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Question:
State the effect of keyway on the strength of the shaft.

Answer:

The keyway is a slot machined either on the shaft or in hub to accommodate the
key. It is cut by vertical or horizontal milling cutter. A little consideration will show
that the keyway cut into the shaft reduces the load carrying capacity of the shaft.
This is due to the stress concentration near the corners of the keyway and
reduction in the crosssectional area of the shaft. It other words, the torsional
strength of the shaft is reduced. The following relation for the weakening effect of
the keyway is based on the experimental results by H.F. Moore.

e=1-02 (g)— 1.1 (g)

where e = Shaft strength factor.
w = Width of keyway,
d = Diameter of shaft, and
h = Depth of keyway =Thickness of key (t )/2

It is usually assumed that the strength of the keyed shaft is 75% of the solid shaft, which is somewhat
higher than the value obtained by the above relation.
In case the keyway is too long and the key is of sliding type, then the angle of twist is increased
in the ratio Keas given by the following relation

w h
Ke=1+0.4(=)-07 (E)
where ke= Reduction factor for angular twist.
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Question:

A hollow shaft for a rotary compressor is to be designed to transmit maximum torque of 4750
N-m. The shear stress in the shaft is limited to 50 MPa. Determine the inside outside diameter
of the shaft if the ratio of inside to outside diameter of the shaft is 0.4.

Answer:

Design of Hollow shaft: Given Data: T =4750 N-m = 4750 X 103 N-mm , T = 50 N/mm2 , K=Di/Do =0.4 The
hollow shaft is designed on the basis of strength from the derived torsion equation. 4750 X 103 N-mm ----
Thus Do= 79.18 mm 80 mm ( Say ) Di = 0.4 x Do = 0.4 x 80 = 32 mm




Question:

Design a bushed pin type flexible coupling for connecting a motor shaft to a pump shaft for
the following service conditions. Power to be transmitted = 40 KW. Speed of the motor shaft =
1000 RPM. Diameter of the motor shaft = 50 mm Diameter of the pump shaft = 45 mm The
bearing pressure in the rubber bush and allowable stress in the pins are to be limited to 0.45
N/mm2 and 25 MPa respectively

Answer:
Given Data: P=40 KW =40 X 10°W . N=1000 rpm , d= 50 mm dp=45 mm,T4=15
N/mm’

P,=0.45 N/mm?" T=25 N/mm’

NT
1) Power Transmitted P = T

T= PX60 _ 40X 103X 60
ZnN 2w X 1000

Let Number of Pins = 6

=381.97 N.m =381.97 x 10 N.mm

2) Diameter of pin: d; =0.5d"n =0.5x50V6 =10.20
In order to permit the bending stress induced in the pin due to compressibility of
brass bush .let us modify diameter of pin d1=20 mm .This diameter is threaded
and secured Right hand half coupling .

Let us take, diameter of the enlarged portion in the left half coupling d1 =24 mm.
A brass bush of 2mm is fitted over the enlarged portion of pin. also brass bush
carries rubber bush of 6 mm.

Diameter of rubber bush =d; = d;+2x2+2 x 6 =24+4+12 = 40 mm.
Diameter of pitch circle of pin =D1=2xd+d2 + 2 x6 =100+40+12 = 152 mm.

3)Bearing load acting on each pin W=Pbxd; x1=0.45x40x1=18x1
Total bearing load on all pins =nx W
Torque transmitted by coupling = T =n x W x D1/2
381.97 x 10°=6x 18 x 1 x 152/2
6 1=46.54 mm
1b)(ii) W=18x1 =18 x 46.54 = 837.72 N-

4.Direct shear stress in coupling halves

w 837.72 3
= 7+— =5 — =2.67 N/mm
T ;dlz :202

oy, =(M/Z) , M=WX(12+5=837.72 x( 46.54/2+5) Z=(w32) 20°
6, =[837.72x( 46.54/2+5)/(w/32) 20° | =30.15 N/mm?

