UNIT-I Steady Stresses and Variable Stresses in Machine Members

Session Plan-1

Objective: 	To introduce the Design Process and Factors Influence Machine Design.
                         machinedesign.com/...design/Fundamentals/factors affecting design-...‎
Recap:		 Fundamentals of Engineering Mechanics and Introduction to Strength of Material
		Recalling the fundamentals by asking questions like
		What is stress?
		Stress is an internal factor to resist the deformation.
		What is strength?
		Strength is the ability to withstand load.
Introduction to the Design Process, Factors Influence Machine Design: PPT and Board Explanation
INTRODUCTION

Engineering is mostly concerned about satisfying human needs. A designer may have a picture of a Particular item or component in his mind. To make that idea into a real product, certain activities need to be carried out. These activities are collectively known as the design process. Design may be defined as follows 
 Design Process:
· By technical information (like shapes and dimensions).
· Imagination.
· By scientific principles.
· Optimum (max efficiency, low cost).
Definition of Design:
Design is nothing but a series of activities to gather all the information necessary to realize the designer’s idea as a real product.
[image: ]
			                        Fig. 1.1 Design Process
[image: ]
Factors Influence In Machine Design
Explain what are the factors that influence in machine design?
Strength:  	This refers to the ability of a material to resist external load without breaking.
Toughness:	Property of a material to resist fracture due to high impact loads.
Stiffness:	The ability of a material to resist deformation under loading is called stiffness
Hardness:	This means the ability of the material to resist scratching, indentationetc.
Elasticity: 	Properly of the material to regain its original shape alter deformation when external forces are removed.
Plasticity:	The property of material, which retains deformation produced under load permanently.
Malleability:	Ability of the material to be rolled into sheets is known as malleability.
Resilience:	Property of the material to absorb energy and to resist shock and impact loads.
Creep:	This refers to a slow and permanent deformation when a part is subjected a constant stress for a long duration.
Ductility:	Ductility refers to the ability of the material to be drawn into thin wires.
Conclusion &Summary:
Conclude the session by recalling what is design? and factors that affecting the design process.


















Session Plan-2

Objective: 	To know the types of design and selection of material based on mechanical properties
Recap: 	Recall the design process and factors that affecting design process
                         machinedesign.com/...design/material-and-process-selection-controlling-...‎
Types of Design: PPT and Board Explanation
Adaptive Design:	 From the exist (slightly modifying).
Developed Design: 	 New idea from existing.
New Design: 		Never existed.
Selection of Material based for Machine Design: 
The designer of any product, other than software must get involved with material selection. Only occasionally will the exact grade of material be specified by the customer. Even then the designer must understand the material to be able to design the product.
Selection Material based on Mechanical Properties:
Young’s modulus, yield strength, and the Poisson ratio are some of the mechanical properties that lead you to select a suitable material for a particular application. Most of the time you can obtain the required mechanical property values from mechanical design calculations or from the FEA packages.
[image: http://image.slidesharecdn.com/mechanicalpropertiesofmaterial-120606223042-phpapp02/95/slide-7-728.jpg?1339039894]
                 
                                                  [image: generics]
Conclusion &Summary: 	Conclude the session by recalling the design types with its example and material selection procedure





Session Plan-3

Objective: 	To know the basic concepts of bending and torsional stresses.
To derive the bending and torsional equation
Recap:  	Recalling the design types with its example and material selection procedure
			What are the types of design?
                       Adaptive Design, Developed Design and New Design
Direct, Bending And Torsional Stress Equations : Board Presentation
Bending Stress In Straight Beams
Consider a straight beam subjected to a bending moment M as shown in figure. The following assumption are usually made delivering the bending formula
· The material of the beam is perfectly homogeneous and isotropic.
· The material of the beam obeys Hooks law.
· The Young’s modulus is same in tension and compression.
· The loads are applied in the plane of bending.
[image: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcQ_eUTVeBCID96fOYFnOJ8QYRevR93ZzklLPw_LHY4oVclQdSHTAA]
Figure1.1 Bending Stress in Straight Beams
When a beam is subjected to the bending moment the fibers on the upper side of the beam will be compress and lower side elongate due to tension. The surface between the top and bottom fibers are neither neither shortens nor lengthened. Such a surface is called neutral surface. Thentersection of the neutral surface with any normal cross section of the beam is known is neutral axis. The bending equation is given by
[image: https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcQ6LNitjn99He5aiduf1SKUl4ah95NHb8kVXaIJnKdtGYcHQUqT1Q]
Where: M- Bending moment acting at the given section
f- Bending stress
I- moment of inertia of the cross section about the neutral axis
y- Distance from the neutral axis to the extreme fiber
E- Young’s modulus of the material of the beam
R- Radius of curvature of the beam
Bending and Torsional Stress Equations - Simple Problems
BENDING STRESS IN CURVED BEAMS                                               Board Presentation
  	In straight beams the neutral axis of the section coincides with its centroidal axis and the stress distribution is linear. But in curved beams the neutral axis of the cross section is shifted towards the centre of curvature of the beam causing a nonlinear distribution of stress. Application of curved beam principle is used in crane hooks, chain links planers etc.  
[image: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcQ7HtwEia0DeYZxl0u5-jvQg4xQa-wWDXdZUA9n7eyYuUb9xjoF]
Figure1.2 Bending Stress in Curved Beams
 Consider a curved beam subjected to a bending moment M as shown in figure. The general expression for bending stress (b) in a curved beam at any fibre at a distance y from the neutral axis                           [image: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcRQ81990eea1BTGYwprM08MSN-QXyt6YLQpRxjR0gqvq9wKDxYm]
Conclusion &Summary: 
Conclude the session by difference between straight and curved beam Radius of neutral axis is shifted to axis of geometrical axis
Session Plan-4

