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| PART A

Total

Load, Mechanism, Selection of materials, Manufacturing processes, Shape, Size, 0.5x4 2
Quantity, Effect of environment, Durability, Reliahility, Cost, Life, Safety

T _rﬂC‘Q

T= torque, J = polar modulus, €= wModulus of rigidity , I= length of shaft, 8= i

Angle of twist in radian, T= Shear stress, R = radius of shaft

Sensitiveness of a governor is defined as the ratio of the range of speed to the 10
mean speed of governor. ‘
3 OR 1x2 2
Sensitiveness of a governor is defined as the ratio of difference between

maximum speed and minimum speed o the mean speed of governor

It is the ratio of number of teeth of a gear to the pitch circle diameter.

PaT/d 1x2 2

5 |Sunk keys, Saddle keys, Tangent keys, Round keys, Splines 0.5x4 2

T PART B i

L Shank L
(e} ih)
When a bolt is subjected to shock loading, as in case of a cylinder head bolt of
an internal combustion engine, the resilience of the bolt should be considered
in order to prevent breakage at the thread. In an ordinary bolt shown in Fig. (a),
the effect of the impulsive loads applied axially is concentrated on the weakest
part of the bolt i.e. the cross-sectional area at the root of the threads. In other
1 words, the stress in the threaded part of the bolt will be higher than that in the
shank. Hence a great portion of the energy will be absorbed at the region of the
threaded part which may fracture the threaded portion because of its small
length.If the shank of the boltis turned down to a diameter equal or even
slightly less than the core diameter of the thread (Dc) as shown in Fig.(b), then
shank of the bolt will undergo a higher stress. This means that a shank will
absorb a large portion of the energy, thus relieving the material at the sections
near the thread. The bolt, in this way, becomes stronger and lighter and it
increases the shock absorbing capacity of the bolt because of an increased
modulus of resilience. This gives us bolts of uniform strength. The resilience of a
bolt may also be increased by increasing its length.
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Filywheel
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Criven : Power, Pros= 560 KW
560 > 10 W
Speed. N = 300 rpm
Max. shear siress, © &0 N/mm”
A ZaNT
g o 22N oy 2O
. [a18] 2N
s 60 = 560 = 10
. B u";\: . 3’00- P 7834 .39 MNm
17834.39 =< 107 N-mm
= e it
Torque, T T -E]?— e > JEac il
16 ™. T
- 16 % 17834.39 = jo’
7T > 60
= 1 14.8 mm
Diamecter of shafis [D F14.8 mamm Ans.

i

a specified speed.

; i variation of load
*_of speedduring a cycle ETERY
ififﬁh&e& works continuously - 3. Agovemof works intermittently o0y 1X3+1x
o i from cycle to cyc!e' - | whenthere is change in 1gad_ | 3
\4 Aflywheet has na control over the 4. A govemor lakes cars of f:hange of quaity
1 qualityand quantity of working agent. and quantity of the warking agent.
!‘5. Aflywheelis not essential element | 5 Agovemoﬂs an ecsential element
" ghievery prime mover. i ) o{ever}Prm?ﬂrrﬁdin it
§.-tis tsed only in case when there is & Itis an adjuster of supply 0 tuet Wik
| - undesirable cyclic fluctuation of energy \ demand.
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Reverted gear train is a special type of compound gear train in which the driver
and driven gears are mounted on co-axial shafts and they are rotated on same
direction. Main advantage of this gear train is reduced the space occupied.
3
= 3 . prons
R £E 3
3 14 = '\f 'y
Cojaxiajl shaft
Fig. 10.18 Reverted gear train
Let N;.N;,N, and N, be the speeds of gear 1.2.3 and 4 respectively , and T,.7,.Ty and Tq
be the testh of gear 12,3 and 4 respectively. Fig 4 +
5 Censider a pair of gears 1and 2 | the train value Is exp 2 & 30