Checking of maximum stress

According to Maximum shear stress theory

Do= 100 mm , W =300 KN =300 X 10° N, P=12 mm , p=pl=0.15
Since,Screw is double start, Lead of screw = 2 p =2 x12 =24 mm

dc= do-P =100-12 =88

Mean diameter d =(do+dc)/2 =(100+88)/2 =94 mm

Lead 2p -1 /2P
TanX = = - . a = tan —
md md ("d )
—4 _1 = o
a = tan S 4.64

@=tan"'u =tan"'x0.15 =853°

Torque Required to lift the load , Ti=Wian( a + @ )%

T1=300x 10 *x tan ( 4.64° + 8.53°) ? =3301.15 x 10° N.mm

Tatal Torque =Ti=T1+T2
=3301.15x 10" + 0= 3301.15 x 10° N.mm

Efficiency of screw:
tan X _ tand.64

B fan(x+D)  tan (4644853)

=0.347 ie34.71 %
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Question:
Draw neat sketch of a protected type flanged coupling showing all details.

Answer:

distance to some degree. c) For effective conjugate action i.e for maintaining a constant velocity ration, in
case of involute gearing system, the center distance can be changed without affecting angular velocity
ratio. d)In involute gearing as the path of contact is a straight line and the pressure angle is constant .
Sketch of Protected type flanged coupling with details :

Question:

A shaft 30 mm. diameter is transmitting power at a maximum shear stress of 80 MPa. If a
pulley is connected to the shaft by means of a key, find the dimension of the key so that stress
in the key is not to exceed 50 MPa and length of the key is 4 times the width.

Answer:

Comparison of welded joints with screwed joint. 1) Welded Joint is rigid & permanent. Screwed joint is
temporary. 2) Cost of welded assembly is lower than that of screwed joints. 3) Strength of welded
structure is more than screwed joints. 4) For welding joints, highly skilled worker are required 5) Welded
joints are tight & leak proof as compared to Screwed joints. 6) Welded joint is very difficult to inspect

Design of Key
Data: d =30 mm ,Tmax=80 Mpa Tkey=50 Mpa, lx-4 Wy
Torque transmitted by shaft is given by

T:l—’;x d®xt ,T::—sx 303 x80 =424.115x10* N/mm’
Considering shear failure of key,

d
T=kaikxtx5

424115 % 10°—— = W, x 4 W, x 50 x =2
mmZ2 2
W, =11.89mm
x4 W, _ Ix=4x 11.89 = 47.56 mm
if Key is Square then t;=wy; =11.89 mm
if Key is Rectangular thenty, = 23wy, = 2/3 x 11.89 mm= 7.92 mm
compared to other joints.

Question:
Explain effect of keyways on strength of shaft. Name one type of key which does not affect
strength of shaft

Answer:

Effect of keyways - when the keyways are cut on the shafts, material is removed at the skin, there by
weakening the cross section of the shaft. Stress concentration effect is also serious at the corner of the
keyways. Thus the shaft become weak. Type of key- Hollow saddle key or Tangent key
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Question:
(i) Explain different causes of gear tooth failure and suggest possible remedies to avoid such
failures

Answer:

Causes-1) Bending failure-every gear tooth acts as a cantilever. If the total repetitive dynamic load acting
on the gear tooth is greater than the beam strength of the gear tooth then the gear tooth will fail in
bending remedies-module and face width of the gear is adjusted so that the beam strength is greater than
the dynamic load 2)Pitting-surface fatigue failure which occurs due to many repetition of Hertz contact
stresses , failure occurs when the surface contact stresses are higher than the endurance limit of the
material. It starts with the formation of pits which continue to grow resulting in the rupture of the tooth
surface. Remedies- dynamic gear tooth load the of gear tooth between the gear tooth should be less than
the wear strength 3)Scoring-the excessive heat is generated when there is a excessive surface pressure,
high speed or supply of lubricant fails. it is stick-slip phenomenon in which alternate shearing and welding
takes place rapidly at high spots. Remedies- by proper designing of the parameters such as speed,
pressure and proper flow of lubricant, so that the temperature at the rubbing faces is within the
permissible limits. 4)Abrasive wear- the foreign particles of lubricants such as dirt, dust or burr enter
between the tooth and damage the form of tooth Remedies- by providing filters for the lubricating oil or
using high viscosity lubricant oil which unable the formation of thicker oil film and hence permits easy
passage of such particles with ought damage of gear tooth surface. 5)Corrosive wear- due to presence of
corrosive elements such as additives present in the lubricating oils. Remedies- proper anti corrosive
additives should be used.
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Question:
State four types of keys.

