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B.Tech.

Fifth Semester Examination

Mechanical Machine Design-I (ME-303-F)

MNote : Attemnpt any ffve questions, All questions carry equal marks, ,

Q. 1. {a} Explain the following with examples ; :

{iy Manufacturing process-considerations

(i) Standardization.

Ans. (i) Manafacturing Process Considerations :

It consists of following elements |

Step 1 : Specification function of element

Step 2 : Determination of forees '

Step 3 : Selection of material

Step 4 : Fatlure criterion

Step 5 : Determination of dimension

Step 6 : Design modifications

Step 7: Working drawing.

(ii) Standardization : Standardization is defined as obligatory norms, to which various characteristic of a
product should conform. The characteristic include materials, dimension and shape of the component, method
of testing and method of making, packing and storing of the prodoct.

Following standards are wsed in mechanical engineering design :

(i} Standards for materials, their chemical compasitions. mechanical properties and heat treatment,

(i1} Standards for shapes and dimensions of commonly used machine elements. The machine elements

include bu:rllis, screws & nuts. ’

(i) Standards for fits, toleranges and surface finish of component,

(iv) Standards for testing of products.

{v). Standards for engineering drawing of components.

Q. 1. (b) Graphically represent the clearance, transition and interfergnee fits for hole and shaft base
systems. What do you understand by allowance?

Ans. A :

__SHAFT

HOLE

i

HOLE
(a) (b) = {c)


http://studentsuvidha.in/

www.studentsuvidha.in

Typeof Fit: (a) Clearance fit (b) Transition fit {c) Interference fit

Clearance Fit : C1earant_:e' fit is a fit, which always provides a +ve clearance between the hole and shaft
over the entire range of tolerances. In this case, the tolerance zone of the hole is entirely above that of the shaft.

Interference Fit : It is a fit. which always provides a +vi interference over the whole range of tolerances.

Transition Fit ; It is a fit, which may provide either a clearance or interference depending upon the actual '
values of the individual tolerances of the mating components,

Allowance : It is defined as permissible variation in the dimensions of the component.

Q. 2. (a) Explain the importance of material selection decision for machine elements.

~Ans. Importance of Material Selection : The four basic factors, which are considered in selecting the
material are availability, cost, mechanical properties and manufacturing consideration,

Example : Flywheel, housing of gearbox or engine block have complex shapes. These componenis are
made of cast iron because casting process produces complicated shapes without involving machining opera-
tion. : ' o is

). 2. (b) Give a gencralized definition of Factor of Safety. Explain the factors respnnsihlé for uncertain-
ties in design necessitating a suitable factor ol safety.

Ans. Factor of Safety : While designing a component, it is necessary to provide sufficient reserve
strength in case of an accident, ' '

- Failure siress

* " Allowable stress

£ = Failure load -
G .0 Working load
Necessity a Suitable FOS ;

1 Uncertainty in the magnitude of external force acting on the component.
(i) - ' Variation in the properties of material like yield strength or ultimate strength,
(iii) Variation in the dimensions of the components due to imperfect workmanship.
Q. 3. A bracket is supported by means of 4 rivets of same size, as shown in figure. Determine the
diameter of the rivet if the maximum allowable shear stress is [00MN/mmZ.

25kNM

KO0

F
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Ans. Ciiven : n=4
T, =100MN/m’

AB=BC=CD=25mm

P=25kN
EF = 100mm
{ﬁ—-lﬂﬂ'mm —
I
|
T
25 \Tpﬁ
D—E> Fy
25 R
S L
% Y
Fo &P p
[ o
-
I
Diameter of Rivets :
‘Let d= diameter of rivets.
5 3
p=2 200 _oson
n 4

Tuming moment produced by the load P due to cc::;lg-,ntrici!:_'f

= P.e.= 25 10° x 100, .

,

=2500%10°N —mm

This turning moment is resisted by four bolts. Let Fy . Fg, Fc and Fy be the secondary shear load on

rivets. A, B, C and D placed at distance Ly , L. Lo & Lp respectively from the centre of gravity of rivet
system ¥

25

ey
IA = lD‘ =25+—2—=3?.5mﬂ1

' |B:|C;§mm=:25m
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Pre= E"[fl,a,]: +(1a)* +(1c)? ’*UD]E]

= 2007 +200)"]

F
2500 < 10° = %[z «(375)° +2{125}2]
.

