B.E.
Sixth Semester Examination, December-2008

Machine Design-11 (ME-34E)

Note : Attempt any five questions. All questions carry equal marks.

Q. 1. (a) Write Soderberg’s equation and state its application to different types of loadings.

Ans. A straight line connecling the endurance limit (o) and the yield strength (6, ). as shown by line
AB, folfows the suggestior of Soderberg line, This line is vsed when the design is based on yield strength.

The line A connecting o and o is called Soderberg’s failure siress line.
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Let us consider a design point P on the line CD. Now from similar triangles COD and PQD,
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For machine parts subjected to fatigue loading, the fatigue stress concentration factor (K, yshould be
appliad 10 only variable stress (o, ). Thus, the equation may be written as
3% K
£S5 o, o,
Considering the load factor, surface finish factor and size factor may te written as
L
! S " s AP
F.S.
Sincca, =a, x Ky and K, =1lor reversed bending load, therefore, O,, =G, may be substituted ia
above cquation.
Application of Sederberg Equation
In case of axial loading, we know that mean or average stress, o, =w,, fA
Ty =w, /A
w,, =Mean or average load

Oy O x Ky x Ky ‘

w,, = Variable load and A =cross reclional arca

. . w a, w
Working or design stress = 2~ +[--}-J K, x—%

. \o, A
GV
wy, +{ - Kf, X Wy,
T
- A
g, x A
FS. = - Ans.
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Q. 1. (b) Define and Discuss :
Endurance limit; Size factor; Surface finish factor; Notch Sensitivity.
Ans. Endurance Limit : l is defined as maximum value of the completely reversed bending siress

which a polished standard specimen can withstand without failure, for infinite no. of cycles (usually 107
cycles). .

Stress -

No. of cycles —»
Size Facter : 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 one.



Lot K. =size factor
Endurance limit,

G, =6, x K.
=G up K.ﬂu’ v K.\'z =0, Kb' K.\'m’ . KS:'. =0, 'K.mr . K.c:, ¢ K."J =0
=G, Koy Koo =6, K, K, K, {for reversed axial load)
=1, Ky K- =0, K Ky, K, (for reversed torsional or shear load)
Surface Finish Factor : When a machine member is subjecied to variable loads, the endurance limit of
the material for that member depends upon the surface conditions. When the surface finish factor is known,
than the endurance limit for the material of the machine member may be obtained by multiplying the

endurance limit and surface finish factor.

Let K =surface fimish factor
Endurance limit,
G, =6op- Koy =0, K Kgyp =0, Kgyp v Kpy =1 (For reversed bending load)
=20, Koy =00 Ky Ky (For reversed axial load)
=1,.K;, =0, K. K, {For reversed torsional or shear louads)

Notch Sensitivity : It may be defined as the degree 1o which the theoretical cffect of stress
concentration is actually reached. The stress gradient depends mainly on the radius of the nowch, hole or tillet
and on the geain size of material.

Q. 2. A shaft is supported on bearings A and B, 800 mm between centres. A 20° straight tooth
spur gear having 600mm pitch diameter, is located 200mm to the right of the left hand bearing A and a
700mm diameter pultey 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 horizontal belt having 180° angle of wrap.
The pulley also serves as a flywheel and weigh 2000N. The maximum belt tension is 3000N 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; a,. =20°, D, =600mm or R, =300 mm; AC =200 mm; 5 =700 mm or
Rp =350 mm; Dg =250 mm; 8=180°=r rad; w=2000 N; T) =3000 N; T, /T, =3; 1=40 MPa =40
N/ mm? .