'Nz;-T-' A

N T
Similarly, pair of gears 2 and 4, the train value is
Ny Ty

Ny To
Multiptying equations (if} by (i) the train value of reveried gear tran is,

Mg My T Ty

NONTTOT (But Ny = Ny, Since compound gear.)
3 1 L3 z

%" = ?‘? (1011
1 tla

’ Speed of foiiower Proguct of the nurnbar o lesih o0 the deirve(s
o st %w-”.,_;_m..;_ " Product of the number of Beth on e Réowors
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Fig. 6.12 Variation of coefficient of friction with o Sig 3 1X6

1her

ZN : ) ‘
The factor L is a dimensionless number and Is termed as bearing charactenstic num

The curve obiained by ploting the relationship between the coefficient of fncuon and the
hearing characteristic numberis shownn Fig. 6.12. From the figure we see that the minimum

ZN
‘amount of friction occurs at point A. The value of s for the minimum valug of coefficient
o , . N .
of friclion is known as bearing modufus and is denoted K . If *P‘ > K | the bearing may

IN
operate with thick film lubrication. ©On the other hand, if r‘ <K _the oil film has ruptured

and there is a metal (o metal contact An empiricat data on small jourral hearings i¢
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GENERAL PROCEDURE IN MACHINE DESIGN

in designing a machine component, thers is no rigid rule. The problem may he attempted in saveral ways
However, the general procedure to solve 3 design problem is as follows

1. Recognition of need : First of all, make a complete statement of the problem, indicating the need, aim
or purpose for which the machine is to be designed.

2. Synthesis (Mechanisms) : Select the possible mechanism or group of mechanisms which will give the
desired motion.

3. Analysts of forces : Find the farces acting on each member of the machine and the energy transmittad
by each member,

4. Material selection - Select the material best swited for each member of the machine

5. Design of elements (Size and Stresses) : Find the size of each member of the machine by considering
the force acting on the member and the permissible stresses for the material used. It should be kept in
mind that each member should not daflect or deform than the permissible limit.

6. Modification : Modily the size of the member to agree with the past experience and judgment to
facilitate manufacture. The modification may also be necessary by consideration of manufacturing to
reduce overall cost,

7. Detailed drawing : Draw the detailed drawing of each component and the assembly of the machine
with complete specification for the manufacturing processes suggested.

8. Frod

r - The componert, as per the drawing, 5 manuiactured in the workshaep

GENERAL PROCEDURE IN MACHINE DESIGN

Need or Aim
Sy ﬂfh.k'\]'\ ( Mechamsms)
Analysis of forces
Material selection
Design of clements
(_Sizu and stresses)
Modification

Detailed drawing

Production

Exp &
or
Diagram
6

1X6
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PART C
Given :
Diameier of cylinder 0 =300 mm
Maximum steam pressure, p =12 MPa =1 2 Nimm-
Number of studs, n=12
Safe tensile stress, o, = 28MPa=28 Nimm!
Analysis :
The force acting on the cylinder head of engine, P ) TR .
4 't
Resistance offered by the studs, P=—d,lan =—xd,2+ 28112 Bate 4
y i) el s e e s Equ3+| 9
a. z
Ans 5
Equating the above two equations i—xdcz ='?8112:-:—=3002-’2
0,2 x28x12- 3002 «1.2
13002 1.2
. Core diameter of studs @, = | — _{7.93mm
TR
o et oo 5ot 3
ominal diameter, TR say 22 mm ik
Result :
Size of the studs are M 22.
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Given .
Tensile load , P =20kN = 20-10° N
Safe tensile stress, o, = 100 MPa =100 Nimm?
Analysis :
Using the relation for external tensile load, P = i;d:?rr_.
1l e i Data 1+
b. l4p 4%20%103 . Equ 2+
¢ diameter of bolt .0, = |— = |———— =1596 mm
Cor eter o g \{;mr Sy Ans 3
Using the relation core diameter, d, =0.84¢
Nominal di gl 1596 i
ominal diameter | Yy 0.4 =19 say 28!
Result :
Size of the bolt is M20
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Given:
Maximum steampressue, p, = IMPa = 1Nimm?
Back pressure.  p, =0.015 MPa = 0.015 N/mm?
Diameter of cylinder, 0 =300 mm

