B.E.
Sixth Semester Examination, December-2008

Machine Design-11 (ME-304E)

MNote : Awempt any five guestions. AH questions carry egqual marks.

Q. 1. {a) Write Soderberg's equation and state its application to differcnt types of loadings.

Ans. A straight line connecting the endurance lisit (g ) and the yield strength (o, ). as shown by line
AR, fullows the suggestior of Soderberg line, This line is used when the design is based on yiceld strength,

The line AR connecting o and o s called Soderberg™s Lailure stress line,
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Let us consider a design point P on the line CD. Now Trom similar tnangles COD and PQD,
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L./ L)
F.5. o, o,
For machine parts subpected 1o fatigue loading, the [atigue siress concentration factor (K, ) should be
applizd o only vanable stress (g, ). Thus, the equation may be writlen as
i g, Tukp

(— A e

F.S. o, o,

Considering the load factor, surface finish factor and size factor may be writlen as

!
F.5. o, o4%xK, =K.
Sincc o, =0, x Ky and Ky, =1Hor reversed bending load, therelore, o, =a, may be substituted in
ahove eguation,
Application of Soderberg Equation
In case of axial loading, we know that mean or average stress, o, =w, /A
gy =w, /A
W, =Muean or average load

L P
iy + u""'l'

w, = Variable load and A =cross rectional arca

f a )
Working or design stress = E,;,L +( —-I—} K, x %

iﬂl'

Oy
Wy +[ ]Kr, wwy,
0

L4

A

o, <A
ES. = - Ans.

d'_.,..
W F % R’Fku*“

0. 1. (b) Define and Discuss :

Endurance limit; Size factor; Surface finish lactor; Notch Sensitivity.

Ans, Endurance Limit : It is delined as maximum value of the completely reversed bending siress
which a polished standard specimen can withstand without failure. for infinite no. of cycles (usually 10’
cycles).

Siress —»

Mo, of gycles —p
Size Factor : If the size of standard specimen will increase, then the endurance limit of the material will
decrease. This is due the fact that a longer specimen will have more defects than a smaller ane.
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Len K. =sire luctor
Endurance limit,
qr: = “r o ¥ Hr.‘

=0 Eurr ' E.l.: =T, Kh-K iy K.'r.' =”="Ku|r . K.:: i Ky =1)
=0, Ky K =0, K K K. {for reversed aaal load)
=T, K R =0, K Ko K (for reversed torsional or shear load)

Surface Finish Factor : When a machine member is subjected to variable loads, the endurance limit of
the material for that member depends upon the surface conditions. When the surface limish factor is known,
than the endwrance limit lor the material of the machine member may be obtained by muluplying the
endurance limit and surface finish etor.

L K o =surface inish factor
Endurance limit,
G, =0y Ky =0, K Ky =0, K. v K) =1 {(For reversed bending foad)
=g, KNy, =0, K, Ky, {For reversed axial load)
=T1..Key =0, K . Kyyr (For reversed torsional or shear loads)

MNotch Sensitivity : It may be defined as the degree 1o which the theoretical effect of stress
concentration 1s actually reached. The stress gradient depends mainly on the radius of the nowh, hole or fille
and on the grain size of material.

). 2. A shaft is supported on bearings A and B, 800 mm between centres. A 21" straight tooth
spur gear having 600mm pitch diameter, is located 200mm to the right of the left hand bearing A and a
T0mm diameter pulley is mounted 250mm towards the left of bearing B. The gear is driven by a pinion
with a downward tangential force while the pulley drives a harizontal belt having 180° angle of wrap.
The pulley also serves as a flywheel and weigh 200N, The maximum belt tension is 300N and the
tension ratio is 3 : 1. Determine the maximum bending moment and the necessary shaft diameter if the
allowable shear stress of the material is 40MPa.

Ans. Given AB =800 mm; o, =207, D, =6k mmor R, =300mm; AC =200 mm; 3, =70 mm or
Rp =350 mm; Dg =250 mm; 6=180°=r rad; w=2000 N; T, =3000 N; T, /T; =3, 1=40 MPa =40
Ng" mm? .