Answer:

(i) Sunk key: Rectangular sunk key, Square sunk key and Parallel sunk key (ii) Gib-head key (iii)
Feather key Any four (iv) Woodruff key types of keys (v) Saddle key: Flat saddle key, Hollow saddle
key (vi) Tangent key (vii) Round key

Question:
What are the requirement of a good coupling?

Answer:

A good coupling should have the following requirements: (i) It should be easy to connect and
disconnect. (ii) It should transmit the full power from one shaft to another shaft without losses. (iii)
It should hold the shafts in perfect alignment. (iv) It should reduce the transmission of shock loads
from one shaft to another shaft. (v) It should have no projecting parts




Question:
In a rigid flaninged complended to transmit 20K.W at 700.r.p.m

Answer:
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Question:

What are the considerations in design of dimensions of formed and parallel key having
rectangular cross section?

Answer:
Bending moment on lever,

Q3c) 4 Ry= dof2 =64/2 =32 mm
M= P X [ L=Ry] =800 x [1000 = 32] = 774.4 X 10° N.mm
o =(M/Z) , Z= 1/61B =15X¢

73 =(7744X10° /15Xt ) , t =199 mm =20 mm & B=3t=3x20 =60 mm




Question:
Effect of Keyway on strength of shaft

Answer:

e mamnpe eany = veas e wase aasamneasepy
Effect of Keyway on strength of shaft:

The keyway is a slot machined either on the shaft or in hub to accommodate the key.It is cut by
vertical or horizontal milling cutter.
A little consideration will show that the keyway cut into the shaft reduces the load carrying capacity
of the shaft.
This is due to the stress concentration near the corners of the keyway and reduction in the cross-
sectional area of the shaft. It other words, the torsional strength of the shaft is reduced.
The following relation for the weakening effect of the keyway is based on the experimental results by

HF. Moore.e = 1 — 0.2 (“;] -11 (E)

where e = Shaft strength factor.

w = Width of keyway,

d = Diameter of shaft, and

h = Depth of keyway =Thickness of key (1 )/2
It is usually assumed that the strength of the keved shaft is 75% of the solid shaft. which is somewhat
higher than the value obtained by the above relation.
In case the keyway is too long and the key is of sliding type, then the angle of twist is increasedin the
ratio Keas given by the following relation

Ke=1 +o.4(§) —-07 (g)

where ke= Reduction factor for angular rwist.
‘The different CAUSES of gear teeth failure:
1. Bending failure.
2, Pitting.
3. Scoring.
4. Abrasive wear.
5. Corrosive wear
Q6a) 8 1. Bending failure.
Gear tooth behave like a cantilever beam subjected to repetitive bending stress. The tooth may crack due
to repetitive bending stress
In order to avoid such failure, the module and face width of the gear is adjusted so that the beam strength
is greater than the dynamic load.

? Pittinn

It is a surface fatigue failure due to repetitive contact stresses. Pitting starts when total load acting on the
gear tooth exceeds the wear strength of the gear.

In order to awvoid the pitting, the dynamic load between the gear tooth should be less than the wear
strength of the gear tooth.

3. Scoring.

It is lubrication failure. Inadequate lubrication along with high tooth load & poor surface finish results in
breakdown of oil film and causes metal to metal contact.

