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Design * Tt is the process of finalication of shape)@‘\

material and dimensions -

Finalisahon of materials & Dimensions -
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Dimensions of o companeNt are figed in such o way

that critical parameter called “Design Parameter " induced

due to applied (oads is less than the allowable value.

o Te AR :
+ a matevial MAXCOHN STATICHARY
“ #16-1° R snnaram
D 6.9((}0 Parameters - Diewicho Lo 1o bad-60
. - Ce#: 03019178671

/~ Material should have sufficient Strength - Tt con be
determined by calculating its “stress.” T+ desigh is dane

3 . W . 3]
using strength , it (s called as Strength based Design -

v R(gidifﬂ : Deformation / DeflecHon per unit ImQHn- If the

dimensions are £ixed GCCOrde to Fl’gl\di\tg, ik ie calleé‘as

!

“Rigidity Based M The deflection per unit length

volue chould not exceed the allowable value.

Ex: Machine Tool Beds: N @

_—

Mifling cutter

The deflecthion should

be lesc than the
I B
tolerance introduced o0

the dimensians -
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ear rote . Wear can be de(—(ne_d ag ‘ehe_ ﬁnate'r'a‘ erOVed f’
per unit time. &
Ex - £
=X Geare, Brakes, Clutches » Bearings , etc. o
If thic is +he criteria for design, it f¢ called as “e
“Wear Based Design. n Trihalagss sclence vyelated to 9@

frichon , (ubrication & weal- @

- Life: Ttis the number of- cycles completed before f;.
failure of the component . S Fatigue , ,frm_gkuﬂ‘u'
Ex: Bearings, Aircrast applicatons. ana Creep [ L

4 '-"W? Heat transferred per unit Hme ‘:.
acress the component. | {:,‘

Ex | {J}

883,

=X Condensers , Heat pipes . Eins of gn Tr engine . {'}

@
f\E’”d Hy=CA AT %}.
(Hy) d e

f If Hq < Hg, acamulabon of heat b

.‘ y,/ I
Ha = et 4 ‘ ]
3 (:‘-f’./,l‘vl Lo A f:ak€§ PIC\CG , Nhfch rises the temperat—ufe’ ‘{3.
Fengiws |
Wy = Heat which also decreases yield stress of ],”.
Dissipated. . | ‘U‘
the componen , l(}*.
A oce

(9 related to ﬂ)es('(‘lc,‘-dler“.@f‘ﬂicg , Fluid Mechanic ©

VU Transfer
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U\')' .st—and'_o'rd Loads{ single loads

| Gradually applied @]
Tension Test, Tofsion Test, Hardness Test, Im pact test,

Fatrgue Test, g
"

— constant with time.
(i) Shape is uniform and continuous:

(1v)  Room Temperatures are used:

MACHINE Desla\N)
B
L R

Basic Principles Design of ‘Machine
| of Design Elements -

(S‘-hmg{h Base d Des(\qn) K

Power

-/ S’prings
Tronsm 1SS Yelg

£ 33 tems -
_

& BOI.ECC{) NE\dCd’

Riveted Joints -

l\ Miscellanecue element S)j

— In power Transmigsion systems , power IS tronsmitted ,

modified and controlled. The element< of +these systems are

 Shatfts.
'«? v Bearings
" Geors/ Belts / chains
,} v/ Brakes ;
/~  clutches
S
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BASIC DESIGN :

PRINCIPLES oF
~———— - —~

— STRENGTH BASED DESIGN

tress: raternal Recistance per unit greq .

‘ubstance - collection of molecules which are held by

intra- molecular forces.

When load is app)ie.d s Internal

\

td new positions,

particles will relocate
which chcmge the intra—molecular
forces - This intra -molecalar force develops the interna)

resistance-

Ex ternal force IS oPPosed b_g change 0 the h’_)tr&*

molecalar force | due to

re-locabion of molecules -

A force caugec “deFozymah'on N

The change in intra- molecular force a -

along the
r?—
distance bhetween Eug molecil e .
M\T’tt’ e apphed lard may

cause molecules to
“  gelacate 10 diff- directions

but within the same
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— Stress is always calculated over a point where the @
}

fnternal  regictance i¢ maximum -
— Chonge in intesnal vyecistance vavieg Fromr poi;\{,— i po‘mt’
0 came pbject, subjected to same load -
— The intemnal resistance ic moximum for a molecule which
moves greater distances among all molecules in an objeckt -
Search for a point where resistance Is moximum - Thakt
point ic called eritical point - Heavily stressed point:

Maodes of Failure of a Material -

N O

—> Modes of matevial separation.

