bl il g ) adall 515
Alal) ) Aaalal

sl ) sgadll

."I JI’\ .l” £ty ation an
n S A VAQ i

L 4o

[ cWE
N
’

%/‘.
[

LSl i)

g1 ) 1 Aal) and

5 Siaal) / Al jal)
iy

‘“,Jlﬂ\ 2l o) Juaadl)
-2025: 4z Al ddu)
2026




CHlsal) o) o) A ol anl

A ) il s speadl)

sl ) sgadl) -4,1<t)

el 6 $iall / s sal)

e ¢ il ) Juail

0 ke ‘ 2 ‘ sk e ) cleld) aae
2 sl al) clas gl dae

MTP205 s 3l

| e | o] sl g 5

REPTRY 5}?\@“‘1‘&))“)#)5\9’#&

i B ) jal) ad
_ il
- B ) Ral) 3a

dalal) (o a0 il glaa
e ke 55 Rl ((pma) (e pud
A losa e 1radad) aall)
2023 cill) o J guant) i
ibeala s dalgad)

2020 Balgdd) o J guaad) A

<) g 3 (O ) Bl &l g 23




Adledl) dyail) dadlal)

DA alall Cia gl

praaly ol o 385 4Gl Ausigh £ 98 ¢ g 8 (A lall ppanas
Pl () gl g e Lual) Cilida B addiud Al AiCial) AalaiY) g 5 JgaY)
Belis Jdolyg diSaa d8IST J 40803 ol) g 48] cilalia¥) ol Ay Jola

daladl Calaay)

2L il (oalae aladiuly AaliAl) AKilKaall U KAl Jlat 28 Q) alaty @
el s o gl 5 (5 8l DBt Jie ccbuzaly il

O Bl 03151 58 55 e ¢ Bl JS) Apuiall 3 sall sl A8 (O Gy 0
1ol 5 Aalal) 5 46 65 sal)

aalaill Q\jdb i gnaSl) zl y aladinly ;‘_};&’\j oYY prasal Sle COall Loy e
BeliSll g Cgllaall oY) 3aiad e 58 5l e il

asabiail) dalxind 5 dilie Glaval Lalga ) claill ae Jaladll e Ol Copxly o
Al agilaranal (pueat I AiLaYL

48 55 gl 5 ooV (a5 ¢S apanal 8 YTy ety SEl A€ O Al o
R\l s

dualdl) Cilaadyl
88l 5 Aalial) 5 A8l 5 5o LaCl 3aly 5 Jie caranaill cilidhiie ae Caulily Lay o) a1 ol s @
Jlaal¥) Jass e
Jalit] Cilapanaill Cppan s Aaaliall ol gall HLd) JOA (e cilpall 5 2D J81 CallSs 385 @
il Aillee aal g cullasl)
a8 53 535 8Ly Sl e )yl (paning Lo ellal) 8 53 gally o aalial skt @
Ll bl ye
AiSae 3eliS ol g AiSae 481K Jal Apids o) 5 dal) cilalia) b Al aeliad ok ®
Coaddedl) Calaaly) AL
Asapaaill Clluall &) jlea alriall Gl
Baxaal) Claliia¥) i3 Sive dpaanai Jola ohatl e lay) €&l aladin) e codall auads
e c e é,-.‘-‘-k:ﬂ
Cnd g (S 2ol e Al Cag plall g ASoall Jlaalyl il sy 48K Ol alas
blaia) sda e Uy aveliaill
Apaigl) julaall o 2l 4SSl analiail) apip Jalati g 36l 8 e cOlall ()
Bl il gall g




Adledl) dyail) dadlal)

alail) ) g3 g) 4 plead) Cilaay)

Badaall Cliial sall 5 Apunigh ulaal) (38 5 LSS0 apabaill Clllall alety o) o
A a5 el dalidall Al Cilima ) s g2V aladind Qllall ety o @
el s 4888 J8L A dadll cilalgia¥) b i) g Aabiaa) dpanigh) o sall AUl jaay o)) @

