Pifch Circle Diameter
[ACham wrapped round the sprocket is shown in Fig. 21.2. Since the links of the chain are rigid,
™ pitch of the chain does not lie on the arc of the pitch circle. The pitch length becomes a
- Consider ope pitch length AB of the chain subtending an angle 8 at the centre of sprocket

uch canle)

[c - .
t D = Diameter of the pitch circle, and

Fro T = Number of teeth on the sprocket.
"Fig, 21.2, we find that pitch of the chain,

0 D N (8 ipifE
) p=AB=2A0sin(§)=2X 2] 8272

Wk fhat : PR
A _> T
e 360°) _ i [1BC
\ by P:Dsin(’ﬁ‘)"Dsm(T
i ; 180°
Th“-s fock D =pcosec | 7T
\ ® outside diameter (D), for satisfactory operation is given by
N\ D, =D +08d, :
| " d = Diameter of the chain roller. TR
[ gle of articulation.

g,
» 6,2 through Whlch the link swmgs as it enters contact is called an:
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21.5 Velocity Ratio of Chain Drives

The velocity ratio of a chain drive is given by

N, T,

‘/.I‘)‘ o —

‘ N, T,
where Nl = Speed of rotation of smaller sprocket in tp.m
N, = "

The average velocity of the chain is given by
nDN T pN

YT 60

where D = Pitch circle diameter of the sprocket in metres, and
;= Puch ol the chain in metres,

21.6 Length of Chain and Centre Distance

An open chain drive system connecting, the two sprockets is shown in Fig. 21.3,

}.L ;;-;I

l4 X

Speed of rotation of larger sprocket in r.p.m
" . B AL LIT)
I', = Number of teeth on the smaller sprocket,
I’y = Number of teeth on the larger sprocket,

N
N 4
Smnllcrsprm‘kcl—/ ~4- .. \
T

and

Larger sprocke

=
e

p = Pitch of the chain, and
x = Centre distance.

pitch of the chain (). Mathematically,
L =Kp

2n

2 P

number.
The centre distance is given by

B

the above equation should be decreased by 2 to 5 mm.

Depaptment of Mechanical Engineering, NCERC, Pampady

Fig. 21.3. Length of chain. |
T, = Number of teeth on the smaller sprocket,
T, = Number of teeth on the larger sprocket,

K Fchai
The length of the chain (L) must be equal to the product of the number of

The number of chain links may be obtained from the following €XP

(g A DAWD 5 vas BT

The value of K as obtained from the above expression must be ap

In order to accommodate initig] sag in the chain, the value of the cen ¥

I
n links (L8

l-cssion. ’.' e

X 0 the e

Proximf'"3d t
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istance for ; _ ]
aia:a centre d the velocity transmission ratio of 3, may be taken as
. Te ©_di+d,

%_ Xmin — 2 +30to 50 mm

are the diameters of the pitch circles of the smaller and larger sprockets.
P 4 o results, the minimum centre distance shoulq be 30 to 50
"y For i i i

B qjmum Centre distance is selected depending upon the velocity ratio so that the arc of contact of

e m i
3 Th smaller sprocket is not less than 120°, It may be noted that larger angle of arc of contact ensures
stribution of load on the sprocket teetly angd better conditions of engagement.

times the pitch.

fication of Chains

56 )
) cla on the basis of their use, are ¢l

The chains, : .
| Hoisting and hauling (or crane) chains,

, Conveyor (o tractive) chains, and
M. power transmnitting (or driving) chains.
fhes chains are discussed, in detail, in the following pages.

assified into the following three groups:

18 Hoisting and Hauling Chains

These chains are used for hoisting and hauling purposes and operate at a maximum velocity of
§m/s. The hoisting and hauling chains are of the following two types:

1.Chain with oval links. The links of this type of chain are of oval shape, as shown in Fig.21.4
4 Thejoint of each link is welded. The sprockets which are used for this type of chain have receptacles
wezive the links. Such type of chains are used only at low speeds such as in chain hoists and in
ahors for marine works.

* (a) Chain with oval links. (b) Chain with square links.

Fig. 21.4. Hoisting and hauling chains.
NEM.V@MEE With square links. The links of this type of chain :‘_.o of square mrsmc. as m:ce.<: .5 Fig.
55. mwc_nr type of chains are used in hoists, cranes, .»__.cgmoz. E_w _:E::zm::.._:m cost of ::”ﬁ type
w088 than that of chain with oval links, but in these chains, the kinking occurs easily on

' €yor Chains
;_:. ¥ chaing are used for elevating and conveying the materials continuously at a speed upto
1, conwo:éwoa chains are of the following two types: .
) 4chable or hook joint type chain, as shown in Fig. 21.5 (a), and

oved *ed joint type chain, as shown in Fig. 21.5 (b).

Scanned by CamScanne?'48
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ually made of malleable cast iron. These chains 4y,
hains run at slow speeds of about 0.8 to 3 m/ lhavesmo%

The conveyor chains are us

running qualities. The conveyor €

21.10 Power Transmitting Chains
These chains are used for transmission of power, when the distance betweey "
€ ¢

shafts is short. These chains have provision for efficient lubrication. The power tfansm] mnemth

are of the following three types. 8y
1. Block or bush chain. A
used in the early stages of development in t

block or bush chain i shown in Fig. 21.6. This lype
he power transmission. Of chgp,

Fig. 21.6. Rlock or bush chain.
the teeth of the sprocket because of ubiy

are used to some extent as conveyor chaind

It produces noise when approaching or leaving

between the tecth and the Tinks. Such type of chains

small speed.

2. Bush roller chain. A bush roller chain as shown in Fig. 21.7, consists of outer platesti
link plates, inner plate% or rol]m link plates, pins, bushes and roilers. A pin passes through hehe
which is secured in the holes of the roller between the two sides of the chain. The rollers are et
rotate on the bush which protect the sprocket wheel teeth against wear. The pins, bushes and ke

are made of alloy steel.

\Jc//f“ N == N J\
(Q — DN KJU

{ \‘ / \ !-—-_’/
i | i e

| Inner plate
(Roller link
plate)

X SR JED,

Fig. 21.7. Bush roller chain. erV‘ d‘
n. It glves g lefsfmj

A bu;htlr;)llllser Tc}}:am 1s extremely strong and simple in constructio
; severe condl ere is a little noise with this chain which is due t0 impac noﬂ° gr"
sprocket wheel teeth. This chain may be used where there is a little Jubri catl W‘1 s of
chains elongates slightly due to wear and stretching of the parts, then the extend halca"‘ cPf
pitch than the pitch of the sprocket wheel teeth. The rollers thex,l fit unequa”y thhll’g o
wheel. The result is that the total load falls on one teeth or on a few (ecth. ¢ strefe
increase wear of the surfaces of the roller and of the sprocket wheel teeth-

De ri .
partment of Mechanical Engineering, NCERC, Pampady won
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B

L 718

' Rear wheel chain drive of g motorcycle |

e roller chains are standardised and manufactured on the basis of pitch. These chains are
;ﬁeinsingle-.row or multi-row roller chains such as simple, duplex or triplex strands, as shown
o 8. '

1y : A 1Nt b
s S S B i [
g il
§ P - ] I KR i 11 o
QG — T~ ’:lij T -7 ____1 ..... / |
p| 4 H | | = | Al Ih
==l ! =
=L - i HE Tl
[ 5 L =
U .J 7 } I - — 1
1 X i e, § A e 1 v 14 |
Sy e ol f | ' :
HeEEm AN i 1[ - | I~ LiH u
7 : o i JJ i L . L
- b <
Simplex chain. Duplex chain. S A

' it Fig. 21.8. Types of roller chain.
: Sile"tchai”- A silent chain (also known as inverted tooth chain) is shown in Fig. 21.9.

Link
Bush ) | '/_ '

B :v Fig'le’

9. Silent chain. | - o5R 1

|

Dep ént of Mechanical Engineering, NCERC, Pampady
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liminate the €V .
nd the p1
sedr

e Design

It is designed to € il effects caused by
running. When the chain stretches a
of the sprocket whe

in the pitch. There is no relativ
sprocket wheel teeth. When properly

smoothly and quietly.
The various types O

lubri

f joints used in a
Solid pin

[ —

Link
O
A

\ \ /’
|
(a) Solid pin type.

/

|
| /
/

Split bearing ™7
\

(c) Split bush type.

21.11 Characteristics of Roller Chains

According to Indian Standards (IS: 2403 —1991), th
roller diameter, width between inner plates, transverse pitch
are given in the following table.

tch of the f:hain incrc?ases, the links rige il
adius. This au;omatlcally corrects theson §
between the teeth of the inverted tooth c}:“_ thy,
cated, this chain gives durable service angln

_ o

silent chain are shown in Fig 21.10.
Pin

Fig. 21.10. Silent chain joints.

e various cha

stretching and to prody
Sy

e
3 vm

Bush

(d) Rocket pin type.

racteristics such pik

and breaking load for the roller cha®

ding to 15: 2403 — 1991.

|
l
!

