
m ffi-
S emeste r B.E. D egree Examina{|ti$, Au g.lS ep t.2020

Design of Machine HilffiIfrents - I

10ME52

Timc. 3 hrs.

Fifth

O
,2
?-
c-

a
-

-U
I
d
DL

o0-
o.+,,4
c_.,' ;,

J
al)
-e

Ea
A.:),
O=
-cf

o>
,h-u\'a

a;a=
),D

do
o-o
c-

!:

2-

_ad
!>:^'a
!c)
o,

a^
FO-
o-i
6a
OU
ittE

!t
o.a
^.o
t7 at)

o=

=>
o_-
:LU<

;
a
7.

a

Note: I.Atrsrtter any FIVE full questiotrs, se lecting otleust TWO questions .from each part,
2-I:.st,o.f Dota handbook is permitted

PART _ A

I lr. \\ t'tlr'tttltcs olt :

I r r I e rltlrrs nrui"r,rts and lhcir propcrtics
(ii) (lodes and Standard 108 Nlarks)

b. r\ iroint in a struchrrai member sub.icctccl to planc strcss is shown in Fig.Q1(b). Determine
lllc li'll6.'YlPg '

(i) Normal and tangential stress intensrties on plane MN inclined at 30'.
(ii) Principai stresses and their directions.
(iii) i\4aximum shear stress and thc clircction of the pJanes on which then occur.(iii) i\4aximum shear stress and thc clirection of the pJanes on which then occur.
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2 a. A sleel shaft is subjected to a bending moment of l0 kNm and a tu'isting moment of
l-5 l<Nm. The yield stress of steei is -160 MPa and Poisson's ratio is 0.3. The factor of safety
is 2. Deterrnine the permissible clianretcr of the siraft according to (i) Maxinrum shcar stress
thcor'\,. (ii) Maxinrum norrnal stress theory. (iii)Maximum strain theory, (iv) Maximum
tlisrpr-l ion tfieory. (l0Nlarks)

b. A siiding weight 1 kN falls onto a flange at the end of a vertical circular rod ol length 3 m.
Ihc iiiameter of the rod is 22 rnrn. Assuming no loss of energy, determine the hei-eht through
n,hich thc wcight should ct'op in order to ploducc a stress in the rod of 150 MPa. Also frnd
the clongation of the rod duc t1r inrplcL. Take E : I90 GPa. (10 Nlarks)

3 ,,\ lrot rolled stccl shatl is srrbjecte<l to a torsional moment that varics fion-r 400 Nnr
ciocl<r,r,ise to 200 Nm counter clockwise as the bending moment at the critical section vanes
llonr zl00 Nm to -200 Nm. Determine the diameterof the shaft forinfinitc 1iIb usrng factor
ril'salctv 2. The material has an ultirnate strength of 5-50 MPa, yield strength o1'440 MPa and

'Y

" 6tr rtpc'
' Fig.Q l(b) (12 Marks)

rhc cndurance lirnit of 275 MPa. Take the shcar yield strength as 0.5o, anrl the shear

r:nthrrance limit as 0.29or.1"he f,rtigue stress concentration factor for bending and torsion
nrav be taken as L5 and 1.3 rcspectively. (20 Marks)

4 li. ,'\ boltecl .joint is used to connect two components. "I'he cornbined stif'fl-tcss of'the two
r,:onrporrurts is twice the sti{{ness of'the bolt. The initiaI lightening load on tirc bolt is l0 hN.
Ihc bolt is further subjectecl ltl an extemal force of 20 kN. Determine the sizc of'the bolt it'
tJrc rrilowable stress in the bolt is limrted to 120 MPa.

I of 3

(08 Marks)

Mar. Marks: 100
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b. A bracket is bolted to a vefiical support by scven bolts of equal size as shorvn in Irig.Q.l(b).
Determine the size of the boit, if the al1owable shear stress in the bolt material is .|0 \,'il'a.

,llL: ' l'

s-',,,.s'' 
I

lrqi
rl=4- rY:

\

-{Y}.qlwEs..-.