We know that the torque acting on the shatt at [,

( Ta
T ={T| -T:] H“. =T| L:—F‘-—]R{}
|

=3ﬂﬂﬂ{l —-%]35&=Tﬂﬂw 107 N-mm T[Ty =3)
Assuming that the torgue at [3 s equal Lo the torque at C. therefore langential force acting on the gear C.
3
T | ST
R, 3
& the normal Toad acting on the tooth of gear C.
F 333 2333
We=—-=" = ! = =283 N
cos o, cos20° (9397
/
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“ertical component ol w,
W =i, cos 20° = 2483« 09397
=23313N
Horizontal component of w,
weg =w, s 207
=2487 x« 342 =84 NN
Sincu T, /Ty =3 and T, =3000N,

B

Ta =[N N
- 3

Let us find the maximum bending moment for vertical and horizontal loading.
First of all considering the vertical loading at C and .
Let R4y and Rgy be the reactions
Ry & Ryy =2333 + 2000 =4333 N
Taking moment aboul A, we gel
Ryy » 800 = 2000 (800 — 250) + 2333 % 200
= | 566600
Rgy =1566600/800=1958 N
Ryv =4333 1958 =2375N
We know that B.M. al A and B
My =Mpy =0

: =475 % 10" N-mm
HM al £, M“p‘ ='HEV = 25‘U=|953x 250

=4895% 10" N-mmn
Now consider the horizontal loading at C and D. Let R 1y and Rgyy be the reactions al the bearings A
and B respectively.
Ray + Rpy =849 + 4000 = 4849 N
Taking moments about A, we gel
Ry * 800 = 4000 (800 — 250) + 849 » 200 = 2365800

Rppy =2369800/800=2963 N

Ry =4849 -2963 =1886 N
We know that B.M. at A and B

May =Mgy =0

B.M a C, Mey =Rap = 200 =1886 x 200 =377 200 N-mm
B.M at D, M pp =Rpy = 250 =2963 x 250 = 740750 N-mm
We know that resultant BM. at C,

Me =\|[{Mc-v}: +(Mey ) =u‘{4?5klﬂ313 + (377200%°
=H06552 H-mm
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Resoltant B.M. e 12,

My = J‘[ M py :l': + M g }2 =~,||I{4395 b 1ﬂ'1','|] +{T4ﬂ?5ﬂj:
=HR7874 N-mm
Maximum B.M. M =M, =887874 N-mum Ans.
Diameter of the shali
Eguivalent twisting mament

T T e T S o e
T, =JM> + T3 =(887874)> +(T00x 10°)
=131 = 10" N-mm
W also know thot equivalent twisting moment (T

310t = Lxrxd? =2 x40 4
6 16

=7864d"
d? =131 10Y 186 =144x 107
rr o =324 say 55 nm Ans.
5
l _ﬁﬂﬂ‘ x 10° N-mm | lB Torgue diagram
| G = )
A
2333 N 2000 N
AT i i TB Vertical load diagram
RAV RBVY
249 N 4000 N
i } l Horteontal oad diagram
e o}
RAH RBH

Vertical B.M. diagram

Horizortal B.M. diagram
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887874 ;
Resultant B.M. disgram
_—~" 606552

A C] D B

Q. 3. A semi clliptical spring has ten leaves in all, with the two full length leaves extending 625
mm. It is 62.5 mm wide and 6.25 mm thick. Design a helical spring with mean diameter of coil H0mm
which will have approximately the same induced stress and deflection for any load. The Young's
modulus for the material of the semi-elliptical spring may be taken as 200 KN/mm* and modulus of
rigidity for the material of the spring is 30 KN/mm %,

Amns. Assume 2P be the load acting at the centre of the semi-ellipiical or helical spring. The maximum
stress induced in the leal spring is given by

bx P x 625
S0P, g BRPXRS . gouap

Tz 2% 10% 625 % (6)°

The maximum shear stress induced in the helical spring is given by

. Bpp B (2P 110 SO0F
_i‘i:_'.‘—uf:"__ —1__=.. =
el b11) i

IT the value of induced stress is 1o be same, then

ﬂ
00833 P = _ﬂ‘[iE coves o =1R5 mm
d "

From table, the standard wire sice well be 170 mm

Chutside conl dinmeter =K+ 19=119mm
Inside corl diameter =100 =19 =81 nin

The deflection of a leal spring will be

el 12xPx(2s)’

1240

=t
The deflection of the helical spring will be

s BPD'Z o Bx 2% (00 x Z
it Cx19?
0123 2,
az—f’-a(rn}j
Il the deflection 15 to be same, then
40P 0123
12400 23R 0¥ a0 E
E [ £
/
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Thee ratio ol CE may be taken as 2.5

Then Z= 19 =40 coils
25 i

The total no. of coils may be taken as & 1o allow for two end conls.