Allowable stress, o, - 45 MPa = 45 Nimm?
Analysis :
Intensity of effective steam pressure is obtained by using the relation

Effective steam pressure, P=py—-Pp =1-0.015 =0.985 Nimm?

Force acting on the piston rod of a steam engine, F = %sz = %/ 3007 x0.985
Resistance offerad by the screwed end of piston rod. £ = g—ﬂ'cch_r = i'* G2 ¥ 45

Equating the abave two equations. % <0245z i— =300Z »0.985

do? x 45 = 3002 «0.985

300£ < 0.988

Core diameter of screwedend, s\‘;;:“——f-wﬁ ~ =44.38 mm
Nominal diamet L e
ominal diameter, “58s - 0.84 =52.83 say 58 mm
Result :

Nominal diameter of the screwed end of the piston rod is §6 mm.

Data 1+
Equ 3+ 9
Ans 4
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Given : 15
Diameter of shaft, ¢ = 40 mm
Tangential force ,\F=20 kN =20x10° N
Allowable stress in key , - = 60 MPa =80 Nimm?
Analysis
Using the empirical relations
- . d o 40 Data 1+
L‘f Width of the key, Weg =7 =10mm i
Ans 3
d

40
Thicknessofthekeyff—g- ik =6.67 say gmm

Use a standard rectangular key 1gmm«gmm
Now consider the expresion for tangential force £ . jyr

_ i F 20 x10°
Length of the key, el

33.33 say 34 mm
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Given =40k NZ325s ypn
'2/5 = Bdﬂ/mmL ’K«y) = /f/VA’JMZ
-I_.Mo)(,' - 25'/'x7;hpAn = /25- 7;”,&_”
éo x #ex/e®
pCS}"znaﬂJ}?J} TM(-&” by Jxﬂ"(?:o — /Dj‘fg
TM&:C: /’2_5 2;7(‘6077 = /'Zf)( /O?/'SS = /354_.17
x;"aN,,,
o= Formrm p,{.;_!
Egv 3
Desron of Sleeve | 3;

’2,,’4 ':/é Tmaoc — i?OSM/DG\
T D°C 1-k*D

Pe S ol Kez

trdth o lkey , .2 = 0/4 = Fo_ = IFs az/2imund

'f_]')/‘cl(ﬂtAS &,l ké‘7, L= J/é = 70/5 = f/g "ff_.Zme

Lcyé/', a‘kf] ' teeh SAJ/-, A= % = 2;.}’
= /22-5m )
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iven T 2 -] ¥
Torque, T - o.g Nm = 96 ~ 107 N
Length ol shaftr . - 2 m = 2000 m -
2 m
Angle of twist, @ - 2P e (2’: i3
180

G.0349 rad
Modulus of rigidity. ¢; 0.8 = 105N
g B . . man
(.nnhldcrlng lorsionat rigidity:
T R GO
J i

It . 2610 <2000
<56 0.8 % 10° < 0.0349

O6B76.79 nym
For solid cirecul Data 1+

ar shafis
2+ 6
y ) T [>7 i
. =55 T 68VG.79 Ans 3
g N = Jgg;h 79 =13 =}
= : 16.26 mm A,
Considering shecar strength:

