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Instructions to the candidates: R ’
1) Answerany3 quesuonsﬁam each section, ' -
2) Answers to the two sections should be written in separate book
3) Neat diagrams must be drawn wherever necessary.
~ 4) Figuresto the nght mdicateﬁdl marks.

5) Use of logam!hmw tables slide rule, Malﬁer charts, electronic pocket
calculator and steam-tables is allowed. . :

6 Assume smtable data, if necessary.

SECTION I |
Unit-I

Q1) a) What is the obJectwe of preloadmg? Explam mountmg and preloadmg
' of. a taper roller bearmg w1th appropnate sketch ‘ | [6]
b). A ball bearmg cames a radlal 1oad of 400N at 1760 rpm for 40% time,

600N at 880rpm for 30% tlme, 200N at 1000rpm for- 10% timeé and

.no load at ISOOrpm for remammg period of the cycle. If the expected
hfe of the bearing is 10, 000 hours w1th 95% rehablhty, calculate [10]

i) Basm dynamic load capac1ty of the bearmg
| _ i) Average speed of bearmg operatlon..

Use folloWing'telatjon for reliability analysis
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QZ)V-'a)' : ‘*.A transrnrssmn shaft is, supported by two deep groove ball bearmgs at
S two ends The center dlstance betw_" n tlre two bearmgs s 160mm A
| ) load of 300N acts‘ Vertlcally dowaward a‘t 6Umm distance from the left
g hand bearmg whereas a 1oad of: 550N aets*horlzontally at 50mm distance ._ B
" from the right Hand bearmg Shaft. speed is 3000 rpm and expected life
~of the bearmgs is 7000 hotirs with & rehabrllty of 95%. It is intended to.
o use same bearmg at both ends of the shaft Calculate dynamic load

o ratmg of the bearmg so that it can be selected frorn manufacturer

B _ catalogue Use above relatron for rehabrlrty analysrs [12] |
b) : Drscuss equlvalent dynarmc load andload lrfe relatlonshlp for rollmgr
" r"contact bearmgs B R .:__j_ D [4]
o Lhﬁtll o '

Q3 ) a) Explam the rrrechamsm of pressure development in 011 film and draw
o rachal & ax1al pressure dlStl‘lbutlln for hydrodynamw Journal bearmg [4]‘ |

N b)' The followmg data refers to a 360" h,ydrodynamlc Journal bearmg[12]
A".,-'Radlalload WN -
«  Journal speed = 1450 rpm
e :.' '_t'/d ratio=1 |
e Eceentr:zclty =15 microns
-_'_‘.;' Radial clearanee 20 mlcrorrs"f-...'
o . g Bearmg Iength 501‘nm _
L . o Spemfrc gravrty of lubrreant = 0 86
] . Specrfrc heat of lubncan_t =209 kJ/ kg °C Calculate :
b the mrmmum 011 fllm thlckness i |
. 2)_': the coeffrcrent of fl‘lCthl‘l
o 3) “the power loss mfrtctron | i
| 4) - _‘the vrscosuy of lubrlcant in CP CaTe
o 5) the total flow rate of lubncant 111 llt/mm
| 6) thesrdeleakage | BN
o 7) 3 ___the average temperature if make up orl 1s supplred at 30°C
| (Refer Table 3 ) ‘
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- 04) a Derlve from F1rSt pnnmpal Reynold s equatlon w1th usual notat1on -
_a/ax(haap/ax)a-a/ag (gfap/ay) 6.uu ah/ax S ()
| b) A SOmm d1ameter hax:dened and ground steel _]ournal rotates at 1440
- rpm in a lathe turned bronze bushlng wlnch 1s S0mm long For
. hydrodynamm lubrxcauen the mmtmum oil ﬁ]m th1ckness should be

: five times the sum of surface roughness (clearance values) of Journal
and beanng The data about machmmg ‘methods" 1s as follows

- '(Table 1). S St I | [10],
= © Table'l |
Elements Machlmng methods Clearance values
| Shaft Grmdlng R 16mlcrons
.Beal'ing Turnmg/Boarmg 0. 8mlcrons

' The class of fit is H8d8 and the v1sc031ty of the lubricant is 18 cP
,Determme the maximum radtal load that the joyrnal can carry and
stlll operate under hydrodynamlc condxtxons Also calculate quantlty
of lubnc:atmg 011 requlred

(Refer T,.ab-le, 3) A
Q5) a) . Draw the following diagrams and ‘wite their equations - [6]

). Goodman diagram .

