DESIGN OF MACHINE ELEMENTS

Scheme
Marks
Qn.NO Split up Total
PART -A
It is the distance moved by the threaded part parallel to screw axis in one
1 complete turn 1 1
Generally lead equal to n times pitch L=n p where n is number of start
i1
Axle- Is a non rotating , supporting element with appropriate length,
could be cylindrical or other profile .eg Car rear Axle . 1
2 Spindle- It is rotating jaw which can clamp any desired body and make it
roatate along with it. eg . Milling machine spindle can handle tool 1
It is a non dlmensm{{%unber and is used in design of journal bearing. 1
3 Bearing characteristics nu%y X
\»(
4 Lift is the amount (usually in inches) that the va Q/ ifted off of its seat. 2
It is usually measured with a dial indicator at the tip of't%ve
Slip in the belt drive is a phenomenon of the relativ€ motion
between belt and pulley. Due to insufficient grip of friction between pulley
5 and belt, there are some relative motion in between those two is present, 2

this motion is called slip of the belt.
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self-locking property - torque required to lower the load,

TI= Wtan(p - a)x d/2 self-locking property of the threads-if ¢ > o the torque 3
required to lower the the load will be positive, indicating that an effort is applied

to lower the load. if friction angle is greater than the helix angle or coefficient of
Jriction is greater than the tangent of helix angle.

Over hauling of screws in the above expression, if p< a,then the torque required

to lower the load will be negative. The load will start moving downward without

the application of any torque, such a condition is known as over hauling of screws. 3

Fig:4
Marking:2
L,
L O,
—| L-15d4L=15d — S, O
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Advantages V/))

1. Low starting and running friction except at very high speeds.

2. Ability to withstand momentary shock loads. Any 3
3. Accuracy of shaft alignment. 3 marks
4. Low cost of maintenance, as no lubrication is required while in service. 5. Small

overall dimensions.

6. Reliability of service.

Disadvantages

1. More noisy at very high speeds.

2. Low resistance to shock loading. Any 3
3. More initial cost. 3 marks

4. Design of bearing housing complicated




Belt drive

Gear drive

Belt drive is used when distance
between driving shaft and driven shaft
s more.

Gear drive is used when distance
between driven and driving shaft is
fess.

Due to the sleep laser velocity ratio is
cbiained.

Due to number of slip velocity ratio
cbtained is higher.

6 Suitable for moderate power Suitable for higher power transmission. 1x6 €
transmission.
In belt drive lubricant not required. in gear drive lubrication required.
it is less noisy operation. 1t is more neisy operation.
itis less costly. It is more costly.
it is easy to manufacture. 1t is difficult to manufacture.
II Types of Governor
7
B
-0
PART C /)7
Types of Key
i (a) i
Each key

carries 1 mark
10 1=10




Sunk key
Sunk keys are keys whose one half is in the keyway of the shaft and other half is
in the keyway of the hub of the rotating of the element

Rectangular sunk key

Rectangular sunk keys are the keys whose width and height are not equal . The

usual proportions of this key are

key W=d/4
Thickn
Square sunk key ¢

The only difference between a rectangular sunk key and squ%k key is that

its width and thickness are equal . W= t = d/4

Parallel sunk key

Farallel sunk key are tapper less key having a rectangular or square cross
section. It is used when the rotating element is required to slide along the shaft

Gib head key




1t is rectangular sunk key with a head at one end known as gib head.lt is usually
provided to facilitate the removal of key
Usual proportions of Gib head key are

Width W= d/4
Thickness t=d/6
Feather key

Feather keys

St screw

S7A

A key attached to one member of a ;@ d which permits relative axial
movement is known as feather key . It is s@r{ pe of parallel key which
transmit a turning moment and also permits ent s

1t is fastened either to the shaft or hub . The key bel @g fit in the key way

f the moving piece . /Q
The feather key may be screwed to the shaft or it may be have doible gib head

as shown in the figure.

