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PART A
Factor of safety is defined as the ratio of yield stress to the design stress in ductile 1
I(1) | materials 2 2
and in brittle materials ,ultimate stress to the design stress |
I(2) | Itis the distance from one point on a screw thread to the corresponding point on the
adjacent screw thread measured parallel to the axis of the screw. 2 2 2
1(3) | T/J=t/=GO/1, where T is the torque, J is the polar moment of inertia, 7 is the shear
stress, t is the radius of the shaft, G is the modulus of rigidity, © is the angle of twist | 2 2 2
and 1 is the length of shaft
1(4) | Sensitiveness is defined as the ratio of the mean equilibrium speed to the difference
between the maximum and minimum equilibrium speeds. 2 2 2
1(5) | (i)Simple gear train, (ii)Compound gear train, (iii)Reverted gear train, (iv)Epicyclic 4X(l) 2 2
" | gear train .
PART B
11(1) | The cross sectional area at the root of the threaded portion of the bolt is the weakest
part than that in the shank and maximum amount of elastic energy is absorbed in
this region. The ideal bolt will be one which is subjected to same stress level at 4
different cross sections in the bolt. It is called the bolt of uniform strength.
To make uniform strength (1)Diameter of the shank is reduced to the core diameter 6 6
of the threads (2)Cross sectional area of the shank is reduced to the cross sectional
area of the root by an axial hole is drilled through the head 2
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Fig. Sleeve or muff coupling
The standard proporticns used in practice for the sleeve or muff-caupling are as follows,

D=2d+13
L=3.5d /
Where

d = Diameter of the shaft in mm.
D = Outer diameter of the sleeve in mm.

[ = Axial length of the sleeve in mm.

The sliding contact bearings in which the bearing pressure is along or parallel to the
axis of the shaft is known as thrust bearings .These bearings are used for supporting
the horizontal or vertical shafts. Flat pivot or foot step bearing, conical pivot

II(3) | bearing, flat single collar bearing, flat multiple collar bearing are the examples of
P
this type of bearing.
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. Fig. _ Typeofthrustbearing




11(4)

Flywheel

Governor

‘11, Flywheel stores andredistributes energy
" within a cycle to control speed,

. Governor controls the amount of fusi to g, | |
engine to malchthe load requirements
to maintain a specified speed.

" 12. A fiywheel takes care of fluctuations . Agovernor takes care of speed dus to
"I of speedduring a cycle. variation of load. :
13, Aflywheel works conlinuously 3. A governorworks IDWMMDIW |
* | " from cycle to cycle when there mwm 4 1x 6
(4. Aflywheel has no control over the y quality !
quaﬁty and quantity of working agent. 4
e 5 Aﬂwhaa! is not essential element
‘I ofevery pﬁmemoﬁor. e
11(5) i) Production cost is comparatively high
ii) More noisy operation than belt drive
iii)  Need for accurate mounting and careful maintenance
iv) More complicated design than belt drive 1x6
V) Due to metallic constructions chain drives are heavy
vi) Thgese can get stretched occasionally,therefore the links have to be
removed
11(6)
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i)

Tensile stresses due to stretching of the bolt

ii) Torsional stresses caused by the frictional resistance of the threads during
tightening 1x5
II(7) | iii)  Shear stresses across the threads
iv)  Bearing or crushing stresses on threads
v) Bending stresses if the surface under the head or nut are not perfectly normal
to the bolt axis
Initial tension for a fluid tight joint is Pi=1420 d ,where d is the nominal 1
diameter of the bolt in mm
PART C
UNIT I
[lI(a) |i) Make a coplete statement of the problem,indicating the purpose for which the
machine is to be designed
ii) Select the possible groups of mechanisms which will give the desired motion | 1x7
iii)  Find the forces acting on each member of the machine and the energy
transmitted by each member
iv) Select the material best suited for each member of the machine
V) Find the size of each member of the machine by considering the forces acting
and the permissible stresses for the material used
vi) Modify the size of the member to agree with the past experience and
judgement
to facilitate manufacture
vii)  Draw the detailed drawing of each component and the assemly of the

machine with complete specification for the manufacturing processes
suggested




Intensity of steam pressure is converted into absolute pressuré by means of adding
3 atmospheric pressure to the gauge pressure,