- ii) Soderberg dlagram ’
b) A spherical pressure vessel, with 500mm inner diameter is welded
from steel plates, The welded joints are sufftclently strong and do not
weaken the yessel. The plates are made from cold drawn steel 20C8 "
(S = 440MPa and S = 242MPa) The vessel is subjected to internal -
_ " pressure which varles from 0 to'6 N/mm?. The expected reliability is
b | 50 % and the faetor of safety is 3.5. The size factor and surface finish
- fac_tor is 0.85 and (.82 respectively. The vessel is expected to withstand |
infinite number of stress cycles. Calcuilate the thickness.of the plates.[12]
_"“-OR |
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Q6) a) What is endurance strength of material? o 4]

by A transmxssmn shaft havmg an ultlmate tensile strength of 600MPa

and yield: strength of SSOMPa is etabjeeted 'to a fluctuating torque of

- 200 Nm anticlockwise and 800Nm cleckwme The factor of safety i is 2

and the expected rellabrlrty is 50% The surface factor is 0.8 and the
“size factor i is 0.85. Assummg that there is no stress concentratiog, .
determine the diameter of the shaft for mﬁmte life, Assume the distortion”

-energy theory of failure. Also determine the diameter of the shaft, if

only the fluetuatmg torque is change to I0Nm anticlockwise to 800Nm

clockmse | o , - [14]
Q7) a) What is self energizing and self lockmg block brake? .[4]

~b) " Figure 1 shows the arrangement and dimensions of a pivoted-block
‘brake with a face width of 50 mm. The coefficient of friction and the
penmssrble intensity of pressure between the friction lining and the
brake drum are 0.25 and 0. 55 N/mm? respectively. If the pivot of the
shoe is located such that the rnoment of frictional force on shoe about
" the pwot is zéro. Calculate o S n [12]
1) The brakmg torque capamty | | '
2) ' The actuating torque o
3) The heat generated if the speed of the brake drum is 100 rpm

~ and _the__brake is applied for 5 sec to bring ,:the drum to the rest.

' [4263]-216
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08) a), An autemotwe type clutch of heavy vehtele has. msrde and outsrde- -

o 'dtameters ef 150 and 228mm respeetweiy Clampmg ferce is provrcled:
-by mne eprmgs, each oompress*ed 6.5 mm te grve a force of 625 N

_When the clutch is new. The ‘moulded fnctron ‘material prov1des 2

BN L 'euservatrvely esnmated coefflclent of frtotion of O 35 The maxrmum

e 'engme torque is 280 N—m e ,' - [12]

| '1) What is the safety factor w:th respect to shppage of a brand new-‘_
- 'clutch‘% R ; , |

if) What is the safety fa,ctor after mmai wear has occurred‘?

N iii_) How much wear of the frretlon materral ean take place before the
S clutch w111 slip? SRR
_lb)-"{-Whyl‘h:eat, drs&1pat.1e‘n 1snecessary lnolutches'? - - -' i
099 An electnc helst is bemg desrgned for ltftlng eapaeﬂ:y of 30kN at 80my/
" min The rope drum dlameter wﬂl be approxrmately 640mm and it
will be driven by an electnc motor runnmg at 1440 rpm through a
'patrs of spur gears only The pinion and gear are ‘made of plain carbon |
steel 55 C8 (S - 720 N/mmz) The tooth system 1s 20" fuil depth o
involute andhumber of teeth on pmron_ as minimum as possible. The -
 service factor and fac‘tor'of safety are taken as 'I:- 25 emdj 1.5 resp'ectiveiy .
| _The face width 12 trrnes module Suggest surtable number of stages
R for the reductron dnve The veloelty ratlo 111 each stage ‘should not'-
| -exceed 6 1 Desrgn the frrst stage gear palr by using . veloc1ty factor. |
'Also suggest surtzble capacrty of electrtc motor Use followmg data: [12]

. Veloc:lty factor Cv =

34 V -
287. -
'LeW1s form factor Y 0484-—2-—.

"_‘-'-[4263]-216 - 5 .
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K * Load stress factor K 0 1‘_': v ey

e Stage efﬁmency 95%

" Standard. module i mm 1,1.25 z 34 5:68 10, 12,16

o Standard k:W Ratmg of electnc motors 5 10 15 20 25 30, 35, 40
45 5060 e R
b) Defme: beam and wear strcngth of spur gear ST [4]
QI 0 ) A belt conveyor system is to be drrven by a 30kW 720rpm eicctrlc motor
: through a’ helical gear pair, runnmg at 225 rpm. A pinion having 14 teeth -
k- . made of alloy steel (S,= 800 N/mm23 is meshed with gear made of plain
S+ carbon steel (S = 720 N/mm?).The application and load concentration’ -
 factor-is 1.3 and 1.1 respec‘tlvely, Whlle the factor of- safety is 2. The face
width is 10 times normal module and tooth- system ‘is 20°full depths .
. involuté. The helix angle is 25°. The. gears are-to'be machmcd to meet the
SpﬁleiCElthIl of grade 7. "The deformation factor for gear pair is 11000 e.
T N/mm Design the gear pair by usmg velocuy factor and Buckingham’s
" equation for dynanuc load. Also suggest the surface hardness for gear pair.
 Use followxng data Standard module in rnmn-l I, 23,2, 3, 4,5,6,8, 10 12,14 ..
| 5 | S [16]