This type of failure can be avoided by properly designing the parameters such as speed, pressure and
proper flow of the lubricant, so that the temperature at the rubbing faces is within the permissible limits.
4. Abrasive wear.

It is a surface damage caused by particles trapped in between the matting teeth surfaces.

This type of failure can be avoided by providing filters for the lubricating oil or by using high viscosity
lubricant oil which enables the formation of thicker oil film and hence permits easy passage of such
particles without damaging the gear surface.

3. Corrosive wear..

It is due to chemical action by the improper lubricant or sometimes it may be due to surrounding
atmosphere which may be corrosive nature .In order to avoid this type of wear, proper anti-corrosive
additives should be used.

Question:
Design consideration while designing the spur Gear

Answer:

Q 6b)(ii) 8 1) The power to be transmitted 2) The velocity ration or speed of gear drive. 3) The central distance
between the two shafts 4) Input speed of the driving gear. 5) Wear characteristics of the gear tooth
for a long satisfactory life. 6) The use of space & material should be economical. 7) Efficiency &
speed ratio 8) Cost




Question:
State of the Classification of shaft coupling :

Answer:
Shaft coupling
1
1 1
Q 6c)(ii) 8 I Rigid coupling l [ flexible coupling I
: 1 1 II 1
litt Rigid bushed Universal
muff sphit Flange ushe oldhaum ;
coupling coupling Coupling type coupling Coupling

Examination: 2016 SUMMER



1b)(ii)

Question:

The shaft running at 125 r.p.m. transmits 440 kW. Find the diameter of shaft
(d) if allowable shear stress in shaft material is 55 N/mm2 and the angle of
twist must not be more than 1[] on a length of 16(d). The modulus of rigidity
G =0.80[] 105 N/mm

Answer:

Given Data: P=40 KW =40 X 10°W ,N= 1000 rpm , d= 50 mm dp= 45 mm,[4=15
N/mm”*

P,=0.45 N/mm?* T=25 N/mm”

2ENT
1) Power Transmitted P = i

o= PX60 _40X103.X60
T 2w X 1000
Let Number of Pins =6

=381.97 N.m =381.97 x 10° N.mm

2) Diameter of pin: d; =0.5d/Vn =0.5x50//6 =10.20
In order to permit the bending stress induced in the pin due to compressibility of
brass bush .let us modify diameter of pin d1=20 mm .This diameter is threaded
and secured Right hand half coupling .

Let us take, diameter of the enlarged portion in the left half coupling d1 =24 mm.
A brass bush of 2mm is fitted over the enlarged portion of pin. also brass bush
carries rubber bush of 6 mm.

Diameter of rubber bush =d> = d;+2x2+2 x 6 =24+4+12 = 40 mm.
Diameter of pitch circle of pin =D1=2xd + d2 + 2 x6 =100+40+12 = 152 mm.

3)Bearing load acting on each pin W=Pbx d; x1=045x40x1=18x1
Total bearing load on all pins =n x W

Torque transmitted by coupling = T=n x W x D1/2

381.97 x 10°=6x 18 x 1 x 152/2

1=46.54 mm

W=18x1 =18 x 46.54 = 837.72 N-

4.Direct shear stress in coupling halves

w 837.72 2
= 77— = +—— =2.67 N/mm
T Jarv 2207

G =(M/Z) , M=WX(1/2+5)=837.72 x({ 46.54/2+5) Z=(a32) 20°
o, =[837.72 x( 46.54/2+5)/(n/32) 20° | =30.15 N/mm?

Checking of maximum stress

According to Maximum shear stress theory

d = 146mm
iii. Diameter of shaft on the basis of rigidity
T Ge
e --- (1 Mark)
] L

2361 x 106 (0.80 x 10%) x 1:7'
I B 16 xd

385.14 x 10%d =]
385.14 x 103d = Z x d*
’ 32

d =157.71mm
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Question:
State any four factors to be considered while selecting the coupling.