Department of Mechanical Engineering, NCERC, Pampady

Table 21.1. Characteristics of roller chains accor
—
1SO Pirtch Roller Width between | Transverse Breaking load (k)
Chain | (p) mm diameter inner plates itch Minimum
number (d)) ! e ———’_—_"/ Irp 4
\) mm (bl) mm (p,)mm Simple Duplex
Maximum Maximum B
- | 1)
05 B 8.00 5.00 3.00 564 44 78 43
06B | 9.525 6.35 5.72 10.24 8.9 169 4
08 B 12.70 8.51 7.75 13.92 17.8 311 67
10B |15.875 10.16 9.65 16.59 222 44.5 ¢/
12B 1905 | 1207 11.68 19.46 28.9 578 268
16 B 254 | 1588 17.02 31.88 423 84.5 1933
20B 31.75 19.05 19.56 36.45 64.5 129 2938
#B | 3810 | 2540 25.40 48.36 o790 | 1957 W
28B | 4445 | 2794 30.99 59.56 129 258 | sV
2B ' 5080 | 2921 30.99 it 169 338 #1?
4B | 6350 | 3937 3810 2555 o | 52 y
48 B 76.20 48.26 : :
4572 800.7
. 72 91.21 4003 o} 8=
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7. number of teeth on sprocket_pinion__ 2
WL ¢ pce g

' Lo : 2% wheel
“Transmission rafio i:"f‘:'-"“l 7., number 0 tecth on sprocket wi
] 2 ~2? ; . . HedE
; specd of cotation of pinion, rpm
; i ; A f - ‘ 1., i { : Sl
2 ' | n,i speed of rotation of wheel. rpm
2_ .!v\' :
Preferred travsmission ratio, / L,
¢ 5.0 6 3 7 1
: : L s tas 14,16 120225 3D 4 45 °
Recommended 7, B
- —% —J
. g3 3—4
Transmission ratio, [ I-2 5573 23 ' 21
bl ——25 ——— ——_-.‘-
Number of teeth on spracket, Zy 30—27 27

Where space is a problem, Z; minimum =7

Number of teeth on sprocket wheel, Zo

Z,=1.2Z,

Z, .., =100 to 120 |

1.

Note: When Z, is very large, chain slips off the sprocket for a small pul

é Maximum speed of rotation of the pinion, n; _ . Tpm

p, pitch, mm

T Giion 25 ook 055 2.7 B
q = . 2300 S 2600 il
| . 2800 2400 600

o 2400 2400 #1800 &)
i N 2400 - - 2100 1500
i - 2100 1800 1300
| 35 1500 1600 i
45 1600 1400 ~ 1000

- e

Centre distance, ¢, mm
[‘" : Optimum centre distance a=(30 to 50) p 4. centre dista

'p, pitch of féfhaim mm

nce, mm

Minimum centre distance, a

Transmission ratio, i o MiRirmiss ——:'f/
ransinis : | Vinimum centre distance, a_, 'mm -_ﬁ_/
: \ 3 a’ +(30 to 50), mm
; 3—4 1.2 ¢’
4= 1.3 o
350 1.4 o'
o 1.5q
_/

: 7.74 goB 1:‘
*’;' . .+ DESIGN para—PSE.T! i

jepartment of Mechanical Engineering, NCERC, Pampady
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up diameter d =

P
K ]'80'0 +0.6p
tan - -

Maximum centre distance, @__ . mm

ey =80 D

Relaﬁdnship between ceulre distance and

P, pitch of chain, mm

Jength of chain

RN Nomenclature Svimbol Formulae
Length ‘of continuous chain in muitiples L ( 1\"'
of pitches (i. ¢. approximate number | =2q + L1tZs 2w /
5 =2 R e
of links) Ren P 2 a,

o 1 r_ . )
APP{q{umate centre distance in multiples
of pitches

S —— et gy

Fing) centre distance corrected to even
umber of pitches

leng“‘ of chain

0t
" distance (decrement) - allowance
a"“cc’mnmdatc mnitial lem sag

o

a,. nitially assumed centre distance,

mm

p, pitch, mm

a e c*—-‘im
a= —— —_—
4
c.—;lp oad 2 B

2
m= (22 Z) constant
27

For value of m, 's.e'e page 7.76

’ ) elsos
& A= I: (",,';"'(*’“ .p ~.A().3t

Toohnin saq ol dnun side. . mm

Fe=t0.02 ¢, m >

2 e SRR TR

e

—

P

AT T U DT SN 0O TP 27 7

e reitiaitan s o0




;1.20 SOLVED PROBLEMS : : —
AS PER MANUFACTURER’S DATA :
Problem 21.1:

Select a flat belt to drive a mill at 250 rpm from a 10 kW, 730 rpm

motor. Centre distance is to be around 2m. The mill shaft pulley is of 1
';. diameter. (Anna University
Solution :

Design power = Rated power x Service factor x Arc. of contact factor = P x K, x K.
Rated power P=10kW
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(Table 21.5)

10003457
2000 J 60° = 160.4°

Aﬁ:’iof‘ contact factor K, = 1.08

(Table’3.6) (PSG 7.54, JDB'21 5)

De‘si‘gn power,  © Py=10x13x108=14.04kW °

i Select Dun]op Fort 949 g fabric belting. For finding the number of phes, let us
:ﬁnd the belt speed.

Belt speed v=—Tdn  7wx345x730 |
60 x 1000 ~ 60 x 1000 , .
SEI"“ 6 ply. belt, . : . (Table 3.7) (PSG.7,52, JDB 21.5)
4 ':Belt Rating . |

=13.2 m/s.

e Belt capacity, B, = 0.0289 kW per m.m. width per ply at 180% arc N
i of contact and at 10 m/s. &% < a
13.2 1604 ., =
10" 280, 2. e e
=0.204 kW per m.m width . = * -+ "

= 0.0289 x

—_——— e —

- - L T
N Belt Rating ~ B, ~ 0.204 50 JDB 21.6)
- h‘gher Btandard belt wxdth = 112 mm ('1‘1’11:. ’1 S) (PSG ': e

«t . =i"‘.‘ i
B “avga « o : . se . L v

A T ‘ :.-/‘ ' 3 " ' .
'(_"?‘ll. Wldth of belt = Design power Pq 14.04 — 69.0 mm bt

(D Sty T _
4C \ ;_L,,,.,~

1-0.345)° o W
—(2><2)+~(1+u.345)+‘f—z_;;—*—_=

°f belt L= 2C o (D b=l

o
 f S

9 55 — 6166 mm
~4+_(1 345) + 19_6__2_ 6.166 m
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Initial tension to be provided to the belt for firm grip
=1% of L=0.01 X 6166 = 62 mm

FRLL

Length after standard deduction for initial tension (i.e.; after reducing 1% of 1

=6166 — 62 =6104 mm = 6100 mm

g
£

Pulley width =112 + 13 = 125 mm (standard value of itself is 125 mm)
(Table 21.9, 21.10) (PSG 7.54, JDB 21.7)

Specifications o2

Dunlop fort 949 g fabric belting of 112 mm width may be selected.

Pulley width =125 mm
Length of belt. =6100 mm.

em.21.2 :

) sxgp a- belt dnve to transmit 30 H.P.
; § : ‘ratio being 3 0, The distan

at 740 rpm to an alu
ce between the P

metre.
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Galling is a form of wear caused by adhesion between sliding surfaces. When a material galls,
some of it is pulled with the contacting surface, especially if there is a large amount of force
compressing the surfaces together. Galling is caused by a combination
of friction and adhesion between the surfaces, followed by slipping and tearing of crystal
structure beneath the surface. This will generally leave some material stuck or even friction
welded to the adjacent surface, whereas the galled material may appear gouged with balled -up or
torn lumps of material stuck to its surface.

Galling is most commonly found in metal surfaces that are in sliding contact with each other. It is
especially common where there is inadequate lubrication between the surfaces. However, certain
metals will generally be more prone to galling, due to the atomic structure of their crystals. For
example, aluminium is a metal that will gall very easily, whereas annealed (softened) steelis
slightly more resistant to galling. Steel that is fully hardened is very resistant to galling.

Galling is a common problem in most applications where metals slide while in contact with other
metals. This can happen regardless of whether the metals are the same or of different
kinds. Alloys such as brass and bronze are often chosen for bearings, bushings, and other sliding
applications because of their resistance to galling, as well as other forms of mechanical abrasion.

Galling is adhesive wear that is caused by microscopic transfer of material between metallic
surfaces, during transverse motion (sliding). It occurs frequently whenever metal surfaces are in
contact, sliding against each other, especially with poor lubrication. It often occursin high load, low
speed applications, but also in high-speed applications with very little load. Galling is a common
problem in sheet metal forming, bearings and pistons in engines, hydraulic cylinders, air motors,
and many otherindustrial operations. Galling is distinct fromgouging or scratching in that itinvolves
the visible transfer of material as it is adhesively pulled (mechanically spalled) fromone surface,
leaving it stuck to the other in the form of araised lump (gall). Unlike other forms of wear, galling
is usually not a gradual process, but occurs quickly and spreads rapidly as the raised lumps induce
more galling. It can often occurin screws and bolts, causing the threads to seize and tear free from
either the fastener or the hole. In extreme cases, the bolt may seize without stripping the threads,
which can lead to breakage of the fastener or the tool turningit. Threaded inserts of hardened steel
are often used in metals like aluminium or stainless steel that can gall easily.

Galling requires two properties common to most metals, cohesion through metallic-
bonding attractions and plasticity (the ability to deform without breaking). The tendency of a
material to gall is affected by the ductility of the material. Typically, hardened materials are more
resistant to galling whereas softer materials of the same type will gall more readily. The propensity
of a material to gall is also affected by the specific arrangement of the atoms, because crystals
arranged in a face-centered cubic (FCC) lattice will usually allow material-transfer to a greater
degree than a body-centered cubic (BCC). This is because a face-centered cubic has a greater
tendency to produce dislocations in the crystal lattice, which are defects that allow the lattice to
shift, or "cross-slip," making the metal more prone to galling. However, if the metal has a high
number of stacking faults (a difference in stacking sequence between atomic planes) it will be less
apt to cross-slip at the dislocations. Therefore, a material's resistance to galling is usually
determined by its stacking-fault energy. A material with high stacking-fault energy, such as
aluminium or titanium, will be far more susceptible to galling than materials with low stacking-fault
energy, like copper, bronze, or gold. Conversely, materials with a hexagonal close packed (HCP)
structure and a high c/aratio, such as cobalt-based alloys, are extremely resistant to galling.=

Galling occurs initially with material transfer fromindividual grains, on a microscopic scale, which
become stuck or even diffusion welded to the adjacent surface. This transfer can be enhanced if
one or both metals form a thin layer of hard oxides with high coefficients of friction, such as those
found on aluminum or stainless-steel. As the lump grows it pushes against the adjacent material
and beginsforcing them apart, concentrating a majority of the friction heat-energyinto a very small
area. This in turn causes more adhesion and material build-up. The localized heat increases the
plasticity of the galled surface, deforming the metal, until the lump breaks through the surface and
begins plowing up large amounts of material from the galled surface. Methods of preventing galling
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include the use of lubricants like grease and gil, low-friction coatings and thin-film deposits
like molybdenum disulfide or titanium nitride, and increasing the surface hardness of the metals
using processes such as case hardening and induction hardening.
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Selection of a chaindrive

Design a chain drive to actuate a compressor from a 10KW electric motor running at 960
rpm. The compressor speed is to be 350 rpm. Minimum centre distance should be 0.5m.
Motor is mounted on an auxiliary bed. Compressor is to work for 8 hours/day.

