DESIGN
OF
MACHINE ELEMENTS

5TH SEMESTER
MECHANICAL ENGINEERING

LECTURE NOTE

By
SRI BIPIN KUMAR DASH
Senior Lecturer
Department of Mechanical Engg.
Government polytechnic,Kandhamal
Phulbani-762001




PSP LTI W (0 LM T S0 L R AN

| ) Design 0k moadune  clgment [ oti- 03/11 /gy

C(TH-2)
3 > Inkrodudon of DMe
' = Adaphive

claribo¥on of Mathine Design —1o Deve lopment

| > New
> Adopkive  dosigr :-
* Thiy kjpe o datign s done from  dhe emjn‘ng dasign
¥ A e c}\omﬁe,g or modi%;uﬁion Can be aceepted o
b et‘uﬁna dorign of  dthe  produc . |

¥ Thih i’gpe 0% d_o)ﬁgn doesnot need Q&pedc& KNow -
hﬂ%e or oKzl

| > Devdopment  dasign -

* Thh dype of dedgn  needs  Coniderable  chcenfifc
brcxinmj ond  clasign  okilily of the  duignes.

* The  datign  concept  (reaked  (doveloped)  from  the
ewking dwign  but Hu G produdt moy  differ
grom  the  oreginal  produd.

> New desegn ;-

% In Yo design ,  the ow‘.gm needs
| .. Lok o Ywiearch

e Technicol aJloiwa

- Creakive ﬁur\kmg :

|
[



e ¢

> De;i%ﬁn pmcec[ure o= ©

% There Qure bQA’tCoﬂkj 8§ 00 oy dleps followed for

o bosc  machinyg dm{gn.

Retogniion o need
%

l SHIIM mechoniusm

N
anolydls o process

Selackion o Fhe maliral
\L .

Design  of  elomenky
¥MOC&L\y'tc&)::n
Deh‘d@\\b drasueng
Pm&mﬁo: .
7 Recogniion o need :-

x The firt okep o  dulign s b mode o Complsh

dkaiment o5 Fhe problem .
x That  problon  whowld  odicae Hw need o

Purpoie
for which  the mochine ¢ 4o be dhzjfgned.
W Syr\ﬂ&/&& mechosnwsm ! -
% Thare QR O M0- Of  pomsible  mechanisms owailable

for designing.  mBub we have v Bed  Ha et
Soifolde  mechomam o B group  op
whidh Wit FulE e desived  mobion.
i Amﬁﬁziﬁ O procesy 2-
* In thu  alp  force) Oing  on  diffyerent MJ

mechowsm



A B

we W be  anobized. -®
« Here &h‘( 60@(93 trwum»Hed bﬂ m m@YlPOQr (€J2.Qmen1')

are a0 onalized.

w Seledbon  of u molerial -

x The dustgner  shoudd  choose e bedt duidoble
moliriad o eath  member  (eloment) of the  maching.

W Desigd o elomenty -

% when P elaments (Pach o5t moching).

% Fert we hwe 1o collodok  didlerent  whrem  0did upon
dijjerent  elemenls o the  mMothune.

* Than we howe 10 choose Hw yagquired  shape  ond  dize
g e dwreli  so thad b can  Hronimst Tequired
modion .

% while o\uagmn3 B elemens  one Thing  should  kept
en o mind  thod b showd 'k P Tha defpwmadion
beyond  Hhu permimible  Lunit of  dubormabion .

v Modifzcoson ;-

* Modify bhe  desigp  of thu elementy 2l Seguired .
o0 the basts o b mowfadurer noquirment

VI Defoiled Drowing :-

* AR complibing thy duign  caleulokion oy Fhe

Mochine  components , by weng  different  dusign  Sojtugres

Or by fhe  We of draftwr (moaual) drowing  Should  be
dmnm-

i




vy Produdbion ;- 2

% Aptwr defoild dmuina b e b e shopy
(mathing) for  produedion .

* Ab per the  drawing B produd 25 monufactured .

> ij\/&%k{m&’jon 06 @ngéneerfng mokerz‘al.

Engtneerc lnfj mokerioln

Metohi/(md Non-  melaly
bhaor alloys (SL»\A , Wood,  Rubbetw)
(Tron, AL, wr.2)
| R
Ferrouw Non - |sevrrous
(Tron ou  moin (absent of Fe)
ConHtuantn) (AL, ux, An)

5 phjsi@l properkies
* Lwber ( pokished or biriching - Surfoce)
% (olowr

% Shope ond odize
>+ dszn/si#j
* € lacbuel Oondud:}ui{v

% Thermal  Con dmb‘u\)f%ﬁ
* me lhnj point
S Mechoucol  propesdios

Variouh hjpejs O mMedhanical Properbies  qre



* She,ngﬁw -©

P 3

>k

Mcxlleoﬂoillfﬁ

Toughnes e
Machin cﬂoiu\Lbj

Rerilience

Creep

Fobigue

Hordne .

Q. explan  didlyerend  mechonical properfiy  of wmetals

oy -

These oare  ooeme o Xha  mechonical
Oy mekols .

Properties

Sixengﬁ) VI To\xghne/vs
STikpners 1% Machanoiliky
leijdfj Xy Restlionce
phuiicu’ﬁ Xy Creep
Duckility Xty Foligus
Rt Hleney Xy Hardne s



s Sirengﬁx g ©W
Ok uhi
o ywal exkernally  applied  Apods  without
%reonna .

iy SUkkness :-

* Tt s woilﬂlj oy dhu moLerial  to sk deforime
whih ¢

* I} 7o the Pereer of  melol b‘j Vir due

Coured bj hkress .

Note - The  moduwlus Oy e)miiu'bj (E) ¢ Ha  meadun
% kiyeen.

iy Ela)\hcibj -

* Clasbdly & e properky o the  mobrial by
virlie o5 which it n wegain  ck omiginal
ond  olize ol the semoval

W Ploukialy -

* plobdly & th proper ty

Shap{
o Jlood {eﬂrernaL Loog

O Hw  mokerlok

%
virfus ¢ oy EE con Tegein oy C?n'g;nck Shape
ond  Vze O%Hr e swnoval o  edirngl  lood.