Answer:

Following factors should be consider while selecting coupling 1) Cyclic operation 2)
Duration or life 3) Misalignment of shafts 4) Required torque and desired speed 5)
Direction of rotation 6) Protection against overload 7) Operating conditions

Question:

A belt pulley is fastened to a 90 mm diameter shaft running at 300 r.p.m. by
means of a key 20 mm wide and 140 mm long. Allowable stress for the shaft
and key material are 40 N/mm2 in shear and 100 N/mm2 in crushing. Find the
power transmitted and the depth of the key required.

Answer:
Diameter of shaft= 90mm
N=300
w=20 mm
1=140 mm
=40 N/mm?
o, = 100N fmm?

To find:
Power Transmitted & Depth of Key Required
Solution:

To find torque T:T = w x [ x tx <
2

T =20 x140><4n><9—:
T = 5.04 x 10°N. mm
T=504x10°N.m = - - (2 Mark)

To find Power P:P = ZZ’:T

p= 2m % 300 x 5.04 x 10?

60
P =158.33 x 10°Watt
P = 158.33kW

To find depth of key h:

T=1 t d
=lxzxzXao,

t 90
5.04 x 10% = 140 xixTxlﬂﬂ
t = 1lemm

t
Depthonkeywayonshaft(h) = 3

16
Depthonkeywayonshaft(h) = 7

h=8mm




Question:

Prove that, for a square key, the permissible crushing stress is twice the
permissible shear stress.

Answer:
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Question:
Why a coupling should be placed as close to a bearing as possible

Q3d) 4 Answer:
Coupling should be placed as close to a bearing because of following reasons i. It gives

minimum vibrations ii. Bending load on the shaft can be minimized iii. It increases
power transmission stability. iv. To avoid deflections of shaft.
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Question:
State the effect of key-way on the strength of shaft with suitable diagram

Answer:

The keyway is a slot machined either on the shaft or in hub to accommodate the key.It is
cut by vertical or horizontal milling cutter.
A little consideration will show that the keyway cut into the shaft reduces the load carrying
capacity of the shaft.
This is due to the stress concentration near the corners of the keyway and reduction in the cross-
sectional area of the shaft. It other words, the torsional strength of the shaft is reduced.
The following relation for the weakening effect of the keyway is based on the experimental

results by H.F. Moore.
w h
e=1-02(7)-11 (E)
wheree = Shaft strength factor.

w = Width of keyway, +

Question:
State any six design considerations while designing the spur gear

Answer:

1) The power to be transmitted 2) The velocity ration or speed of gear drive. 3) The
central distance between the two shafts 4) Input speed of the driving gear. 5) Wear
characteristics of the gear tooth for a long satisfactory life. 6) The use of space &
material should be economical. 7) Efficiency & speed ratio 8) Cost

Examination: 2016 WINTER
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Question:
Draw a neat sketch of flexible flange coupling and label its main
components.

Answer:
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Question:

A hollow shaft is required to transmit 50 kW power at 600 rpm.
Calculate its inside and outside diameters if its ratio is 0.8.
Consider yield strength of material as 380N/mm2 and factor of
safety as 4.

Answer:

Given : P= 50 KW = 50000W Speed = 600rpm k=Di/do = 0.8 oyt= 380
N/mm2 Factor of safety= 4 Design stress ot=0yt/fos =380/4 =95 Shear
stress = T =0t/2 = 95/2 =47.5N/mm2 Torque transmitted by hollow
shaft T =P x 60/2nN T = 50000 x 60/2n x600 T = 795.67 N-m T=
795670 Nmm T= 1/16 Xt X do3 (1-k 4 ) 795670 =n/16 X 47.5 X do3 (
1-0.84 ) D03=144529.313 Do = 53 mm say 55 mm Di = 0.8X 55 =
44mm

Question:
State the ‘Lewis equation’ for spur gear design. State Sl unit of
each term in the equation.

Answer:

Lewis equation: WT = ow.b.m.m.y, WT= Tangential load acting at the
tooth in N ow= bending stress in N/mm2 b= width of the gear face in
mm m= module in mm y= lewis form factor.




