B.E.
Sixth Semester Examination, 2010
Machine Design-11 (ME-304-E)

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

Q. L. (i) Discuss the role of value engineering in design.

Ans. For design engineer it is necessary to provide optimum design parameter w.r.t. performance
and cost, Value engineering helps a meeting this objective. In this the cost effective material are
selected. Then the satisfactory of the desired values like

1) Cost value {i1} Use value

{1i1) Steam value

(1w Exchange value are achieved

Approaches to value engineering consist of

(i) Team {i1) Indiridual

(1) Modified team, tools like brainstorming are the use for the of success of value engineering.

Q. L. {ii) List the fundamental requirements for machine members for the'r efficient
working.

Ans, Fundamental requirement for machine member for their efficient working are :

(1) Cost {ii) High output and efficiency
{ i) Swengih {iv) Reliability
(v} Durability {vi) Wear resistance

{vii) Compliance with state standards
{v1ii) Economy of performance,
Q 1. (iii}) How is factor of safety evaluated for different types of loading?

ARS. Factor of safety = _f::_’_m ) {In case of ductile material)
esi
FOS = MM RICS (. brilile material)

Design stress

limit
FOS= Enranee tawt {In case of completely reversed stress cyele)

Design stress

Evaluation of FOS :
(i) In Static Loading : The factor of safety may be taken as the product of two factors o and R,

FOS=axR
Where, a = Elastic ratio
R = Reliability factor
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(ii} Impact or Shock Loading :

FOS=axRxK, xK
Where, &, =5hock factor
(iii} Fatigue Loading : FOS=axK;xRxK

Where, K ; =Fatigue stress concentration factor.

Q. 2. A helical spring whose mean diameter of coils is B times that of the wire is to absorb
500Nm of energy. The initial compression of the spring is 50mm and the additional compression is
100mm while absorbing the shock. The maximum permissible stress is 450N/mm’ and modulus of
rigidity is 0.83x19° N/mm’. Design the spring comp'etely.

Ans. [ D=2d I

Given | L = 500N-m,

suD
d
§; =50mm, 5, =100 t=450N/mm’
G=083x10" N/mm’
A D 2d
Spring index {J.C.‘)rcE u?-z
_dc-1, uss
4C-4 C
4x 8-

Wahls stress factor, K

—
o
L

-]
|
s
oo

x
=32-1,065 11074008125
PR

BPxC
MZ
_Kx8x PxC
MxT
P, (initial spring force) =kb) = 50K
P, (final spring force) =k(5; +8; )=kx150

Average force during compression =£K-12-15;“ = 100K

C=K=x

JI

U = 100K =100
500x 10° =100k = 100

Ejmnus

> 10

= 50N/mm

downloaded from http://studentsuvidha.in/



http://studentsuvidha.in/forum

Py =50x150="7500N

o = 1005 mm
& D =2%1005=2010mm
Number of active coil k= G“‘;d
8O N
__Gd*
8D < K
_083x10° <d? _ 083x 10° x 1005
T 8x(2d) x50  8x8x50

N = 264 tums
Free Length : It is assumed that the spring has square and ground ends
N, =N +2=266

Sohd length =N, »d =266%1005=26733mm
Axial gap ={266-1)= 2= 530mm
_8PD’N
© Gd*
Free length = Solid length + Axial gap +5 .,

=2673134 530+1519=33552mm Ans.

Q. 3. A horizontal power transmission shaft is supported by two bearings 1.0m apart. The
shaft overhangs the righi hand bearing and supports & 0,75m pitch diameter straight tooth spur
gear 0.30m from the bearing. It supports a 1.25m flat belt pulley 0.25m to the left of the left hand
bearing. The gear weights 3kN and the pulley weighs 10kN. The gear is driven by pinion such that
the tangential turning forece acts upwards. The pulley that delivers the power vertically
downwards has a belt tension ratio of 2.5 : 1. The shaft must transmit 20kW at 150 rpm. Assume
transmission efficiency as 100%. Determine the shaft diameter based on maximum normal stress
theory. Assume suitable other data.

=]15L9mm

max

7o Pr60 _20x 10° x 60
Iax N Ixmx]50
T =127324 N-m = 1273.24x 10" N-mm

R =-lz—:q=6251mn

Ans.