ol Ly T 1D
PF'orague, | S 2 S
16
Shcar stress induced.
1 & ~ 1°

e I>»°

16 = 9. & = [ O°
T o= 1 6. 267
11.38 IN/mmym- A s,

dzteernm, N =2500p p1 |, Tpmoe =5 Kton = SXIY namm

L
%" le'/b"; "y oz ﬂkﬂ/m“‘ T eb=F Cit = /aoN/W

Pesigned Shdt — o = Loomm

Decorn oA bub 5 pp-2dz 200mm
TD= A= lee m 72
Jogth o b= l.sd = /5omng

besign of Phote ofb B, = 4= 4eomr

. el
72;'(‘}(.!1-3!/!/' :O‘JJ—-S’_G

Pesior) oiey _5 ol =V =25
ﬂickne:,s/ b= o= 25mar

pfsf7r)o&4t)’1".r ﬂﬂmét‘/aféo}&l/”:j‘ﬂ‘;pc}*'g':—{
pirieh Mepmpl o~ , P9 = 3= 3c8rmm

Data 14
Equ3+ 9
Ans 5

gd}}cji“amt)!et” J/ = /%_‘."_;’ = j)'g? % /JMM ] :

[ v,

]
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Vi

Given .
Power transmited P -1 MW -1, 10°W
Speed of the shaft, N - 240 pem

Maximum lorque, T, = 20% more 3 pisdn forgus

Maximum allowable shear sirece -
Analysis

Using the power equation

Power iransmitied oy Ine shafl

Meantorque Tys = . - - =39788.74 N-m =39788.7410° N-mm

LT £ w2l

Maximumiorque. T, =187, .. =172.39788.74>10° =47746488 N-mm

fameler of solid snafi ) ‘ 159.44 say 1ga mm

Result

Suttable diameter of the shaf have 160 mm

Data 1+
Equ 2+
Ans 3

15
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Raturn Srrowd el o
| !
+ 1 .4 i A
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o N | abriee
i & 1 } | rmm
} T ' |
. Pl } 1 -3
i . 4 8 & w3 a2 8 e B8
- G A 1 L. T- L DS {3 P
{a) Displacement diagram
l"' . Knije edge sollowar
vil |If Fig | |
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M
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Given :
Diameter of journal, o =65 mm =65x10> m
Load on bearing, W =5kN =5<10° N
Speed of journal, N=200rpm
Ratio of length to diameter ; =3
Coefficient of friction, ¢ = 0.02
Analysis :
Given the ratio of length to diameter, from this find out the length of the beasing
{=3d =3x65 =195 mm o Bs s
vi | Projecting bearing area, A=fd =195x65 =12675 mm’ Data 1+
b Equ2+| 6
. 5x10° ) Ans 3
Bearing pressure, Py = S =0.39 Nimm? =039 MPa

N 7585107 200
— =i () RBMIS

Rubbing velocity, v=
Lbbing velocity 60 80

Heat generated by friction, Q, = v =0.02x5x10°x0.68 =68W or Jfs

Result:
Bearing pressure is 0.39 MPa and the heat generated by friction is 68 Jis

i
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Given .
Diameter of shaft, d - 180 mm
Load on bearing, W =30 kN =30x10° N
Coefficient of friction , i = 0,04
Speed of shaft N =120 mpm.
Analysis:
Using the equation for mean radius of shaft i.e., i
Vi Data 14
a Equ3+ 9
Ans 5

2 2
R:— == 90 =
3r 3>< 60 mm

Frictional torque, T = 1R -.0.04«30.10° x60 = 72000Nm = 72000407 pn

aNT 2x2x120x 720001107
3 Powertoslinfnction.Pi-ﬁ—[f=2 il 6020 : =904.78 W

Result
Power lost in over coming fricton 904,78 W

6
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Connectan
for
prime mover

vin| @ ® b
b. Fig 8.3 Porter governor

o is unsuitable for high speeds However this drawoack has peep
means of A sorind if the sleeve