Vel .f. | Cvl-.'.l‘ 56
- eocny actor—; _1 56+J_

DR ZIV(chos W +P )cosw
,.,VDynamlc loadP = 21V+\becas y/_{_

o

hmx

o Lew:[s form factor Y 0484—-—2-;1 :

L BHN N
Lead stress factor K 0 16[ ]
: 100

for ..g_rad_e Te= 1ﬁ1.0+ 09(m+ '0;25«/3 )u_m




Www.sppuonline.com

Unit-VI VI

QII ) A centmfugal pump submerged in 4, well is. dnvcr; at. 600 rpm by a 25kW.
motor_mnmng at 1500rpm . through a palr of stralght bevel gears. The
| bevel -pinion and. gear are made of alloy steel, with ultimate tensile strength
’ nm?, The axis of pinion and gear 1ntcrsect at rlght angle. The starting -
que is.125% to the rated torque Thié factor of safety- requlred is 1.78.
The tooth system is 20° full depth involute. The gears are to-be cut to meet
Al "éc1f1cat10n of grade 6. The pinion and- .gear are case hardened to 420
EHN and 400 BHN. respccmvely The deformatlon factor is 114886
N/mm. Design the gear pair, o - {18)

Use following data Standard mndule m mm = 1 1 25 1 5, 2.0,3,4, 5
ST 6810amd 12, S | -
287
Lew1s form factor Y' 04&4——2— P
TR
: Lﬂad stress factor K 0 16{ J
_ . 100
| For grade7 o= 80+0 63(m+0 ZSJ—)um
e 9c1ty actor._ . 6 v
: o 2 bC+
j Dynarmc lcad P =- W( )
SN 21V+\/bC+ ook
QIZ) A palr of worm and worm gear is used to drlve an elevator cage for the
following spec1f1cat10ns shewn in-table L £ ¢
~|S.N| Partlculars oo [Worm Worm gﬂar | Remark -
| 1. [Pressure angle B "‘_-,20" o200 Nér_mal' plane
1.2 |Axial. pitch - 3 _-18 85mmi | o —
3 . 'Pltch circle dlameter - -48mm 192inm. ———
4 _Lead o e, I8 SSmmi e —
-5 ;;"Effecuve WIdth e | 36mm - —_—
-' 7 Penmsmble bendmg stressf__j_' —— | 90N/mm? .| = ——
| 8 Wearfactor B S OSBI’\»’I/IIHII2 | —
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| " . Overall heat transfer coefflcnent w1thout fan = 16w/m2°C ,
B ,' Overall heat iransfer cqefficmnt wnh fan «15 2+8 25>< 10‘3><n W/m2°C
: thre n,is specd of worm in rpm | ' :
e Effectxve area of housmg 9 X 10‘s X (a,)1 38 m2
_ (where a= centre dlstance m mm) o
. ‘Frictional losses m bearmg 4. 5% of total mput power
‘Take: coefflcmnt of frlctlon between worrn and worm gear teeth = 0. 025
Determine B ' o
| 1) Dlmensmns of worm gear palr

2) Input power rating on strength basls Gl

3) Temperature rise °f lubncatmg 011 w1th ozr w1th0ut fan Is fan necessary‘?
Give comment ' SR PRR R . .

| Use fallewmg equatmns o

. 87
Lew1s form facter Y 0484"‘“’2‘* -

| T I
Veloc1ty factor C’v EW\WV sppuo nhne ¢ ‘
" taﬁ&' |
ta.n(¢ +£) | ~
| .Where ]t Laad a.ngle cf worm -
. TP Table 3 E 3 ,
¢/d h.('jc 1 E s ,:-_-:(r/c)f Q/rcnf Q| P, /Pl

_Efﬁmency =
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0.9

10.0188 |

105

474
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4.048

oz |

0.8

|o. 0446

| 1.70

462

0.842

3.195

0.4

06

lo. 121

] 433

. 0.680

2400 |

0. 264

-5.79_ -_

399 |

0.497

1 2.066°

0.2

1o. 631

3. 59-

| 0.280

0 1.890 |

__1 33

:3 37:

1.852

0.0 |

' '26_';.4]-.' ;

3 142

| 0.150
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