VY Dutk,m,hj .-

* T} & Ha Property 0 moLerial by virtue
OF which et con  be  drown tnfo wires.

vy Butttloum -

« TF & Ha Property  of  makerial by  virtue o

whidh it Comot  drown  enly,  (yires

J % Peittlene 3y promr% s Jwb  opposite 1y fhe dmwj



'# Wwith bl Per manenk d&bormoki’)on P makeriol wz‘u@
breok  with opplicehon o external  lood -

vily Momcx%im?j -

~« Tt 25 O properhj o  makeriak by virfux of uwhith
I ocon bum o sheels byt opplicdion of
@dferncﬁ, Iood -

Vil TOU,Sth.M N

x It s thy Properfj o oo mokeriol which Con
st frochure  due Yo high Pmpud’ Joad -

%) Mao}\lmﬂo%ﬂld‘ﬁ -

¥ Tt ¢ M Properhj Oy modiriall whith 3112%Qvg
boobidily b b e mobwdl .

Xr Restlionce -

% ¢ & e pmperkj O moderiol X absorb energy
with en eloshe  Jmek

* The  mowbmwn  Twitlnee  octwrs o} elgyhc Lk
od s known oy Prodk st lignce |

J¥F omModules of vwilane o Prb Ywsilience
wnlh  valume

X Qreep s o kuH/\ﬁ mekhod whore o0 mofaral g



®‘
S conkond  oMress

> Hgh )szpexoh»r{
> For W« Jong period O Kime.
X1) Fub’9ux';-

* when o mokridl o2 %jem N %\Qpeoked %e»@
the  makinol wrlk {TM 'bekore \j%elo\ poink . Thot
means  The  mokeriol Cannot  be  Twured  Hhis

known  ow chdu‘gu.

* C—Ie,nemﬂﬁ tha -to;liguu, Jsmwue OCcwrs  due 1o Jha
Proaremiv{ growth of The ek .
XY Hardneps ! -
* Hardned  cncludes diferent
<~ Rausbonce 1

TS

Properties duh oy
Weor

- Resestonce  [g ScxacH\'mﬁ
= Resustonce o o\z%ovmc&ion

= Repcstone Iy m&dr\im%%liﬁj ek .

* TA_Q l’)deeM I\'S 9€Y\€ V\Okuj “@X)p YQ/S)S{C‘ tn num b.eys,



Q. Explain  dbess  verdwr  Mvain  diagram  of Wﬂldw@
Speumen  with T8 dikberent  Soligak boindy 9

Ov\d}mh*
€
/\\ /C\/\ X Frodowre
b 0
+
0
i WAV

Stroun (&) —>
AB > Propockonol  lamzt
3 > EJubc Jumet
c > upper yced point
D > lower yield point

€ > NMownmun by
F > Foil / breoking abksem.
¢. Pxoporhonol  Ximik -
* From fthe onign A to the  poilt B colled  proportionad
Pmet . the  obwm  stroin diogram - curve s 0 sbhroignt Ang-
x rt st bl  witin the  proporfonol  Mmit  the  dkren
cs dumbbj proporfional  Jp  ofran.
- clobe bk -
% The Lmit 0 whih  the  molidol win whbwn  Iboeks
owginal,  Bhape and  obze  when  Ane  loed <t wemoved .

- Yeeld  point -
* yted ponk s the ol of whidh  tha  molesicl
Wi hawe  an  appieciokte  elongelion.



Upper yied polnt - @'33
* Whidy &5 Corresponding o the  (ood  wedhed

belore kji?)sv\ pont
Lower yietd  point -
* ohidh g oorrespono\'mg o the (ad  nequired
tj‘le(c) poink -
Wl Hhom poiny -
* It s the  mownwn  @frem  occuss dmw\ﬁ the  tub .
Frochure poza -
* It s ol known  ou bodwe  point oF i the mokig

breaks  ond ¢t seathw  Ho ik modmun  Stron Limzt.

l/\lorkina Strem |-

* The obwey B oy mobriek may e Q&_Q\%th .
dubjedzd  t  the  (Dwue o Ovd'mwb u$e -

Geeld  strem -

* Tt s e vae o ddrem  helows  wWdh ol mokl

win  dekosm e)(uh'co% ond Wit whon 4o ik original

Shope  when  the  applied  shrey TS yemoved, .



f.,> Fador 0 Sa%ehj - (F09) Q)

D&
o where, U= whbimae  obrem
W-¢ = workinj QMowem -
* F0'S s defned  as fhe oo ofF  mouimum  odtrem 1o
HQ uuork'ma Qbrem.

Fo S=

Note \-

For ductile mofewal, Fos = yie

momlng Wrew

whbimels  wkress

For Bwittle m@hﬁol) Fo§ =2 @—m————
morma Strem

5 Fadou ekbechnﬁ mothing  datign -

. Types of (od ond  blrewes  Cawsed by fhe  lood -
1. MoHon Of the  parks  or  Winanoliu of the  moadhune:
w. ddachon o molusioly

w. Form ond 2@ O the poala-

v. Eridboned  wnstonce  ond  Jubmcekon .

Ui, Conviment  ond  economicel  freakures
Wi, we oy Stondord  pos .

vl Sobely of  operakion

workshop  facdiies

>

X. No- oy moching  fo be mobachured

X ot of  Conabrudhion:

Xt

p—

Assemb&?ng.



