B.E.

Sixth Semester Examination, May-2009
Machine Design-II (ME-304.E)

Note : Attempt ALL five questions. All questions carry equal marks,
Q. 1. (i) Ennmerate the various manufacturing methods of machine parts which a designer should know,

Ans. The various manufacturing methods (processes) which a designer should consider can be divided
Lo 1w groups ;

(i) Process which are used for the preliminary shaping of the machine parts, mostly by the use of heat,
(it Process which gives final shape of the machine parts, by cold machining.

Process included in the first group are casting, forging, riveting and welding, Each process has its
possibilities and limitations.

Second group includes the following processes . ming, boring, planing, shaping, milling, drilling,
reaming, broaching, spot facing, grinding, gear and screw cutting, tapping, honing and polishing.
Q. 1. (ii) Write a brief note on the design of castings?

Ans, It is one of the most widely used manufacturing methods in mechanical engineering. The following
arc the most commonly used processes for iron and steel castings (i) Sand casting (ii) Permanent moutd casting,
(iti) Shell moulding (iv) Centrifugal casting {v) Die casting,

The following basic rules should be followed in the design of casting :

(il The casting should be designed with uniform-thickness of possible. An abrupt change in section
thickness must always be avoided to avoid shrinkage defects and stress concentration at sharp
corners.

(il The minimum thickness for gray iron casting can be as low as 3mm, but the average value is 6mm,

(i) Ribs should be used chiefly for static ioads. These should be avoided where impact foads are
expected since these increases the rigidity of the parts.

{(iv) The iron casting should be loaded in compression as far as possible, since cast iron is much more
stronger In compression then in tension. .

(v)  Don't use iron casting for impact and shock loading.

(vi) Don't use cast iron at temperatures above 300°C since its strength decreases after 400°C,
(vii) Avoid concentration of material so that no shrinkage cavities are formed.

(viii) Parting lines should be made as even as possible.

(ix)  Pattern should be provided with ample draft for their easy withdrawa) from the mould.
()  If possibfe, the casting shouid be so designed that no cores are required, -

Q. 1. (iii) Define and differentiate between form stress factor and stress concentration factor,

Ans, The presence of abrupt change in the section of the machine pans the stresses in the machine
number do not follow the elementary equations. Locatlized high stresses occurs and the fibres nearest to the
abrupt change in section are affected most as shown in fig. where the material in the neighbourhood of points
‘P is stressed considerably higher than the average values. Such a phenomenon is known as “stress concen-
tration.” The measure of stress concentration is the “stress concentration factor” which is defined as,
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K, = for normal stress
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Where {,,., and fg,,, are based on the elementary formulas.

P

J Disc ontinuity

The factor K, is usually called the theoretical stress concentration factor.

11 depends onty on the size of discontinuity or on its geometric shape. Therefore it is commonly called as
"torm stress factor." The aciwual “stress concentration factor” is different from, "form stress factor” since it
depends on material and type of loading also. The cffect of actual “stress concentration factor” is less than the
“lorm stress factor,”

The "form stress factor” K, and the actual “stress concentration factor” K are connected by the follow-
ing relation,

K=1+q(K.-1)
Where q is known as "Index of sensitivity” of the material to abrupt change of section from the above
equation, :
4= K-1
K‘ - I
Q. 1. (iv) What arc the salient features used in design of forgings? Explain.
Ans. A forging nrocess can be defined as the plastic deformation of a metal caused by the stresses

Timposcd on it throng i inemimeringor-squeezing operations. The forging process can be classified as below ;
{i) Smith forging or hand forging.

(i Drop forging.

(i)  Machine forging or upset forging.

(iv)  Press forging.

The following poines should be kept in mind while designing 2 forging :

() The direction of fibre flow [ines should to kept in mind, so that full advantages are taken of them.
(i)  Adequate drafi should be provided to permit easy removal of the forgings from the dies.

(i) [f possible. the parting line on a forging should be in one plane.



(ivi  Ample filtets and curvatures should be given to the forging.

(vi  The parting lines, if possible should be divide the forging about in half.
(vit  Ribs should be low and wide.

tviiy  Pockets and recesses should be minimum to avoid increased die wear.
(vil)  Section should not be so thin as to restrict the flow of metal.