T

Given Data:
Power =10 kW ; Motor Speed =960 rpm}; Compressor speed = 350 rpm } Centre

distance, a=0.5 mMotor mounted on auxiliary bed } Service required: 8
hrs/day.

Solution:

Let the operating chain may bea roller chain (PSG 7.71) ; Since the optimum
centredistance, ‘a’ is 30p to 50p (PSG 7.74) assume a=35p where ‘p’ is the

pitch of the chain. | P = (a/35) = (500/35) = 14.3 mm | The next higher standard
pitch,p =15.875mmis selected from PSG 7.72Solution:

i Transmission ratio, i = (960/350)=2.74 | For i=2.74, the number of teeth on
pinion sprocket, Z1= 25 (assumed) (PSG 7.74) } The number of teeth on wheel
sprocket Z2=2.74x 25 = 68.5 =69} The power that can be transmitted on the
basis of breaking load is given by N =(Qv)/ (102nk
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4.24 Design of Machine Elements - Il - WWW-airW'allkbooks.cOm

Problem 4.2: A pair of helical gears with 30° helix angle ;g Used ;

15 kW ar 10,000 rpm. The velocity ratio is 4:1; Both the gears ar: franwl
case hardened steel with a static strength of 100 Nfmp?, 7, "l
20° stub and the pinion is to have 24 teeth. The face wids, j 14 t‘;ﬂrs 0y

module. Find the module and face width for strength, (;s the
A

L

Given Data:
Helix angle = B = 30°

P=15kW=15x10> W=2038hp (1 hp = 755,
)

i=4:1

N=10,000 rpm

Both the gears are made of case hardened steel.
Static strength = [6,] =100 N/mm? X 10

= 1000 kgf/cm?
[Convert into kgf/cm2
i.e., N/mm? x 10 = 1 kgf/em?]

Pressure angle =20° involute stub.
No. of teeth on pinion =24
Face width = b = 14 times module
b=14xm,
Step 1
F;=Beamstrength=[c,] by, n m

n

We know that,

0.95
—a '1 —
W=0175 -
24
Z,=—5—=—5"—=3695
" cos® B cos’ 30°

¥, =0.1492
Fy=1000x 14 (m,) x 0.1492 X T X m,,

= (6562.15) m? — kgf
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Design of Heli
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ével ang Worm Gears 4.25

Transmi“ed load =F,=HP x A}

m
| nZymy NI
| o —m/s
C VmT 100X 60
(my s i ©)

11X 24 X m_ X 10,000
=7 100 x 60
= 125.66 (m,)) m/s
v, =7539.82 (m,) m/min

75
125.66 (m,)

F,=20.38 X

_(12.16)

ﬂin

Dynamic load =F,;=F,XC,

55+

vhere C, = ?HL For precision wheels, V, >20m

_3.5+V125.66 m,
55
L Fy= ( 12.16 ) 5.5 + V125.66 m,

m, 55
2.21
7—13( 55+V125.66m,) ...(2)

n
To fing normal module m,, equate the above equations (1) and (2)

562.15 n2 < 2—% (5.5 +125.66 my,)

n

29
67.28 m> =5.5+v125.66 my,
296
71.28 m =55 +125.66 m,

Cal
Culate m,, by using trail and error method.
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/

Trail 1
Assume m, =0.5 cm

LHS =371.1175; RHS = 13.42
LHS > RHS

. Not satisfactory.

Trail 2

m, =0.3 cm

LHS = 80.162; RHS = 11.639
LHS > RHS
. Not satisfactory.

Trail 3
m,=0.2

LHS =23.75 andRHS = 10.513
LHS > RHS
. Not satisfactory
Trail 4 -
m,=0.15 cm
LHS =10.01; RHS =9.84
LHS = RHS

Therefore, m, = Normal module
=0.15cm
, = 1.5 mm

my,

4.26 Design of Machine Elements - 1l -

www.airwalkbooksicom_

m, = =———=1.732 mm

" cos B " cos 30°

Base width =p=14 m,=14x1.5

b=21 mm
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The pitch diameter of pinion Sprock

et, (d)
A= = 1515 s
kIEE
d=127 mm
and
The pitch diameter of wheel sprocket, (p) St
= p _ 15875
Z 72
D =364 mm
Specifications
Type of chain =10 A -2 DR 50 Rolon chain
Centre distance = 505 mm
number of teeth of sprocket pinion =25 -
number of teeth of sprocket wheel =72 '
Length of chain = 1810 mm
Pitch diameter of pinion sprocket =127 mm
Pitch diameter of whee] sprocket =364 mm n i )
Problem 5.35:  Design a chain drive 1o aciate @ compressor fiom a,JL
electric motor at 960 rom. The Compressor speed is to be 350 P Ajl/l;
center distance should be 0.5 m, Compressor is to_work for 8 W=
Given data
Power of motor (V) = 10 kW | St

Speed of motor (N1) =960 rpm |
Speed of the compressor (N,) =350 rpm

Minimum centre distance (a) = 500 mm
Solution

Step 1: Calculation of transmission ratio
From PSG Data book, Pg.No: 7.74

: 169
Department of Mechanical Engineering, NCERC, Pampady  ———



srbooks'or g Design

M of Flexible Elements 5.159

. e . o 2
Transmission ratio () ====_1

5: Number of Teeth

tep ~
From PSG Data book, Pg.No. 7.74 (or) KM Dat
For,'=2to3;Zl =25 to 27

S
‘ abook Pg No. 339
i=3104;Z,=231025

Take Z; =25 to 27 (select any odd number of teeth)
Select Z; =27 teeth (number of teeth on sprocket pinion)
Z,=iZ,=214 x 27

=22,=7398= 74

. Zy=T4 teeth

Step 3: Selection of piich
From PSG Design data book, Pg.No: 7.74

Optimum centre distance (@)= (30 to 50) p

(Pitch) g, =22 = 16,66
(Pitch) i, = 50 = 10

lect standard pitch from PSG Data book Pg.No. 7.74
Take ANy standard pitch between 10 mm and 16.66 mm
™ Select pitch (p) =15.875 mm
4'r§:e;t;0n of chain number
G Data book, Pg.No. 7.72

e .
: Wailable chain number are 10 A and 10 B
Clect 10 4

Step

- =2 Duplex chain
PSG Data book, Pg.No. 7.72

corl'eg .
Ponding to 10 4 —2 and Pitch = 15.875 m™

we ge[
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5.160 Design of W-alﬂ/valkbooks.com %

2

\=

A = Bearing area = 1.4 cm
W = Weight per metre length = 1.78 kgf |
Q = Breaking load = 4440kgf

Step 5: Selection of Breaking load |
From PSG Data book, Pg.No. 7.77, ‘

nsmitted on the basis of breaking load ;

_ Qv
102n kg

Power tra

N

We know that Z pNy  27x15.875x960
a yo AP 2T
e know that V= ¢0 x 1000 60 x 1000

v =6.858 m/s
Since specific conditions are not given in the problem, aw
k=1 |
From PSG Data book, Pg.No. 7.77, corresponding (o k= 1,218
30, pitch (p)=15.875,
N; =960 rpm < 1000 rpm
. n =11 (allowable factor of safety)

_Q_lo?-”ksN _102x11x1x10
T - 6.858

- 0=1636.04 kgf < selected chain Bre

wh

aking load (4440 kel
an¢

Step 6
(a) calculation of length of chain

(b) final centre distance

(a) Calculation of length of chain ook P
From PSG Data book, Pg.No. 7.75, (or) KM patab
Length of continuous chain in multiples of pitches

2

Zz"'Zl

——

Z+z |

2 ap

Department of Mechanical Engineering, NCERC, Pampady
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\ ' srbooks-org DeSi N of TE
xblg Elemen |
here. &=
- !
4~ 15.875
—a =31.49
2
7427
12=4 |
. | =(2X31.49)+I:£+\74 & 2n
wolp >
31.49

=62.98 +50.5 + 1.776 = 115.25

=116 (approximateq to 116)
v from PSG Data book, Pg.No. 7.75

Length of chain (I) =L, xp

img
=116 X 15.875 = 1841.5mm

Take [ =1840 mm

5 (b) Final centre distance

| Fom PSG Data book, Pg.No. 7.75

Final centre distance corrected to even number of pitches ‘a’

_e.+'\/ez—8m p

a= 4

‘ Z+Z, | 27 + 74
Where, e=y | 21792 | i

€=655mm

2 2
W o, (%=Z | (74-27Y
2 | | 2n

Mm=355.95

j01 .- ,
* YInal centre distance ‘a

655+ (65.5)2 = (8%5595) _ 1575 =50597
4

tax 506 mm
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5162 Design of Machine Elements - Il - WWW.ainwa

kbooks-com |
Step 7: Check the actual factor of safety \

From PSG Data book, Pg.No. 7.78
-9
zP

Actual factor of safety [n]

where, Q = breaking load of chain = 4440 kgf

and ZP=P,+P +P,
Where, P,= Tangential force due to power transmission

From PSG Data book, Pg.No. 7.78 ‘
p,= 102 N |
vV , §
p = 102x 10
I 6.858
= 148.73 kgf
and P_ = Centrifugal tension
From PSG Data book, Pg.No. 7.78,

w2 1.78 x (6.858)°
g 98l

and P,= Tension due to sagging of chain

P = =8.533 kgf

From PSG Data book, Pg.No. 7.78
P =kW.a
where, k= Coefficient of sag

: . it
from PSG Data book, Pg.No. 7.78, corresponding t0 pes
drive as horizontal
k=6 ~ .