Woaky  odhort noles  on D
> Types O lvad and wremer
Types oy (oad
+ Load 15 delyoed o any exlinal. foree QU:inS apon o
machune  poad

bead on &Mm\a load |-

% which  does ol change  ¢n mognie  and  dinackion .
Conkiniows O varioble -

* when  the  ood g applied (Dnb'mio&ulg ¢S Colled  (ontnows
or vaiakie lood - | |

Suddenly  applied  (god -

* when the lood  ¢s appied or  vemoued duddanly 25 called
q&u&du&j opplied  (ood -

In\pm} Lood |-

*k when  the 1ood T oppied  with  some erghiol vdmﬂﬁ
19 Colded  empad  lood -

Stexs -
X whan  eyar o body o dubkdd  fo the  (gad  on
kool Twishng  foree  win duselep o Obpose the oo

- modion  Hw Yenshng  foree  pey Wik €rogs- e donol. Oneo-

1S Known o abnow.
¥ TE oex dentked v 00 gk N/mm”

< : Qesish'ng korce
C:'S . Areo




N

TenStle krem !- i \
*  whopever L o boc\xj ¢S Qukjeded to  eg OPpos;

pulL foreey <t elQ\'\SQ\hJ . Thu  cnoreamen oy the szam
Per  original Lmskh cs coded ansile  «loess |

= s g e

Compremive  knem i- .
* whon o body 5 Qubjedrd  to equol  ond  opposilt

Pwh forees it Contrads,  This  decrement O the Peﬂghn
Per oriS;m,L lenglm is  colled LOMP remuve g&@\,g;'

Sheart  Skem -

*x when  Ho exlmnoll b()rcé oN g lbo% b@u h
Shean on  the bOC)Uj Thiy QM&OJK korcg

echonol cres. K| kwon B Shaay xsbe,u;

|
!
f

Penwuk(m

Bew&ng JAresg 1-

* T ‘ : ' ‘ |
b oowe OPPly o compremive Strees  on  a body |

thon  Hore iy be o ‘mcxdwon ©  enbivnol M'
cn the - madpiol 0 tha bo% “kus ‘i;nhfnai MY?M‘

1S knocwn gy T beoxma Bren .



SHAFT  DESIGNING \- O
% The odhokt Moy be  doignad  on dhe  baxs of
¥ obbrengtn -
) wkifpen or  wigidily
* while du'ngn'mﬁ The  Ghokt  on the  bosls o sikrengtn
Tha bo\l()ming Coted  may be  taken b Considesabin .
> Shajt-  dubjedsd o Tongue (Tw'tSHn3 moment  only) .
> sholt  cdubjeded 1 Bending  moment  only.

e gh%b Qbu.%jette_d o (ombined +uu'\3|-?n8 oand bfendiﬂg moment:

5 Shoft  ubjeded 5 owok  toad  én oddiFon tb  combined
w’mlsh‘ng and bendh\ﬁ momnent .

Qiy twhod  ¢s  Shokk !

omen Tt TS O M\Toéw'nﬁ mambes  winelly Oy dredor  orom -
dechon T ATommit  powes . Tt g wldjedid o Hraumit
forgue  ond  berding  moment - TH i wed 4o Aroumit

power Tn  engines , wathiws  ond equipments .
ey What s oade 9

G- TE iy o MOﬁo\r‘\) mahing  element ond & o5
wed for  Lroasmission o bending  momeny”  only. Tt
Simply o 0. Wuppost  for  Some voroding  body  bch
oY ho\dinﬂ dram  of o Cor  woheel pulley . Tt may
be m’mkinﬂ or  moching  elument.



ey wht i key! '

f v A key  con Joe dﬂ%\ﬂed 0r fhe  MOGunt @wr\ey\t i
‘ i< med o (DY\“QQ} FCoAMISSIoN Sl’\(l)gt 10 30%0&’1!18

|l modine - elamenk |, Lk puhey , geor,  @potket g

| Hﬁwheel :

|
{
| 31

= Types 0O shot

I+ Tronsmission  shokt -

* thaie  shobt o mit Power  belween  dhe  Source gy

© e modane Q)oSOrbir\S' powe? - the  Counlm SWS*S’:
line. odhakt , ouen haod vhokt and  olL

[ 11
l ore  fraumission  Shodks .

faudry  Shote

e i A P B AP -

- Madung  shojt -

* Thoe  shopt  for on tnlagral
ctaelk . ﬁuz Gk ghokt  ig
Shodt -

~> stondord  Qizes o Lroumeéssion
5 ek The  Standowd  Qizes o

|

Poat Of g maching

N example  of  mackn

Shokt  qye i

Z5Mm o 60 MM Wity 5mm Steps

0 mm dlopg

60 mm 16 (1o mm waith

‘ HO mm 40 1yo mno ity ¢ mm Q&QPS

? (40 mm 10 SO wm Wity 20 mm ﬁt‘lps
> The  Standord, Xmsh) ok g DS S h
[Sm, 6m ond Fm ]




5 streas on Shakt - - (19
|. Shear shressi- Dux fo froumision  of  torque

1E: Bﬁhdinﬁ Shem - - due 1o (ﬁwm’&?on} boree Qd%na Wpon

mothine  element  like  geot; Pullgys et oa el g
due fo fhe  weight  OF The  Bhopl  tbaely.
e Strem due  to ombined  torsionol  and bendinﬁ (0od -

> Sholt Qubjecked  fo Fwishing  momend  only.
(& \
s = e ( pure orsionol 6(1,&0}‘0“)'

Let  shakt 15 sohid  shajt o omel d-

T= pPodar momenk Of  cnerHa .

®
= = d.
1= %
For Solid  sholt T o 2d
16
For  hollow  Shalt = Thgow — D—d
32



| g

85 A <od o&%akk o meitténg I MW ot ‘1\40

@ A -line shaft s ooy of 200 ¥-Pm
20 kw. The Sho{gt Moy be oMumed Jo ke mods up%@
olid Sheel  with on  olowoble  shear  Strew o Yo mpy

Detesmine  the  diomdin of the ohost - Neglaking Bending

moment  effed -

SO - Guwen  dafo

N= 200 +PmM

Shear  Shrem
; =N
= T = W MPo | Pa= '_/m“’
. , i

= = IMPQ: [0 p G mm‘l'
T (i)
= YrMpa = U2 NmmV (MPo = | /mm,y
P= 20 kW = 20X10° W
P: 2TINT o

60

)