). 2. A shaft is supported by two bearings placed 1m apart. A 600 mm diameter pulley is mounted at a
distance of 300mm to the right of left kand bearing and this drives a pulley directly below it with the help of belt
having maximem tension of 2.25kN. Another pulley 400mm diameter is placed 200mm to the left of right
hand bearing and is driven with the help of electric motor and belt, which is placed horizontally to the right.’
The angle of contact for both the pulley s is 180° and p = 0.24, Determine the snitable diameter for a solid
shaft, allowing working stress of 63 MPa in tension and 42 MPa in shear for the material of shaft. Assume
that the torque on one pulley is equal to that on the other pulley.

Ans. Data given AB=Im,DC=600mmor R =300m =03m
AC=300mm=0.3m, T; =225kN =2250N, Dp =400mm
Rp =200mm =02m, BD=200mm= 02rﬁ, 0=180°=n
n=024, f, =63N/mm?, f, = 42N/ mm?
The space diagram is as shown in fig.

T, = Tension on the tight side of the belt on C puiley. \
=2250N -

Il_ - Il-le = _IL = 10,242'(1'! = 2‘127

T T

Ty =1L 2290 osen
2427 " 2427

. Vertical load acting on the shafi at C

We =T, + Ty =2250+1058 = 3308N

The vertical foad diagram is as shown in figures.
The torque acting on the pulley is

T=(T,-T)R¢
={2250-1058}x 03=357.6N-m
Since torque on the both pulley is same, '
(T3 -T4)xRp =T=3576

3576
Ty =Ty =———=1788
Or 11y 02 88N
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Again p is same so

L RLPYTS
O Ty =2027T,

T; = 3376 & Ty = 1588N
.. Horizontal load on the shaft at D
Wp =Ty + Ty =3376+1588 =4964 N
The horizontal load diagram is as shown in fig.



Now find the maximum bending moment for vertical and horizontal loading.
Iirst consider vertical loading at C

Rav + Ry =3308N
Take moment about A.
Ry« =3308x0.3 or Rgy = 9924N
Rav =3308-9924 =23156N
| Weknow that BMat A& Bis0

BMalC Mey = R4y x03=23156x03
=6947N-m
BMat D Mpy = Rgy x02=9924x02 = 1985N-m

The bending moment diagram is as shown in fig,
New consider horizontal loading at D,

RAH + RBH :4964X|
Take moment about A .
RBH x]= 4964)(08

or Rpy = 397IN

Ry = 46943971 = 993N
BMai C Mcy = Ry x03=993x03=2979N-m
BMatD Mpy = Rpy 02 =3971x02 = 7942N—m

‘The bending moment diagram is as shown io fig. The resultant bending moment at C & D are

M¢ = J(Mcv)2 +(Mcn)’ = J(694-7)2 +(2979) =756N-m

Mp = J(MDV)z +(Mpy)’ = \/(1985)2 +(1942)% =8192N-m
We see that bending moment of maximum at D
M=Mp=8192N-m

Let d == diameter of the shaft
We know that equivalent twisting moment

T, =vyM?+T2 = J(smf +(3576)

= 394N -m=804x10*N-m



rom the torsional equation.

894 x 107 :_!%x £, xd? :-i%xéllxdz = 82543

& 894 x 10°
© 825

Agam for the equivalent bendimg moment equation,

= 108x10° or ¢ = 476 mm

P
i

r ) I
M.=-M+yMZ+T2 == (M=+T
e =3 ¥ 2( +Te}

I —

-(819.2+894) =856 6N - m

e

=8566x10° N - mm

856 % 10° = ——x £, xd” = —x63xd’ = 624>
32 32

_ 856x10°
T 62

Taking larger of the two values we have d = 51.7mm

Fd=55mm [ from the standard values. Ans.

(. 3. (i) Define bearing number and Sommerfield number.

Ans, The coefficient of friction in design of bearing is of great importance, because it affords a means for
determining the loss of power due to bearing friction. It has been shown by experiment that the coefficient of
friction for a full Jubricant jowrnal bearing is a function of three variables

43 =1382x10° or d =517mm
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The factor —— is tenned as bearing characteristic number and is a dimensionless number,
p



, S . . . . IN |
Fhe variation ol coctlicient of friction with the operating values of bearing characteristic nuinber — s
: . P

as shewn in fig

Somserfield Number : The Semimerfield number is also a dimensionless number used extensively in the
dusign of bearings.