2500%10° x375
z{{s-f.sf +{:zs}-"]

=30x 10°N
Ig
I"B = FA e
Ia
=
= 30%10° <122 2 10x 10°N
75
Fo = Fy 1€ = 30107 x 222 10 10°N
i 375

| .
F[) = F" 'E—I;'—‘:iﬁ:'( |U]N
A

Rp =Ra = (R)* +(Fa)*”

- J{ﬁ:&t}}z +(30x 1::r3‘}2

Resultant

= 30644 x10° N

= \’{&25{1}1 +{10% 103)2

) =1L792 x 10°N
. Now maximum shear load is on rivet A and D.-

Lt Fg =1
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mn

3(}.644x1l]3::4—kd2:-:t-
zixdzkmﬂ
4

d-z 30644 < 4

= TR 100
d =1975mm =20mm Ams,

Q. 4. Design and draw a cotter joint subjected to slow reversal of 30 kN load. Clearly state the design
decisions taken.

Ans. Given load  P=30kN=30x10°N
Step 1 : Caleulate the digmeter of rod. I : : o

s [E
no,

Let FOS for rod : =6
FOS for cottor =4

The material of two rods and cottor is selected as plain carbon steel of grade 30C8 (S._,,, = 400 N /mm?> ) ‘

Then, @, = igf}- — 6667 N/ mm>

=133.33N/m

S, 0.8 5
¢l D00 OSN0O0) i
f"ﬂ fS-
Permissible stress for cotter are
5
01=‘£=4—3D'=mﬂ1‘4!mm1 %

'|:=--l-E-1't-=SIZI'1‘~11'111m2

—

e e
no,
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* | ’4x(3ux|u3j ra e
7 667 o

=2393~24mm e
. Step2: r=031d bR g
=031%24
=?A4:_e:3nrﬁ dtiaSE “ ==&
LR B el f Gl .l'i‘.':‘-_:i-t et Vi .En,_Té__L I__ b ‘_H;_:r._::; i."'“'.r.ii_h;;.'j! "|'1-|."|;= g
Step 3: F*[Edz ‘dzl]ﬁr
-:I:II.I .:"' o I
30%10%= Ed% -4, xﬁ]{ﬁﬁ.ﬁﬂ
12 3 i
523643 -53336d; -30x10% =0  —
dy = 29:56mm=30mm
- "'ﬂ 2
Stepd; . P= I(d|—d%}—{d|'—dz}t}ﬂ{
30x10% = E{d% -30%)-(d, -_30}8]5553.,;
<[ 3t - 900)-saq s 200] 667
=(0.785d] - 70685 - 8, +240)66.67
=5233d] - 53336d, - 46685
5233d] - 53336d, - 3046685 = 0
: dy =29.75=30mm. o
Step5: | dy=1sd ;
=15x24 = ]’IE':'trl:ﬂ.'.T.l“.l
dy =24 =24 =57.6mm
Step 6 ; " a=e=075xd=18mm
P 30x10°

"||': = —
i 21t 2x50%8


http://studentsuvidha.in/

www.studentsuvidha.in

=375mm / e -': - Y B
Step 8 : Siresses in spigot end,

P :'l-l:l':-:llf]-3
O, =—=
¢ iy 8x30
= 125N /mm> . - b=
- t-
__P . 3xiy e -
"~ 2ad; 2x18x30 LR
—27.37N/mm?

G, < 133.33N/mm? & 12233 33N /m? -
Step 9 : Stresses in socket end

o W e e
- % T, —d) (576-30)x8

=132N/mm?

N _'::_ “30x10° e
g{d?._d:,_}‘; 2(57.6-30)18" " !

= 019N ey avrag ei
The stresses induced in the spigot and socket end¥ afe W‘fﬂ‘nﬂ Ilmrl
 Step 10: t; =045d = 045x24 by =
=108=1 !-mm

Q. 5. A V-belt drive is to transmit 5, kW to a compressor. The motor speed is 750 rpm and the
compressor pulley runs at 250 rpm. Give complete design of the drive. -

Ans. Given P=1SkW=15x100W

Ny =250rpm

My =750rpm

s I R o R

Mo Wy T tapsiakan .

5 A
Let g dz-lm TR AR

b W H B @i e st ER df‘—‘*}ﬂﬂfﬁ"' PR O e ol i aldiad LR Ty )
of et A THE b B U """:'f st i Jesey B et paniibi eodber b s et aet e S0 s b
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Let centre distance betweén the 'piélluys is 1.75
sina=—2_"1_0]914
: x

o =11.04"
' Angle of lap on smaller pulley

O =80"-2a =15792°
" =276rad

Meglect centrifugal tension :

Maximum tension in belt,

Ty=oxa
Let , o= 25N/ mm?

a=3T5mm"
T, =9375N

2.3 !ug[l) = ubcosech
T

= 025x2.76 x cosec 17.5°
Ty = 674N

Number of ¥ belis : :
- L Total power transmitted
Power transmitted / bell

15 !
T Ty (LetV=2667)

15 | '
—
16085 i R
d 033
A =_L=...__=
n 5 3 0.165m
. I'EEE'%:D.S
. 2
_ L=nfr, J;—*..'.L’H—E:H»{—r;‘—1:II
x L
=5654m Ans,

Q. 6. Design a pin type Mlexible coupling to connect two shafts of 50 mm-diameler transmitting 45 kW at
1200 rpm. The bearing pressure between rubber bush and cast iron flange is 0.5N/mm? and the allowable
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shear siress for the pin is 30 N/mm?2. Thicknesses of in put and output flanges are taken as diameter of bush
and half of shaft diameter respectively. Assume that there are six pins used in the coupling and the diameter
of each pin is 20 mm.