We know that the torque acting on the shaft at D,

’ Ty
T=(M~-Th Ep =T [I —?:")RD
1

=3000[l—%)350=?00>< 10° N-mm Ty /T, =%
Assuming that the torque at D is equal to the torgue at C, therefore tangential force acting on the gear C,
3
F, =l L J00X107 _oaN
R. 3
& the normal load acting on the ooth of gear C,
F, 2333 2333

=2483 N

W, = = =
“ cosa, cos20° 09397




Vertical component of w .
W =W, cos 20° = 2483 x 09397
=2333N
Horizontal component of w.
wey =w,. sin 20°
=2483 x 1342 =84 NN
Since T, /Ty =3 and T =3000N,
T, =I-'- =1000N
3
Let us find the maximum bending moment for vertical and horizontal Joading.
First of all considering (he vertical loading at C and .
Let Ry and Rgy be the reactions
Ryy +Rpy =2333 +2000=4333N
Taking moment about A, we get
Ry x 800 =2000 (800 - 250) + 2333 x 200
=1566600
Rpy =1566600/800=1958 N
Rav =4333 -1958 =2375 N
We know thot B.M. at A and B
My =Mpy =0

BM alC MCV =RAV x200=2375x200
- =475 x 10° N-mm
BMat D, Mpy =Rpy x250=1958x 250

=4895x 10" N-min
Now consider the horizontal loading at C and D. Let Ry and Rgyy be the reactions at the bearings A
and B respectively. .
Ray + Rpy =849 + 4000 =4849N
Taking moments about A, we gel
Rpyy * 800 = 4000 (300 — 250) + 849 x 200 = 2369800
Rpt—=2 369800/800=2963 N
Rapy =4849-2963=1886 N
We know thai B.M. at 4 and B
May =Mgy =0
BMatC, Mcy =Rqy x 200 =1886 x 200 =377 200 N-mm
BM at D, Mpy =Rpy x 250 = 2963 x 250 = 740750 N-mm
We know that resultant BM. at C,

Me =My ) + (M) =(475x10%) + (37720012
=606552 M-mm



Resultant B.M. at D,

Maximum B.M.

Mpy =M py V¥ +(Mp)? =(4895x10%)2 +(740750)°
=R87874 N-nmim
M =M, =887874 N-mm Ans.

Diameter of the shalt
Equivalent twisting moment

Y

T, =yM? + T2 =\(887874)2 +(700x 10°)?

=113 x 10° N-mm

We also know that equivalent twisting moment (T, )

or

b

1131x10° = txd? =X % 40xd’

16

=786 4*
d? =113 x 101 /786 =144x 10°
o =324 say 55 nm Ans.

RAV

3
’ _[700 x 10° N-ram | IB Torque diagram
C D |
2333 N 2000 N
l l Vertical load diagram
C D TB
RBV
849 N 4000 N
l L Horizontal load diagram
T C D T £
RAH RrEH

Vertical B.M. diagram

Horizortal B.M. diagram -




887874
Resultant B.M. disgram

" 606552
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€. 3. A semi elliptical 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 1(0mm
which will have approximately the same induced stress and deflection for any load. The Young's
modulus for the material of (he semi-elliptical spring may be taken as 200 KN/mm?® and modulus of
rigidity for the material of the spring is 84 KN/mm z,
Ans. Assume 2P be the load acting at the centre of the semi-elliptical or helical spring. The maximum

stress induced inthe leal spring is given by
f=6PL f 6x P x625

262 2% 10% 625 % (6)°

-

=0.0833P

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

8PP _8X(2P) <100 _500P
/= z’f_ 3 BN
el el d

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

q
0.0833P = —Eg}i ,pives o =185 mm
d.

From table, the standard wire size well be 19 mmn
Qutside coil diameter =+ 19 =119 num

Inside coil diameler =100~ 19 =81 mn
The deflection of a lcal spring will be

el 12xPx(3125)°

Ebr? {2z + 320 E;ﬁZ,Sx 6% (2x8 +3x 2)
EL
The deflection of the helical spring will be
8PDYZ o 8x 2P x(100)* x Z
cat c x19*

0i23i A 1
= = % {Mh"
C

6_-_.-

&

If the delection is to be same, then
123

12400 _O123F 10? z-10.C

E C E



The ratio ol g may be taken as 2.5

Then Z = B =40 coils
25

The total no..of coils may be taken as 6, 1o allow for two end colls.