Woodruff key
1t is a piece from a cylindrical disc having segmental cross- section in front view
as shown in figure. The key is largely used in machine tool and automobile

construction

Saddle key




Saddle key are the key fit in the key way in the hub only, as there is no key way
on the shaft. Saddle key uses friction between the shaft and hub to transfer
torque. Hence these keys are used only under light loads.

The saddle key are the following two iypes

Flat saddle key: 1t is a tapper key which fit in the key way in the hub and is flat

on the shaft . It is likely to slip round the shaft under the load. Therefore it is
used for comparatively light loads

— Hollow saddle key

¢ o= di 12

: It is a tapper key which fit in the key way in the hub and
ed to fit the curved surface of shaft

bottom of the key i.
Tangent key

The tangent keys are fitted in ;@z right angles. Each key is to withstand
torsion in one direction only. These @§ in large heavy duty shaffts.

Round Key




Round keys are in circular in cross section and fit in to the holes drilled
partially in the shaft and partially in the hub.
They have advantage that their key ways may be drilled and reamed after the
mating parts have been assembled. It is used for low power drives
Splines

The key are made integral with shaft which fits in the keyways broached
in the hub. Such shafts are called splined shaft.

111 b)

Solution ;

Murmnber of bolts, 0 = 14 07
Effective diameler of eylindsn, 0 « 350 mm

Steam pressure, p = 085 MPa « 085 Nimm?

Permissible stress. o, = 20MPa = 20 Nimm?

Analysis :

E
The force acting on the cylinder head of engine, £ = %mp « X 2502 .85
3 L

Rasistance offersd by the bolts, P-%dﬂa;n -%.%2 #2014

- = 1! i3 T * : ] -
Equating the abave two equations, —=d.? <2014 ~ %x 3502 085
.2« 70=14 23502 » 0 85 _ﬂ.

135pZ .0 85

“)
Ly
e

Sameter of studs . &. = 3

Z20x14
g - d. 19.28 4% 5 P
A ey Jametsr &= T —— =22.95 say 24 mm
8 G 084 0382 re-om g

]

Given: 1 mark

Formula 2

—Step-1

Answer 1

(¥, ]




Va)

Understand the Requirements:

The first step of engineering a high performance machine is
recognising the need i.e. understanding the purpose of design.
Preparing a complete statement of the problem that includes details
about the aim or purpose for which the mechanical design project is
proposed.

Analyse and Evaluate the Design Mechanism:

Shortlist and analyse various possible mechanisms for the machine.
Select the best mechanism for your design that will give this machine
the desired motion.

Analysis of Forces:

Analyse how every component of a machine with fit in and interact
with each other, also analyse what forces act on each and every
component of the mechanical equipment and the energy transmitted
by each component.

Design of Elements:

All the components of equipment are subject to stress and other
forces during operation. These stresses affect the strength of the
machine. Hence analysing these stresses is important to design
mechanical equipment that is durable and can endure the stresses of
real world working conditions.

lysis and Selection:

lysis of stresses that work upon the machine
components indéfidyally select the appropriate material for machine
component design.

Design Iteration for uring:
Design changes, that do not ghe performance of the product

but facilitates easy manufacturi ye achine and its components is
advisable. ﬁ’

Creation of Detailed Mechanical Draw:u‘f:

Create the detailed drawings of each componér% assembly of the
machine. Complete specification using CAD capab n be of
great assistance for manufacturing process.

7x1=7

~




IVb

Mean diameter of screw, d, =50 mm
Piich of screw, - p=10 mm -
Coefficien] of friction for the screw, u =0.13
Load to be lifted, W=25kN =25x10°N
Analysis:
Using the refations for hefix angle and friction angle,

1210

;
: =tat] TR —gan?
HpRcaips, e {m,,,J o [nm] =3:64°

Friction angle, ¢=tany =fan'(0.13) _74¢
Effort required at the circumference of the theaads to ift the load,
P o« Wian {a #4) =25x10"xtan (364+7.41) - 4882.15N
Torgue required {o turn the screw,
T=P x.‘%‘, = 4802.15 n% =12205375 N-mm  =122.05 N-m
Resulf; -
Torque required o be applied on the screw for lifting the load is 122.05 Num,

Given: 1 mark

Formula 3
Step 3
Answer 1
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Va)

Power fransmitted, P . 40 kW = 404 10° W
Speed of shaft | N - 150 pm.