® Brittle mode -~ Tearing mode - TensileMod e -

. Newvmal Load = PN
’ U |
m perpendicular ko Resicting

cross - secthon-

— surfaces move Perpend\'cular to each other.

—>  Failure s sudden-

@ Ductile mode - sliding mode — chear mode :

—> curfaces move Para\le) to each cther:
—> shear foad (s parallel to surface |

—s Failure iz gradual (o0 gives an

i
— /1\,, indication before {ia‘\\u]re-

e i i . b 1 .+ e b | e et




arma| Stress : o (sigma)

H Load i< dis.txibut.e.d\

uniformly -

if Load ie distributed

uniformly-

Revie cf Basice 01c S0 M-
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L e

Iﬁ’ff;‘f of Loads *

g‘ M: (‘Oads acting aleng a L‘mé,)

<" Normal loods-

v Shear loads -

v E ccentric foad

) w: (ROL—QHOF" aboutl an co(fs')

«" Bending Moment

O Tw isting Moment:

Critical Ranst‘tnq Cross-sechon -

RIS, b RSN R - ey
—

<~ Has mMinimum area .

o

subjected to maximum ioads

e 0% Nohral Load -

7 Load is perpendicular to Critical Resistiog Cross -section

7 Passes through €6 of critcal Resisting CrosS - sechon
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Ev@rg point on the cross—sec\:\‘o(@
moves by the same distance in the

direction of applied novmal load:

/" Tnaiced gtress IS the normal stress

P”P”‘d"CUIGF to the cross-gechion.

v

Stress is eame ot every point on éhe cross-cection.

/ Normal

/" Direction is same ac applied Locd.

S Tepsile stress — Length increaszs

compressive‘st-rgss — Length o\ecreosQSN\;M{,’.T'?* aian"
' PRl

@ Effect of Shear Lead : ong‘ 08

e T SHER G

" Load s parodlel' to cribeal resisting cross sectiod . and

passes through C-G-

/" Induced stress is shear stress
paralle] to ared in the difect‘iOﬂ
of opplied Load-

/" Stresg at every Point— is,'s‘omeA

/ Sheatr gtress

'
‘

e Eendin Memernt -
D R L

S Bending moment (s rotation 1" to vesisbng cross -secthon

(W

(0¥) Mdment axlg in the Plcme of- Qesfst—ing Cross-sectiol




—> Moment axis 'I‘S’ founa by R\‘ghl_— Hand Thumb Rule. |

Folded Fingers = Rotation.

Thumb = Moment Axis

Z
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Neutral Ax1S: 4 oment ‘[
Axis passing throygh CG |

s colled Neutral Axs

ae_—mq———" .
) ) L

(|

% gM=-M ) ’
e X — Any moment eauses roraban of L—
Z Resu‘sh‘ng Cross-section about Neutral axis [
£y
“ ~— Plane before M, ic applicd N
R e n efeve My ie apphiea. O
2 - }
WA 1 - 4 (\.
& position of ).
3
plane after My is app_\ied- €.
O
Flexural Equation is @
()
0®
e L @
M and T must be about same axis- \ ,.G
Y = Distance from Neutral Axis:
(0@
. Ty duced stress i “Normal| Stress o e called as 8] )
) Bending Stress . co
| oo Ce
J}/ Strese at a poin{- o Y }3. |
T:%xw > 0 x (. Ceo
) (’.
) Maximum g¢tress cccurs at pofnts which aze favy away - O
from Neutral Axis. U‘
- ‘@
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1) - = 0. = M
.‘ Max. strees = Toox 1”‘ oox = = L [
I/ Ynox & z
| s
.|' Z = section modulus-
o :
o Rcs(powny | o | |
‘l Aot Jecra) 7 / Stress <
| O solid circalar 30 M ,
‘,A g e same on a \ine
i’ ‘
| parallel to the
.I @ Hollow CI‘FC(J,OP 37 M ‘
o e e Neutval Axls .
I kK= d/D - D:%(l FlH) .
. 3
| .
'l @) Rectangle : 6 ™M
~ ‘ bad”
‘[ C) square ' . &M
S 2
o | - o’
o : - __
@ Effect of Twisting Moment :
‘ Nr—— e~ ————————

_/ Moment axis le¢ 1V w0 R-C:S. (or) rotabon is paralle\ to

Resisting Cross - section .

.~ Flexural Equation is [ I - ‘T _Gge
| J -

\/ Tnduced stress is “Shear St're<s'i
Al n
v Stress at any point s o T

Y - distance from C G- of Resisting Cross Sectial

v Directien of Shear stress is,

T’erpeﬂd“CL”O«f tg radiusg- Lo som}e

cence as applied TozqUe:-
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|4 = Lx r - T T

M OoX J’ max - = (,\;.

