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Subject] Year of Hours In Week Units
student

Design Students | -

The project:-

The student can be able to:

1-Define the basic principles to design different mechanical parts.
2-Study variable loads and thermal stresses to design mechanical

instruments and equipment’s.

WEEK SYLLABUS
1-2 METALS &SIMPLE STRESSES
3-4 VARIABLE LOADS &STRESS
CONCENTRATIONS
5-7 BOLTS,RIVETS AND WELDED JOINTS
8-9 PRIMARY LOADS IN SCREWS
10-11 POWER SCREW DESIGN
12-14 SHAFT DESIGN
15 KEY WAYS AND SPLINED SHAFTS
16 COUPLINGS
17 BELT AND CHAIN DRIVE DESIGN
ROLLING BEARINGS
SLIDING BEARINGS
SPRINGS
PRESSURE VESSELS
STSTIC &DYNAMIC SEALS
SPUR GEAR DESIGN




REFRENCES
1- MACHINE DESIGN, KHURMI 1956-2005 -INDIA
2- MECHANICAL DESIGNS, PETER R.CHILDS, UK.

Tutorial part

week Subject

1-15 Design-CAD and specified Design software




Lecture 1

Machine design is defined as :-
The total activity necessary to product or process to meet a market need.

Influencing -
factors -

o
Sketches and
calculations

l Iteration

The tradidional and familiar ‘inventor's’
approach to design.



Materials

Eementsof £~
specification ™.

Mechanical stress

Mechanisms

Electrical stress

Control

Manufacture ste.

The total design process (after Pugh, 1990).

Market analysis

Synthesis

Decision making

Optimization

Data handling

Costing ete.



SUFFIXES

axial

bending

COmpressive

endurance

strength properties of material
tensile

ultimate

yield

ABBREVIATIONS

AlISI
ASA
AMS
ASM
ASME
ASTM
BIS
BSS
DIN
IS0

SAE

American Iron and Steel Institute
American Standards Association
Aerospace Materials Specifications
American Society for Metals

American Society of Mechanical Engineers
American Society for Testing Materials
Bureau of Indian Standards

British Standard Specifications

Deutsches Institut fiir Normung
International Standards Organization

Society of Auvutomotive Enginecrs
Unified MNuwmn bering system



COMBINED LOADINGS

Plane Stress Element.  The geometry of a differential plane stress element is shown in
Fig. 4.1, where the dimensions (Ax) and (Ay) are such that the stresses, whether normal
() or shear (r), can be considered constant over the cross-sectional areas of the edges
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FIGURE 4.1 Geometry of a plane stress element.

Uniaxial Stress Element.  For the fundamental loadings of axial, thermal, and bending, a
uniaxial stress element is produced and shown in Fig. 4.3,
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FIGURE 4.3 Uniaxial stress element.

where there is only normal stress (o) along the axis of interest; and the other stresses, the
normal stress (o) and the four shear stresses (1), are Zero.



4.2 AXIAL AND TORSION

The first combination of loadings to be considered is axial and torsion. Thisisa very common
loading for shafts carrying both a torque (T') and an end load ( P), as shown in Fig. 4.6.

FIGURE 44 Axial and torsion loading.

Stress Element. The general stress element shown in Fig. 4.2 becomes the stress element
shown in Fig. 4.7, where the normal stress (o) is the axial stress, the normal stress (o4 )
is zero, and the shear stress (zgy) is the shear stress doe to torsion.

COMBINED LOADINGS
F Y "I_rr 4]
-4
B Ty
T
+ s -
XX
Tay - |
Ty

L J EH

FIGURE 4.7 Siress element for axial amd torsion.

The shear stress due to torsion (T, ) is shown downward on the right edge of the stres:
element because the torque (T7) shown in Fig. 4.6 is counterclockwise looking in from the
right side to the left side.



AXIAL AND BENDING

The second combination of loadings to be considered is axial and bending. This is a some-
what common loading for structural elements constrained axially. Shown in Fig. 4.10 is a
simply-supported beam with a concentrated force ( F) at its midpoint, and a compressive
axial load (P).
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FIGURE 4.10  Axial and bending loads.