Ry =1i-g=3?5mm '
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A Pulley

1 250 mm

Gear wt. = 3k N

Pulley wi. = 10 kN

(T, =T )x R, =127324x10°
T, -1, =2037.18

From equation (i)

Total downward load at A,

Tangential force on gear B

Total vertical load at B,

Taking moment about D
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1

;L =25(given)

T, =25T;
157, = 203718

T, =135812N 5

T, =33953IN

=T, +T, +W, =1475343N
T

F, =— =33953IN
R

A

&

='Fl —Wn =3395.31—3(}m= 395.3'1“

B

250 1 1000 ! 300 ;
{fo_ R
v 1
Ry Re
R, =1475343N
Ry =3953IN

[EXTTY {i]
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~Re %1000+ Ry % 300+ R , x1250=0
395,31 300+ 14753.43% 1250

e 1000

R =1856038N

Rp =380695N
Bending moment at 4 & 8=0
Bending moment at C =1856038x 250 = 4640.09x 10° N-mm
B.M at D = 380695 300 =114209x 10* N-mm

From above bending moment at C is maximum
M =464009x10° N-mm
T.=AM?+T?
=481161x10° N-mm

T, =-£xtxd"
16

= 43 _TL.x16_481161x10°x16
AT mx 64
Assume . T =64 Mpa
Ans.

Q. 4. A steel shaft 1.5m long between bearings carries 1000N pulley at its mid point. The
pulley is keyed to the shaft and receives 20k'W at 200 rpm. The belt drive is horizontal and the ratio

of the belt tensions is 3:1. The diameter of the pulley is 600 mm. The load is applied with moderate
shocks, Caleulate the necessary diameter of the shaft.

Ans,
C
&00 mm

A B
1 t W, -1000N
Ry
I: |
¥ 1 500 mm =1

5. P =20kW

Ty N =200rpm

downloaded from http://studentsuvidha.in/



http://studentsuvidha.in/forum

Px 60

T= =954.93N-m
22N

= 954932 10° N-mm
T=(T; -T3 )R

954.93x 10°
300

T, -7 =318309N
h =30
2T, =3183.09
I, =159155N
T, =4T774.65N
R, +Rg =1000
Taking moment about A, = =750 1000+ R 5 x 1500
Ry =500N
R, =500N

= Ti_"'fz"

Maximum bending moment M =500 750
=1375%10° N-mm

jaq? 1
T, =VM2+T

=\J(375%10° )? +{954.93x 107 )2
=1025922x 10° N-mm
T, =-11:-: d?
16

Assume 1 =64 N/mm’

_1025922x10° x 16
x 64

Ass

Q. 5. Determine the dimensions of a bearing and journal to support a load of 5500N as 800
rpm using hardened steel journal and bronze-backed bearing. An abundance of o:! is provided
which has a specific gravity of 0.9 at 15.5°C and a viscosity of 10.2 centistockes at 82°C that may be
taken to the limiting temperature for oil. Assume a clearance of 0.0025 em per cm of diameter.
Calculate also the rate of heat generated in the bearing.

Ans. Given ; H' =5500N, N =800 rpm
Specific gravity of oil =09 at, r, =155C

d-i
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Viscosity =102 centistroke, 1, =82C
Clearance = (1002 5 cm/cm of diameter

Z=5p. gt ufail[ﬁﬂﬂﬂﬂﬁ -%} T —

= ‘{{1221 5= lf}x 107% N-sm®

=1388%10°% N-sm®
!

Let us tak —=15
2l s axKc J
& =100 mm
; W 5500 2
Bearing pressure (Plj=—= =0367 N/mm’
s id 15xd?

Since the given bearing pressure for the pump is 1.5 N/mm’, then above value of p is safe for the
select / and «

b

N =um13sxsm=lmﬁ
0367

oY v

From the data book, - =28

Hence the minimum value of bearing modulus at which the oil filth will be is given by
EN

K
P
” g2V wgas
o
Ei"ul

= 3100815 less than the value of E;u =013

S0 the bearing will operate under hydrostatic condition.
The clearance ratio =00025xd
=025

= ..E % [E]x[£]+k
2 10# F i
k = 0,002 from databook
nﬂx 1HIJB:-<L + (002
025

10*
= (02
n DN
Heat generated Qt =puv=jl X u{ Iﬁ] W
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- QD02 5500 73 Q= 8OO
[+ TH]

). 6. Select a roller bearing for a shaft to carry 1B00N stationary radial load and 2700 N axial
load at a shaft speed of 500 rpm. The rating life required is 6000 hrs. There is no shock loading.