Mathematically,

IN{d
Sommerfield number = —-;- -g

For design purpose its value is taken as

2
Eﬂ(i’) ~143%10% 10 143 |07
p [

). 3. {ii) A stationary journal bearing 47.5 mm in dizmeter and 38 ma long is bored and lathe turned
from a bronze casting, The 1600 rpm journal is 47.3 mm in diameter and is hardened and ground steel, The
Nao. 20 oil has an operating temperature of 77°C. The radial load on the bearing is 51.20 KN, Does the bearing

operate under hydrodynamic or marginal lubrication conditions? What is the probable power loss in the
hearing due to shear of the oil film?

Ans. Data Given: W =5120kN =51200N, d = 47.5 mm, [ =38 mm, N = 1600 rpm,
tg = 77°C, No. 20 oil is used.

' | 33 ¢ 02
\ _oec, — =8 =08 S22 L0004
Lt =20, T s T Y T s

For hardened & ground steel & bronze casting bearing material the value of bearing modulus N or

5803,
-, The operating bearing number must be

3 X C = 3[EJ
P
= 3% 5803 =17409

W 51200 )
- 209 aeseny
U P=1rd 475x38 mm

(ii) For oil 20 and at 77°C (he kinematic viscosity is 35.
Centistoke

Z=LZK XPrpc
pr7ec = Pis ~000063(t - 15)

= 0925-0.00063% (77 - 15) = 088



Z=35%107° x088
Z =3 centipoice = 0.031Ns/ m?

ZN _31x107 x 1600

= = 1748
P 2836

Since the calculated value of EA is less than the selected value of Al so the bearing will not operate
p P
under hyvdrodynamic conditions.

(iii) The coefficient of friction, M

= 0195x Ioﬁ[ﬁ) x(i) 10719 +(Af)
P <

(17148 1y
= 0.195x10° —— x 1071+ 0,00
0495x x[ 60 )xo.omx +0002
= 0.000142 +0.002
p = 000214

Heat generated He = uWv

- 000214 x 51200 x 2 473x 1600

60,000

=436 watt

Heat dissipated =Hgy =c"A =c20dl

"= Ky(ty -1,) = 45x107
=45% 1073 x47.5x 38
=8.122 watt
Since H, > H 4 antificial cooling is required.

Q. 4. Select a single row deep groove ball bearing with the operating cycle listed below, which v-vill have
a life of 15000 hrs,

Fraction of Cycle | Typeofload Radial (N) Thrust (N) Speed (rpm) | Service factor
110 Heavy shocks 2000 1200 400 3.0
1/10 Light shocks 1500 1000 500 1.5
/5 Moderate shocks 1000 1500 600 2.0
3/5 No shock 1200 2000 800 1.0




Assuine radial and axils load factors to be 1.0 and 1.5 respectively and inner race rotates.

Ans. Data given: Ly = 15000hrs

Fractionof | Typeofload Radial Thrust Speed Service
cycle N N pm factor
L) Heavy shocks 2000 1200 400 30

£10 Light shocks 1500 1000 500 L35

N maderate shocks 1000 1500 600 20

3 No shocks 1200 2000 600 10

Radial load factor |
Axial load factor 1.5

Mean Radial load Fy,, calculation.
Fi = 2000 x 3= 6000, Fy =1500x1.5=2230,
Fy = 1000 % 2=2000, Fy =1200x1=1200
N, = -I% x 15000 x 400 x 60 = 36 mor
Ny = -1—16 % 15000 x 500 x 60 = 45mor
N3 = %x 15000 x 600 x 60 = 108 mor

N, :%x15000x800x60='432m0r

/3
FIN, + F§N, + FIN; +FIN,
Fog = N
Where N =Nj+ N3 +Ny+Ny

=36+45+108+432 =621 mor

3 3 3 3 i3
" *(6000 x36.+2250% x 45 +2000° x 108+ 1200° x 432
mr =
621

i3
_[9899x 10"
e

=2516.716N



Mean axial ioad is
F, = 1200 %3 = 3600 F; =1500x 2 = 3000

Fy = 1000 15=1500 Fy = 2000 x 1 = 2600

3 3 3 3 173
F _[3600 % 36+1500° x 45+3000° x 108 + 2000 x432]
ma -
621 :