Atmospheric Pressure, p, =0.1013 MPa
Maximum absolute pressure, p=p,+p, =1.4+0.1013 =1.5013MPa =1.5013Nimm? -
Forceacting onthe cylinderhead, P=2D2p =Zx3002x1.5013
[T1(b) 4 4

Resistance offered by the bolts, P = %dczor,n = %x d 2 x50x12

Equating the relations, %x d.2 x50x12= %x 3002x1.5013

d.2 x50%x12 =3002x1.5013

{ 02 x1.5013
Core diameter of bolts, d, = 92?;% =15.01 mm

d 15.01
: . d= (o T i r
Nominal diameter, 584 " 0.84 17.87 say 18 mm
Result :

Size of the bolt is M18.

[ np %
i =tan”’| —— | =tan
Helix angle, « =tan |56 J

m

(1212.5) .
7 x50 J =455
Friction angle, ¢=tan'y =tan’’(0.1) -577°
;. Effort required at the mean circumference of the threads to lift the load ,
P =Wtan (a+¢) =20x10%xfan (4.55+5.71) =3620.19 N

; TRy
IV(a) Using the relation, T =P =«L=Px >

. Effort applied at the end of the lever to lift the load, P'= Pl 30201930

2 " zxs0  T1OOIN

Result ;

The effort required to lift the load on the end of the lever is 181.01 N.




[V(b)

1. The primary function of the key is to transmit the power or torque fro the shaft to the hub
of the mating element and vice versa

2. The secondary function of the key is to prevent relative rotational motion between the
shaft and joined machine elements.In many applications the key prevents relative axial
movement between the machine elements,except in case of feather key or splined
connection.
Types of sunk keys
(a) Rectangular Sunk key
(b) Square Sunk Key
(c) Parallel Sunk Key
(d) Gib Headed Sunk Key
(f) Feather Sunk Key
A saddle key is a key which fits in the keyway of the hub only.There is no reduction of
the strength of the shaft.

(o) x5
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N |

V(a)

Allowable or permissible shear stress, 7 =-;”§ - .?-gg =45 N/mm?

. 80P  60x20x10° 3
Tor nsmitted, T = = -95493 N-m =954.93x10°N-mn
que fransmi ed,_ 2N —

Using strength equation of solid shaft, T = -%rd3

167 ,[16x954.93x10°
Diameter of solid shaft ,d = #— =,3/5"—“%i—°— = 47,63 say 50 mm
14 7 %45 7

We are required to replace a solid shaft by a hollow one, or vice versa. The torg¥
transmitted by the new shaft shouild be equal to the replaced shaft.

* Torque transmitted by hollow shaft , T =954.93x10° N-mm

A wf )
Using the strength equation of hollow shaft, T =zzd, (1-K%)

Outside diameter, d, = #--w 157 = (J16x954.93x103 - 48,67 say 50 mm

me(1-k*)  {nxas(1-(05))