PART _ B

A comnreroral steel shaft is supported on bearings 1m between centers. A cast iron pLillcy o1-

0.6m dianreter weighing t kN is located 0.3rn to the right of the right hand bcaring and

receivcs 25 kW power at 1000 rprn from a motor pulley by horizontal belt drivc ilircctlyreceivcs 25 kW power at 1000 rprn from a motor pulley by horizontal belt drivc dircctly
behind it. The ratio of belt tensions is 3. A 20'spur pinion of pitch circle clialncrcr 0.2n.i
weighing 200 N is located 0.2m to the left of the left bearing. The pinion delir,'crs po\\,cr to

anotlrer qcar mounted directlv hehind rt such that tlrc tilnc.ential force on th.'lrirri()rr irr'r:another gear mounted directly behind it such that the tangential force on thc pirriorr uets
r u'r't it'lrllr upwurds. Assuntr' rninor sltock lolrtls i-rtt the shati. dcterntirte llrL nLr e :\iu'\
diurrrcrcltrl'the shaft if the alloivablc shearstress is liurited to 60 MPa. (to \tlrtrr)

Design a cotter ioint to resist a load of 50 kN, which acts along the axes oi'lhc rocls6 a. Design a cotter joint to resist a load of 50 kN, which acts along the axcs o1'lhc rocls

conncctcrl by a cotter. The rnuteriul of thc rotl ancl cottcr is the sarne. Talcr' l]rc rr,rr'liirre
slresscs in the materjal as I 00 MPa in tcnsion. 50 MPa in shear and 1 50 MPa in .,rlll'i;,,.r,

b. Desrgn a protective t)?e cast iron flange coupling lol steel shaft transmitting 40 kW power'
at 200 rpm. The allowable shear'stress in the shaft and key material is 40 MI'a. 'l'heat 200 rpm. The allowable shear'stress in the shaft and key material is 40 MI'a. 'l'he

allowable shear stress in the steel bolt and cast iron tlanges are 60 MPa arrd i0 N4Pa

respectively. (l() \'tarks)

7 a. Design a triple riveted bLrtt joint with double straps o1'equal width longitudinal bLrtt jourr lor
tlte Lr,rilur shell of I.5 m diarlelcr'. The muxrnrunr itearn pressure is 2.rr \ rrrrrr lhe
allor,vablc stresses in tension, shear und crushing alc 124 N/mm2,93 N/mm2 and I(r5 \-,'n'ur-ll

respi:ctii,cly The pitch in the outcr rows in each plate is twice the pitch of rivcts in the ir-rncr

,,"'i:::,'""' " Fig.Qaft) ,. ', (12 Marks)

resp00tivcly The pitch in the outer rows in each plate is twice the pitch of rivcts in the ir-rncr

rorv. AssLru'te that the rivets in doLrble shear are 1.875 times stronger than in singic shcar ancl

thc joint etficiency as 80%. 110 llarks)
A stce 1plal.e of 1Omm thick is welded to a vertioal suppofi using four sides 6nrrr llllcr r,r'cldsb. A stce 1plal.e of 1Omm thick is welded to a vertioal suppofi using four sides 6nrrr llllcr r,r'ckls

,rs_s]ror,rrr 
in Frg.Q7(b). Find the safe load P if the pcrmissiblc shcar stress in tlic riclcl

rs /) N nrrrr .
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lrxplain self locking screw. (04 Marks)
A nrachine slide weigh ing 12 kN is raised by a single start square treaded stecl screw. The
allorvable stress in the material is12.5 MPa. The mean diameter of the coilar is 40mm. The
ntrt is made of phosphor bronze having design stress of 45 MPa. Thc bcaring pressure
lrcl\\ccn the screw and the nut is 9 MPa. Determine the dintensions of screw rnd rrrrt and the
po\\'cr required to raise the slide. The maximum speed of the slide is 0.4 in ptil. (16 Marks)
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Fifth Semester B.E. Degree Examination, Aug./Sept.2020
':i."'TlDynamics of Machines

Tin-rc: 3 l"rrs. Max. Marks:100

iYote: Anstver on"y FIV'E Jitll questions, selecting at letst TIYO questions from each part.

PART _ A
What is "principal of virtlral lvork"'/ Explain. (05 Nlarks)
In a lbur bar rnechanisrn shorvn in Fig.Ql(b), torque Tr ancl T+ havc magnitudes of
3000 Nnr and 2000 Ntn respectivcly. Takc AD = 800 mrn, AB : 300 mm, BC: 700 mm
and CD:400 tnm. For static cquilibrium of mechanisrn, tind the recir:ired input torque on
the crrrnk.