500
.'.P = —
¢ =6x 1.78 x <= 5.34 kef

s ZP=148.73 + 8.533 + 5.34 = 162.60 kgf

= _ 0 4440
Sl
L] ZP 162.60 St

which is greater than allowable factor of safety

. The design ig safe.

jon of ¥
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e — 2183
~

Checking of Allowable bearing stress

o PSG Data book, Pg.No. 7.77, corresponding to
n 1000 rpm

step &

Fro
A speed less tha
m 9

2
from PSG Data book, Pg.No. 7.77,
power transmitted on the basic of allowable bearing stress

pitCh = 15875

_ cAv
N=102k,

102Nkg  102x10x1
"0 Ay T 1.4%6.858

- 106.236 kgffcm? = 1.062 kgf/mm?® < 2.24 kgf/mm® |

6<[0] f

. The design is safe

Step 9 |
Pitch diameter of small sprocket (d) |
P _ 15.875 . !

. 180° . 180° |

sin Z, sIn = ;

! d=136.74 mm
Pitch diameter of large sprocket (D) {

| o . |
sin sin —,~

2

D=374 mm ;
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24 ' : AUTOMOBILE ENGINEERING

C. Parts for Diesel engine only :
1. Fuel pump. 2. Injector.

Exhaust valve
Inlet valve Valve spring

Exhaust port

Inlet port Cylinder head

‘A Cooling fins
O < Piston

|~ Wrist pin

—— Connecting rod
—— Cylinder

<+— Crankcase

Crank pin

Crankshaft '
\/ \\ Crank

- : 1 | "

Fig. 2.5. Air-cooled I.C. engine.

-_— awm - - - wwe -
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1t 18 made hollow for lightness since it is a rec

iprocating part.
6. Connecting rod :

Refer to Fig. 2.14. The connecting rod transmits the
lattelf to turn, thus converting the reciprocatin
crankshaft. The lower or “big end”

piston load to the crank, causing the
g motion of the piston into a rotary motion of the
of the connecting rod turns on “crank pins”.

Big end ——j _.
LLLLLLANNN

)

Small end

Fig. 2.14. Connecting rod:

. 91
Department of Mechanical Engineering, NCERC, Pampady Scanned by CamScanne?‘



POWER UNIT—AUTOMOBILE ENGINES 29

The connecting rods are made of nickle, chrome and chrome vandium steels. For small

engines the material may be aluminium.
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1 11'1. Connecting Rods

Connecting rod is a machine member used to transmit
power from a reciprocating member to a rotary one or

AUTOMOTIVE TYPE,
Fig. 11 1. Types of connecting rods.
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vice versa. In this case of I.C. engines and steam engines,
power from piston is transmitted to the crankshaft and in the case
of reciprocating compressors, pumps, vibratory conveyors, power
hammers and shaping machines, power is transmitted to the recipros
cating member from crankshafts through connecting rods. A few
types of connecting rods are shown in Fig. 11°].

Generally connecting rods are subjected to fati
alternating of fluctuating loads. Hence t%]ey should aggufnaitefa::?
tured from a material which will have good fatigue and shock
;es:sgance. Whereas mild steel and alloys ¢f aluminium are used

or light duty, alloy steels of Molybdenum and Chromium are used

for heavy duty. To i : :
. ncrease the fatigue resistance connectin
are manufactured by forging. g ing rods

11'2. Forces on Connecting Rods

... Connecting rods are subjected to compressive loads due to the
fluid pressure on the piston or load coming on the reciprocating
member [Fig. 112 (a) and 11'2 (8)]. In the case of double acting
engines, compressors or pumps, connecting rods are subjected to
alternate compression and tension [Fig. 11°2 (c)].

g

—p o] O=F—--

: : ‘3 - e T
QL)ENGINE.(SINGLE ACTINGY

TP O

b) COMPRESSOR/ PUMP,

- e wh o b A e

C) COUBLE ACTING. (ENGINE/COMPRESSOR)

Fig. 11-2,

Let Fy be the force acting on the piston, reciprocating
member

R T b S D L
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32.13 Connecting Rod

The connecting rod is the intermediate member between 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
reciprocating motion of the piston into the rotary motion of the crank. The usual form of the connecting
rod in internal combustion engines is shown in Fig. 32.9. It consists of a long shank, a small end and a
big end. The cross-scction of the shank.may be rectangular, circular, tubular, [-section or H-section.

Generally circular section is used for low speed engines while J-section is preferred for high speed engines.

e W

(/ \ ! —_ T T

il =T T Uy !

1,= 1.1 Hto 1.2501
4 2 H,=0.75 H to 0.9H

y)
—>

B = 41—

£ Castle nut
- S Bolt
,3,5 8 j/ Phosp{;orlbronze
IR —y T ——1_ = ush
N5 -T“_t'_“:\r: e :} 3} = !
= ;+
N ST A s S
SN ——FT :
1 SN f A u’c{qi) ,,,,, 2 S ou | g [, S ——
‘\"\X‘M\‘A/ //, III _bl 1 r.q,__l flﬁ
\\, Yo/ S L | _ ) il
} \\\\\\\ = {//)/- N —:-;F—; L _1- ___;_—_—_—f;_—;—;—-——‘—-_“’-—::* |
=x ) S
st - - |- A \ | 1 Small end
= 'ZLC_J" e Gps e ‘_1"4.1]" E— B=44 |
er— -V :
Bigend 1 / R
i g}

Fig. 32.9. Connecting rod.

The *length of the connecting rod ( /) depends upon the ratio of 7/ 7, where r is the radius of
crank. It may be noted that the smaller length will decrease the ratio / / r. This increases the angularity
of the connecting rod which increases the side thrust of the piston against the cylinder liner which in
turn increases the wear of the liner. The larger length of the connecting rod will increase the ratio
|/ r. This decreases the angularity of the connecting rod and thus decreases the side thrust and the
resulting wear of the cylinder. But the larger length of the connecting rod increases the overall height
of the engine. Hence, a compromise is made and the ratio [ / r is generally kept as 4 to 5.

The small end of the connecting rod is usually made in the form of an eye and is provided with
a bush of phosphor bronze. It is connected to the piston by means of a piston pin.

The big end of the connecting rod is usually 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 cap
bolts. The bearing shells of the big end are made of steel, brass or bronze with a thin lining (about
0.75 mm) of white metal or babbit metal. The wear of the big end bearing is allowed for by inserting

- thin metallic strips (known as shims) about 0.04 mm thick between the cap and the fixed half of the
connecting rod. As the wear takes place, one or more strips are removed and the bearing is trued up.

#  Itis the distance between the centres of small end and big end of the connecting rod.
#% . One half is fixed with the connecting rod and the other half (known as cap) is fastened with two cap bolts.

”
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The connecting rods gre usug]|
e Y mane
agth, stiffness and minimyy, \VC'Q‘“‘ .
s'ld carbon steels (having ()35 t 'eht. g Mater piofgingp
il e A 435 '
snum steels). The cyr er sl
mol):bdx,glll\ldPq wh) he carbop stee Percen Carbon) ')11110 ¢
5 awhen properly : ' 0y steel
at 69 perly heat tre. ere Cls (chr :
ab:S“c strength of 750 MPy ThC‘\‘et::NIIEd and . ill")bonc;:t Carbon hag 4, ul[iom“;te-nwkel or chrome.-
A [= . . SC Sleelg ara e H €t i
e i« have an ultimate tensile s €IS are yge, or ¢o el‘wlth 045 percen ¢ bensue strength of
R : Strength of g wnee g 100N has g ultimae
“ewengmc.\ and automobile engines about 105( MPy g S Ol industrig] engines. The g]]
h (= o O, a d al'e USE(] fm- X d Oy
connecting rods of

rocess ang j
r 0and itshould haye adequate
necting rods varies from

The bearings at the two engg of
lubricalCd- The big end bearing ig usually splas .
lubricated. In the splash lubrication S\'S(Ql;lp [‘11‘\h Ny
and setat an.an«%lc in. such a way tha ‘\vhcn ;hgcccnp Atthe big end is proyideg with a di
into the Jubricating oil contained in the sump. The oj] js f . wnward, the sgzirt?vri??t
- Now wh'cn lhc‘.mn.nccting tod move i ls1 lorlce‘d up tllle. Spout and then to the big erig
splashed up lubricant find its way into the smal end’l;eill?' iy Ofml ' produced by the spou. This
provided on the upper surface of the small end. aring through the widely chamfered holes

In the pressure lubricating system, the Jubric
through the holes drilled i crankshaft, crankwebs

the co i
nnecting e of v
g 'Fl(t):dale either splagh lubricated o py
atod o es
Vhile the smal) end bearing s gres:llll:

;;tmg oil is fed under pressure to the big end bearing
and crank pin. From the big end beari ili

hal e merank unkw . caring, the oil is fed
small end bearing through a fine hole drilled in the shank of the connectine ?od In some cases, the smz:l(i

end bearing is lubricated by the oil serapped from the walls of the cyinder liner by the oil scraper rings

32.14 Forces Aciing on the Connecting Rod

The various forces acting on the connecting rod are as follows :

1. Force on the piston due to gas pressure and inertia of the reciprocating parts,

2. Force due (o incrtia 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 to friction of the piston pin bearing and the crankpin bearing. .