Mammum tUqua Tmm =20% morg fh@ﬁTm = 1.27:‘"“

Permissible shear stress for shafl, r, =40 MPa = 40 Nfmm?
Permissible shear stress for key. 7, =40 MPa = 40Nimm?
Permissible crushing stress for key, oy =90MPa =90 N/mm?
Permissible shear stress for muff,r,, = 15MPa = 15 Nfmm?
Analysis:
Step -1 : Design of shaf.
Mean (0rque ransited, T, = oor’ = sg::g;c;g? =2546,48 N-m
Maximum torque transmitted , 7, = 127 pen =1.2x2546.48

=3055.776 N-m  =3055.776 < 10° N-mm

» 167, [16%3055.776 % 10°
Diameter of dm# L 1o 2 T
ameter of shaft wr, i sy =73 mm

Adopt the standard dimension for shaft
mission shaft, d = B0 mm

Inside diameter of s| d =80 mm
Quiside diameter of sleev%+ 13 =2x80+13 =173 mm

Length of sleeve, L =3.5d
~ Checking the shear stress induce §eve by considering it as a hollow shaft.

Towe =25 tnD”(1-K°) ,00

16T, !’Lﬁ 3
Induced shear stress in the sleeve, r, = 55.776 10

m’(1 k*) = '73?%3

: =315 N/mm? =3.15 MPa
" The induced shear stress in sleeve (3.15 MPa) is less than permissible shear stress

oF "

15 MPa. Hence the above designed dimensions of sleeve is safe.

Shaft design -3
Sleeve design 3
Key design -3

Final result -1

1




Step 3 : Design of key.

Thare is no relation shep between the crushing stress and shearind stress Tor &y
materal that is o, = 27, themlore adopt rectanguior sunk key

widﬂsm'mmgwj -2 20mm

d B
m&:&neﬁtﬂﬁﬁem.fﬂ-é =—s— = 133 say Mmm
Lengxhﬁfkaymauch&hﬂfr,i-g ,ig;? = 140 mm

Checking the shearing and crushing stress induced in the key by using th
cotrespanding strength equations

T d

g =1, %

Mow 23055 776 10"
fwdt 140« 2080

= 27.28 Nimm' = 27.28 MPa

t o
Tm "fiﬂ'ﬁi-ﬁ

induced shear slress in the key, t, =

AT, £l
Induced crushing stress in the key, « = = Hi "*3:;55 3:5 ;0 10
: T

=77.95 Nfmm? = 77.65 MPa

s5 (2728 MPa) and crushing stress (77.95 MPa) are 165
d safe crushing stress (90 MPa). Hence the dosan®

The induced

than safe shear siress {401
dimensions of key is safe. .

Result : Q
Piameter of each shaft = 80 mm, /

inside and oulside diameters of sieeve are d 1?3 mm

Length of sleeve« 280 mm
Key dimensions 20mm x14mm and 140 mm long in %&
/1 b

0y,




Vb

Strength equation of hollow shaft, T, = f‘s-rdfﬁ ~k* ) and

Strength equation of solid shaft, T; = %ms

From strength equations of hollow and solid shaft, we have

ird,f 1-k* Hy_ gt
Ts.zﬁx(n ) . (aa ) &
8

We know that weight of a shaft is equal to the cross sectional areax length x density.
Since length and weight of the two shafts are same, their area of cross section will also be
same, i.e.,

Weight of hollow shaft, W,, =Weight of solid shaft,

Ayxlyxpy=Agxlsg» pg

AHs'As (.‘- :H‘fs and pyﬁﬂ's}
2(a?-a7)=50"
dqz o d..'z = dz
z
d; 1 2
24 { L] |=¢f
(2] ]
Pl d = oz = 2 “ﬂ
Combining equation (j) ang (a

A d’ 1~k‘ / *1- R2 (t+k’
Ts 1 [1-%)
.Ti 1+ k’ y
e -C *
Since k is less than 1 because itis the ratio of inside dia‘mewr%;siaa diameter,