Q. 4. A Tull journal bearing of 50 mm dizineter and 140 mm long has @ bearing pressure of 1.4
N/mm?>. The speed of the jowrnal is 900 rpm and the ratio of journal diameter to the diametral
clearance is 1000, The bearing is lubricated with oil whose absolute viscosity at the operating
temperature of 75°C may be taken as 0011 kg/m-s. The room temperature is 35°C. Find : (1) The
amount of artificial cooling required; (2) The mass of the lubricating oil required if the dilference
between the ouilet and the inlet temperature of the oil is 10°C. Take specific heat of the oil as 1850
Jikg"C,

Ans. Given ¢ =50 mm =005 m; [ = 100 mm =01 m. P =14 Nfmm" s N =900 mm: d/C =100,
Z=0010 1ty =750, =35"°Cor =10°C; 5 =1850

Amount of arificial cooling required.

Wi know that the coefTicient of the friction

= _"1 E][i]*— K
o\ P ACY
R [n.m = 900

B n# 1.4

=000233 + 00002 = 000433

]l’HHN!}+ 00z

L.oad on the bearing
we=Pf =14 % 50 100 =T000N
& rubbing velooity,

T E 5 = 000 |
R =236 m/s

il )
Heat gencerated
@, =pnV = 000433 < TOR = 236 = T1S Ifs
Let 1y =Temperature of beaning surface
We know that

[ r 1
|:'IIII _rrr}=E“[: _:“}=E{?F‘ —35‘}21{]':(

Let us take € = 280w /" °C

We know that,

Heut dissipated

Qg =CALt, -1, y=Cldry, -1,)
=280« 005 = 01 = 20=28w =23 Js
Amount of artificial cooling requined

= Heat generated — Heat dissipated
=715 -2 =435 /s orw  Ans,
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Mass of the lubricating oil required
Let M =Mass of oil required
(2 =m 51 =mx 850 = 10=18500 /s
Q, =0, or 7115 =18500m
ni = £ =023 kg/min Ans.
18500 '
Q. 5. A gear drive is required to iransmit a maximum power of 22.5 kW. The velocity ratiois 1 : 2
ond rpm of the pinion is 208, The approximate centre distance between the shaft may be taken as 614
mm. The teeth have 207 stub involute profiles. The static stress for the gear material may be taken as
60M Pa and face widih as 10 times the mpdule. Find the module, face width and number of teeth on cach
gear. Check the dezign for dynamic and wear loads. The deformation or dynamic factor in the
Buckingham equation may be taken as 80 and the material combination factor for the wear as 1.4,

Ans. Given P =225 kW =22500w;V, =Dg [Dp =2 Np =200 rpm; L =600 mm;

G’rnll: =G =60MPa: b=10m; C =80, K =14
W know that
n o, 1D,
EH'J'['F:—F_"'i:—L"'“":— =15 ”P

2 2 2 2

Dy = ‘—':% = 4(Wmm = 4m

D[: =Iﬂp =2 » 4{{) = Bm
Since both the gears are mode of same matenal, therefore, pinion is weaker. Thos, design will be based

upin pinion,
v_jti.lp Np mx04x200

=4.2 m/y
60 )
Since vis less than 12 mfs
3 3
Cym—e= =417
I+y 3442
Wi know that no. of teeth on the pinion
I
?p - f—'r = 40'm
m
Tooth form factor {or the pinion:
Tp = 0175 - 084! _yyps SHxm
Tp
=0175 - 00021 m

Service factor C, =1
wp =L, =5357N
W
Tangential tooth load (o)
5357 =0,
=(ggp xC,)GAmMYy,
=(O0= 0417 10m = wm (0175 - 00021 m)
=1376 m® - 1.65m”

®xhxmm=yp
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Solving this
it =065 say 8 mm Ans,
Face width
G =10m=10x§ =80 mm
No. of teeth on the gears
Tp =Dp ,-'m=$=ﬂﬂ Ans.

Mo. of teeth on gears
T{: =DG flﬂ=?=|m Ans.

Q. 6. A composite spring has two closed coil helical springs, the outer spring is 15 mm larger than
the inner spring. The outer spring has 10 coils of mean diameter 40 mm and wire diameter 4mm. When
the spring is subjected to an axial load of 400N, find compression of each spring, load shared by each
spring, shear stress induced in each spring. The modulus of rigidity may be taken as 84kN/mm

Ans. Given &) =0y =l =15mm:n; =10, 1 =40 mm; o} =5 mm: na =8 I =30mm; oy =4 mm;
w =400N: G =84 KN/mm?® =84 x 107 Nimm?