We shall now derive the expressions for the forces actingona Veni.c“l engine, as discussed below.
1. Force on the piston due to gas pressure and inertia of reciprocating parts

0 . o 1 1 2 .
Consider a connecting rod PC as shown in Fig. 32.10

Fp / Piston
_ l Piston pin -

| P@®
L h \
—r | ¢
01 Connecting rod
FP \ 4 FC

Top dead
centre (T.D.C)

Bottom dead s
centre (B.D.C) el onnecting rod

- Fig. 3

PO
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due to inertia bending stress

32.15 Design of Connecling Rod
In designing a connecting rod, the following dimensions are required to be determined :
1. Dimensions of cross-section of the connecting rod,
2. Dimensions of the crankpin at the big end and the piston pin at the small end,
3. Size of bolts for securing the big end cap, and
4. Thickness of the big end cap.
The procedure adopted in determining the above mentioned dimensions is discussed as below
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3. Wall thickness for cylindrical section = 18 mm.

4. Wall thickness for cover plate =10 mm.
Problem 11.3 :

stress is two-third of the tensile elastic strength.

Solution :

Internal diameter of tank, d;=2.5 m = 2500 mm.
The pressure of fluid, p;j=25 N/mm2

Tensile elastic strength of tank, Sy =200 N/mm?2 % l
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Worklng stress, S

‘\

3

‘ m y be f I
According to Lame S equatioy Olowpd
1, the ¢ :
Sy |12 h"'k“ess of steel ta

"k is’ ngen by
- 2p; nnld
t Px Steel material (1e, for dnetile matedal)
di 2500 e .
Now, Li=7 =—(—= 1250 mm, S

St'_ 133 N/mm
=25 N/mm

Substituting in the above equatlon we get

sselvclosed at both ends

iveraity, April 2000)

Un
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cathmiim: shear stress theory (ie., Lame's equation) the gy

S, 1/2

% 1

where ;i";‘ %.iﬁteéﬁx‘al"radihs'bf vessel

,.-.'t=1§oH

(b) According; to maximum strain theory (i.e., Clavarino’s equaﬁ
is given by

11/2
120 I
120_2)(20} —1] =34 mm.

on) th

t=r
T s=adrwp

where p =Poisson’s ratio =0.3 (Assumed)

t=150[{ 120+(1-2%03) 20" |
120~ (1+0.3) 20

Problem 11.5 :
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Introduction

. wd |
The pressure vessels (i.e. cylinders or tanks) e %>

to store fluids under pressure. The fluid being stQFCd;ﬂ%; :
undergo a change of state inside the pressure vessel®

case of steam boilers or it may combine with other mili;'“,:{ ;
as in a chemical plant. The pressure vessels art_l'des-lc o1
are because rupture of a pressure YeS,Sem' i b
1 may cause loss of life ,'ﬂ“fl_p 4”.13;:_1‘
Ssure vessels may be britl‘lﬁ'?uch?‘ R |

with great ¢
an explosion whict
The materia] of pre
iron, or ductile suc

7,

h as mild steel.

< Classification of Pressure Vessel -

The pressure vessels may be classiﬁ_éd'_a'? foﬂi’

i. Ar:(:urding; o the : -
vessels, according 1o their ;
. : 21 (i

asthin shell or th: . ' nesy of e

i shell o thick sheyy, Ifthe wall thickness i 1

(” ih‘ Icsg (han 1/10 p g
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of the shell is greater than 1/10 of the
diameter of the shell, then it is said to
be a thick shell. Thin shells are used
in boilers, tanks and pipes, whereas
thick shells are used in high pressure
cylinders, tanks, gun barrels etc.

Note: Another criterion to classify the |
pressure vessels as thin shell or thick shell |
is the internal fluid pressure (p) and the
allowable stress (G,). If the intemnal fluid
pressure (p) is less than 1/6 of the allowzble
stress, then it is called a thin shell. On the
other hand, if the internal fluiq pressure is
greater than 1/6 of the allowable stress. then
it is said to be a thick shell.

2. According to the end
construction. The pressure vessels.
according to the end construction, may be classified as open end or closed end. A simple cylinder

SITU—

%
£
&

L
\\‘. 0y

i

’.. -;“ ey

with a piston, such as cylinder of z press is an example of an open end vessel. whereas a tank is an
example of a closed end vessel. In case of vessels having open ends. the circumferential or hoop

stresses are induced by the fluid pressure. whereas in case of closed ends. longitudinal stresses in
addition to circumferential stresses are induced.

7.3 Stresses in a Thin Cylindrical Shell due to an Internal Pressure

The analysis of stresses induced in a thin cylindrical shell are made on the following

assumptions:
1. ‘The effect of curvature of the cylinder wall is neglected.
2. The tensile stresses are uniformly distributed over the section of the walls.

3. The effect of the restraining action of the heads at the end of the pressure vessel is neglected.

ey | < )

A 7N\

N

(b) Failure of a cylindrical shell

: ‘lindrical shell -
(a) Failure of a cylin along the transverse section.

along the longitudinal section.

Fig. 7.1. Failure of a cylindrical shell.

When a thin cylindrical shell is sﬁbjected to an internal pressure, it is likely to fail in the following

Iwo ways:

1. It may fail along the longitudinal section
two troughs, as shown in Fig. 7.1 (a).
It may fail across the transverse section (i.e. longitudinally) splitting the cylinder into two

cylindrical shells, as shown in Fig. 7.1 (b).

(i.e. circumferentially) splitting the cylinder into

(&)

D
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stresses of the following two types:
(@) Circumferential or hoop stress, and (b) Longitudinal stress.
These stresses are discussed, in detail, in the following articles.

Thus the wall of a cylindrical shell subjected to an internal pressure has tq Withst
nd y,
_.E_a

7.4 Circumferential or Hoop Stress
Consider a thin cylindrical shell subjected to an Eaﬁ.nm_ pressure as shown in Fig, 72
(). A tensile stress acting in a direction tangential to the circumference is called &3:5\355 g

. & 5 - 1 1 . nti,
hoop stress. In other words, it is a tensile stress on *Jongitudinal section (or on the cylindricy “MHM o
5),

(a) View of shell. (b) Cross-section of shell.
Fig. 7.2. Circumferential or hoop stress.
Let p = Intensity of internal pressure,

d = Internal diameter of the cylindrical shell,
I = Length of the cylindrical shell,
t = Thickness of the cylindrical shell, and

6,, = Circumferential or hoop stress {or the material of the

cylindrical shell.

We know that the total force acting on a longitudinal section (i.e. along the diameter X-X) of e
shell

= Intensity of pressure x Projected area =p x d X ol
and the total resisting force acting on the cylinder walls .
=0, x2txl ... of two sections) A
From equations (i) and (i), we have
xd (il
O, X2txl=pxdxl or O.:HE or Nnﬁ it
2t 20y

The following points may be noted:
1. In Bw anmmwa of engine cylinders, a valye of 6 mm to 12 mm is added in n@:mmoa (@P
permit reboring after wear has taken place. Therefore

Xd
t= .w = + 6 to 12 mm o
2. In %wwﬂwc.omzm large pressure <nwm~mm like steam boilers, riveted joints or welded _.omama
used in joining together th LEE, T, C
o e o% ::mmm gether the ends of stee] plates. In case of riveted joints, the wall th!
r= PX d
" 20,x7
where = e
M, = Efficiency of the longitudinal riveted joint.

* i i
A section cut from a cylinder by a Plane that contains the axis is called longitudinal section-

Note:
calcu!

plate

1.5

and (
itis
vessi

Scanned by CamScanne%03
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3, Incaseof cylinders of ductile material, the value of circumferential stress (0,,) may be taken

0.8 times the yield point stress (& ) and for brittl ' l
O i s i € materials, ¢,, may be taken as 0.125 times

4. In designing steam boilers, the wall thicknegs calculated by the above equation may be

compared with the minimum plate thickness as T on 1
following table. s provided in boiler code as given in the

Table 7.1. Minimum plate thickness for steam boilers.

Boiler diameter Mini p
| shclias tnimum plate thickness (t)
0.9 m or less 6 mm
Above 0.9 m and upto 1.35 m TS prrtid
Above 1.35 m and upto 1.8 m 9 mm
Over 1.8 m 12 mm

Note: If the calculated value of 7is Iess than the code requirement, then the Jatter should be taken, otherwise the
calculated value may be used. _

. The boiler code also provides that the factor of safety shall be at least 5 and the steel of the
plates and rivets shall have as a minimum the following ultimate stresses.

Tensile stress, G, = 385 MPa
Compressive stress, G, = 665 MPa
Shear stress, T = 308 MPa

15 longitudinal Stress

Consider a closed thin cylindrical shell subjected to an internal pressure as shown in Fig. 7.3 (a)
and (). A tensile stress acting in the direction of the axis is called longitudinal stress. In other words,
itis a tensile stress acting on the “transverse or circumferential section Y-Y (or on the ends of the

vessel).
Y {
| s
PoS—— I >
o s i I
—— l’ ,
p *—1—’7 )2 ; :. §
salingn il
| |
Y !
-secti hell. i
(a) View of shell. _ (b) Cross-section of she | ! :
" Fig. 7.3. Longitudinal stress. ‘I h{
Let — Longitudinal stress. | &
| %a " nsverse section (i.e. along Y-Y) tF’

In this cagse, acting on the tra !
56, the total foree —gIntensity of pressure x Cross-sectional area
T, 2

= pX-— @
4 i)

= L
__ctzxnd

E! .
{ totg] resisting force
%

1.
|
|

o the axis of the cylinder is called transverse

A Section cut from a ¢
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; ’2 have
H nd (”)’ we
From equations (i) a T
Op X pXd
t =
P X8 G 46,
. %0 = T4 o
'- " : tial joint, then
' . he circumferen
‘ ' : fficiency of t
.,. Ifn isthec pxd
.! L= 4012 X nC
. ircumferentia]
i > that the longitudinal stress is half of the ci 41 Or hogp Sty
i HomsdGeit e Sfc - sure vessel must be based on the maximum stress ;.e. hoop Slress,
Ll . ign of a press . )
| et (1078? A thin cylindrical pressure vessel of 1.2 m a;zanlze’tle:tf;’_:fa’latfs Stean atg
- » 7.1, 4 . 1 ; 0 S
L-\‘"“l.;l;ﬁ N/mm?. Find the minimum wall thickness, if ( a)! ; IgeMPg TESS does
4 resst(l{l'f)’é’j;“;a. and (b) the circumferential stress does not exceeca .
exceed 2 ,
ﬂ i e ' ‘
. "
é\::.,l" « :... %@ o)
t Cylinders and tanks are used to store fluids under pressure.
Solution. Givep : 4 = 12m=1200 mm; p = 1 75 N/mm?; 5, = 28 MPa = 28 N
O, =42 MPa = 42 N/mm? B
1
(@) When longituding; stress (6,,) does not exceed 28 MpPq
We know that minimum wa]] thickness,