1a.
b.
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Explain D'Alerr-rber1's principle and why it is used.

(15 NIarks)

(05 Marks)
b. ;\ single cylinder, four stroke I.C. engine develops 30 KW of power at 300 rpm. The T.M.

diagram for the expansion and compression strokes may be taken as isosceles triangles on

bases 0 to n and 3n to 4n radians respectively and the work done dLrring cornpressionis25o/,
of that of during expansion. Work done during suction and exhaust is neglected. Find the
l\4.1. of flyu,heel to keep the speed fluctuation 1.5% on either side of me an speed. Sketch the
T.M. diagranr and mark on the diagrar-n the points of maxirnum and minimum speed.

(15 NIarks)

3 a. Derive an expression fbr fiictional torqLle in a flat collar bearing assuming unifonr-r pressure
and uniform \,vear. (08 N{arks)

b. A flat belt is required to transmit 35 KW from a pulley of l.5rn effective cliamuter running at

300 rprn. The angle oIconlact is sprcad o.., ! oIthe circtrmflerence und thr'cocfficicnt of

Il-iction bet',veen the belt and the pulley surface is 0.3. Detenrine tahing centrifligal force
into account r,vidth oibelt required, it is given thht the belt thickness is 9.5 rnm, density of
material is l I rngim3 and the penr-rissible working stress is 2.5 MPa. (I2 Nlarks)

4 a.

b

Why is balancing of rotating parts necessary for high speecl engines? (04 N'Iarks)

Four rnasses of magr-ritude 5.6. N{ and 8 kg revolve in planes A, B, C and D rcspcctirrcll,.
The planes B. C^ D are placed at:i distance 0.3nr, l.2m and 2.On-r respectivcl)'from A. The
nrasses Are at sarne radii of 0.3rn. Frnd the magnitLrde of N{ and rclatjve angulal position of

Fie.Q l(b)

rrll rnasses fbr complete balance.
I of 2

(16 Marks)



PART - B
What are ir-r-line engines and state horv are the y balanced'/

10MEs4

(05 Marks)

(15 NIarks)

(04 Nlarks)

(16 Marks)

(05 VIarks)

5a.
b. In a 3 cylinder radial engine all the connecting rods acts on a single crank. The cyiinder

centre lines are set at 120o. Mass of reciprocating parts per cvlinder : 2.5 kg. Crank

length:0.075 ut, connccting roci length :0.215 nr and sprecd: 1800 rptl. Detetmine:

(i) Maxurum unbalanced prirnary force and the balancing ltlass to be attached at 100 rnm

radiLrs to give primary balance

(ii) N{aximuni unbaianced secontlary force and tlte balancing mass to be attached at 100 mm

radius to give secondarY balance'

a. Dcfine the lollorving:
(i) Controlling Ffi-cc
(iii) Stability

( ii) Isochrottotts (iovernor
(ii') Hunting

b. ln a Hafinell goventor the length o1'ball and sleeve arm are 12 and 10 crlr respectivcly. -l-he

clistance at fulcrr-rrn of the bell crank lerer fi'on-t the goveruor axis is 14 crn. N{ass at each

govemor ball is 4 kg. When the govcrnor runs at the mean speed of 300 tpm, the ball arm is

vertical ancl sleeve arm is horizontal. For iin i-ncrciise of speed of 4ot,t the sieeve moves

10 nln r:pward. Neglecting friction find:
(i) Minimum equilibriurn speed if total sleeve nrovemerlt is 20 mrl
(ii) Sprin-e stitlire ss

(iii) Sensitiveness of governor
(iv) Spring stiffne ss if govcmor is to bc isochrouous at 300 rpm.

Derive an expression for the gyroscopic couple.
. The rotor of the turbine of a ship has a nrass of 2500 kg and rotates at a speed of 3200 ipm

couuter clockr.vise wten viewed liom stenr. The rotor has radius ol gyratiort of 0.4 nr.

Detennine the gyroscopic couple and its effect u'hen.
(i) The ship steers to the left in a curve of 80 rTr at a speed of 27,900 mr'hr

(ii) The ship pitcl-res 5o above and 5o belori, tlre nornial position and the borv is descending

rvith its maximum velocit,v. The pitching motion is simple hanronjc with a periodic
tirne of 40 seconds.