Ans. D =50 mm t=30N/mm’’

/ L=45kW
M= 1200rpm

t; = diameter of bush

L, = Diameter of shaft = D= 50 mm

dy = 20mm
4560 = 10°

= X 00X 10° _ 450000671 — mm
2xmwx 1200 |

M, _ Bx358098.62
ﬁd%UN ﬂxdfxﬁﬂxﬁ

- - T=

Fra Bx 35B.008.62
L % 30x50%6

d, = 10.06mm= 1]
The force acting on each bush (P} and torque M, are related

P
Mt-—.Px—xH
i ¥

p=22Mt _5387324N
DN

It is assumed that P is uniformly distributed over the bush length of 50 mm

Iy
2 =1 |, =50mm
[Ph ’ ]

M, = p|:5+ %] - 23873230

=T1619.72 N — mm

32M,  32xT7161972.
bad T i 3
T{dL ﬂd|

12x71619.72
nx’i!]}j :

~54890N /mm® Ans.
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i e 7 4 lfn}l)ktmgu}sh hetwu*n Unﬂ-‘ur‘m pmssuré ihmr}r am? Unifafm wéiruwﬂn-
Ans. D:Herence between Umfarm Pressure and Uniform er "l'hznr}' i

Uniform Pressure . Uniform Wear
(i) When the pressure uniformly distributed | The basic principle in designing machine parts that
over the entire area of the friction face. are subjected to wear due to sliding friction is that
‘ the wear is proportional to the work of friction.
Pressure intensity for plate clutch Mormalwear. o work of friction
P = _-_.w_—_-. i ik 1 R I b ] E. EPIY
2 2
ol -3
(ii) Mean radius for plate clutch, . ; (it} Mean radius for plate clutch
[{—5 -3 . SUCE: B Rontn
|22 )" | Y

Q. 7. (b) A multiple disk wet clutch is to he—dﬂ%&ﬁ for tmm!tﬂlhg‘ﬂ torque of 35 Nm. Space restric-
tion limit the outside disk diameter to 100 mm. Design values ufmolded friction material and steel disks to be

wsed are p=0.06, P, = 1.4MPa. Dﬂerm:meappmpmtewlmt’m thedisk inside diameter and the total
number of disks,
Ans, Gi"rml:

Prax = 14MPa = 14N /mm”
For uniform wear P, = constant
Pressure is maximum at inner surface
Prax % 72 =C
" C=1l4r
‘Axial Force :

W=2rC(r-n) .

= 2 E_ﬂrl]_[il]—;}] -

= —2.87r; {5[!— rzj
T=mWR ! 1

85x10° =np2.3ﬂr1{5ﬁ—r1][ﬁ;r:] o

-
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= 05270r(50 - 73 }[5“; 2 ]
1221}9 13{50-r2}|{5ﬂ+r3'_!5¢r3
[{‘ﬂ} "{TI_] ]r;n =322.09

n(2500r, - 7 ) =322:09: -
25007, -3 =8052

[ =285=20mm| Ans.

0). 8. A short shoe external drum brake i&shm in figure has 40 mm widih. coefficient of friction 0.3
and Py, = 600 kPa. Determine the limiting force that can be applied to the lever, braking torque and radial
force on the lever pivot. Also determine whether the brake is self- energmug or de-energming for the
direction of rotation involved.

Fad

‘{— 230 mm }L : 320 |l1|1'l._)‘!
1200 rpm
—.-— - Rotation
eieatioy
1240 mim) D
Lot i : 150 mm
% | \ ’
. - 400 mm
400
Ans. Given: r=-— 3 =02m
|_|_='|:|'3

Prax = 600kPa = 0.6 N/mm?

K .
F, =Ry Ry =Ft R
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v G F=9
250 mm — 320 mm _:,1

= 1206 rpm

TN DI

240 mu
150 mm

i R <

Ry x 250 = F,{240 -200) = F{250+ 320)

F z
ﬂ—;xziﬂ— F (0} = Fx 3570

Fi[833.33~40]| = Fx 570
793.33F, = 570F

Fe =07184F | Ans.

| Tg = pRy.r=F, x200 | Ans.
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