Q. 4. A full journal bearing of 50 mm diameter and 1) mm long has a bearing pressure of 1.4
N/mm >, The speed of the journal is 900 rpm and the ratio of journal diamcter to the Qdimnetral
clearance is 1000, The bearing is Jubricated with oil whose absolute viscosity at the operating
temperatore of 75°C may be taken as 0.011 kg/m-s. The room temperatore is 35°C. Find : (1) The
amount of artificial cooling required; (2) The mass of the lubricating oil required if the difference
between the ouflet and the inlet temperature of the oil is 10°C. Take specific heat of the oil as 1850
Jkg°C. _

' Ans. Given o =50 mm =005 p f= 100 mm =01l m. P =14 Nlmmz; N =900 rpm; d/C =10X),
Z=001),15 =75°C;1, =35°C;r =10°C; § =1850
Amcount of artificial cooling required.
We know that the coefiicient of the friction
o* L P AC
33 {0011% 990
108 ( 4

=000233 + 0.002 =0.00433

)( FODO) + 06002

Load on the bearing
w=P.dl =14 x 50 100 = 7000 N
& rubbing velocity, '

_adN _ ax 005« 900
60 60

Vv =236.m/s

Heat gencrated
@, =pwt = 000433 x T0K) > 236 =715 Ifs
Let 1y =Temperature of bearing surface
We know that
[ !
(‘b —fu ) =—£(f(] —Ill) =E (?5 —35) _—‘2()°C

Let us take C = 280u: / a2 7°C

We know that,

Heut dissipated

Q =CAU, —1,)=Cld G, ~1,)
=280x 005 x Q= 20=28w =28 J/s
Amount of arfificial cooling required

=Heat gencrated — Heat dissipated
=715-28=435s0orw  Ans,



Mass of the lebricating oil required
Let M =Mass of oil required
@, =m St =mx1850x 10 =18500l/s

Q, =Q, or 715 =18500 m

713 =023 kg/min Ans.
00

m=

Q. 5. A gear drive is required to transmit a maximum power of 22.5 kW. The velocity ratiois 1: 2
and rpm of the pinion is 200. The approximate centre distance between the shaft may be taken as 600
mm. The teeth have 207 stub involute profiles. The static stress for the gear material may be taken as
60M Pa and face width as 10 tinves the module. 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; Vg =D /Dp =2, Np =200 tpm; L =600 mm;

O’np =OUG =60MPEI: b=]0‘n;c =80;K=].4
We know that

D D 2D
6()0=_!L+_QG_=_L’+__”=|5 D,

2° 2 2 2

600

Dp =—= =400mm= .4m
15

D(-a' =2Dp =2 % 400 = 8m
Since both the gears are mode of same material, therefore, pinion is weaker. Thus, design will be based

upon pinion.
ve nidp Np wx 04x200

=42 m/s
60 60
Since v is less than 12 m/s
3 3
y = — = ———=0417
3+v 3442
We know that no. of tecth on the pinion
7o =22 - 400/m
nt
Tooth form factor for the pinion:
Tp =0175 - 9341 _gpy5 _B4l<m
Tp
=0175-0.0021m

Service factor C; =1
wr =-P—>< C, =5357N
v

Tangential tooth load (wy)
5357 =6, xbxnamxyp
={cgp xC G amyp
=(60x 0417 10m x x m (0175 - 0.0021 m}
=1376 m* — 1.65m”



Solving this
=065 say 8 mm Ans.
Face width
G =10m=10x 8§ =80 mm
No. of teeth on the gears

=Dp /m~4—39 =50 Ans.

Mo. of teetb on gears
Tg =Dg /m—§;£ =100 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 diamcter 4mm, When
the spring is subjected to an axial load of 400N, find compression of each spring, load shared by each
spring, shear stress indueed in each spring. The modulus of rigidity may be taken as 34kN/mm 2.

Ans, Given by =, —-iz =15 mm: iy =10, Dy =40 mm; d| =5 mm; 1 =8 =30mm; dy =4 mm;
w=400N; G =84 KN/mm> =84x 10* N/mm?