Objective:	 To improve the problem solving skill in basic design problems 
Recap: 	Bending and Torsional Stress Equations
Tutorial Problem:                                   					Board Presentation
 (
Compressive stress
)Problem: Find the minimum size of the hole that can be punched in a 20mm thickness plate allowable shear stress 300N/mm2 maximum compressive stress in the punch material is 1200N/mm2.             
 (
Shear stress
)[image: ]
Force applied on punch=resisting by plate
1. A cantilever of span 500mm carries a vertical downward load of 6kN at free end.Assume yield value of 350 Mpa and factor of safety of 3.Find the economical section for the cantilever among a)circular cross section of diameter “d’. b)rectangular section of depth “h” and width”t” with h/t=2. c)I section of depth 7t and flange width 5t where t is thickness.Specify the dimension and cross section area.
2. An unknown weight falls from a distance of 15mm on to collar rigidly attached to the lower end of a vertical bar 2.5m long and 500mm2 cross section. The maximum instantaneous extension is 2mm.Find the corresponding stress and value of the weight falling=2X105 N/mm2
Conclusion &Summary: 	Recall the session by summarizing the formula for bending stress equation

















Session Plan-5

Objective:  	To analyse the impact shock loading 
Recap: 	Bending and Torsional Stress Equations
Analysis of Impact And Shock Loading 					Board Presentation
Shock load: 	This refers to the load applied or removed suddenly.
Impact load:	If some initial velocity is applied to the load, it is called as impact

[image: ]
[image: ]
[image: ]
Problem 1: An unknown weight falls through 10 mm on a collar rigidly attached to the lower end of a vertical bar 3 m long and 600 mm2 in section. If the maximum instantaneous extension is known to be 2 mm, what is the corresponding stress and the value of unknown weight? Take E = 200 kN/mm2.
Conclusion &Summary: 	Conclude the session by recalling impact stresses and it formula with units

[bookmark: _GoBack]Session -6

Objective: 	To analyse the principle of principle stresses theory
Recap:  	Analysis of Impact and Shock Loading and formula for Impact load

Calculation Of Principle Stress For Direct And Bending Load Combinations
In a loaded material, there are some planes in which only normal stress. No shear stress is present in these planes. These planes are “Principal planes” and the stresses in these planes are called principal stress.

[image: ]
Problem for Principle Stress
1. A shaft, as shown in Fig. is subjected to a bending load of 3 kN, pure torque of 1000 N-m and an axial pulling force of 15 kN. Calculate the stresses at A and B
[image: ]
2.  An overhang crank with pin and shaft is shown in Fig.  A tangential load of 15 kN acts on the crank pin. Determine the maximum principal stress and the maximum shear stress at the centre of the crankshaft bearing.
[image: ]

Conclusion &Summary: 	Conclude the session by recalling the principle stress formula.


















Session -7

Objective: 	To Anlyse the basic concepts Eccentric Loading
Recap:		 Recall the principle stresses by asking
		What is principle Plane?
What is principle Plane?
Analysis of stress on Eccentric Load Conditions               		 Board Presentation

A steel column, square cross-section of 80mm it carries a load of 750 KN at an eccentricity of 10mm in a plane bisecting the thickness. Find the maximum and minimum intensities of stress in the section.