“ompression of each spring :
3 a 3
15RO _Bx B (A0 10 ngys P,
Gdy)? 84 10" x 54
b =15/00975 =154 N

P=sixd = Tx b =10278

Let ws =load taken by the inner spring 1o compress it by 8, mm
CBwa (D23t B B (307 R

& S5
B Gldy)* 8% 107 x4
= (MM ba
i wa =0 [O08=125 &
& Bovwa =w =P =400 154 =246 N

ar 10728 41258, =246
fa =108 mm  Ans,
Total compression of puter spring
=8 + 8 =15+ 108 =258 mm Ans.
Load shared by cach spring
wy =P, + P =154 +10.27 5, =265N Ans.
wy =1258, =135N Ans.

Shear stress induced ineach spring
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o W

Toody 4

Wahl's stress factor [or outer spring

= 4C; -1 +u.mﬁ = | i On13
4Cp -4 Cp 4x8-4 B

=1184 Ans.

75

For inner spring
4C; -1 0615
Ko s—2 e 4l
TodC, -4 Ca
4«75 0615, 07 ans
4x75-4 75

We know that stress induced in outer spning
Kyoxwy Dy 1184=(8= 265 = 40)
T= —~=

1 3
) i

= 2556 N/mm :

e=2550MPa Ans.

& shear stress induced in the nner spring
By I
11 = ":2 o ___1 —‘
mids )

197 xR 135% 30

T 4'1

=19286 MPa Ans.

). 7. A worm drive transmits 15k'W at 2000 rpm to a machine carriage at 7Srpm. The worm is
triple threaded and has 65mm pitch diameter. The worm gear has 90 tecth of 6mm module. The tooth
form is to be 20° full depth involute. The coefficient of friction between the mating teeth may be taken as
0,10, Caleulate Tangential force acting on the worm; axial thrust and separating force on the worm;
efficiency of the worm drive,

Ans. Given P =15 kW =15 10" w: N, = 2000 rpm; Ny =75 pm; o =3 D =65 mm; Ty; =W
m =0 mm; §=20%p =010

Tangential force acting on the worm

We know that wrgque trapsmitted by the worm

_ Px60 15x 107 %60
C2mN, 2w 2000
- = 7160 N-mm

Tangential force acting on the worm
Torque on worm  T1AI0

—1924%6 Nfmm >

=716 N-m

=2203 N Ans.

Wiy = " =
Radius of worm 65 2
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Axial thrust and separating force on worm
Let & =head angle

L=tan ! (0277)=155°

Axial thrist on worm
w4 =wy (tan d = 2203/00277
=T7953N  Ans.
& separating force on the worm
W= lang= 7953 = tan 307
= 2:-1 J5 N Ans,
Efficicncy of the worm drive
{cos d—p tan A)

1 =lan k —
civs fian %4 I

l..m 155% (cos 20° - 010 = tan 1 557)

_T_:.:: MI1"w in 1357 +m_h_
N ﬂ-"""r[l'i"l'!?'.l‘ - 10= 0277 EJ.f',ﬁ.‘!ﬁ

T —

nnaw'.r * f] 277 + 01 03603
=070 or TOL%F Ans.

). 8. The rolling contact ball bearing are 10 be selected a support the overhung conntershaft. The
shaft speed is 7200 rpm, the bearings are to have Y9% reliability corresponding to life of 24000 hours.
The bearing is subjected to an equivalent radial load of 1KN. Consider life adjusiment faciors for
operating condition and material as L9 and 0.85 respectively. Find the basic dynamic load rating of the
bearing lrom the manufacturer’s catalogue. specified at Y° reliability,

Ans, Geven NV = T20mpme Ly = 24100 hrss v = 1IKN

W Fnow that life of the hearing corresponding to 9% relinbility.

Lyg =N Ly = blrx 7205 24000 = 10368 = 10% rev

Lot Ly =lafe ol the bearing corresponding 10 905 reliubility,

Considering lile adjustment factors Tor operanng condition and material as (1.9 and 0.85 respectively,
we hivie

-'.l_k} |i e I‘" 1. R‘-}‘]}
L-l:_r“ } |L{)j;‘ “ Hqﬂ}

Inm:r TR

Iir
} « 1Y = (145

b w (L IS
oz, (1 050 |

010054
=102t

R54T
LOITHIS
i[L—EL] x 109 x (145
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Ly = Log /01026 = 10368 x 11° /01026
—1N05 102 oy
W kv Hhat elymemie loud rading

&
o= [EM W
1ﬂh

4
’ f 13
=] (Eﬂiuii .”i KM
L ifr
=216 KN Ans

¢ K =% for ball hearing)
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