N
_[ 820349x10™%
621
=2364N
The equivalent load P=XVF, xYF, X=1Y= 15Given}
P=1x1x2516716+15x2364 ¥V =1 for inner ring Rotates.
=6062.7N

;
oy
Ly =(—] o Ly =621

C=1"xP=621"3 x60627

=51724.5
I'rom the bal) bearing table select 35BC03 or 631 1. Bearing no. whose C & €, are 53940, 41190

F 236
Fa _ 2364 = 0057 = corresponding | =0.26
C, 41190
R B8 o gy
VF, 1x2516 - VF,

Value of X = 056
Y =171
P=XVF, +YF,

=056x Ex 2516+ 1.71 <2364
=5451IN

=(9.895)° = 9689 mor



L, =969 mor > 62! so life is more then the designed life.
So. we can select 55BC03 or 6311 bearing.

Q. 5. Design a close coiled helical compression spring for a service load ranging from 2250N to 2750N.
The axial deRectinn of the spring for the load range is 6 mm, Assume a spring index of 5. The permissible
shear stress intensity is 420 Mpa and modulus of rigidity G = 84 kN/mm?Z, Neglect the effect of stress
concentration, Draw a fully dimensioned sketch of the spring, showing details of the finish of the end coils.

Ans. (1) W, = 2250N, W; =2750N, § = 6mm.
c=%=5, t = 420N/ mm*,

G =84 KN/ mm? = 84 x 10°N/ mm?
Mean diameter of the spring coi! = D

Wire diameter of the spring  =d

D Sxd

Twisting moment T=W, x—=2750x = 6875d
From the stress equation,
T="4rxd =6875d
16
n 3
—x420xd" = 6875d
16
v 06873x16 42913
= - =913 mm
20xn

I os the standard wire dia. from table take d = 9.49 mm,

D=sxd =sx949 = 4745mm Ans,
D, =D+d = 4745+ 949 = 5694 mm Ans.
D, =D-d=4745-949 = 37.96mm Ans.

(i1} Number of turns of'the spring coil let =i
Since § =6mm for load variation from 2250 to 2750 N
orfor W = 500N it is 6mnt.

_8WCH
_ Gd
3.
6= 8x5003><5 x i - 063i
84 x 107 949
. C
j=-—— =93 say 10 turns Ans.
0.63



Again for squared and gro;jnd ends, the total number of turns,
i=10+2=(2 Ans,
titi) Free length of spring,
Lg = id + 8 g +0158 0
Swce the compression for S00N is émm. -, Mean comp., for the mean load 2750 N.

6

S pax = — %2750 = 33mm
max 300
Lp =12x949+33+0.15x33
= 15183 say 152 mm.
free length 152
{iv} Pitch of coil = i,_lgt =53y = 1373mm Ans,

‘The spring is shown in fig below.

Q. 6, A semi-elliptical laminated vehicle a spring to carry a load of 6000N is to consist of seven leaves 65

mm wide, two of the leaves extending the full length of the spring. The spring is to be 1.1m in length and
attached to the axle by two U-bolts 30mm apart. The bolts hold the central portion of the spring so rigidly that
they may be considered equivalent to a bang having a width equal to the distance between the bolts. Assume a
design stress for spring material as 350 MPa. Determine : Thickness of leaves : Deflection of spring;
Diamcter of eye; fength of leaves; Radius to which feaves should be initially bent. Sketch the semi elliptical

leaf-spring arrangement.

Ans. Data given,
2W = 6000N
or W =3000N, n=7,b=65mm
ng =2, 2L; = Llmor 130mm,

1=80mm, ¢ = 350N/ mm?