Lo Pxeo _ 20X10X60  ooc o

2 TN 2 X T X 200

— Q55 K(0° N-mm

™ %
TE Q. g'g

6 ©

’/3 q ' D ‘/
: 5SS X0 X6 3
Ny d= (T’(H’) - ( \
e T X 42
d= Y%.F mm
= SO mMm

T pem
dibrming  the oIy N

s onumited Seeds e mgon fovque by 207

Toke +the  morimum



pPowey (P) = | MW = (06 wakt
T ot = 132 Tgean
= = N
z = 60 MPa = 60O /mmV
ARc i
P = 2T N Tipeqn
60
Thean = PXGO
2 TN
- 10°x60
—— = 39318y N-m
2 XT X240
Tmeo“ = Bq'-f—%\l X ‘O’b i i
Tmoax = 12 Ty

12 % 398U X10°

YFFHY) X IO% N- mm

RN
Tmo\x=- _Equ)

%
&

g% lexyFH X10°

\i

T X 60

QQ
\

T p&

d = A/ uos3 X(0?



o 0 e e i it et

>abhobt dubjedid B Bending ek @q‘

M Oy, . Ba
R

H
c

> S\nol)gt Qb»b}ettqd T ond M (Torque ond  Rending MoMen

JiF TL 2y Tw\shng} moment
M 5 Bending moment (1 KDOUJ“)

)
‘T}\Iﬁ-) Te 1 /\’T’V-\— Mv = i Cd

16

Te > eq/uLvuLem}“ ):_w?s\%na moment
[-M + Te-]

\:M-\- T +Mv:-l IT_ rlod

Ne-* equinalent loend)ma mom-ent .



L T . ’
i’ Qy A line  odhakt s 'mmh‘na of 200 Tpm o ig o Trons mel-

| QoKW . The holt moy be aswmed to bo g, up ol

mid kel . with  on  ollowoble  Sheor  &krem ok Uy Mpy

l}etmma‘m the  diameltn oy the  sbhalt M9loﬁng bendlng
moment elyged:-
- soM- Guwen doko

N= 200 ¥ em

P=20Kkw = 20XI10 W
T = Y2 Mpa= U2 N/\mm"
po 2TNT
60
3
_ X 60 20 X(0°X 60
M me ity - UGN OOE o 8 e S
2TN 2 X1 X 200
b
= QBS'X‘O N/W\m
%
T= 7 ¢d
/¢
Q55 X x16 \
4 - Tme‘) ey A C i
= — m XYp

1

50 mm

Q) A Pon OF  wheelh of O Nadwoy  wogon  Carries
oo lood oy o S50 kKN on eadh | owe  box. odking

oF o dirtance o 100 nm oubride  the  athee)  hose.

The  Qauge of e Wl IS ¥ M Find e diomefars

ofF oxs bebween the  wheels . S5 the  SwM s nf
sow 50k

tn  exceed (00 MPo. ﬁ,if“ E4 |

L_suc D

t00 mm



g v AT O

SO\ ) “ A
M

d

!

)

M= osxib e T xo‘bxd%
32

-_— —_—

32

%
T s 50 xd? = 9-229

3
o = SX \06 G
: - = 051 XI0 or

Q-82

A= 19'% = KO0 mm

G I R o1 10%’ D= S X(Ob N~ m

™
b1



Keys " . ®

3N whol 23 key?

am- A Key TS o piece o mid Rkl crserted  hekween
the Bhokt and  hub oy the pulley o comned Huse o
onder 10 prevenk  sgdodive  mokon  bekween tham.

* Tt 1% oimmdx cnsested  panallll B0 tha ois Oy the

Shopt -
> whod bjpe ok Qbumer wre  enduced  en Keyr

gna- Two fypes o  Shyesses o ‘onduced  en ke
iy Cfnmkinﬂ Shred
1y Sheoting  Stres
> TYyped ok KQBS i
P Sunk Key
iy Soddle ey

iy Tom(jex\} keﬁ%

wy Round Key .
v Splines-

(- Sunk Keys \=
% The dwax Key ore  provided holl ¢ Hw keguoy  Of
the ahoht and holy ©h The Keywoy of  the hub or
bom of +he puley.
* The duk keys ore Of the {gol\om\ng Ty pes.
. Qeg'mngm dunk Key..
2. Squore Sunk  key.
3. Paralkel dbunk key .
Y- Gub -heod  key.
5. Feabha Key .
6. woindnully  key-



b 25" 50adly Keys t
% the Soddle keyd ore O the folowxng o ot
§ i Elot Soddle key .

0. Hollow Soddle key-

i Flab Soddle key - TE IS @ foper  key  which ks 2n 4
keywoy  en fia wh  and s b on e shokt . Tb
 likely D owlp vound the hopt wndm leed . thwegore i g
;I wed for  conparokively  Ugt loads .
,i (- Holiow Soddlw keyl- Tt s o toper key Whith  iks ¢en ¢
keywo.g in the hubh  ond m boltom of key 75 Shop
| o Ft the  cuwed dusfoce oy the shokt . Since  hollow Sogy
» kegx hold on b3 krickion ﬂ\we\;ore twe ore Auwtoble for
| Mgt lods . Tk i wually  uxed oo fomporsary fastening

e fixing - ond o&iﬁna eceentricy , Comt el .

|

; 3 To;ngenl',Kegs = |

i h\ngey& keys ore fitted 2n poic ok wight  angles.
Eoch key is O withstand  dorsion 2n one diveHon only.
e ove  wed in lorge thua dn% Shalts .

< Y Round Keys:-
{‘ >* TL\Q, mUﬂd KQ% Qre Q:U‘Q;J&,()f n SocHon

ond it by holes
!: drined PN% i the  Qdhokt  ond

DQRHAJ tn the  hub. ""&3
howe  tha udvcmtmje thel iy l«ujwm(;rg Moy be  drited ond
womed  ofier tha g poi hbce s Oenbled . Round
Keyt  ore Usually Coruidared '

h \Oe more O\Ppropﬁoh b’m‘
Bw  power  Arives.



x oo , K@d»‘s e  mode 8&&9\“0& with e Uhakt  whiy

‘ \ | : w N

tﬁ& en Tha \’\mjwo.xazﬁ broached o e hub. Qudh

Shakk

known o Sdplined  Shokts. it

s Theve obhakts Wially
R fowr, ik, k :
0 or dideen  plines.