Question:
Prove that for a square key sc = 2t where sc = crushing stress t
= shear stress.

Answer:
F=tangential force acting at the circumference of the shaft,
d = dia. Of shaft,
1= length of key,
w = width of key
t = thickness of key
‘rland a&= shear and crushing stress for the material of key
Q3e) E Consider shearing of key, the tangential shearing force acting at the circumference of the
shaft ,F = Area resisting shearing X shear siress = lxw x Gs
Torque transmitted by the shaft , T=F X d/2 = Ixw x 65 x d/2

Consider crushing of key, the tangential crushing force acting at the circumference of the
shaft ,F = Area resisting crushing x crushing stress = Ixt/2 x bc

Torque transmitted by the shaft , T=F X d/2 = Ixt/2 x 6c X d/2
The key is equally strong in shearing and crushing ,if

Ixw x 65 x d/2=1x/2 x 5. X 42

wit =6c/2 T

=27

Question:
State four important modes of gear failure.

Answer:

Modes of Gear Failure: ANY 4 modes 1. Bending failure. Every gear
tooth acts as a cantilever. If the total repetitive dynamic load acting on
the gear tooth is greater than the beam strength of the gear tooth, then
the gear tooth will fail in bending, 2. Pitting. It is the surface fatigue
failure which occurs due to many repetition of Hertz contactstresses. 3.
Scoring. The excessive heat is generated when there is an excessive
surface pressure, high speed or supply of lubricant fails. 4. Abrasive
wear. The foreign particles in the lubricants such as dirt, dust or burr
enter betweenthe tooth and damage the form of tooth. 5. Corrosive
wear. The corrosion of the tooth surfaces is mainly caused due to the
presence ofcorrosive elements such as additives present in the
lubricating oils

Q
4a)(iii)




Question:

Explain the design procedure of shaft on the basis of torsional
rigidity. State the equation with Sl units. State two applications
of this approach.

Answer:

Design procedure of Shaft on the Basis of torsional rigidity.

Torsional rigidity. The torsional rigidity is important in the case of camshaft of an
L.C.engine where the timing of the valves would be affected. The permissible amount of twist
should not exceed 0.25° per metre length of such shafts. For line shafts or transmission shafts,
deflections 2.5 to 3 degree per metre length may be used as limiting value. The widely used
deflection for the shafis is limited to 1 degree in a length equal to twenty times the diameter

of the shaft.
The torsional deflection may be obtained by using the torsion equation,
Q . 6 Diameter of shaft on the basis of rigidity
4b)(i) -8
T T

‘Where ,0 = Torsional deflection or angle of twist in radians,

T'= Twisting moment or torque on the shaft, N.mm

J = Polar moment of inertia of the cross-sectional area about the axis
of rotation,

L=Length of shaft in mm
G=Modulus of rigidity in N/mm*

] = % Kt wemrrmmen For solid shaft
= i P [ (e R | ) E— For Hollow shaft
Two Applications:
Propeller shaft of automobile, marine engine shaft and Shaft of pump and
maotor
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Question:
Write Lewis equation for strength of gear tooth. State the meaning of each term

Answer:
Torque required to lower the load
T.=Px§ = W.tan( w—a)“;.................. ™M
If however @ > @ the torque required to lower the load will be
positive,indicating that an effort is applied to lower the load,such a screw is
Q la)(iii) 4 known as self-locking screw.

ow = Beam strength of the tooth
b = Width of the gear face
Pc = Circular pitch
m = Module
Y is known as Lewis form factor or tooth form facter




Question:
A shaft 1000 mm long is supported between two bearings. A i i i
] y . A pulley of 250 mm diameter is keyed at 400 mm distance away from left hand bearing. Thi
‘t;:insl::l;;ed :JIZ stnat;tolg ;0 kWw at 800 r.p.m. TI]e _pulley gives power to another pulley vertically below it having an angle of contact between pulle?/.andelr;:v:; 180°. The
g pulley is . The coefficient of friction between belt and pulley is 0.15. Take shear stress for shaft material as 60 MPa. Find the diameter of the shaft. '

Answer:
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Question:
Explain the design procedure of handlever with neat sketch.
Answer:

a) Hand Levers: ( Sketch : 03 marks , Each step or equation: 1M )
L 23 '

Let

P = Force applied at the handle,
ffective length of the lever,
Permissible tensile stress, and

6t
= Permissible shear stress.