Simple watt govermn Exp 2
overcome by loading the govemner with a dead weight or DY
of a watt governcr is loaded with @ heavy weht. 1 becomes 3
shows a porter govemar which is dead waght type of centr! s :
masses called the governor batlls aitached to e spindie with e hep of fodr inkg Qr arns

te 1o the sleeve which acts as a ceniral waight Governar palls
are rotate at different speeds dependa upon he igad on the engine about the axis of e
governor shaft, which is-dnven through suitable gearing from the engine srankshaft. The
speed of the rotatian of balls increases as the loag on the engine decreases Due to the
inerease of speed. the governol balls fly outwards and the sleeve moves upwards Tus

ciosing the working fiuid passage Gl e engine speed COMEs back 1o iis designed speed

On the other hand the spead of rotatich of
increases and (e governor baits move neaf

palis decraases 33 n
governos axis due to 12

s OF amng e

centrifugal force on the fiy balls Al that Time g moves down

working fluid passage ov anging & ae pack 1 G
spaed of rotation of balls due 1o the centrifugal force
force provided by dead weight Fig B3 (b} shows the forces ac

duction \ (e

3 just batanc s3I COVRFGTi

&




, 2
600 - 400
=%@W+“m%4x&dw+( ) 1357246 mm  =1357m

4x6x10
Case{b): Crossed belt drive.

Using the relation for length of crossed belt

2
chf(d2+d1]+ZC+M = Z(600-+ 400)+ 2x6x10° + - ——
2 ‘ 4 2 4x6x10°

=1361246 mm =1361m

(600-+400)

Splitup| Sub
G Scoring indicator :Clorip Toutal TO‘J
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Glven :
Diameter of larger pulley, d, =600 mm
Diameter of smaller puliey, d, = 400 mm
~ Central distance between the pulleys,.C =6 m =6x10° mm
Analysis
Case{a) :Open belt drive.
Using the relation for length of belt in open belt drive
T d, - d,
Luzm(dz +d1]+20+{ il Data 1+
IX 2 4 Equ3+| 9
a. Ans 5

i
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Power transmitted by belt is 7.89 kW.

sg Scoring indicator coorn: Ltatal Total
Given :
Diameter of pulley, d = 400 mm =400 x 10%m
Speed of pulley, N =750 rpm
Tension on tight side, 7, =300 N
Tension on slack side, 7, =45.35 N
Ix IAlysss 2:1&121: 6 15
B Using the expression for power transmitted 1. o
N 7 x 4002107 x 750
P=(T.-T,)— =(300-45.35) e
=4000.03W =4 kW
Result:
Power transmitted by flat belt drive is 4 kW
Diameter of pulley .d =600 mm=600x10" m
Speed of pulley, ' N =200 rpm
Coefficient of friction between belt and puliey , 1= 0.25
Angla of lap, 6 = 160° = 160 1-8—0— 2.79 rad
" Maximurn tension, T, = 2.6 kN=25x10° N Data 1+
2 | Analysis: Equ3+| 9
Using the power equation for beltdrive Ans 5
o 1N Jf, 1) 72600107200
P'T‘LLF'*&@' =25x10 ‘\-1-.9_0?5;275}*-- ==
=7888.00W =789KW
Result:

|§
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Advantages

=

Ww oo N O, W N

. They give positive drives and constant speed ratio without any slippage

. The drive is more compact due o shorter cenler distance used in such drives
. Can be operated at higher speeds.

. High efficiency, reliable in service and simple operaticn.

. Lighter loads on the shafts and bearings.

. Used where precise timing is desired.

. Wide range of power transmitted.

. Maintenance is unexpensive

. Can be used for non intersecting and non parallel shafts

Disadvantages

1

Manufacture of gears is complex. Special tools and equipments are needed to
manufacturing,

. Not suitable for large centre distance shafts.
. Errors and inaccuracy in manufaciuring gears causes viorations and noises during

operation.

. Requires perfect alignment of shafts.
/ Requires more attention to lubrication.

Adv 34
Dis 3

15

19