[image: ]
[image: ]

Conclusion &Summary: 	Conclude the session by recalling the eccentricity loads and stresses


Session -8

Objective: 	To Solve tutorial Problem on eccentric load condition
Recap:  	Analysis of stress on Eccentric Load

Tutorial Problem 1-Eccentric load

A mild steel bracket is shown in figure. It is subjected to a pull of 5000N acting at 450 to the horizontal axis. The bracket has a rectangular section whose depth is twice the thickness Find the cross sectional dimensions of the bracket if the permissible stress in the material is 50N/mm2.
[image: ]
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Conclusion &Summary:	 Conclude the session by recalling the eccentric loading 









Session -9

Objective: 	To Analyze the bending Beam or Curved beam
Recap: 	Bending moment equation 

Design of curved beams  							Board Presentation
[image: ]
1. The neutral axis lies between the centroidal axis and the centre of curvature and always occurs within the curved beams. 
2. The application of curved beam principle is used in crane hooks, chain links and frames of punches, presses, planers etc.
Conclusion &Summary: 	Conclude the session by recalling bending Equation in PSG Data BOOK







Session -10

Objective: 	To Analyse the Theories of bending
Recap: 	Bending moment equation-Design of curved beams
			
Theories of Failure:
A given machine member may fail (i.e., it will no longer be able to form its intended
function) due to various reasons in various modes.
It is necessary to know the various conditions of failure of machine members. Some
failure theories are as follows: - (Refer to PSG Data book Page 7.3)
[image: C:\Users\sivaguru\Desktop\1465205_416907191772834_1249403839_n 111.jpg]
[image: C:\Users\sivaguru\Desktop\1465205_416907191772834_1249403839_n 1112.jpg]
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Conclusion &Summary: 	Conclude the session by recalling various theories of failure in PSG Data BOOK
Session -11

Objective: 	To gather Knowledge on Soderberg and Goodman Equation
Recap: 	 Analysis of stress on Variable load 

SODERBERG LINE:					PPT and Boar Presentation
[image: ]
[image: ]
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Conclusion &Summary:	 Conclude the session by recalling Safe line  in PSG Data BOOK

















Session -12

Objective: 	To solve simple problems on Soderberg and Goodman Equation
Recap:  	Analysis of stress on Variable load

Tutorial Problem:
A bolt is subjected to a tensile load of 25 KN and a shear load of 10KN Determine the diameter of the bolt according to a) Maximum principal stress theory, b) Maximum principal strain theory, c) Maximum shear stress theory. Assume factor of safely as 2.5, yield point stress in simple tension =300 N/mm and Poisson’s ratio = 0.25
[image: ]
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Conclusion &Summary: 	Conclude the session by recalling theories of failure in PSG Data BOOK
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(i) Maximum principal stress (or) maximum normal stress (or)
Rankine theory:

Let 0. @, 01 = be the normal stresses in a machine member
Assume that 0, > 5, > 7.

Then, farlure occurs when the maximum normal stress 1s equal lo
the tensile yield strength.

That is. in this casc failure occurs when

Generally, failure occurs when

" @1 (o) 6 (o) & [which is maximum| -

For design purposcs, taking factor of safety as (FOS)

(For ductile materials)

b (or) &3 (or) o3 [which is maximum|
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o

61 (or) 0 (or) 0 [which is maximum| = <% | (For Brittlc matrials)
n

|

o, = Yicld stress;

o, = Ultimatc stress

1 = factor of safety

This theory is uscd for brittle materials. This is not suitable for
ductile materials because, ductile materials mostly fail by shearing. Bu

this theory takes into account the cffcct of tensile and compressive stress
only
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(i) Maximum shear theory (or) Guest’s theory (or) Coloumb theory
(or) Tresca theory:

According to this theory, failure occurs when the maximum shear
stress developed in the machine member become equal 1o the maximum
shear stress at yielding in a tension fest.

(i.c.), For &,. &3, o3 as normal stresscs, then,

(0,-0,)

or) (or)

or(c, o) (or) (c2-a3) (or) (03 @) = o,
(which cver is maximum)
For designing

(@1 =) (o) (02-03) (o) (05-01) =

This theory is mostly used for ductile materials
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(iii)) Maximum strain theory (or) Venant’s theory:

According to this theory, failure occurs when the maximum strain
in the member equals the tensile yield strain.

(i),

01 -7(02+03) (or) o2 =¥ (03 + 1)) (or) o3~ ¥ (01 02) = Oy
Whichever is maximum
Where v = Poisson’s ratio
For design purposc,

G-y (o2 +03) (o) o2 =y (o3 + o) (o) o3 -y (o1 +

Whichever is maximum
This theory has been used with some success in the casc of rhick
walled cylinders.
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(iv) Muximum strain energy theory:
As per this theory. failure is induced in the member

vhen the strain
energy stored per unit volume of the member becomes equal to the strain
energy per unit volume at the yield point.