The oplned  ohofts  are  nalokvely  Qhonger 4
:
o dlingle  keyway: el N

Q> Design  Tha TLQJMSU{\W Koy bor a Wholyt Of O S0m.m
domddr . The Bhooring  ond (ruuskimj ey for e
molirlll  Qre Uy NP, To Mpo- K

son\-  Guwen doko

d= So mm

C=t e '\%\m"

Oc = 0 N/mm“’

A ppororimeli, Proportions  of Quak Key

w‘: i ol _5.9. - \’)_'S
q q mm
W= mm
t: E‘—-U)"—-é‘
2 6
L+ 20 Tatg laa s L x12:5 = 833 mm.
6 3

TOrq/uQ +rousmitted loij the  dunk \LQ)J

Tl e T ol
2

_ xies xunx 2
-

TSh!)nr =""131265% 1L



o iy

1! | & d
1 i Oc X —
E 5 X Uc >
i
| 25 50
i ’ X F0 X
; > e

T. = fage-3v. L

T

pr—

(6

2
xz xd

Torgue fmmm‘nm- by the  Whakt

(!

10§0% 3T MAW |

o epra | shagk 10208 35 |
| = L = = —— s ::[%‘g"é’ -T—Qmm. ;
Ei T L3 o= : |
/
| e pa i S I0AORAE
| T T = |y =y omm

c F28%- 3¢
the  dgign  we  qot \gngw\' o the ke ~L:%Omj

|

B 5 Erom
l | (Con%idu‘mg Jhoor Wrem) 5 L= ) mm ¢ Cﬂ)nsfdﬂ?na sz(\ru‘.v\ﬁ \M;ro@
| i

For Q&Q.ber du‘\gn we  howe 10 toke tha D.OJL%QY Lu\aﬁq olsi

v

e Key. That miant §= 1y mme |
| |
Q> Differenfol. belween  thopt  ond ke |

= |

i Qol'oﬁna membes v Non- ’G‘O’ﬂlﬂhﬁ memloer .

. ed fo  Aronimit the Tosque
ond ddupport e trensminion
<lamenkt ﬁuné%w,wmgab

Wubjedid fo  Torque

bending moment 0nd ool

foree -
v Gxomple -

I . Tt :3

Sh%t/ ODUJ\tUu =
bl Sh%{" ) @P?ndl‘l- , Olonk Q&h%b

H-.Of\ly wed 1o Qﬁuppork Hua

trouminion  elument  fike -
wheels , Pullegy) , ehe.
W TE-ois

Wubjednd 1o hending
moment: -

v Example - Front ol of cor,
wheel  oe of motor  efc:=




SDU!" NG ‘
> what b Coupling ?
X S"\(l%b are UN“M‘J owiad fabte \1‘)‘['() ¥ ,yw\;“ 1o “8 S

b moonvinience In o {raaportolion - Tn osder  do howe o
gre&tw lmSHw el betomn neceyory o Jond fwo  or

More pleces o e thall by meonr o) Umpl?ng.
5> why we Wit we toupling !

% Shakt me\oling R wed  on mothlnw\ﬁ for mm
Pusposes.

i To provide  for the  Comneclon o odhakt  of it
Thok  are manuikockunged mpmauy e o8 moloy  ond
agrumc\tm and  to  provide  ddiconn echon tor Yepaly «
or  olminakion.

I To Provide  for  miselignment  of  the  hokt on o
droduee  medhamscal el ity

W To  seduce  the Arowmivion o how  load  Kom  one
Shaft  fo  onathar:

v TO  inkroduce  protedion Qﬁ(ﬂ\ﬁb ovednod .

v It Shoud ®k howe  NO proj-extix\g Poodz.

2> Reguiument o« qood  \halst Obupl("ng.

. Tt ohould be eony o CGnnedt or  disgned.

- Tt Shoud Frawmt  the  full  powes fFom  one  dhatt
ot Ofun  @hokt  ithout 0y D¢ -

W Tt ohowdd  hold the ot with  pegfect olignment .



N %

O%j PhOlk. f,()()d)l ‘

Vo T Should sedwce  the  traaamission
From  one  whojt fo  onorhut Shot

|
|
!
l v. Tt  showdd howe nO Dmi"‘?‘bﬁﬂ pcmi'A~
|
|

i ]

:l | Rigid g@uplmj _ Flaaibhe (Duplmg

i, J l , |
Qﬁhﬂj}fe or Comp or Elon G2 > Bushed  pin %pe Qotxphﬂ(d

| o Coopling. dpli mul Cupling Lsoldhum  Cupling
1l (papling.

H sunugersol (Dupli!\a

i . |
| Y Rigid toupling i-

i % Tt 18 wed 4o omed  fwo 65}\0%]3 wheh o
| Per[;quU cligmd«

e

> Floxble Cmphna L

% TE s wed o tamedt Hwo hoktz %wiﬂg both .
’ Q- belign ond moke O oy diomensional  odketch of ©
I mugg coupling  whih i Wed  fo  med  fwo  otfed

i ohokla i‘mrum?lﬂl\ﬁ Yo kw  oF 350 w-pm . The moderid
B

jor the hobli  and key IS plain  corbon  wked B0
Il which auowqb\e Qhear ond w’m‘_nﬁ Qtr% are o
; P ‘ond  §0 Mpg ‘ﬂMPebb\felv O thie  okesiol

| &4

ﬁ el moy be aMumd @ iv mpg .



50'0"' G\L\)‘Qﬂ C\OI(X/-\
Powes &I‘Qnﬁmill.m(j = P = Y0 kn
Speed O ©Shalt = N = 23S0 TEw
Mmokerial  of  the  whakt and key <5 plan  conoon

Shear okren = T, = YO MPo = 4D ‘\%nmy

Cmmhins Srem = R0 Mpy = B0 N
h[l = IS MPp = & N/mm'v

1. 60XI°xp

2T N
T = 60x10°x Yy o
— = |31 X0
2 X T X250 \
/3
l |
T, B ™ X M0
d= SI-39 mm -
D =24
= SI-3qQx2
D= 10%-S& mm
L= 233 = \sS.3F — |8 26 mm
W= d/ = S -9y
M 6\
. Ay YRR %S e
t= /6 6
T vee
T- = To d” Ci-k¥)
k= d
%
k=0T
s

-—

%
< xQ03-5%)" (- o57).