~ 40, TXZSN = 18.75 say 20 mm Ans.
| - (b) When cir, cumferentiq] Stress ( i) does not exceed 42 MPq
| all thickness,

t=§i=l.75><1200 :
Example 7.2, A thin CYlindricg) O 2x 42  inte"”
; ; s o an
pressure of 2 Nfmm?, [f p, thicknesz gfr;f: wre vessel of 500 pu, diameter is subjected 10 ¥ sﬂ"d
and the maximym Shear stregs.

vessel is 20 mm, Jind the hoop stress, long,'tudl"_“
Solution. Givep : 7 500 mum -

P 2Nmm < 0

=25 mm Ans.

ngineering,
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Hoop SITeS
We know that hoop stress,

p.d 2x500
Oy = T = 7 % 20— =25 N/mm? = 25 MPa Ans. ‘
Longitudinal stress
We know that longitudinal stresg,
| Gy = Pod J2x500 )
1) 47 4x00 12 N/mm? = 12.5 MPa Ans.

Maximum shear stress

We know that according to maximum shear stress theory, the maximum shear stress is one-half
the algebraic difference of the maximum and minimum principal stress, Since the maximum principal

stress 1S the hoop stress (G,,) and minimum principal stress is the longitudinal stress (G,,), therefore
maximum shear stress,

t =91-0p  25-125 ,
max 5 — _T— =06.25 N/mm? = 6.25 MPa Ans.
Example 7.3. An hydraulic control Jor a straight line motion, as shown in F. ig. 7.4, utilises a
spherical pressure tank ‘A’ connected to a working cylinder B. The pump maintains a pressure of
3 N/mnm?® in the tank.
1. If the diameter of pressure tank is 800 min, determine its thickness for 100% efficiency of
the joint. Assume the allowable tensile stress as 50 MPa.

F
Motor ]T Pressure tank @
|
B \ |
_____:r________ R l
|
B
= |
Pump ®
Working cylinder _/
Fig. 7.4

2. Determine the diameter of a cast iron cylinder and its thickness to produce an operating
Jorce F.= 25 kN. Assume (i) an allowance of 10 per cent of operating force F for friction in the
Ylinder ang packing, and (ii) a pressure drop of 0.2 N/mm?® between the tank and cylinder. Take safe
¥lress for cast iron as 30 MPa.

3. Determine the power output of the cylinder, if the stroke of the piston is 450 mm and the time
"equired for the working stroke is 5 seconds. -

4. Find the power of the motor, if the working cycle repeats after every 30 seconds and the

eﬁiCigncy of the hydraulic control is 80 percent and that of pump 60 percent. ‘

Solution. Given : p=3N/mm?;d=800mm;n=100%=1; G, =50 MPa = 50 N/mm?;
=25kN =25 103N;gm=30MPa=30N/mm2:nH=80%=0.8;T]P=60%=0.6
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1. Thickness of pressure tank
kness of

We know that thic pressure tank,

P- =_§,Z<,§99’=24 mm AnS.
r= 2 x 501

: 26,-M
{ 2. Diameter and thickness of cylinder
Let p = Diametcr of cylinder, and
t, = Thickness of cylinder.

operating force I 18 provided for friction in the i

Juced by friction,

10 g F=11x25%10°=27500N

Since an allowance of 10 per cent of

J
|
1' and packing, therefore tota

| force to be pro

Jacketed pressure vessel.

We know that there i
. e is a pressure d F
pressure in the cylinder rop of 0.2 N/mm? be
. tween the tank and cyli for
g ylinder, ther¢

:‘ a [)] = PreSSu . )
nd total force produced by friction (F") re in tank — Pressure drop = 3 — 0.2 = 2.8 N/mn’
1) 2 =2.

27500 = = o 2
4 XD"xp=07854x 2% 0 g =09 p2

W =2
¢ know that thickness of cylmdez 500/2.2 = 12 500 or D
= 112 mm Ans.

tl = pl.D:M

3. Po
v;:;r lc;t:tput of the cylinder
e
OW that stroke of the piston

and time required =
ing stroke 45 m \ ' ' (Gi‘,,g) :
=355 5
On per secong 5 oivf"]
045
5 ~009m
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4 that work done per second
e o = Force x Distance moved per second
7 =27 500 x 0.09 = 2475 N-in
. power output of the cylinder
P = 2475 W =2.475 kW Ans. (o ITN-m/s=1W) ,
' rﬂf”"’ motor . |
J.I’onf’ e working cycle repeats after every 30 seconds, therefore the power which is to be |
":1 Ey the cylimlcr in 5 seconds is to be provided by the motor in 30 seconds. '
f uc'c power of the motor

Power of the cylinder 5 2
ylinder | 5 _ 2475 5 _ g6 kw Ans.

B Mig % Mp 30 0.8%0.6 30
4 Change in Dimensions of a Thin Cylindrical Shell due to an Internal

pressure

When a thin cylindric
ameter as well as the length of the shell.
Let | = Length of the cylindrical sheil,

al shell is subjected to an internal pressure, there will be an increase in the

d = Diameter of the cylindrical shell,

¢ = Thickness of the cylindrical shell,

p = Intensity of internal pressure,

E = Young’s modulus for the material of the cylindrical shell, and
i = Poisson’s ratio.

The increase in diameter of the shell due to an

d?
5d = p.C 1 I—E
: 2t.E 2
The increase in length of the shell due to an internal pressure is given by,
pdl (1
ol = ——| =~
reeG-v)

: ih may be noted that the increase in diameter and lengt
ncrease in volume of the shell due to an internal pressure is

internal pressure is given by,

h of the shell will also increase its volume.
given by

T 1
$V = Final volume — Original volume = 1 (d + 8d)* (1 + 81) - 2 x d?.l

= % (d251+2d.1.5d) ...(Neglecting small quantities)

Xample 7.4. Find the thickness for a tube of internal diameter 100 mm subjected to an internal

Pressure yopi .
i Crea: w.h’C.h is 5/8 of the value of the maximum permissible circumferential stress. Also find the
¢ in internal diameter of such a tube when the internal pressure is 90 N/mm?.

Take Ea :
, I 205 kN/mm? and p = 0.29. Neglect longitudinal strain.
olutj .
ution. Given : p = 5/8 x 6,=06250,; d=100mm ;p, =90 N/mm?; E = 205 kN/mm?

3 205 X
103 .
hickn'e N/mm? s =0.29

WSS of a tube
e .
know that thickness of a tube,

: %10
p.d M:slzsm Ans.

= ——=

2 0,4 20,

g i e T
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Increase in diameter of a tube
We know that increase in diameter of a tube,

2 90 (100)° 0.29°
M:—p'd o) %0000 ,[ - ——|mm ‘
2tE 2) 2x3125x205x10 2

=0.07 (1 -0.145) = 0.06 mm Ans.

7.7 Thin Spherical Shells Subjected to an Internal Pressure
Consider a thin spherical shell subjected to an internal pressure as shown in Fig. 7.5,
Let V = Storage capacity of the shell, ‘
p = Intensity of internal pressure,
d = Diameter of the shell,

! t = Thickness of the shell, —Z L
t 0, = Permissible tensile stress for the s /T ) !
]\ shell material. i 7 A ? I ? ‘
G et |
| I —-1
Fig

In designing thin spherical shells, we have to determine
1. Diameter of the shell, and 2. Thickness of the shell.
L. Diameter of the shell i 7.5. Thin spherical shell.

We know that the storage capacity of the shell,

4 n A
V=5xnr3=gxd3 or 1/=(6—‘J
2. Thickness of the shell .

As aresult of the internal pressure, the shell is likely

o v the centre of the sphere. |

‘ Thercfore o . to rupture along the centre of the sp
| rce tending to rupture the shell along the centre of the sphere or bursting force,
| |

‘ = Pressure x Arca =px X x d? ol

] ) 4

and resisting force of the shel]
| = Stress x Resisting areq = i)
Ngarea=c,x ndy -

|
Equating equations (; ) and (i), we haye ’
|

T
szxd:=s’x7td_,

o 24
' 40
If ) is the efficiency of lhé

Joints of the spherical ], hen circumferentia]

ol I Vi

The Trans-Algskg Pipeline carries crud® ois1

kil
'ometres through Alaska. The DIP‘?””’S o

;nerres in diameter ang can transport 3
Iitres of Crude ojl g day.

efficiency of the joint g 756 ceed 90 Mp, Take

Solution Given:
_ : 1- d = 3 m =
p=15 N/mm?; 0, =90 MPy = 90 N?;?,?::

m;
‘N=759 =0.75

Department of Mechanical Engineering, NCERC, Pampady
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now that thickness of the vessel,
pd 1.5 x 3000

4x90x0.75

78 Change in Dimensions of a Thin Spherical Shell due to an Internal
' pressure
Consider a thin spherical shell subjected to an intermal pressure as shown in Fig. 7.5.

we k

=
40,.n

=16.7 say 18 mm Ans.

