MECHANICAL ENGINEERING

BME 552 - Machine Design Lab

Course Outcomes: The student will be able to Blooms
Taxonomy

co1 Apply the p'rinciples of_ solid mecha}nics to design various machine K3
Elements subjected to static and fluctuating loads.

CO2 |Achieve an expertise in design of Sliding contact bearing in industrial applications. K2

CO3 |Write computer programs and validate it for the design of different machine K4
elements

CO4 |Evaluate designed machine elements to check their safety. K5

A Design of Machine Elements

Design a knuckle joint subjected to given tensile load.

Design a riveted joint subjected to given eccentric load.

Design of shaft subjected to combined constant twisting and bending loads

Design a transverse fillet welded joint subjected to given tensile load.

Design & select suitable Rolling Contact Bearing for a shaft with given specifications
Design a cylinder head of an IC Engine with prescribed parameters.

Design of Piston & its parts of an IC Engine

Nowu ks WwWwNRE

B. Computer Programs for conventional designComputer and Language

Students are required to learn the basics of computer language such as C/C++/MATLAB so that they
should be able to write the computer program.

1. Design a pair of Spur Gear with given specifications to determine its various dimensions using
Computer Program in C/C++.

2. Design a pair of Helical Gear with given specifications to determine its various dimensions
usingComputer Program in C/C++.

3. Design of Sliding Contact Bearing with given specifications & determine its various parameters
usingComputer Program in C/C++.
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Design 1: Design against Static Load

e Example 4.11 The frame of a hydraulic m

press consisting of two identical steel
plates is shown in Fig. 4.37. The maximum force

P acting on the frame is 20 kN. The plates are
made of steel 45C8 with tensile yield strength of
380 N/mm’. The factor of safety is 2.5. Determine
the plate thickness.
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Fig. .37 Frame of hydraulic press
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Solution Given £ = 20 kN S,, = 380 N/mm?

(5)=25
Step I: Calculation of
for the plates
S
o= 22380 e N/mm? (i)
(f5) 25
Step II: Calculation of direct tensil

stresses in each plate
Since the plates are identical, the force acting on each

plate is (20/2) or 10 kN. The plates are subjected to
direct tensile stress and bending stresses. For each
plate, the direct tensile stress s given by,

10x10°  66.67 2

,—£= 0% =2 N/mm* (a)
A (150¢)

The bending stresses are maximum at the inner fi

For each plate,
M, = P(200 + 75)

) 3 4
I=|— ()15 /lnm
[12

permissible tensile stress

e and bending

bre,

10 < 10° (200 + 75) N-mm
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'
y= :(150) =75 mm

“

Y [ 10107200 + 75)(75)

O’,, = —— ————.____,_‘__M_.

/
[‘(I)(ISO) J

’733.33 K2
! (h,
Step 111; Calculation of plate thickness
Superimposing  direct and bending Stresseg |
cquating to permissible stress, ang
0H0. 67 733.33

bofhdsi =152
{ {
8—09 = |52
/
{=5.26 mm or 6 mm (Ans
)
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Design 2: Design against fluctuating Load

Example 5.3 A plate made of steel m

20C8 (S, = 440 N/mm?) in hot-rolled
and normalized condition is shown in Fig. 5.28. It
is subjected to a completely reversed axial load of
30 kN. The notch sensitivity factor g can be take:
as 0.8 and the expected reliability is 90%. The size
factor is 0.85. The factor of safety is 2. Determine

the plate thickness for infinite life.