T= 20684SF- 12

Wheel.-



t \ SPRING i, N
| V> Des}gn Vel Jr“l,QlJ'(oL Comp (235700 rz,p;qjﬁ% fbor w. o« &%},
} lod o (000N  for o depledion OfF ZT T Usgg &
Volug  of opring  indek 0r S . |

Toke  moumaun  permimible  Shwor e bor g o

! T U20MPe  ond  modubw  Of ':‘m‘gjidj}?j

Qv
L 2]
o)
[
A
N
\

Toke  wahl's {;mﬂ)r,

K= Ye-| n 0:61%

| Ye-y c
M Guen  dob

]

s where C = “ﬁp“ﬂ'ﬂg ﬁﬁd?_‘f,.

$ 3l
!

mm

Lungor dukledion =

f
AN\
3
9
>~K
\
)
A\

SPMS tndet

L
e)
\!
Ny

wahl's taddr - 9C | PR Y

Hdc -y a
T S 0-615
+
4-5-9Y S
K = |-200¢

Mooumium vheor ‘AXJQM =" s NjS MPo.

I

| = Yro M/mm"
] Moduld o ol
I‘ = SYXx© N

Morumum (Ood -~ P 1060 N
»_ z = S8KPC
™o
dn 2 & X1-3105 X 1670 x <

| T aY
" = d” 5 EX1'310S X (6DDX S

w TT XJ2Q



: G d') = 39.%2 - }
A = A3 2

= 630

eye Lameler @) = 6:20 wm

For Compremion  Qpying

N= Tored no. of it =n

6 - < X Pc(bn
G1d

£ X LGB0 XS 1

BYXI0° X 630

3 X |0 XS X 25

UKD X 630

n= 494+

N=nh;, N= uF-24
o= Nd = y1.2M X 6:30

L = 29% -6l
solid hng’m of Q&pr'ma = Le= 293.6) mm.
Free ngm Ok Qé,pm'na = Lg

Le = Nd+1-15 X Omax

-~ 20%1-61 + 1S X2y

= 226-36 mm
c--1 = S;—e%g
D= 6-30XS
= 31-S ™Mm

% De?n“gned dola !~

D= 2|y MM
d = 6:30 ®m
Le = 326-36 mm



SPRING

S pouing ? |
D omt A apig o dfed o 00 clofc body  why,
ﬁuﬁdj(m 3 1o when fnoded ond m%\)@

s origindl  dhope  when e (bod 1A Temoved.

~ Application  of  dpring |-

- To Qwhon, dorors  or  conbwok ungy  due W e

Shoe or  vibsobion @ tn i dprg , Toimy  bolen,
' oW - daomk\' lﬁnd}“g geony shock  absorbetd  ond  vibradion
( ao.mper\
i _ Condyal  mokan \ B
* 2. T ,ap koree) ;W e moaidoining  conked  bekween g
| overli 4 i Camw  and fotloweys -
3 To opply fore> | wm in brakes | chutices ond  paing
lnoded value . |

| Y. TO  meodwre  fOrees oo én pring ooy ang enging. -

' indicolor .
S ™ shre energy  on m okcha fogs ok .

> T&Jw Ob’ prr‘ms L
{ % Helical Spring .

*  (onical ond  volud $pring .

*  Torsien 3pring .

* Lominoked 00 lodly pring
X DISC- 0r  belleulbla §pring .

* Speol  pupow  spring .




Helical QMJMS - &

(Dmp(abb?% Tengion -

S Terms wsed  in o (DMPreaian SPring.

i. said hn9+h
2. FEree 1&/\9%

3. Spaing tndet () c= 2

d
Spring Toke - Tt i dekined oy e oog eq uired

tut Ql»{;htb'on o QPY{'\{j <l<= —\g—> N

<=

per

5. pitch-

Q- what do yow  meen by wehl's  oheem  pader  bor

helical dpriag !

s €= Yye- ; 0-61(%
y4c-y <
whare

c = —3—- i

Qy A C(ompremion @it Spring  made O On  ollny deed i having
The  following  SPedificakions -
nean  Qomgler of il = 50 mm
wire  diemaker = 5 mm,
Numher ok mﬁu{ Loily =20

Ik tha @pring 18 subjechd  to  an wuol  eod o soow -

Clodoh  Bu  mogmum  othear  wtrey (rogedr  the  curvodue
fred ) o whih  thg @PYM? moberial s

n'_ A \ - ’ .
So- Bwen : D= Somm 5 d= Smm; n-a2g, W= 500N

Sprlr)g index C=



l' ", shear shem kador »

&

‘ ‘ _ |+ = “Og
| = + =/ - e -
| ks= 17 % a2 %0
Mox sheor Strem
Qx<€0
5D & X S0
R 2HOC X - S234-1+ N v
2 o N T\'d’) v x53 /mm
; = S34.F MPo

hoy  oubrde  Qomader of Iy mm

IS 3Te MPe ond  moduwdw  Of  rigidiy 3y KN/

QA halicak dpring 1S made  from o wire of Gmn  diomtber ng
| C9f e Permisithle  Shogr e

2 (qund m Qﬁo

oad  whidh  the dpring  Con  Corry  ond  te defledtion  per Odtty

! oo

SoM- Guwen - d= 6mm, D=Frmm ; T = 350 Mpo

| D= De-d=Fy—6= 69 mmm

| y : D &

: Spnna mdﬁij' C = = C __Q’_ = 11-S

|

| g/n = Deklehan  pey ahwe  oon.