Inside diameter, d, = 0.5d, =0.5x50 =25 mm




i) It should be capable of transmit torque from the driving machine shaft to the 1x4
driven machine shaft without any loss
ii) It should be permitted easy connection and dis connection of the shafts for the
purpose of repairs and alterations
V(b) iii) It should keep the perfect alignment of the two shafts
iv) It should be safe from projecting parts
Types of coulings
1) Sleeve or muff coupling
2) Clamp or compression coupling 1x3
3) Flange coupling
4) Protected type flange coupling
5) Solid or marine flange coupling
(any of the three)
i the ultimate shear stress i sail
gonvert ess into permissible or safe stress.
<sible shear stress, 7, = wb. 350
permis T Fs 3
=70 N/mm? =70 MPa
;/I(a consider shearing failure of bolts.i.e., 3
D
Tmax = £d12nrb o
4 2 )
Nominal diameter of bolts, d, = ’ 8Tmax  _ [ 8x25 x10° =9.73 say 10 mm
V:rnrpr V7 x8x70x120 ’ y
For which standard bolt of M10 can be used. 3
Diameter of shaft ,d =60 mm
Speed of shaft, N =100 rpm
Permissible shear stress, r = 50 MPa =50 N/mm?
VI(b Analysis : 3l
) Using strength equation. 2
Maximum torque, T = 1%"’3 = “ij"zé x50x60° =2120575.04 N-mm
=2120575.04 %1072 N-m
Using the power equation.
Power transmitted by the shaft,
p_ 27NT 2% 7 x100% 2120575.04 x 10~
. N 1
60 60 35
=22206.6 W =22.21 kW
Result :
Power transmitted by the shaft is 22.21 kW i
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Fig = Watt governor

Fig . shows three forms of a simple centrifugal or watt governor. It consists of a
pair of balls attached to the spindie with the help of four link$ or arms. In Fig . (a)the |
upper arms meet at the pivotP which may be on the spindle axis. In F, ~ (b), the upper
arms which may be offset from the spindle axis and are connecte” vy a horizontal link PP
and the governor is known as open-arm type walt g mor M- axtending the upper ams,
they intersect at point O on the spindle axis. In Fig ), the upper arms which may be
crossed the spindle axis and are connected by a horizontal link PP and the governor s
known as crossed-arm type watt govemor . In this type the upper arms intersect the spindle
axis at point 0. The lower links or arms in each cases are fixed to a sleeve by pin joints and
are free to move on the vertical spindle. The movement of sleeve is restricted by means of
two stops provided on the spindle. As the spindle rotates, the balls take up a positiot
depending upon the speed of the spindle. The speed of rotation of balls increases 3 the
’°§d on the engine decreases and the governor balls fly outwards from the spindle axis dué
to increase in the centrifugal force on the fly balls. At the same time the ability of the sleeve
to rise on the spindle and the movement of the sleeve is further regulate the throttle valve 0
the engine by means of a suitable linkage to decrease the supply of working fluid. On e

—

R

qtrer hand the speed of rotation of balls decreases as the load on the gngine increases
and the governor balls move near to the spindle axs due to reduction in the centrifugal

force on the ﬂ){ balls. At that time the sleeve to descend on the spindie and to increase the
supply of working fluid.




ing the equati 2
Using quation for bearing pressure in journal bearings,i.e., p*—'%

. Length of the bearing , < W _150x10°

where N, is the maximum speed in rpm.

21N,

@ =Minimum angular speed in rad/s that is equal to, ==

Where N, is the minimum speed in rpm.

. pd 16300 =312.5 mm 1
Using McKee equation for coeffigient of friction
=-_B..._ _+k =LY K1800 ﬂ)_ =) 3 8
108 p ¢ 108 [___1.6 025 +0.002 =0.011
Using the equation for rubbing velocity, v= i’%‘. =¥ "300";?)_3 x1800 ” 23‘27 mls 1
VIII(a Now using the relation for heat generated at bearing
) Q, = Wy =0.011x150x10° 2827 = 466455 Js 5
=46645,5x60 =2798730 Jimin  =2798.73 ki /min
Result :
Length of bearing is 3125 mm and the amount of heat generated in minute is 2798.73 kJ.
I The difference between =
_led maximum fi ; © Maximum and mini I d ;
call uctuation of speeq of nimum angular speeds of the flywheel is
ysually expressed as a coefficient h the flywheel. The speed variation during a cycle is 112
The ratio of maximum fluctuation Which is known as the coefficient of fluctuation of speed. (L)
fuctuation of speed. of speed to the mean speed is called the coefficient of
VIII( . . i . L
X Coefficient of fluctuation of spocd. = Maximum speed — Minimum speed
) Mean speed 35
c, =29 !
@
Where
oy =Maximum angular speed in rad/s,that is equal to, s
1