(i) Thickness of leaves say t,

Fffective length 2L = 2L, ~1=1100~87 = 1020mm
L= % =510mm

Number of ground alloy leafs ng =np =7-2=5
Assuming that the leaves are not initially stressed, the max. stress o
18x WL
) bt?(2ng +3np)
18 3000x510

350 = 3
65t (2x5+3x2)




2 2628
T 250

or ] t = 8.606msay 9mm

(ii) Deflection of spring,

o owed
Ebt*(2ng +3ng)

) 123000 {510)°
210x10% x65x93 (2% 5+3x2)

= 30mm

§=30mm Ans,

(iii) Diameter of Eye : The inner diameter of eye is obtained by considering the pin in the eye in bearing,
because the inner diameter of the eye is equal to the diameter of the pin.

i.ct,
d = Inner dia of the eye

}; = Length of the pin which is equal to the width of the eye or lcaf = 65 mm
Py, = Bearing pressure on the pin which may be taken as §N 7 mm?.
W =dx1; xP, = Load on the pin
3000 = d x 65 8 = 5204 '

d= _3:5%%(1 = 576say 6mm Ans,

et us consider the bending of the pin.

/ Eve

_ _ Plate
Clearance \ """

F
—
)
o

I, =ly+2x2=65+4 = 69mm



Max. bending moment on the pin '
Wi,  3000x 69
==
M =51750N —mm

Z= 1 «d® =009824°
32

:80:

M 51750
z 0.0982d°

TOp =

= 658732 = 1874 mm

4 - 527000
80

d = say Zmm Ans.

Toking o, =80N/ mm? for pin material.
(ivy Length of livers
We know that ineffective length of the spring = 1= 80 mm

Effective length

. Length of the smallest leaf = + [neffective length

x ¢
l "
020 +80= "50mm Ans.
1020
Lengih of second leaf T 2+80=420mm Ans.
_ 1020
Length of third Jeat — 3+80=5%mm Ans.
' 1020
Length of fourth leaf = T 4+ 80 =760mm Ans.
1020
Length of fifth leaf =377 X ‘TTSO 230mm Ans,
. . _ 1020 .
L.cagth of sixth leal x6+80=1100mm Ans,

The sixth & seventh leafs are full length leaves and the seventh leaf will act as a master leaf.
- Lemeth of the master leaf

=20 +n(d+t)x2
= 1100+ 7(20+9)x 2

=12822mm Ans,

(v) Radius to which the leaves should be initially bent.



et R = Radius to which the leaves should be initially bent
v Camber of the spring.
We know that

(550)° /30+ 30

y = § which is camber of the spring.

=505665mm Ans.

€. 7. A gear drive is required to transmit a maximum power of 22.5 kW. The velocity ratiois 1 ; Zand

rpm of the pinion is 200, The approximate center distance between the shafts may be taken as G0fmam. The
teeth has 20° stub involute profiles. The static stress for the gear material (cast iron) may be {.adco as 60 MPa
and Face width as 10 times ¢he module. Find the module, face width and number of teeth on cuch gear. Check
the design for dynamic factor in the Buckingham equation may be taken as 80 and the nuv v combination

factor for the wear as [ 4.

Ans. 1data given

P, =22.5kW Oy =0, =60M.
G=1:2 b=10m
N, =200rpm dynamic tuci:, 800

a = 600mm weat wlor= 1.4

$ =20° stub involute

As both the gear and pinion is of same material so the pinion s a weaker one.

Np 2 dE ‘/
Angutar velocity ratio No1TY 2
e Yo Ly
dp s dy
@ —--v--E—' =dy, +dg =600x2=1200mm

dg =20, from these two relations
d, =400 ' d, =800
Since the design is based vn pinion.

V. - mdaNp o x 400 x 200
" 60,000 60,000

Tangential load on the tooth to be transmit

= 1333m/ sec.



g _ 1000PxC, _ 1000x225x1
€ v 1333

={68792N

Assuming service factor C; = |

45
Cy =r—
V4541333
Assuming y = 0.12 of 20° stub tooth from table Cy lies between (0.99% and 0.17)
From the beam strength equation,

=0.77 velocity factor.

F, = 04C,brym
168792 = 60x 077 x10xmxwx0.12 xm

168792 = 174.169m>

96912 = m?
m=9844mm - choose m = 10 mm as standard
A 00,
m 10
(S0 300,
m 1¢
And corresponding centre distance
- mZp + mZg
1=
2
10x40+10x8
a= — = 600mm as desired.

b=10m=10x10=100mm
. Dimensions of gear pair

m= 10, Zp =40, Zg =80,b= 100 mm
dp =400, d, =800, a=600
h, =lm=10, hy =125m=125mm

# Check for design
The Buckingham's equation for the dynamic 'oad in tangential direction is given by
_ 21v(cb+F,)
97 2lv+ ey + F,
_ 21x133(80x 100+ 16879}

T 21x133++/80> 100 + 16379



_ 69487047
T 18566

=3742.688N

K KgF  1x1x16879

= =21920.779N
C, 077

Since Fy < Foyy so gear is safe against bending

# Wear load Fy = dpbQk

g-_Ze__ 2x%0

= = =133
Z,+Z, 80+40

w =400 100x 133 x 14

= 14666.66N

Since the wear load F,, > Fy so design is safe against wear load.