I- Neglenking e fbked ok wwrvakiwe

Shear  dkrem  badgpy )\
| )

i_\ kg: l‘\'-—:\‘\‘ = \0\43
is 2 2% 1S
¥ Mo Shear  Whrew (Y.
il
E W p WX 69
| ™d T X6
| w= 350 = U12- 3+ N
| 0- FU8 |
DekleHion  of Qpring
>
Fuw-p.
SRR A
‘ G- g
Deflediion  por  quhive iy
& _ W D’ Fxv2-7 (6Q)°
4 @-dY T L gl

&= 8’LJ KN/mm‘v
= BYxI0° N

. 0-8YP W



JOINTS  AND  WELDING " TSH)

jomﬁs,
£ 1

T{’mmj‘“@ Permonent

> Ternpoony Joink -

s wohue di,tad\ing ok fthe juink, o Thue Wit be no
ebset On  ponent malimiols  then e joid is knoun ou
mporary joink -

Example = Nub and Bat , ¥ew joink ksz;d joink | Covpling efc.

S Permonent Toink -
X Duuing the  dikothment of e jouds g thow  wio
be dome efek  on  ponent  makwas - then  the  joink

X known o Permanent Joink -

~ Welding i-

% Fuwjon o5 Two molsials by odding  hook  with or
withoor  flan molimio  and  with or  ithowt  premuce
is known o4 welding-

5 Adum\i:o%e/) and dimd\lanbaeb O welded Joinky  ouer
soweled  Jons -

* Pouowinﬁ ore the  odwonfages ond olimalvwd:ag@ ot welded
joindi  oven  Yuwdmd  joinky
Adum\l’oge,b -

i The  elded dowdmrgs are (MUQ-U:j Jightr  than siveled
Sauchures

2. The welded  joina  provide  momum  ebfidensy (Mo be 100%
whidh s nOF  powible  in  Cwe of wivelad  joink.



| R
* 5 Alterokions ond  oddHons Can be  orily  made ¢y @
| oshng stwdures.
| 4 A o welded  dwnckures ¢S «dmooth €N .Qppew%ce’
‘i therepore b (coks  pleartng-

" S In  welded onnecions , the Tearion  memless Ore
Weakned ax tn e Care o Suvelnd joinky.

(| 6 A weded joik har o Greok  sirength .

e

|
‘ T The  protem ol wetding Youums Yl Hme hon e
| S’L?w»eﬁng.

| It 8 powible +to  eld Oy post
| Oy pont-  mut ‘hi»eﬁn@ Naquing
9. The welding  provides

very  wigid  joinks.
S DiSQdVOJ\J‘&SQ)o V-

I sibce Hhoe I on Gngpen Mdﬁng ond CDoh‘n(j dwuné
folowl cobion ; Tharelore the  members Moy 9@’ distorted
Or oddifional  Styemes Moy o\,wef@p.

~ 2 It Squires o mgwﬁ ddtted  (adopun  ond

‘ Supervi $/on-

3. Since MO providion i< Kapt Gor _dposmion  ond Con-
—traddon in e froame. Thorefore  thare 15 o POM"’O‘\%

kil of  Uoud daveloping  in 3t

Y The drupedson o (elding




- Ttdpejﬁ ok weLoling process i-
i Fuaion meﬁd&ng Oy ol -
iy Forge  welding  (heok and presure .

)y Fusion  Weldingi-

¥ In Cose Of fwion welding , the poals fp be

jorrked
one held 20 positon

while  the  mojten
to the joink: The moten  metol

thompelues -

metol i Lupplied

mon (Dﬂ\ﬂ_ 651‘ om ‘t‘h\g‘ POJ.UZ

% The Swion we\dlng 5 Q(C,Ord\lﬂg o e method
genwroked, oy be  Jomifed oa:
b Theermit weld’ma
n- GoA wddmg
- eleckrc  orc weld}_nﬁ.
1y Fonge weldmg s
% In {51>r8e
heoled B o

of haok

welding s TR poali do ke Joinked  one ket

proper taxmpwchuﬁ Ttn O fuwnace  of
})—orge ond  then  honmered. Thia  mehod  of mPldmﬁ ie

no\mﬂ whed now—&—daﬁzs- An  electric - s tonce weld'mg
S on  ewempe of  forge weldina,

* Typer of forge welding |-
i. Spot weldingr
(1 Seom  welding
- Projedon  welding
w. upsd ond  loth welding



> Typer of weded Toinks
* Lap foink
* Bt Toink

- Lap goint i-

Tkﬁ «L(lp jOif\J' or e h-,‘nd’ Foink i
%y oveloppny e plas  ond welding

plakz,. |
The  crom Bockon  of  the Rk otk
The el Joink Moy be
i Single  troaiverse ikl
- Dovble  +romaverse  Kiek
e Paralek  bitek  join -

> Bk foint i-

The  bublt joink  Oblajned

edge to ®dge - Tn bult wldy , e plokx

Nequire
On e Ofher hond | it e

the  edge Ghould  be bevelted
siden .

> e buld Toing may be .

~
)

i- Square  buk goink

w. Qingle  v-bulr oink

- S\‘ng\e W - bult Toinyr

w- Douwle \)— bodt Toink
V. Dokl w- butt Fowng

@

0 bta}’ned
€d 30 o 'h\{

is O:Pproiimuhls bl“mkaw

by Plou’ngj the  plok,
edger o nok

bevelling i the Thnen o Pl 5 fess  Hion Sm.

Plae  Hierm 3¢ smm fonrm

o \/OY‘u,—gmovﬁ on bath



Q. A plolz o0 mm  wide and O mm i s o be weided@
arols
fo anoter  pleli by mew  of  dowle ?\ Giet . The  pla are
dubjeded o @ stolic ad O %0 KN.  Fing  4pg lingth  of

weld "1y e permisaihie Shear  dkrem  in tmg  weld  does net
oxceed S5 MPa -
St Garn dokus

widkh = (00 wm

Thiknem = 1o mm

p= 80 KkN = 0XIF N

T = 55 MPo. = SY N/-mm” )

Lek L - Length of weld, ond

S = Size of wed = plole  Hucknamt = (9 mm (Gu‘ven\.

(P)= 80X10° = UlgxsxL xT = (Y xlo xLxss = 3¢ 4

[ = %o Moq’/”% =103 wmm.