T/rmax Sy .
o 8l

2p = Polar Section Modualug - O

t

R.¢cs
O solid Gireular 6T Q.
nd3 o

§)
©) Hollow Clreular 6 T ﬁ.
r——-ﬁ——-’ ) r.
, @
O

There is no point where the stress is same . o
. j | @.
AE point 4 and 2, the Q.
magni{-ude of shear stress ig (}‘
same but, the direction i .3‘
different - e‘
o9
.,‘_‘
(81
(81
(315
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B - Heavily stressed point

D s Least slressed Poiﬂt"
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-> Nowvmal / S$hear (oad pass?nq' anay from C-G- of Arek .

Normal Eccentric -

i

”i’f-‘ Add two cq,ua\ and Oppos‘\be

-(L

forces at C-G , same as app\\ed

force -

e- 1" distance between C ,qnd \oa. A

- et
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| eccentric_load = Axial | Momeo
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Vot ! In a cantilever beoam s critical Resisting Cross Section

‘s Fixed Secton -

A" Bracket as shown i (19
Is gukzj‘ected to an axial

force perpendicilar to th ¢

.Plaﬁe of board at 'PO”\(.‘ A -

The loads induced in the

JecHon X X it

@ Direct shear @ Direct axial
© Bending &) Twisting
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&) Gear Drive -

R =R Cosg R
. Tt C=F R
l. c
‘\ ‘ Fr= RNcosﬂ
@ | | ]
{ 1 Fr
.{«, Rodial Load on the Gear is [Ry =
COSQ/‘

l = ' A machine element

end X t8

' (( b ficed at
Q *49’%-) subjected to Gt
X \

3
y \ sprd €
(coo P, lragsvel
F o
Tietin
5 load F, and a Iﬁ'__g}_,_g
i r?\/ . - ‘,‘;_
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Pressure !

PN N

ushing (or) Bearing
e S Sy R S N

Reachon

(C RUS HIN C])
<’(R\qlol wal)

g

' I !
77
( Cgmprei‘_&‘;l\/t’, }

Crushing — compressive stress from all directions

Due o crushing ; o matevial digintegrates into PONdf’—r-

Crushing ctresse (Or)i Load

Bearing Pressure | Projected Area.

Pm\)'ected areq :
\*

the direction of icad-

area of contact proJ‘ec'ted views in

occurs generally in case of Bearings , pins <\Crank and
Gudgeon pl‘ng of- joints.

adial Beasx

g y: O .
g5 Load is perpendicular o the axis.
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@'Wii Load is Parallel to axs's-'
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(&) Pivot Beawings:
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(b)  cCollar Beaxings:
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(3) Pins of Joints:

F 2
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Consbant) gradua(lg apphed

Uniform cross—section.

‘etual condi B ons match wWith Lab Test conditions .

Induced Stress=5= Sy (o0 Sy en ‘QP

/ J Vv -

Wy (o SU . QP Yield ulbmate stress at N J
- Stiess slress prepos (j{onc.\( e b ;
.S .

’01\J0~b|6/a,\;‘:‘,'}<mq stregs. Factor of Safety .

r s . -
i‘ﬁ’iifi‘fei&! Tt ¢ used to account For

certorlni b e¢

L

" material properties , laads;, defects,ebc.
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o 3
1 = 75t -(15%223.13) = 120x 10
°1 10% 18"
9 = b= 222 55 - 450m
. 715 X13 '
., @ Punching o eration :
; a 9 J .
1 Q@ Punch Punch Force = P- T x mdt
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| ) a- P T xmar
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7 alliows
; P e = r(u % benonx
: allow R
330 - 40 X tmc\x X 4
s
= 3 LWL rﬁm




M
s —O_—:i _E:' = 0= —E—XS
I Y R
% | .
= N b A 0= oo X 1O 0.2

- 300 MRy
1. bt
|
S
@ \x-—__\ﬁkh_.__‘w
E—— T = ,E_ X Y —
R

3
= 210 %X 10

== = 210 HMPa.