In this section, the bending moment (M) and shear force (V') are assumed to be known
for whatever beam and loading is of interest. (See Chap. 2 on Beams.)

Stress Element. The peneral stress element shown in Fig. 4.2 becomes the stress element
shown in Fig. 4.11, where the normal stress (o, ) 15 a combination of the axial stress and
bending stress, the normal stress (oyy ) is zero, and the shear stress (tyy) is the shear stress
due to bending.

FIGURE 4.11 Stress element for axial and bending loads.

where () = Ay, first momeat of area (4)
A = area out beyond point of interest, specified by distance (y)
y = distance to centroid of area (A) defined above
I = area moment of inertia about an axis passing through neutral axis
b = width of beam at point of interest



AXIAL AND THERMAL

The third combination of loading to be considered is an axial load and a thermal load. This
type of loading can occur when a machine element is put under a tensile, or compressive,
preload during assembly in a factory environment, then subjected to an additional thermal
load either due to a temperature drop in the winter or a temperature rise in the summer.
Recall that if the machine element is not constrained, then under a temperature change the
element merely gets longer or shorter and no stress is developed.

Figure 4.14 shows a thin-walled pipe, or tube, with flanges constrained between two
fixed supports. (Mote that typically pipe designations are based on inside diameter, whereas
tubing is based on outside diameter. ) Suppose that the original length of the pipe was shorter
than the distance between the supports so that a tensile preload is developed in the pipe
when it is installed. Also, suppose that what is of interest is the additional load that will be
produced when the pipe is subjected to a temperature drop during the winter.
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FIGURE 4.14 Axial and thermal loading.

The axial stress due to the lengthening of the pipe during installation 1s given by Eqg.
where the axial strain (£) is multiplied by the modulus of elasticity (E).

AL Linstalled — Lo
awxisl = Efaxisl =E | — | =E
owis = B = (T°) = (=3

COMBINED LOADINGS

The thermal stress due to a temperature drop (A T') is given by Eq. (4.6) where the thermal
strain {e7) is multiplied by the modulus of elasticity ( E)
Fihermal = E£T = Ex (AT) {4.2)

and (w) is the coefficient of thermal expansion of the pipe.
Combining these two normal stresses, both of which are constant over the cross section
of the pipe, gives the single stress (oy,) shown in Eqg. (4.3),

AL
Oxx = Oaxial + Othermal = E&axial + Eer = E [T + ﬂr{ﬂT]'] (4.3)

where

AL Linsulled — Lo
—_— 44
7 L 4.4



Stress Concentration Factors and
Notch Sensitivity

Lecture 2

Machine Design

Radiometric Thermoelasticity

Automobile Hook and Clevis Crack Ty
Connecting Rod »

When materials are stressed the change in atomic spacing
creates temperature differences in the material. Cameras
which sense differences in temperature can be used to
display the stress field in special materials.

Photoelasticity

(Continued)

When a photoelastic material 1s strained and viewed with
a polariscope, distinctive colored fringe patterns are
seen. Interpretation of the pattern reveals the overall
strain distribution.



Geometric Stress Concentration
Factors

"
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Geometne stress concentration factors can
be nzed to ezimate the stress amplification
in the vicinity of a peometric discontrmuty.

Geometric Stress Concentration

Factors
(Tension Example)
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Geometric Stress Concentration

Factors
(Bending Example)
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Geometric Stress Concentration

Factors
({Torsion Example)
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The maximum stress is given by:

Lok axs 1
a S ax b Mox. D ss.( V-
Cne = %112, €« WD el Shyess i [13)

o & B~ radius - (wam )
Or theoretical stress concentration factor

Kt =Sm — (1428
[ b _
KL Strass concentration. \?o.f.\-cy -

1. when % is large
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Stress concentration in notched tension member

6, =6,(1+2)
.

Where \
a: notch depth
1: radius at the bottom of the notch.