Compression of each spring :
8P {Dl) n _8x A (40)*

Gd;)* s4x10‘><54

P, ~15/00975_|S4N

Py =Tl s, —'34- x 8, =027,

15= =0.0975P,

Letw, =load taken by thc inner spring to compress it by 8, mm
Bwy (DY R s 30 8
Gdy)*  84x10® x4t

=008 1w,
ws =8, /008=1255,
& Py +wy =w —P) =400 =154 =246 N

o 10728, +1258, =246
& =108 mm  Ans,

Total compression of outer spring
=8 +8& =15+108=258mm Ans.
Load shared by cach spring
wi =P +£ =154 +1027 8, =265N Ans.
wy =125 8 =135N Ans,

Shear stress induced in each spring



Wah!'s stress factor for outer spring

_4C, - 0615 _4x8-| +{l.6]5
4, -4 €, 4x8-4 3

=1184 Ans.

For inner spring
4C, -1 0615
n == +—_
4G, -4 C,
_4x75-1 _'_[}JﬁrIS=
4x175-4 15
We know that stress induced in outer spring
= Ky x8w, Dy 1184 =(8 x 265 x 40)

3 3
nd) x5

1i27 Ans.

=2556 N/mm*~

e =2556 MPa Ans.

& shear stress induced in the inner spring
BIV'_)_ D:

n(dy)”
11978 x135< 30

T =K2 X

=19286 N/min?®

mxd-

=19286 MPa Ans,

Q. 7. A worm drive transmits 15k'W at 2000 rpm to a machine carriage at 75rpm. The worm is
triple threaded and has 65mrn pitch diameter. The worm gear has 90 teeth 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
0.14. Calculate 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; No =75 1pm;r =3; D, =65 mm; T; =91
m=6mm; $=20%p =0I0

Tangential force acting on the worm

We know that corque transmitted by the worm

_ Px60 JleOg x 60

= =716 N-m
2aN, 2rx2000
- = 71600 N-mm
Tangential force acling on the worm
Torque on worm 71600 ~2203 N Ans.

Wy = =
7 " Radius of worm 65 2



Axial thrust and separating lorce on worm
Let X = head angle

L=tan"! (0277) =155°
Axial thiist on worm
wy =wy ftan A = 2203/0277
=7953N  Ans.
& separating force on the worm
wgp =w y 1an ¢=7933 x n 20°
=2895N Ans.
Efficiency of the worm drive
0 =tan l{t_nii’_-f_l an A)
cos dan L+
_fan lﬁ<° (cos 20° - 0= tan 1 55°)
- cos 20%x i 155° + 010
_ 0277409397 - 10 < 0277) _0.2526

09397 x 0277 + 040 03603
=070 or 70015 Ans.

Q. 8. The rolling contact ball bearing are (o be selected a support the overhung conntershaft. The
shaft speed is 720 rpm, the bearings are to have 99% reliability corresponding to fife of 24000 hours.
The bearing is subjected to an equivalent radial load of 1KN, Consider life adjustment factors for
operating condition and material as 0.9 and .85 respectively, Find the basic dynamic load rating of the
bearing from the numnufacturer’s catalogue. specified at 90° reliability,

Ans, Given ¥ =720 rpm; Ly = 24000 birsiwe = IKN

We Frow that life of the bearing corresponding (0 9% reliability.

Lyg =00N Ly =00 x 720 x 24000 = 10368 x 10° rev
Let Loy =Late of the bearing corresponding 1o 90% reliabifiny.
Consideting life adjustment factors for aperating condition and material as 0.9 and Q.85 respectively,

we have

16
Los, ¢t K

[Log, 4 Roo) [ 60y 05
fLog, ! Rog)

|
[{ln e (1 0.99)]
Lo

Loy

Loy
L7

% 019 x 0X5
flog, (1 0.90)]

R547
001005 « 09 x 085
01054 :

Q1026



Ly = Log /01026 =10368 x 10° /01026
=10105 % 10° rev

We know that dynanric load rating

14
L
c =w{_‘)‘2)
10°

. 10105 x 10° H
o) 10105 <107 1 oy
10°

=2162KN Ans.

(. K =3, for ball bearing)