Let d = Diameter of the spherical shell,
1 = Thickness of the spherical shell,
p = Intensity of internal pressure,
£ = Young's modulus for the material of the spherical shell, and
i = Poisson’s ratio

Increase in diameter ot the sphenical shell due to an internal pressure is given by,

- P -j: .
& = = (1 - i)
4t
andinerease in volume of the sphencal shell due to an internal pressure is given by,

. n 3 n 3
o% = Fmal volume — Original volume = 3 (d + &0)* - i d

(3d* x 8d) ...(Neglecting higher terms)

6
Substituting the value of 8 from equation (i), we have
N N 4
3ndt | pd? npd
T Ry BT

6 4k 81.E
Example 7.6. A seamless spherical shell, 900 mm in diameter and 10 mm thick is being filled
Yith @ fluid under pressure until its volume increases by 150 x 10° mm®. Calculate the pressure

:mml by the fluid on the shell, taking modulus of elasticity for the material of the shell as
<00 kN/mp2 and p,

o\

oisson’s ratio as 0.3, )

. Solution, Given : d = 900 mm: ¢ = 10 mm; 8V = 150 x 10} mm?; E = 200 kN/mm?

=00x 108 Nmm?*; jn=03
Let

p = Pressure exerted by the fluid on the shell.
We know

that the increase in volume of the spherical shell (8V),

4
npd (-p= _”—/’(_%.m___‘ (1-03)=90190p
8t E 8% 10x 200 x 10

19 p =150 x 10*/90 190 = 1.66 N/mm? Ans.
7 Thick Cylindrical Shells Subjected to an Internal Pressure

T : H . and a pipe is subjected
tiy € internal fluid pressure, then the walls of the cylinder mus

150 x 10?

Over In thip ¢Ylindrical shells, we have assumed that the tensile stresses are ur}if‘)nnly dls}:nhmc_&!
Over *ection of he walls. But in the case of thick wall cylinders as ;huy«n inFig. 7.6 (a), ll e at:‘:;
hn&cn- Section of the walls cannot be assumed to be uniformly dmnhu'(-:d. They tIlCVC o‘p =
cbn;id:: ad radial syresses with values which are dependent upon the rm.hus‘of the cl ﬂvnTt flnwc
gy lion, The distribution of stress in a thick cylindrical shell is a‘hnwn inFig. 7.6 ( {) .n? (s )f by

she T ngentjy) stress is maximum at the inner surface and minimum at the _out-:r surl :u;: \le e
© Fadial stres is maximum at the inner surface and zero at the outer surface of the shell.

Scanned by CamScanne%09



Pressure Vessels 8 235

ing equations are mostly used:

_ 0= 0 0) [ _pimpe
- @)’

Simaz) i

3 i drical shells: e . :
In the design of .lthk cylin s cquation: & Clavarino's equation: and 4. Barlow’s cqua , 10
1. Lame's equation: 2-_B1“1"1 ads upon the tYP° of material used and the end constryeg, . | ' = () :
s e " ce we are concerned with the internal pressure ( p; = p) only, therefore substituting the value
b =0.
7 ol pressures Po )
¥ { . \\ Omwm;ﬁgemial stress at any radius x,
Y/ \r‘f i 2
iam) md o/ ,=_/’ﬂ)__[l+(r,,) ] .
W () - ) 2 O

jal stress at any radius X,

G’(mm =4 drﬂd
il e ], o] )
(r,) - ) 2 (i)

| Lo
il - T
1l
t . . . " .
We see that {he tangential stress 1s always a tensile stress whercas the radial stress is a compressive

r

angential stress is maximum at the inner surface of the shell (i.e. when

(a) Thick cylindrical shell.  (8) Tangental sress distribution.  (¢) Radial stress distribution, . We know that the t
Fig. 7.6. Stress distribution in thick cylindrical shells subjected to internal pressure. iuzs','v) and itis minimum at the outer surface of the shell (i.e. whenx = r,). Substituting the value of
Let r,= Outer radius of cylindrical shell, :,=r‘ind x=r,in equation (i), we find that the *maximum tangential stress at the inner surface of the
r, = Inner radius of cylindrical shell, shell,
1 = Thickness of cylindrical shell =7, = 7;» o _Pr () + (o )’1
p = Intensity of internal pressure, 1(max) (r,,)z —(r )2
p = Poisson’s ratio, and minimum tangential stress at the outer surface of the shell,
g, = Tangential stress, and ~ 2p (s 2
6, = Radial stress. Siimin) = m
at the radial stress is maximum at the inner surface of the shell and zero at the
we find that

We also know th
outer surface of the shell. Substituting th
: ] ; maximum radial stress at the inner surface of the shell,

r) - 2 i
- P:(,)Z P, (z,q) 6 ) [ pi-p, G, ar) = — P (cOMPpICSSive)
- 2 - .
(r,)" = () x (r,)} - (1)* and minimum radial stress at the outer surface of the shell,
. O miny = 0 .
] In designing a thick cylindrical shell of brittle material (e.g. cast irom, hard steel and cast
dluminium) with closed or open ends and in accordance with the maximum normal stress theory

i : . . .
ilure, the tangential stress induced in the cylinder wall,

p L)+ (1)
o, =0, S
i t(max) (’5)2_ (ri).

All the 2bove mentioned equations are now discussed, in detail, as below:
1. Lame's equation. Assuming that the longitudinal fibres of the cylindrical shell are equally ¢ value of x = r.and x =7, in equation (i)
B i o *

strained, Lame has shown that the tangential stress at any radius x is,

G

Since r, = r, + 1, therefore substituting this value of r, in the above expression, We get

p LG+ 02+ )]
O =—— 7 ()¢
(0=
O, (r,+ 12—, (r)* = p (r + 0P 4P r)?
(r,+ D (0,-p) = () (G, +P)
G+0 _otp
() eGP

5
Thy : " .
© maximum tangential stress is always greater than the intemal pressure acting on the shell.

Department of Mechanical Engineering, NCERC, Pampady
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236 ® >q§.u8§ﬁ%m€=\nbm sa! N E
= +
o o +r LIy b/l
a‘Iu Joud SRS or 5 o~ p
-7
a !
+ t=1 m.*. P
! _ m_\.\ml_ or i e -~
X A - 0.‘\.% £ ]
1

aterials may be taken .as 0.125 times the ultimage,
EE,

_h

The value of g, for brittle m
strength ()

We have discussed uwoé.
rs made of ductile matert

ick cylindrical shell of brittle materia]g, In

; : ' ! a
n is modified according to maximum gp, ey

the design of a th

. al, Lame's equatio
cylinde

theory. _
According to this theory, the maxi

one-half the algebraic difference of the m.
know that for a thick cylindrical shell,
Maximum principal stress at the inner surface.

mum shear stress at any pointin a strained body s o
aximum and minimum principal stresses at that wo;hﬁ,
4

o A puE [(,)+ ()]
1 (max) SVNIQVN
and minimum principal stress at the outer surface,
Ow—a_..: =-r ,
. Maximum shear stress,
p L, ) + (7; v.; )
5 —(=p
t=1,, = Si(mav) = Ot(min) _ (r, ) =G !
2 o)
2 2 2 2 - 2
un:av +() T+ plln,) = ()] 2p ()"
2 = S
2(r,)* - ()] 2((r,)% - ()]
-2l
(412 = ()2 o=t
or 5 R 4 i o !
wWr +0)? - (r)? =plr, + 1)?
(417 (2= p) = a(r 2
0t o
W 1-p
L I
" ﬂ or T = T _
! i T—p
Ll 7
The value of g, n Yool o [ = T
ear ; p =r| [— —1
above expression ma stress () js usug]| “Wt-p
y be y take r
Witten g 7135 one-half the engile stress (o) Therefor 13
s ss (0,)-
A f=n| |
Tom the ) 0,7, "1
the allowapje Eﬂw”“u CXpression, e o =2p
i tr at if (e :
w us, it is EE&..E%_M Ma.a. Or 1), thep __; 1 intemal pregsyre )y ; reater
Orking stregs for g gj Csign a cylinder 0 thicknegg of the 3 (p) isequal tooré ; il
Art. 7.10), &iven materia], p;c di © Withstang fluig € cylinder wall will preve? _%N@_“
iculy i céao_ Pressure greater than the al (5%
Me by using compound cylind®

2 pirnie’s equation. In

of %n?n:n_ cylinders (such
case ap S\::moam. rams, gun
as _E_m ctc.) made of ductile
E:n.i (i.e. oW carbon steel,
ater® and aluminium
lowable stresses
incd by means of

naximum-SUress theory of ?:5.0.
[nsuch cascs: the _:ux_:.EB-m:m_.:
{heory is used. According to this
ilurc occurs when the

theory, the fai
strain reaches a limiting value and
i

Birnie’s cquation for the wall
thickness of cylinder is

alloys),
cannot be determ

c,+(1-Wp

o =1
G- (+Wp

The value of 6, may be taken
a5 0.8 times the yield point stress
(0,)-

,.

3. Clavarino’s equation.
This equation is also based on the
maximum-strain theory of failure,
butitis applied to closed-end cyl-
inders (or cylinders fitted with
heads) made of ductile material.
According to this equation, the
thickness of a cylinder,

s 237

Pressure Vessels

B <Gt

¥ een
K% A

Oilis frequently transported by ships called tankers. The larger tank-
ers, such as this Acrco Alaska oil fransporter, are known as super-

tankers. They can be hundreds of metres long.

Q~+QIN—CEIH
9|Q+Eﬁ

In this case also, the value of o, may be taken as 0.8a,
Ao .w_ Barlow’s equation. This equation is generally used for high pressure oil and gas pipes.
rding 1o this equation, the thickness of a cylinder,

t =pur,lo,

Stregg

Exg . .
Xample 7.7. A cast iron cylinder of internal diameter 200 mm and thickness 50 mm is

mu i 1 . 0 . .
or ductile materials, 6,=0.8 o, and for brittle materials 6, = 0.125 ¢, where 0, is the ultimate

Subjecy,
€ . i y :
410 a pressure of 5 N/mm?, Calculate the tangential and radial stresses at the inner, middle

(radiyg

- 125 mm) and outer surfaces.
O( . .
Mlution, Given : d, =200 mm or ;=100 mm; £= 50 mm ; p = 5 N/mm?