Q. 8. Design 20° involute worm and gear to transmit J0kW with worm rotating at 1400 rpm and to obtain
a specd reduction of 12 : 1. The distance between the shafts is 225mm.

Ans. Data given, .
P, = 10kW = 10.000W, ¢, = 20° involute

ft,, = 1400rpm G=121
a=225mm
Assumption for Material Selection

(i) For Worm Gear : Phosphor bronze with o, = 240N/ mm?

For Worm : Case hardened and ground alloy steel,

(ii) Assume Ky,=13 ) b=0.734,,
K, = 6
6+V,
{iii) For case hardened ground steel worm and phosphor bronze worm gears p =03,
(iv)For G=12(7<G<13) Zw =3 (selected)
Number of teeth on worm gear and medule.
A
Zy



Z,=38

_dg+dy  mzg+my

Now. a= 3 = 3
m{z, +q
725 = ﬁ.__,l
450 = m(36+q}
m = 450
(36+q)
‘The value of module 'm' and diametral quotient q are selected as follows
g ) 7 8 9 10 H 12 13
m 10.71 10.48 1022 10 978 957 937 9.16
Remarks | Not Not Not oK Not Not Not ‘Not
feasiblc | tiasible | feasible feasible | feasible feasible feasible
q=9
m=1¢
: . tan ;. = Zw 3
(i} Lead Iangle ian . q 9

A= tanl[zﬂ-] = tan_ll-i] =1843"
q 9

{i) For 3 = 18.43 . hardened steel worm and phosphor bronze worm gear
K=0.687 -

(iit) Dimension of wonn and worm gear
m= 190

Z, =3

Z, =36

dy =m+q=10x9=90mm
dg = mz; =10x36=360mm
P,=am=nx10=3147mm
L =P, xZ, =3141x3=9424mm

A=1843°
b=073d,, =0.73x90=657mm



' Z
Ly = nm[4.5 + ﬁ—g—] for wriple & quadruple threads

=uxl 45+-3—§:|= 164 mm
50

hy = Im = 10mm
hy=12m=12mm
d,, +d
a=-——Et = 90360 =225mm
2 2
Hence, the designation of worm gear pair is 3/36/9/10.
(iv) Beam strength of worm tooth,

47
S disp = —3ﬁ =-2—}9 = 80N/ mm?
For 20° fult depth involute,
Y =0484 -287 = 0484 _28 = (1563
Zg 36

Fp = O gy x bxinx Y cosh
=80 % 65.7x10x 0563 xcos1843
F, = 28,06735N
(v) Wear strength of worm gear tooth
F,, =dgbk
=360x65.7x 0687

=16,2489N
As F, <F,, worm gear is weaker in bending, and hence it should be checked for safety against bending

failure.
{vi) Effective load on worm gear tooth
-1 ~t] u -1 003
= tan = tan =tan | —— |=18285°
by {Pv} {COSQI,.,} [00320]
A 4 :
dm tan18.43 _0333=9024% .

VT an(gy +A)  ran]L8285+1843] 0369

The output power is given by,
P, = P xn=10,000x09=9000W



nm 14”“ -
=—e - 2 . 116.66rpm
M =" i

~ ndgng _ mx360x11666

. - =22m/sec.
©T60+100 601000 msee
(F) =20 - 2% _40025N
YV, 22
K,=—2— =% _om
6+V, 6422
K,(F
. alFe), _ L5X40925 ¢ 0020

K, 0.73

{vii) Available FOS against bending failure,

= Fp 28073 _ 13
Fef{ 8409
(viit} Available FOS against pitting failure,
= F_W = M =193

Hence, worm gear reduces is safe against pitting failure.  Ans.