ﬂOkN +30 kN
35 j ! 109 E
ol |

Fig. 5.28
Solution Given P =+30kN S, =440 N/mm’
(55)=2 R=90% ¢=08 K,=0.85

Step I: Endurance limit stress for plate
S, =0.5S,, = 0.5(440) = 220 N/mm’

From Fig. 5.24 (hot rolled steel and S, = 440 N/mm?),
K,=0.67;, K,=085

For 90 % reliability, K. = 0.897

10_

50

From Fig. 5.2, K, = 2.5]
From Eq. (5.12), Kf= 1 +q(K,—l)
=1+0.8(2.51-1)=2.208

d
. 0.2
w
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1 1
K, = X =505 = 04529
Se = K,; Kb Kc KJS-?’
= 0.67 (0.85) (0.897) (0.4529) (220) = 50.9}«;;%
For axial load (Eq. 5.30)
(S, = 0.8 5, = 0.8(50.9) = 40.72 N/mp2

Step II: Permissible stress amplitude

(S,), 40.72
ag,= = = 20.36 N/mm?
5 2 e
Step III: Plate thickness
P (30)(10°"
= - = N/ 2
%= "Z4dy T (50-10) | mt g

From (a) and (b),

(30)(10%)

r:‘-”—‘lﬂ'\_.- » f=3ﬁ£4mm

20.36 =
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Design 3: Design of Spur Gear
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Design 4: Design of Eccentrically Loaded Rivet

4 A bracket, attached
NmP", "1 column by means of four
ol u‘““n"ﬂ ¢, is subjected to an eccentric force

‘.1'""1\-.: ',c hown in Fig. 8.67(a). Determine the

sk ‘O" rivets, if the permissible shear stress
sl apter O
'1":‘; N/ mm’. 5
7 1100L4 25 kN
K
2 e
1 100 ~—1P
W R
- S0y g
0 50 3@
- 1 %
T 100
| L

o) (b)
o il Py :
() | | Y ! |
17 | LNP :
0 % Py
ilsl  GOPxel= GP”’“’
e, £ 1
7l |
" Py
P‘ @ 4
g | _é;j;,J
(o) d) (e)
Fig. 8.67

Wition Given P=25kN e=100mm

1= ) Njnm?

Sep 1 Primary shear force .

f *Pmary shear force on cach rive
E86T(c) 1t is given by,

{ is shown in

; 25% 10" _ (250N
Heppmpipym o= =P

bl
i g"": Secondary shear force . ivets is 8
.l":')b;nme"}" the center of gravity of fO8 nv2L :md 1
qm. Mdway berween the centers of rivets 2 ¢ :

W ; is center
of fadial distances of rivet center from this

1y are as follows:
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ooy 150 mm
) _ 271 5S0mm
From Eq. (%.65),

\ Pe (252107 J100)
et 50)

= e PR
(’l tn ot +r) [2(!50)‘ +2(50)"
Py = P{=Cr, = 50(150) = 7500 N
Py= PY= Cry=50{50) = 2500 N
St.ep I11: Resultant shear force
Rivets | and 4, which are located at farthest distance
from the center of gravity, are subjected to maximum
shear force. As shown in Fig. 8.67(¢), the primary
anq secondary shear forces acting on rivets | or 4 are
at right angles to each other. The resultant shear force

P, is given by,
P, = (BY + (B’ =\(62505 + (75007
=9762.81 N

Step IV: Diameter of rivets
Equating the resultant shear force to the shear

strength of rivet,
p=Edtr o 976281=7d(60)
3 4

i

d=1439 or 15 mm
Seply
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Design 5: Design of Piston
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sumption No.8 The piston rin

iron and permissible tensile stres

‘51;.11 numbe
and there 1s one o1l ring.

V4 95
S 20,
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Design of 1. G. Engine Components 823

o ma;b;d,‘) ” x{(lzt:):-d,‘l e

d 120
- —ll- - — |
¥ (z) (2) o
o= M’!v = m_m:ss.soxm’xw)
amzo,‘ ~d})

(200"~ ot o 1157y 5yt - d,~97.84 or 95 mm
mean diameter of piston boss is given by,

mean dismeter of piston boss = 1.4 d, = 1.4(120)

relationship,
=300 to 450 mm;

T PlStOﬂpm is made of cage
the permissible tensile stress

b e
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