(iii) The ship rolls and at the instant the angular velocity is 0.04 radisec clockrvise when
vierved fronr stcm. (15 Marks)

A flat ended valve tappet is operated by a symrnetrical cam u,ith circular arcs for flank and

nose profiles. The total angle of action is 150', base circle diameter 125 mnt and the lift
25 mnr. During the lift, thc period of acceleration is half that of the deceleration. Speed of
the cam shaft is 1250 rpm. The straight line path of the tappet passcs thlough the carn axis.

Find:
(i) Raclii of the nose and the flank
(ii) Maximurn accele ratiott and deceleralion cluring the Iift (20 t\{arks)
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Fifth Semester B.E. Degree Examination, tug./S ept.2l20

Turbo Machines
-l-ir-ne: 3 hls. Max. Marks:100

Notc: l. .lttstver on.l' FII/E.t'irll qrtestions, sele(liny ill lefist TI4:O questionsJrom euclt put't.
2. Lise o./'lltermod.l'rtrtmit'tlutu lrund bttrtle is periltitted.

l'.\l{'l - \
I a. Dil'lct'crrtiutc bc1\\'ccn a tLrrbontachincs anri positl\,e clisplaccrncnt rrachines. (04 N{:rrks)

b. Dcllnc spccilic spccrl oI'a tur|inc. I)crivc: an crplcssion firr spcciiic speed of a turbine lron't
litnclarrcntals. (06 Marks)

c. fests o1l a tulbine t'rulner l.l5 nr in rlianreter at 30 rl heacl gavc tlie lbllolvirlg results:
(i) Porver 6lsl glopL-tl - 7.ltr K\\"atts
(ii) Spccd : 180 4rrr
tiirt l)i:clturg.' 1.7{} ltt' t.'e
Find thc diarnelcr'. s1-rccci antl dischargc o1'rLrnncL to opsralc ut .15 rl hcaC and give
l;lT2KWatts itt the slurc c1'llcicuc\'. \\-hrrt rs tlrc :pccif'ic spu-ccl oi'thc Lroth the tur-brnes?

I lr. I )r'lirrc:
(l) Irrtrll-lo-ttrrlrl e llicicrre y
(ii) -]'otal stalic ellicier-icy fbr power absorbing tr-rrbomachines witl-t H-S diagram(06 Marhs)

b. Shou,that lLchcat lractorin nrulti sta-{c turbine is grcatcrthan trrtity alorrgu'ith }{-S diagrarn.
(06 NIarks)

c. A gas turbinc hrs the lirllou'ing data, [r.]lct prcssllre ancl temperaturc 5 bar and 500I(, exit

Irresslrre is L2 baroverall tlrbrne efl'rcicnc1, is 0:90. Mass f'low rate of thc gas is 20 kg/sec.

Detcrmine the polytropic efficie ncy of expansion. Take Cn : I .005 kJ/ltgK and r: 1 .4,
(()tl !larks)

(05 \'larks)

Obtain the cxprr:ssion tbr lraxilrLun utilization factor in 50%, reactioll tr:rbine. (07 llarks)
At r 50'),'o rcilction slagc arial llor,. tulbine, thc urealt bladc ciiatneter is 60 crn.'l-he
n-rarirrur-r-r utilization ii:lctor is 0.9. Steam flou, rate is l0 kgi'scc. Calcr-rlatc the inlct and or:tlct
vclocitics ancl porvcr clcr,'c.lopcd i1'thc spccd is 2000 rpm. (08 NIarks)

vclocity triangles and4 a. Sl<ctch ancl explain raclial f'low turborrachinc r,vith inlct and outlct
- ,,]

o l. t. cOs l)

I

Deflne Degree olRcaction. Explain thc cornponents of dcgrer' olreaction.3a.
b.
C.

shou' tliat the deglee of rcaction (10 Marks)

b. A tLrrbinc rvith 509.{, reaction thc terngential blade spcccl is 98.,5 Il/sec. Thc steam vclocity at

thc. nozzle erit is 1,55 rr/sec ancl t[c ltrzzlc rrngl,-- is ]8o. AssiLming syt-ni. elric inlet urd

ourlct velocity triangles. CornpLrte the inlct blacle anglc 1or the rotor and the porver

clevclopcci by thc stage fbr a flow ratc ol l0 l<gr'sec. Also llnd thc Lrtilization tbctor.(10 NIarks)