=4608W Ans.

Ans. F, =1800N, F, =2700N
N =500rpm
. L Ik
Basic dynamic load rating C=W x[.l.a_i]

R= 1o for roller bearing

L=60xN x Ly =60x500x 6000=180x10° rev

W=XVFg +YF,
-'g*- = Where C, (basic load capacity is not known)

Fa

Let us take =05 then ¢ =044

From data book, A=l 1S

X =056, V=10 V=I1{Rotational factor)
W=056x1=1800+ 1= 2700=3708 N
For no shock loading K.=1

1k PR A5
§=W[—-I—';J A 180 10
10 10®

= T60846 N
Select single row deep groove ball bearing.
Let us select the bearing nio. 307 from the data table
C, =176kN =17600kN
O =26000N
F, 2700

A - S 0153
c, 17660

From data book, X =056 Y=14
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W =156 1= |B00+ L4 = 2700
=4TBEN

180x 10° ]""w

C=4788+
&

= 4788x (180)**
=2274 kN

Hence then select beaning no. 309. Ans.

Q. 7. Design the teeth for a pair of cast iron spur gears with cast teeth to transmit 26kW. The
pinion runs ai 50 rpm and the velocity ratio is to be 2.5, Decide upon a suitable grade of cast iron
and find the module, face and diameters and centre distance for the gears.

Ans. P=26x10° W
N =50rpm
V.R=25
Cast iron grade for the gear, and pin:on of bronze,
Allowable static stress (o, )= 105 N/mm® (gear)
For pinion = 84 N/mm’”

v.R=25=02-Tc D6
Ne Tp Dp
Set the system of gear teeth
207 full depth involve—then Tp =18
T =25418=45
m = Module in mm
o X FoxNp _ mxmx 18x 50
&0 60
v=4712mm'sec =0047 m'sec
Assuming steady load condition and b- 10 hrs. service per-day
Then C, =1

Tangential load, Wr = .2 =, = 26x10° ®
v

Pitch velocity

i}
1 55319107

c 2 . 3
YU 34K 340047m

Tooth form factor for the pinion

yp =0154 At ={11033

FI-
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0912

G
o, * Vg =105% 01337 =14.04
Cop % yp =84x01033=1123

Vo =0154~——= = 01337

Oy % ¥ > Opp ® yp MeEans pinion is weaker,
Mow Levis equaion for the pimon

Wr =g pxbxnxms yp =(Syp JxC, xbxmxmx yp

3 1
55319« 10 =1123% — R wldse mx nwm

$5319.¢ 107 3 (34 0047m) = 1123% 3xmx 14 xm’

373223 (3 +0.047m) = m’
111999+17.55m=m’
e = % mm
race width A =14m=09x14 =126 mm
Dp =mTp =9x 18 =162
D =mTy =9 45=405

Da A
Cuentre distance = -.i_ Tf‘
= ':2; + L:-? =21835mm  Ans.

(). 8 A pair of helical gears is to tracsmit 37.5 KW at 1750 rpm of the pinion. The velocity
ratio s to be 4.25 and the helix angle is to be 15°. The gears are subjected to a heivy shock load 24
hr per day. The minimom pitch diameter of the pinion is 0.116 m. Determine the module, face,
material if the teeth are 207 full depth in the normal plane.

Ans. P =3T5kW. N, =1750rpm
N -
¥y =425 = ¥ s £ < o i—T
I‘\‘IG rp D|ﬂ
=15

h=20° Tp =18 T; =765
[y =116mm, V. =41176

Y (0
T =L 063N = 204635 10% Norum
N
' . T 7
Equivalent no. of teath Te=—t—= I 2489

cos’ o cos’ 15°
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Tooth factor V' =0154 _E;E =014326

E
_ T _2G _2x20463x10° 2x204.63x10°

S i £

D./2 Dg mx T, 765% m

W, = 53:9&8 N

i nDNg nxmToxNg
60 60

Peripheral velocity =16493m {mm/sec)

Assume gy =56 N/mm?® {C.L) crdinary = 1649 m (m/sec)
15 15

= r—

154v 154 165m

=13x1rxm
fan o

] =2697Tm

Wy =(ay=C, )=l xmemx y
53498 _ 15

= 56x 15+165mx2697xmxnx mx (114326

m=7mm, b=2697xT7=18877mm Ans.
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