S\G k
Now that outer radius of the cylinder,
|

Yo

u:.+Nu5o+monGoBE
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iddle and outer surfaces

Tangential stresses at the inner, :
s at any radius X,

We know that the tangential strcs

ST W |14 Q_WN
P () S
i.e. when x = r; = 100 mm),

at the inner surface (

. Tangential stress
2 2 2 B
_r [(r,)* + () J H||||\.|.I\\I|m (30" + GO@..W ] =13 N/mm?= 13
O innery — C.cvu _ Qvu :uovu - (100) Mp, Ang
Tangential stress at the middle surface (i.e. when x= 125 mm),
2 150)°
o Ny __Sa0r _fy4 459 | _ 976 Nimm? = 9.76 mp
Kmiddie) = (150)° — (100) (125) A Ang,
and tangential stress at the outer surface (i.e. whenx=1r,= 150 mm),
2p () 2x 5 (100)° )
= =— 2 = 8 N/mm* =
Oouers = (yi— (7) (150)" = (100)° mm” =8 MPa Ans.
Radial stresses at the inner. middle and outer surfaces
{ We know that the radial stress at any radius x,
& b
| p(n) ()’
! g = 2 2 1-
(AR x
- Radial stress at the inner surface (i.e. whenx=r;= 100 mm),
Opimmery =~ P =~ 5 N/mm? = 5 MPa (compressive) /A ns.
Radial stress at the middle surface (i.e. when x = 125 mm)
5 (100)° (150)° .
1- =-1.76 N/mm- = — 1.76 MPa

[ = B 2 2
rimiddle) — (150)* ~ (100)" (125)°
1.76 MPa (compressive) Ans.

(4] = 0 Ans.

} rlouter)

| capacity of 1000 kN. The pision diameter is 250 mm. [E5 1
Calculate the wall thickness if the cylinder is made of U i |
material for which the permissible strengih may be | - —— E_
taken as 80 MPa. This material may be assumed as a
britle material.
Solution. Given: W= 1000 kN = 1000 x 10* N ;
d =250 mm ; o, = 80 MPa = 80 N/mm?
. First of all, let us find the pressure inside the
cylinder (p). We know that load on the hydraulic press

(W),
Hydraulic Press
1000 x 10° = & x d? - :
x 10 Ax& xvuMGmS-hnAw._x_owc
- p = 1000 x 10%/49.1 x 103 = 20.37 N/mm?
Let r; = Inside radius of the cylinder = d/2 = 125 mm

Pressure Vessels = 239

o~ that wall thickness of the cylinder,
we
G, +p
t=rn — -1|= 125
G, —p

=125(1.297 - 1) =37 mm Ans.

- d cast ir i
e 79-A closed-ende on cylinder of 200 o r
pxamp 20 - mm inside diameter i ;
al 3&.::. of 10 N/mm .E:: a permissible stress of 18 MPa. Determine the w .M ua. carry an
i s+« and the maximum shear stress equations. What result would you .«“N u Mwn»zm.a by
! 1ve reason

jinté P
of Lame’S.
h_._hﬂ“.ﬂ_: S:l:&m:.
\ u.cE:e:. Gieen 4= 200 “.=_.: or r;=100 mm ; p = 10 N/mm?; G,= 18 MPa = 18 N/mm?
According {0 Lame’s equation, wall thickness of a cylinder,
o, +
t=r TP _yl=100 wo+_ol_ -
y= P 8010 m
According 10 maximum shear stress equation, wall thickness of a cylinder,
1
— _
R N .

ave discussed in Art. 7.9 [equation (iv)], that the shear stress (t) is usually taken one-half
(he tensile stress (c)-In H_E present case, T=0,/2=18/2=9 N/mm?Z, Since 7 is less than the internal
pressure (p=10 N/mm?), therefore the expression under the square root will be negative. Thus no
thickness can prevent fuilure of the cylinder. Hence it is impossible to design a cylinder to withstand

allowable working stress for the given material. This difficulty is

fluid pressurc greater than the
overcome by using compound cylinders as discussed in Art. 7.10.

a cylinder of wall thickness, 7 = 87 mm Ans.
der of a portable hydraulic riveter is 220 mm in diameter. The pressure

of the fluid is 14 N/mm? by gauge. Determine suitable thickness of the cylinder wall assuming that
rensile stress is not to exceed 105 MPa.

Solution. Given : d, =220 mm or r; = 110 mm ; p=14 N/mm?;
Since the pressure of the fluid is high, therefore thick cylinder equation is used.
Assuming the material of the cylinder as steel, the thickness of the cylinder wall () may be
obtained by using Birnie's equation. We know that

c+(1-Wp

_r

n"ﬁ
O.~1:+_.5.3

E _1]=16.5 mm Ans.
105 — (1+0.3) 14

we h

Thus, we shall use
Example 7.10. The cylin

the maximum perniissible
c,=105 MPa = 105 N/mm?

...(Taking Poisson’s ratio for steel, p =0.3)

operates at a maximum pressure of

r 400 mm bore ] ..
the frame through hinged joints.

; Example 7.11. The hydraulic cylinde :
bz\ SSN. The piston rod is connected to the load and the cylinder 10
esign: 1. cylinder, 2. piston rod, 3. hinge pin, and 4. flat end cover- :
__Theallowable tensile stress for cast steel cylinder and end cover is 80 MPa
1560 MPg,
Draw the hydraulic cylinder with piston, pistor
Solution. Given : d; = 400 mm or 1; = 200 mm

0 =
»=60 MPa = 60 N/mm?

and for piston rod

2 red, end cover and O-ring.
ip=5 N/mm?; 6, = 80 MPa = 80 N/mm?;
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1. Design of cylinder :
Let d_ = Outer diameter of the cytinder.

o

We know that thickness of cylinder, -
Gt P _y[=200 mo+.m
(el 4 80 -

=200 (1.06 - 1) = 12 mm Ans,

. Outer diameter of the cylinder,
o d n$+-naoc+wx_NHANABE\:Z.

—1[mm

o~
]

i

2. Design of piston rod )
Let d, = Diameter of the piston rod.
We know that the force acting on the piston rod,

P2 e 2 @007 5 =628 400N

We also know that the force acting on the piston rod,

T g T _ 2
f= T (d)? 0, = T ,SLN 60=47.13 QL N

From equations (i) and (if), we have
E‘:vm = 628 400/47.13 =13 333.33 or N\: =115.5 say 116 mm Ans,
3. Design of the hinge pin
Let d, = Diameter of the hinge pin of the piston rod.
Since the Joad on the pin is equal to the force acting on the piston rod, and the hinge pin igj,
double shear, therefore

n
F=2x M E‘_u“ T

ﬂﬂ bl
628 400 =2 x 9 (d,)* 45 =70.7 E\% 1= 45 i)

(d,)* = 628400/70.7 = 8888.3 or d, =943 say 95 mm Aus.

When the cover is E:m& to the cylinder, we can use two hinge pins only diamctrically opposite
to each other. Thus the diameter of the hin ge pins for cover,

a\t Cm
dy, = lmx = qu =47.5 mm Ans.

Socket head serew —

Cylinder

g At SRR

. Piston
Piston rod

N_.?_c: rod

N end cover

Cylinder head
end cover

CFlg. 74

Pressure Vessels = 241
flat end cover
t. = Thickness of the end cover,
t force on the end cover,
F la\x:.xa.
628 400 = 400 x 1. x 80 =32 x 103
. 1. =028 400/32 x 103 = _o.ow say 20 mm Ang

‘._..-E hydraulic cylinder with piston, piston rod, end cover ang O-ring is shown in Fig, 7.7 “
S § ‘ig. 7.7.

igh of the

108
Let
we know tha

N__Q 003

pound Cylindrical Shells !

>nnc===m to Lame’s cquation, the thickness of a cylindrical shell js given by

S,

RS

E,“a:_:h on the shell is equal to or greater than the allowable
working stress (o) for the :,::c::_ of the shell, then no thickness
of the shell will prevent [ailure. Thus itis impossible to design
a cylinder to withstand internal pressure equal to or greater
than the allowable working stress.

%4
.
Outer
cylinder

[
|
From this equ ion, we see that if the internal pressure \ __
|
T

N,

Inner
iy cylinder

This difficulty is overcome by inducing an initial
compressive stress on the wall of the cylindrical shell. This
may be done by the following two methods:

1. By using compound cylindrical shells, and

2. By using the theory of plasticity.

In a compound cyli
the outer cylinder (havis

ical shell, as shown in Fig. 7.8,
inside diameter smaller than the

cooling, the contact pressure is developed at the junction of the two cylinders, which induces
compressive tangential stress in the material of the inner cylinder and tensile tangential stress in the
¢ outer eylinder. When the cylinder is loaded, the compressive stresses are first relieved
e:_ then tensile stresses are induced, Thus, a compound cylinder is cffective in resisting higher
ernal pressure than a single cylinder with the same overall dimensions, The principle of compound
eflinder is used in (he design of gun tubes.

Inthe theory of plasticity, a temporary high internal pressure is applied till the plastic stage is
eached near the inside of the cylinder wall, This results in a residual compressive stress upon the
m““:cs___ of the internal pressure, thereby making the cylinder more effective to withstand a higher

emal pressure, .

1, .. _
g Stresses in Compound Cylindrical Shells

in t y ;..c (a) shows a compound cylindricat shell assembled with a ,.::_.zn fit.
sﬁ__a Previous article that when the outer cylinder is shrunk fit over the inne
sa, MJE.A.E is developed at junction of the two cylinders (i.e. at ,EE.:.,_ r)e

- The stresses resulting from this pressure may be easily determined b )

According to thiy equation (See Art. 7.9), the tangential stress at ar oy

2 2 ( 2 ( um g 3.
4 A&v ) ﬁ\:v + \\v \“‘. S
= 2 \,..\
Q__ A\:vn _ ?:N X =
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