Step 1 : Considering shaft is under pure torsion, we have.
E 3
T =1 ©d

But, twisting moment on shaft,
T = PxL
On equating. we have,
I 1
PxL = g1 d

. Diameter of shaft (d) may be obtained
Step 11 ; Using the empirical relations. fix the other dimensions as,”

1.6d
= 03d
dwl.2d

o= 2%l

Step III : Considering the shaft supported at the centre of the bearing under combined
swisting and bending moment, we have.
M = Px/and T= PxL
Equivalent twisting moment,

T, = M+ T = NJPxB + (PxL) = PAF+1°

s

Q2a) 8

Also, equivalent twisting moment,

L. 8
Te = 76 Tax + d

T e s
PAF+L" = 1g" Tmn d
From here, value of d, = diameter of shaft supported at centre of bearings can be determined.
Step IV : Design of key : Lett, = thickness of key, w = width of key and [y = length of key.
After finding diameter of shaft (d), we can fix the dimensions for key as,
a .
w o= % and t; = i
Considering shear failure of key,
d
‘We have, T = (w-h-9%3
. Length [, can be determined.

Also, length /, may be taken as length of boss i.e. &

Step V : Considering bending failure of lever, we can determine the cross-section of leve

\ear the boss.
Let t = thickness of lever near the boss and B = width of height of lever near the boss.

We have,
Bending moment on the lever = M=Px(L-1)

and Section modulus =

where, r, = Radius of boss = 2

Bending stress, Gy =

g &

Width of lever may be taken as, B = 4t to 5t
From this equation, values of t and B can be determined.




Question:
Explain the design procedure of bush pin type flexible coupling with neat sketch

Answer:
It consist of two shafts, two key, flanges, key, pin, rubber bush, brass bush, & pin ,following are the designations of various coupling dimensions which are use for the design procedure.
d = diameter of shaft , d,= diameter of enlarge portion of pin ,

dy =diameter of rubber bush , dp= nominal diameter of pin,
D = outer diameter of hub , Dy= diameter of bolt circle
D,= outer diameter of flange , I=length of hub
I= length of bush in hub , t¢= thickness of flange t,=thickness of protection
n= no of pins, and no of pins are selected from diameter of shaft
=3 for d upto 30mm
=4 for d upto 75 mm
=6 for d upto 110 mm
=8 for d upto 150 mm

Rubber Busn

Fiange

pe| gy
beghun oo

EAE R
Step no 1: Design of shaft (d)
Considering maximum shear stress,

= &,
= X Ty X
Tanax X A

Step no 2: Design of key

Fix the dimension of key from the standard shaft diameter, and as per the requirement square or
rectangular key can be selected,

w= width of key

¢ = thickness of key

Iy=length of key =1.5dby proportion.. ... (1)
1. For Square key, w=t=d/4..
2. For rectangular key, w=d/4 &

w

. & length of key can be obtained by shearing and crushing failure of key.
Considering shearing of key,
Torxwx Lxd/2 ... (2
Considering crushing failure of key,
T=0X WXA2ZXU2ee oo (3)
< Consider maximum value of length of key from equation 1,2,3

Step no 3: Design of hub
Q2b) 8 -
1. D = outer diameter of hub  D=2d

2. I=length of hub I1=1.5d
3. Tortional shear stress in the hub can be calculated from below equation,

T= g KX (1Y)

‘Where, k=d/D
Step no 4: Design of flange
1. t;=thickness of flange 1=0.5d
2. tp =thickness of protection 5