*Methods for reducing stress concentration

P

(&) Preferred

. () Prefarred
Fig. 68
In Fig. 68 (a) we.see th

at the stress lines tend 1o
cut very close to the sharp reentrant COTher.
situation, fillets may be provided, as shown j
give more cqually spaced flow |inas ' )

bunch up and
In order.to improve the
n Fig. 6-8 (b), and () to

=Y &9 =Y

(a) Poor

(&) Qood (€) Preferred
6-

Fig. &9
{a) Poor

(&) Preforred
Fig, &i0

(a} Poor 5 Good

(2) Preferred
Fig. &-11

9]



Theoretical stress concentration factor (K;) for a grooved shaft

in bepding |

Theoretical stress concentration factor (Ky)

rid

0.02 (004 | 008 | 010 | 012 | 016 | 0-20 | 0024 |} 0v28 ; 0-30

101 | 174 | 168 | 147 | 141 | 138 | 132 | 127 [ 123 [ 122 | 120
102 | 228 | 1-89 | 160 | 153 | 148 | 140 | 134 {130 [ 126 {125
103 | 246 | 204 | 168 | 161 | 1-55 | 147 | 140 [ 135 {131 | 128
105 | 275 | 2:22 | 180 | 170 | 163 | 153 | 146 | 140 | 1-35 | 1-33
112 {320 | 250 | 1-97 | 1-83 | 175 | 1-62 | 1:52 | 145 | 138 | 134
130 1340 | 270 | 2004 | 191 | 182 | 167 | 157 | 148 | 1442 | 138
150 | 348 {274 { 211 {1:95 | 184 | 1469 | 1-58 | 149 | 1:43 | 140
200 | 3-55 | 278 | 214 [ 197 {186 | 171 | 159 | 1°50 | 1-44 | 141
« |360 | 285 {217 | 198 | 188 | 171 | 160 | 151 | 145 | 12

Table 6-8

Example 6-1. Fmd the maximum stress induced in the Jollowing
cases taking stress comcemtration into account,

(1) A rectamgular plate 60 mmx 10 1mm with a hole 12 mm
?xgton;t]fr as shown in Fig 6°13 (a) and subjected to a tensile load of
’ g '

(2) A stepped shaft as shown in Fig, 6-13 (&) and carrying a
tensile load of 1,200 kg. (Oxford University,)



Solution.
Case 1

Given. Width of the plate, 5 = 60 mm
Thickness of the plate, ¢ = 10 mm
Diameter of the hole, d =12 mm
Tensile load, W= 1,200 kg

f 12mm

| Z
1,200kg e @l Z 1,200 kg
L

(a)
D=50
1,200 kg "
&)
We know that cross-sectional area of the plate,
= (60—12)10 = 480 mm?
.. Nominal stress = TW = %g- = 2-5 kg/mm?

Ratio of diameter of hole to width of plﬁtc,

. d 12 I
€. T = 6 =02 :

From Table_/‘/l, we find that theoretical stress concentration

=
— e

factor, |
K= 25 T
- Maximum stress = K;x Nominal stress
== 22525 = 625 kg/mm? Auns. b @ J‘
Case 2
Given. Maximum diameter of the shaft, L E

“Tml ¢ A= (b-d)+

—

d [
-: e-vh Bello. 15|09 05| 0-3 o35 | ©Ylo-ys 0-57] 0-55

Kt (2.8309.¢9 2.59|1-5| 243 2.37| 232|222 222 247|213




Mimgmeem diameter of the shaft,

Radius of filiet, re=3S5Smm
Tensile load, W = 1,200 kg
We know that cross-sectional area for the stepped shaft,
k14
— ;N
A= 7 d
T
= X25% = 49] mm?
.. Nominal stress = —;,
1,200 . .
Ratio of maximum diameter to minimum diameter,
L _ 30 _,
d - 25 %

Ratio of radius of fillet to minimum diameter,

L = 02

d 25
From Table 5-3, we find that theoretical stress concentration
Kg = 1'64

factor,
Maximum stress = X, x Nominal stress

= 164 X 2'4=3-94 kg/mm? Ans.