Supposek =0.5, then

Ty _ 14K 1405

= =144
Ts Vi-k?  J1-08
B SO
This shows that the guantity m is always greater than 1 for all values ofk .
Tu >1 or Tu=Ts
Ts

i5 8 ue t itted by the hollow shaft is greater than that
s shows that the torque transmitte t a ‘
lrarssazi-:;;d by the solid shaft u nder the above conditions. So hollow shaft is stronger than




Vi a)

Inthe design ofrgid lange coupling, the basic procedure for finding OUTTnE CITENSIARs |

of the coupling consists of the following steps.
Step -1 : Design of shaft
Calculate the diameter of each shaft by the following equations.

() fthe torque s not given using power equation determine the mean or average torqm
transmitied. Mathematically, :

60P
(i) Compute the maximum torque s per the given condifon.
(8) I g is x % greater than Tr,,, then, =

Toge = (1004 %) % 0f Topey

(b) [lithe mnditmn is not specified assume mean torque s equal to maximsm

forque ,1.e.,

5x3=15




swep -2 : Design ph

Compute the dir
y : Mensiong
(i} Inside diam&t&r of il p of the huks by the standard empitical froportions.

1#2 Gﬁl&iﬁe ﬁi_ﬁmeter of hub Dizd

(i) Axial length of the hub, £ =154
iy Check the dimensiong of hub i
checking find torsional shear e ..
hollow shaft just simila
for hollow ghag e

oot not safe from strength point of view. To the
Shear stress induced in the hub by considering it 1o be as a

r'tothe muff or sleeve in muff coupling. Using strength equation
Toa = =1, 0° (1-x*
16T

= 2D {1- f‘(‘]

Ty
Where
™= Shear stress induced in the hub material in MPa.
d
k= Diameter ratio that is equal to-E.

The computed value of induced shear stress in the hub ¢, is less than the allowable or

permissible valuepof torsional shear stress for the hub material, design of hub is safe otherwise
iis not safe.
Step -3 : Design of 1l al ‘

Calculate the dimengilns of the flanges by the following empirical equations.

L 4
() Overall or outside dia ange, D, = 4d.

{ ' langes, t, = iary coupling.
(i) Thickness of flanges, t =0. cowplng. ‘
(i} Check the safety of these dimer m strength point of view. The 1;:,;,,5 o
fiange at the junction of the hub un 23 E take place while transmitting the
torque. Using strength equation for tmg A cE
T = Shearing area x Shear stress induced = Rad

— Circumfarance of hub x Thickness of flange x J/
Q?assm:ced » Radius of hub

: 00/;7
=gDxtyxny ’(E

- Lo
ED .’; ‘
seed shear strass for ﬁ&rggg . less.
- Th nuted value of induced _
aﬁm\fa‘;:;ﬁznissibie p;&ima! shear stress for the flange
safe other wise it is not safe.

T




Step 4 : Design of key

key in each shaff
Calculate the standard cross - section of key and the lengi of IR REX K
the following procedures and empirical equations.

(i) Compare the given crushing stress @, and shearing stréss ©x
If o =2z, ; adopt square key otherwise adopt rectangular key.

for the key matery

(i} Width of the key, w-—, and

4
Thickness of the key
t=w ...For square key.
= ‘g‘ ...For rectangular key.

Adopt standard cross section for key if the standard table for the key is available otherwis:
adopt the next whole number if it is decimal figure.

(iify Length of the key in each shaft ,!=15d

{iv) Check the safety of dimensions with the torsional shear stress 1, and compressive
or crushing stress o, for the key material by using the strength equations for key.

d
T =WE, 2=
e T ¥ 2

dﬁ*—-—ﬁﬂ /y

Where . O
a = Crushing stress or compressive stress induced in the % Hal in MPa
The computed value of induced shear stress t, and crushin

the given permissible value of shear stress and crushing | 9 !Hess o are

is safe otherwise it is not safe, sb'ess !

step -5. Design of Bolts
C&lmﬂate the nominal diameter of bolts and ﬂt‘-m

equations and empinica i e 3






