3. Torque transmitted by flange
T=shear area x direct shear stress* outside radius of hub

d

T=TTD t; x 7 xDf2
From above equation value of t; can be calculated and checked
Step no 5: Design of pin

1,
L

L

' T
d e e A i ke oL
2 o ds
— I | 5 mm

Fig .shows the pin with the rubber bush . The design of pin is as follows
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Question:

Design “‘C”’ clamp frame for a total clamping force of 20 kN. The cross-section of the frame is rectangular and width to thickness ratio is 2. The distance between the
load line and natural axis of rectangular cross section is 120 mm and the gap between two faces is 180 mm. The frame is made of cast steel for which maximum
permissible tensile stress is 100 N/mm

Answer:

el z 180 mm
w =20k
Given data : W = 20kN = 20X 10'N. b = 2t
e = 120mm, & = 100 N/mm’
At section X-X ¢ .
W 20x10° _ 20x10° _10x10°
Step1: Dircetstress: G, = A = ;o = a7 = ¢
i M _ Wxe
Q 2c)(ii) 8 Step 11 : Bending stress : G, = 7 = %
glb'
20%10°% 1206 _ 3.6 10°
e Ux 207 R
-=--—-- 2 Marks
Step II : Resultant stress :
O = O,+ 0y
10x 10" 3.6 10°
T tT g =1
10X 10° x t +3.6 x 10°
- F =100
10x10°1+3.6x10° = 100
1006~ 10 10t = 3.6 10°
Divide the equation by 100,
. 3
=100t = 3.6 x 10, Using trial and crror
------- 1 Marks
t=34mm & b=2t=2x34=68mm 1 Marks
Question:

Prove that for square key equally strong in shear and crushing, the permissible crushing stress is twice the permissible shear stress

Answer:
Torque required to lower the load
Q3c) 4 T=PXZ = Wtan(0-a) %o IM

I however @ > o the torque required to lower the load will be
positive,indicating that an effort is applied to lower the load,such a screw is
known as self-locking screw.

Question:
How keys are classified? Give detailed classification of keys with neat sketches; also state their applications.

Answer:

Keys are classified on the basis of shape and application of keys.................. are 1) Sunk Key : a) Rectangular sunk key b) square sunk key c) Gib head key d) feather key e) Woodruff key 2)
Saddle key a) Flat saddle key b) hollow saddle key 3) Round key 4) Splines . 1) Sunk Key : used for heavy duty application a) Rectangular sunk key : for preventing rotation of
gears and pulleys on shaft b) Gib headed key: used where key to be removed frequently. c) feather key: Machine tool 2) Saddle key: for light duty or low power transmission 3) Round key :
Used for low Power drive 4) Splines: Where providing axial movement between shaft and mounted member

o
Q3e) 4 L I ]
Zi =g
Sunk Key Gib headed woodruff key
i
. i
(3) Flst key - L
Question:
State the different modes of failure of gear teeth and their possible remedies to avoid the failure.
Answer:
1. Bending failure. 2. Pitting. 3. Scoring. 4. Abrasive wear. 5. Corrosive wear Remedies to avoid failure: 1. Bending failure. In order to avoid such failure, the module and face width of the gear
Q4b)(i) 6 is adjusted so that the beam strength is greater than the dynamic load. 2. Pitting. In order to avoid the pitting, the dynamic load between the gear tooth should be less than the wear strength

of the gear tooth. 3. Scoring. This type of failure can be avoided by properly designing the parameters such as speed, pressure and proper flow of the lubricant, so that the temperature at the
rubbing faces is within the permissible limits. 4. Abrasive wear. This type of failure can be avoided by providing filters for the lubricating oil or by using high viscosity lubricant oil which
enables the formation of thicker oil film and hence permits easy passage of such particles without damaging the gear surface. 5. Corrosive wear.. In order to avoid this type of wear, proper
anti-corrosive additives should be used.