10




The difference between the maximum and minimum Kinetic energies is calleq y,

Number of teeth on gear wheels are 160 and 40

maximum fluctuation of energy of the flywheel. The ratio of maximum fluctuation of enerqy .. . L
the work done per cycle is called coefficient of fluctuation of energy. i
Coefiicient of fluctuation of energy = MaXimum fluctuation energy
Workdone per cycle
C,= gﬂ‘.L:‘ Eoin - AE 1
Where T8 g 3
2
E’” and Ernm:‘M i ini ineti i !
ax aximum and minimum kinetic energy in the flywheel in N-m or o
Tmean =Mean torque in N-m,
T ; :
mean MaYy be obtained by using power equation e, 1
r _8oP_p
msan‘?}m:; (_m_ZIrN‘i
9 - A a .. =—1
i Zﬂngf:;r:ed In one revolution in radians, iy
= m engine and two stroke int
=4z forf ‘ nternal combustion engi
Dyt our stroke interna| combustion engines. o i
d=600 mm,N=200 rpm, p=0.25, ©=160x(m/180)=2.79 rad 1
[X(a) T1=2.5kN
P=T1(1-(1/e*®)xDN/60=2.5x1 0*(1-(1/e>¥2™x(3. 14x0.6x200)/60=7888.09W=789 kW | 7 8
[X(b 1. They give positive drives and constant speed ratio without any slippage
p
2. The drive is more compact due to shorter centre distance used in such drives
3. Can be operated at higher speeds
4. High efficiency,reliable in service and simple in operation 17 7
5. Lighter loads on the shafts and bearings
6. Used where precise tiing is desired
7. Wide range of power transmitted
8. Maintenance is inexpensive
9. Can be used for non intersecting and non parallel shafts
(any seven)
C=600 mm,N1=150 rpm,N2=600 rpm,m=6 mm
N1/N2=T2/T1=d2/dl 1
d2/d1=N1/N2=150/600=1/4 1
d1=4d2 .............. (D
C=(d1+d2)/2 ,
X@) | {14d2=2x600=1200............. ) } ,
4d2+d2=5d2=1200
Pitch circle dia d2=1200/5=240 mm 1
Substituting in (1) d1=4x240=960 mm
m =d1/T1=d2/T2 1
T1=d1/m=960/6=160
Number of teeth on second gear T2=d2/m=240/6=40 2

11




X(b)

Compound Gear Traln

3 . gl und
Whenmcmmmmnmmonegearonasbaﬁ.asshownmﬁg. it is called a compo
train of gear. :
i Compound
Driver 5 gears

Fig. Compound gear train,

i whenever the distance between the driver and the driven or follower has to be bridged
s B:qi HEREY & Eewﬂ'md at the same time a great ( or much less ) speed ratio is required, then
over by misrm of intermediate gears is intensified by providing compound gears on intermediate

' “.“;:nmis'm each intermediate shaft has two gears rigidly fixed to it 5o that they may have the
ms ced. One of these two gears meshes with the driver and the other with the driven or follawer
same I:i to (be next shaft as shown in Fig.

R g.compound train of gears, as shown in Fig. .the gear 1 is the driving gear mounted on
shaft A, gears 2 and 3 are compound gears which are mounted on shaft B. The gears 4 and S are also
cum'pm'md gears which are mounted on shaft C and the gear 6 is the driven gear mounted on shaft D,

Let ) N, = Speed of driving gear I, i »

= . 7, = Number of teeth on driving gear 1,

Ny N3 . ... Ng = Speed of respective gears in r.p.m., and
[l

T, T5. .., Tg = Number of teeth on respective gears.

Since gear 1 is in mesh with gear 2, therefore its speed ratio is

N; T, ;
i I ; . S )
" ) N, T,
: Similarly, for gears 3 and 4, speed ratio is
i Ny T,
T : o KIDY
and for gears 5 and 6, speed ratio is
Ns Tg :
Ny T =gt S0
e The speed ratio of compound gear train is obtained by multiplying the equations {7), (#) and
- (did), 3

LT

= Df ﬁrsn driver
the last driven or follower g
f the number of teeth on the drivens

12