PAR'I'- B
5 a. What is cttmpouucling'/ Iixplain briefly a two-stage prcssure conrpoitnditlg irnpulse tttrbine

ancl shou, thc velocit),ancl ltrcssrrr"e variatiot-ts ac:ross thc tLrrbinc. (10 N{arl<s)

lof 2
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b. In a stage rrlpulsc turbine. thc steam velocity at nttzzlc moittlt is 300 tnisec' 'l'hc llozzlc

augle lgo anci blacle vc,locity is l+a nt/sce. Drau,to a suitat',lc scrtlc thc cliagl'lll o1'rclativc

velocities fbrthe steapr assuming that tl'ie outlet blzlde angle is 3o less than inlct anglc 'l'akc

bi;;;;l";ity cgeflicient as 0.86. lltire porver to bc clevclopecl is 1000 KWatts (lalcLrlatc

tl.}c rtrass ol-slcatl that passcs throLtglt thc tLtrbittc,lscc. ( 10 }larks)

a. l)crive an cquatiou lirr nrarir-nLrnr clficiencY condititttl ol itllllulsc tvpe hyclrarrlrc tr-rrbittc

1 + cosP. (io )Iarks)11.,,,. 
r

b. r\ Kaplan tr"trLrittc q'9t'l<itrg r-tltcicr a hclcl o1'l5 m dcvclops 7350 K\\'' p()wcr'"fhc outcr

cliameter o1'ninuer is 4trl arlc{ hLrLr ciiarlre tg1'15 llll -fhe gtriclc blacle auslc aL thc cxlrctl-tc cdgc

ol.thc ful-ri.icr is 30'. lhc lrvclrarrlic arrcl ovcrall cllicic-nci,'ol-thc tttrbittc lrl'c 900'i' arlcl 85')'i'

respectivelv. If thc vclocit-v of'u'hit'l is zcro at otttlct. cletct'illitr'-:

(i) I{unncr.r,'anc anglc at inlct anti ou1lcl at thc cxtrclrle cdqc ol'thc I'Lulller

iiil Speccl of thc turbine (10 l'Iarks)

a. Dc[inc thc fbllorvitlg tcrnts ltrI a cc|rtrifitunl pltl'tllls:

(1) Net positive sLtctiotl heatl
(ii) Mattometric r-:tllcicncY

(iii) Mcci-ianicai cl'llcicrlcr' 0(r !'larlis)

b. f)crive an expressiou fbr a ptiniltr-rur stat'linq sltcccl lilr lt ce tttri liigal 1-rtrllll-1. (06 \'larks)

c. Thc outcr dianrctcr.o{'thc irnpclici ol'a ccnlrilirgal irLulp is '10 cnr and thc r'vidth of'thc

impellcr-at 6ut1et is 5 cur. Thc puntp is running at 800 tptr ancl ',r'orl<it-tg 
against a tolal ilcad

o1. l5 *. Thc vane an-qic at outlct is 40o ancl nranot-nctric el'llcierlc'y is 7.5'X,. L)etct'tltitlc:

(i) VelocitY of florv at outle t

(ii) Velocity of rvater lcaving the vane

(iii) Anglc n'rade by the :rbsolr-rte velocit-v at outlet
(iu) l)rscharge of pump (0ti )Irrks)

a. What is thc flrlctiol of dittLrscr'l Nernc clitl-clcrrt tvpes o1'cliflitsers ttsctl itr ccntlihrgal

coutpressor and cxplain thl-nr rr itlr sitlplc sl<etches. (10 NIaIlis)

b. Air elters a collpl.cssur irf a sttrtic prcssure o1'1.5 bar, a stltic tL-ttrPr-rllttllc rlf'1-5"C anrl a

l,lorv l,elocity ol i5 ntiscc. At the crit tirc statiL- pressLrrc is 3 b.'ir.'f'hc static 1('rlPerrtlt-ttc is

l00"Cl and the flon, vciocitv is 100 nr/soc. 
-l'ltc 

oLrtlct is lrn above thc ilrlct. t,v:rlitate :

(i) The isentlopic changc of cnthllpl'
(ii) Tlie actual change in enthalpy
(iii) Efliciency of the corllpressor

>F''*>k)1<

(10 !larlis)