Ad(ﬁng 2-5 mm  for  starling  ond  Shoping  of weld s, we how

L= 1024 12F = Uy.§ Qy



S e

RIVETED TOINTS )

5 what is w0 Riwet ?
and- A Yuwel s oo dhot olindricad  bor  with @ hoad
Er\hﬁrol ot Tt u\)liﬂéer porhon  of the et it Called
Shank  or body ond  lower porkion  of wtho s known
Joid - |
* The Juwell wre wed 1fo moke  permaneny {SM)W"?"\S thﬂﬁmi
Yo lois  dudh ox i dbrudhunl wonk, dhip led building

bridgu . bokr and Lol ghedlr.

?
!
|
l
|

* The Sowelzd  JovB Qe wkﬂg.hj wed  for 507'“'“3 Ligh
Mool -
S The [gmhn?naa May be  Jonmiyed s e poilewing
700 gioupA L | 7
I- Permanent [gmhu\irg/&
2- Tempomony 0r dekochoble  fosbenings.

* Tha Qermoneny  fuleningd  are  ome  farteningd  ohin  Con nof

|

1+ Penmanent foukening
| |
|

be disamerbled  wifhout  dutmying e Cmneddng componens .
T‘/\'.O. @y example Of Per manant W}W% s  en Orfer
Of obher\g’m or Soldered , brozed |, woelded Cand Hveked J*oinﬁz'

2 Temporany or  ditachable bmken'm%z g
* The h:wcrcrg or  ditothabie  fajtenings  are  those |
Con e didamembled  without duﬁngng the  (anneding

bodrenings e

Strewed , Kew »  (oltes , pia  ond Spiined  joinlg .

3} Compoasls . The  exompla Ofy Empomré
|



S Melhods of Q“\\)eﬁmj -
% There are two types Of Wﬁ

)y Ccold %ueﬁna.
W Hot MUQLU\S
> Types of Rivelzd jomly -
[ Lap Join}
2. Bult joink
> Lap Joint
A dop ot ds thok en whih one plole  overlops
o other ond B dwo il ore fren sueelid g fogether.
> Bubt Jok -
moan  Pplotes

A b jold i< Fhak i whih e
Qre  kept in alignment buﬂ;‘mg eath ofwr ond o (Dver

plae i< placed elfr  on one  Slde  or on  both oides of

The  main Plolls.

~ Bub johli ore of tha folowing  five  Iypes !-
) Shgle  drop  bult joind .

2+ doukle dkrop bkl joink-
o dn o dingle  dbap kot jot | the edgw  of e moin
plobs  butt  agenist  eath oer  Ond oMy one  Cover plalz

is placed on ong odide  of the man  plodyy  ond Aen

Hwelzo) ﬁﬁa{&ef .
2 o double  dbrop but  joinks the edge of the main

plolw,  pult oganit cath Offwr and 1wo Cover plolss  are

paced on botr olides oOf the main plokes  Ond  thon ivebed

1U3Q¢vuu.



> Importod ko ed  in suvelzd  Toinl . @
| Pitch |
2. RBoWk pitth
3. Diagonod  pifeh
Y. Margn or morginal pikeh-
|- Pikdh -
Tt 1S the dutace  from twe  cendre o ont Suwek
ot cendwe of e Nt $udk  moodured  poroliel O

tho odeam . TE IS um&bj denoted b\j p.
2. 2ok pikch -

Tt i the  perpendiculor  dutonce - beliween dhg
Cenkye L of ths Jucemive  rowsS . TE (s muauﬁ

denoled  lg Po-
3. Diagonal  pitchi- -
Tt st dbtonce  bekeen  the  Cenfrer o
e Yweli n adjoced  Vows O  Zig- 209 Uueted jolnl .
(il Rl 1 uusuollﬂ dencte d oy Pd -

Y. ng?nﬂ pich |- ;

TE 13 e fhe  dutonee  bebueen tae  cenbre
Oh Yowel  hole o thae f\SL&rQA_\' edgq of _ Hu plOiL R
u;maij danoted by m.

Q- A double . wiveled lep jod s mode  belxween s mm
ik pola - The ek domder  and pith  Qre 2§ mm

ond #r mm  nedpeddvely i e Gk Kremer Ore Yoo M
in tenslon, 220 ™MPa. In Shear d  aUo Mpg - 1“?\ mw\ing
O §nd tho minimum  force Per

Pth  whith  win  yuplore
e jolnk-



b Jf the obowe  jonr S dubjeded  fo o lead  guely ot @
the todbr o dodedy it y, find  out te ouduel  ofkremes

Quueteped o Tae ook ond  twels .

comy Guwen dolo

t': IS mm d: 25 mm ; D= Fr mm ; O'M;uoo MPo

= W0 Nfpor
Tu 220 MPo = 320 N/

Og. = 64O MPa= 6Uo N/ o -

oy Minumum  foree  per  pitch  whih  wiu rupbure the  joink -

Pro = (p-d)F X Opy = (F£-29)15 X400 = 200000 N

Whmalz Shmﬁng Fesiitonce O the  YuuetS  per  pitth
2 % Tr—q— (2§) 220 = 31Y200 N

e

PSu = Y\XIrL’—xdvxzu:
wWhtimee  Grwhing  wistoace o fhe wivets per pitth.

Py = Nxdx £ x Oy - 2 X 25 XIS X 6U0 = Ygo 00D N

Prin = 300 kN
by Aduol dbremes produced in the  Ploly and  sgels .

Since we jodor of  dafely sy
Soke load per pitth length  of the jolnf

= %00000@ = F5000 N

Phy = Fcooo = (P-d) E X Oy = (F5-29) 15 % O = F50 o
Cp. = FS000/ 700 = (00 N/ = (00 Mg
PSQ_=-

nx T xd” x g =2X T{T (2§)VC(} = 0%2zq -

35000 =



ToL = :FSOOO/qg_l - F6-Y N/mMV = 69 MPa -

(P =
3000 = nxd X E X Opp = 2 X2 KIS % G = H50 G, .

Cao. = #5000/, = 100 Nfpyw = (00 MP2