(i.e.), ol t el 4ot -2y (o0 +ouos + o30) = o0
For design purpose,
s,
=2y(o10: toos t o) = |1 F
")

(v) Distortion energy theory (or) Von-mises-Henky theory:

According to this theory, failure occurs when the strain energy of
distortion per unit volume becomes equal to the strain energy of
distortion per unit vohume al the yield point in a tension fest

(ie). 0 +0r 037 - 010y = 0303 ~ 030y =

For design purpose.
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STEPS TO SOLVE PROBLEMS
1. Problems using theories of failure

i) For the given loading, find bending moment and / or
torque.

ii) Use bending cquation and / or forsion equation to
find stresses t,. o, and / or G

iii) From this, find principal stresses o, and o

iv)  Use any one theory of failure to find the required

dimension.
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*. MUSCEUANEOUS JACIOTS (N):

Other than the above, factors likc temperature factor, impact factor
and rcliability factor may also be considered in dctermining the
endurance limit. These are all called miscellaneous factors.

So, Actual endurance strength
= Theoretical endurance strength x K;x Ksix Ksz x K
o K, Ky Ky K

X,

Where, K-Fatique stress concentration factor

Improvement of fatigue strength:

Various methods arc used to improve the fatiguc strength of C
material. Some of them are,

1. Cold working including shot pecning, burnishing.

2. Heat trcatments like induction hardening, nitriding, case
hardening,

3. Pre-stressing (o) auto fretting.
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1.7.3. VARIABLE STRESSES

SODERBERG AND GOODMAN DIAGRAMS
Soderberg and Goodman diagrams are used to solve the problems
of variable stresscs.
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() Soderberg diagram:

In this diagram, amplitude
stress and mean stress are plotted
on Y and X-axis. Sodcrberg line
joins the endurance limit on Y-
axis and yicld stress on the X-
axis. This diagram may be used
for ductile materials.

Compression

Endurance limit ()

Soderberg line

Yield stress o

Amplitude stress os

Tension—e
Mean stress au

Fig. 1.7 Soderberg line
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If endurance strength (Y-axis) is
joined with ultimate stress on the Y-
axis, it is called Goodman fine. This
diagram may be used for ductile and
brittle materials. gv

Gy —o

o

Using the Soderberg diagram
Let ‘n’ be the factor of safety.

Fig 1.8 Goodman line

. e %y
Then, safe limits are, —— and —=.
n n

The line joining these two
points is the safe stress line.

From similar triangles POB and
COB,

PO _0B
OA OB p
OB-0Q _ | _OQ - Fig19. Soderberg Diagran
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Lonsiaermng raugue sress conceniration tactor A5 and 1actors A, fi2, K3

and K we have

1 _ o,

n o,
Where, K, = Fatigue stress

concentration factor Refer Page No.
1.23

Using the Goodman diagram
Using the same procedure, for
Goodman diagram,

1 o, o,
=ik,
"o, (0. )K, Kz Kz K
Gerber Equation:

Fig 1.10. Goodman Diagram

Another approximation of failure line is by Gerber parabola. Gerber
parabola joins endurance stress and ultimate stress (like Goodman line).

According to Gerber method, the relationship between o,,, Ga, o, and  , is

given by,
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SN
Ga= oy [1-|—== Gerber
\%. ‘parabola
From the equation itself it is evident
that the relationship is of parabolic nature.

Gerber parabola is shown in fig. 1.10.a.

o,

Fig 1.10 (a) Gerber parabola
Combined Stresses:

Combined stresses refer to a combination of axial, bending and shear
stresses acting simultancously on a machine component, For example,

1. Variable bending with variable axial stress

2. Variable bending with variable shear stress.

3. Variable axial with variable shear stress.
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Tensile load, P = 25KN =25 x 10° N
Shear load, /= 10KN = 10 x 10°N
FOS =25
Yield stress, 6, = 300 N/mm”
Poisson’s ratio, = 0.25

To find:
Corc diagram of bolt ¢, (mm)

© Solution:
Stress due to tensile load

Tensile load P

“Arcaof bolt A

Ox

_25x10°
(n/4 d*)




image36.png
Stress due to shear load t:

10x10°

1010

A % d’

_ 12732x10°
P

1=

T

Minimum and Maximum principal stress:
Refer PSGDB page 7.2

Maximum principal stress,
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d°

31.83x10°
o= 2820
d’
Substituting,
1{31.83x10°
o = T
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5
o = 36,2273“0 N/mm?

Minimum principal stress,

o= 1,00} oo Frawe]
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a) Maximum principal stress theory: -

As per this theory. for salc design

@y (or) o3 (or) oz (Maximum of these) =

In this casc, o, is maximum.  So, o, -

5
But. o i .

=300

and FOS = 2.5

.. 36267 x10° _ 300
@ie), —————=——
) 25

d=17.4mm, say 18mm
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) Maximum principal strain theory: -
According to this, for safe design,

o

o1-r(2-0)= = Here,0,=0
n
36267x10° )0 (-~4465x10") 300
d* a’ 25

37383.25 _ 300

T s
d=17.64mm, say 18mm
¢) Maximum shear stress theory: -

o
According to this, &, -0, = —=
n
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