500 2
M= Zxx _ 210x10 -o15)x(0-0on)
8 N

0-500

= M= 0-525 N-m

)

)

R

'@ \
N

g /Py

H 5 . T - fC Ce
@ Twisting moment 1$ ”-j' = - ol

[
. %': InNT

. % N B
= loX 10 = 2X T ){6{](_‘;.)\‘ T

60

€0

#r= o]

Lee

T Hollow ciredlay
2000 TpP™ Tube =

d= 30 toen

4™ D= dr2(t)
p =30+ 2.( 3)

5 0Q

: (< =
p =t
Gear vatio = & 2\
30
e e = BT
Wa—

P

PN

L)

£ pe » " o = ' W ‘ ‘ r‘
y ! [ P ) [ . 4 . | . "
N A . NSk A o ‘n, h Yol L LT ! Y . - ‘ ‘ ‘ A

b

™

v,

.




i
® 0
l
\
|

)

C = ,'f_l;,~ q) ~ (6x 1)
D (1-k B Yy
gt -ﬂ(o-o36)3(\-@.g33))

s 3056

I = 40.3 Mfa.
T (o~o36)3(\——o.833u>

!

P o .Mw o, Qm oo . ‘ . ' .
\ " rd ’ / y " '
' - s * "

T = T\—\—rl
) T, Lt
o 7 vadians = /(\go /
) qJ /
e T, x0-5 T, X1 | T=2T,+7T2
; =5 \
N T &T | 7358 =3T2
.f:) = T—;ZT2 l = TZ:ZHSZ‘G N:ﬁl
‘;’}‘4 \ )
\—, 'r\: Q—TZ
o o 6 x +905°3 \ . ¥ BH L
o ' = 3. | B
L M Oox . ago
_ 18494 .% . “é&
- — = LM MPa .~ "2 *
co00lg —‘—!:: 3‘7/
e T i
X 06 x| g0
. 6—~WOG3 '#___f_,)s,_,x‘ 0436
o -8 X [osﬁ ﬂ%& )QF .
" (//\/‘/'~ 2 S
e , \
%Q('\“J @




R

ZMO:O
= (2.25><|25) _ FX150

150

>(p_ 115 klﬂ’lz

ZF -0 & Vo= P > |1, =875 kN

2 =
Jeeotns 22

Fl = 2-92% kr\)f

IR
Lxd
2
> BB 2~Q%@Xl0
o2xd°
3
2 . Q- 10
= d: zqy,?x;o
L4 W=

= [d- e |

B aFine Preccsure | Pb‘ -
i 38 Ld

DD

aitag B
’

Ca
o

OO0 OO T

i " Iow 0
. i i
} s 3

e O C

C e o

)
‘0»"

-, P\ (n\ 'f'\ .ﬂ’ Y o
q, e \ - Mo .
00000606 0000
;

)




o

.l

..ﬁ

.'E;

.l

o - (21+04)xas0
~ T a (T|”T2) R \ 4-

[ ) (Z—'l~0'q> };9 Lf‘_’\: 615 kN-mPﬂ

[ )

®|

o

‘ ,_F_.___z P, = FO\
o e

o,
o

; ¢ ;
. )
1125 x 10 xg%@o)

, 2
2 % %Kd

Z
- \.z5xﬁ 60

"~
\ -

-y, . - l - l s . i I
N /7 #
L

| 5 ds
- 2 x10
\J




@ o

2
' M=02kg
2
81X 8.8 5 2><ﬂ><\o,ooc>
€0
2x 1« . )
qx@ O!@)
' g
' ' o 7]
2x I 1R
U
- ) = = S
@'6~ : Posslb]e Failures -

sheasing of pin
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uniform cross-section:
S Grodually appll'ed dnd constant with resped" to- time .
(D Find Critical Resisting Cross- Section .

v

 Has maximum loads:

Has minimum oarex

i
i
4
b
v:

(@) Transfer all loads onto C& of CRCS:

-

(3) Superimpose the effect of each load o0 extrerne polnts of cres-

(@) Find a point where stress e Mmaximum - such o point 1S

2 TATIONARY
18, Gaddignnaram
zHSAydersbadJGO
319178671

called Heavily Stresced Point:

(5 At Heavily Stressed Point | Find

o — Total Nowvmal Stres¢ - oo

7 o Totnl 4hear SETress: Cacy

/. Agcsumed +hat Og -0.

@ ﬁ,»'nd P."(‘-()C\\P‘e Stressec ey a, 5,3
’ ?

() Uce Theovies of failure +o Design -

S —_—
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L= 1 - L P Heavily Stress Point = A -

G T, = 1 |

. ~ B |

» e e (6]

: o = g. = Oy=0
k ° 7 ne’ A =
T V

| Torsion + Traasverse °7°

) A.-,f}._A.____
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AEEA of Failure +,
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used to predict the failure condibion due to

combined skressea / loads-

L Maxtn ww Pn‘ncuf'ple Stress Thecry
’\'\"\—’\/\___\/ PNt s,

G — . ST N

L")

= also called Rankine T‘heo?fg;-
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