Aaaseli€
s )X Ciloa) AL5a) @
O e 1508 el ) S yecalaall (ga o lgii) 2z
asalaill Can g Sl elal e Al Cag ylall 4SSl Jlaal) Hiliap@idaS o
blaaay) e e 2l
Baaaall Cildial gall 5 dpuigl) juleall e 3l LSS0l aseliaill apii g Jalaige) 3 @
Aadalll Jie ¢Sl Jalat 5 avanat] Aol el Al Cliaaall 5 ol a1 aladiul o
. CAD/CAM gl _n 5 <« gulalls Apuanigl)
A3l ciladlatal)

e Ol jlga o) A Al 52 0 g0 ol ) Wl Zlisy Y @

L) aledll il i ol A€ lall Calaay)

sl 2 alal z j3a 5l Soball Cangll Jpuali |

LGl palaal) e
L AS jLiall g dga il cilal gl e ) o] i .
Sl &l FVL
R IEC

L Clpalaall e
LA Ll g dga Al claal gl e Ol 5 YY) apanal |2

S LEAY) e

LGl palaad) e
L AS Liall g dga il cilial gl e danig) Gl ) aladii) 3

CLERY) e




Adledl) dyail) dadlal)

CILEAY) e
pil) 5 Jolail) 4
Aslaallg i dll il o

(AR (s sina g DUl cilaliia) cualisl G 5 Gulbd (a A gita A6 gana 233 (ot ) Gl

Y & e 44 k) ) gl

Jlosall ae Jalaill 5 Jalaill 488 alldall ol ) Cargs Aglanll g 4 latl) &) palaalt 1

JSLaall 3 jSiae Jsba g saa HISE Al 65 ) Chagy sl Y Ghaal) 2
da g yhdl cbaadll

(silaie UK e slaall 5 HISEYI il g anii ) oS B <) 3
o pias

e A Sl ol o) VL ageldl 5 o AY) e il gl Jal sl 4
LY 5 clelal ol 8 anluy Lea c4lols

Lidlia g 3 3Y) o JSEYI 5 o) )Y Jali ) LaadIS Cangs Sl sl 5
Aalid ) apual sall




" i Il o
L\Sj\ - | ere R . SIS
oL el ol < - .-
&Y\uzi)b Sl | eyl 43y )k e Al Ol | il el | JLeall [ B | el 58
5 sie Aaa e s dugal g 5_palaa Types of Belts
RN
ALY a pe JgY! &wiﬁ\
sl A ey o papdi ym e , Belts . A
5 siae Aaa e s dugnl s 5_palaa Design of Belts
RN
s it
T ) L s daliad &) g
<Al & 4.}”:3\ =B-x ajmhn sl (pealil gcl.':hm‘i\ £\SA) e\m‘ )
ala anl ‘5(‘,[ 1o aYl ‘_,’_A..j.lsj 3) gall LA Jia ca.AJAY\ a Ll e
LAY " £1a9L 5l g Ayealial o o y,‘ 2 Sl g sl
."0!... LJJ‘)E("’A “\AJA\}” HM—’




S il

gl [ Juadll ol sic
sl 35k Gl | Gupall A,k | e d) ol il | il ol giad) [ el | gl [ e 3l a5l
Yl e
sl
idaadag Aosal g alud (T S (e yia e 5 yualaa - Design of Shafts 2 @\‘)3\ &)MY\
S e
gl
e )l 53 alaiiu
Slikay) plsi)
. : Salaf Jlatt LAl aladii)
S aladi) BS COUA) aes & Aol &) 9 5yl U N 5 i s el
BracY) el b elihnyl | ST ST  sseligpee | POSE G e T s
= & gé‘:‘j':‘ﬁc‘ﬂb Baac Y|
ade QAL azaal)
L)AL
Y ya e
Lislial ;
. L i Ll \
aadly | Dgal g Aial oz b o S ya e b_palas . Design Of Journal 2 bl g
. - Bearings bl
(5 s
FRIR(




£
i _

Ll L) daala)

SN Juadl)

Cagll | Jeadll ol sie
ol 55k i) il A5yl R B e e PP S ]

rd

aadas | dsal s dbid (5 b e 5 jalan i Selectloq of Ball ) Craldll g g
) Bearings el

XN Design of Gears
daadla g a0 gal g ali (T s (ol (e 5 yualaa - by Lewis 2 i) g s
S e Equation

R ot a x . . Aall e ¥l
A.E;ymj Ll Al cCJ.& (AN g e b yealaa - Cams @ ?}M




£
1 _

Adlail) 4yl daalad)

(ealad) (s sinall (a) ol Sl

<a Jemidll o)) gic

ol 8k Ll | Gyl Ay gl | L Al G gliall | At ) Goglinll | ae | g ki | (el a5l

aliaYy) U e
a8l
Uandley | Agald g aludd (T 6ol e 3 palsa - Gears Trains 2

-

(5 g
PRIR]

Sl saud

:XJL‘X\U'A);

4285 : ;
11 Lj L pal i pmpis m e e Design of Simple ) Gl & gy
9 oS il - 2 - : s
. - Gears Box e aal Hll g 5

FRIA|

ALY e
aaaldl
iaadles | dusalsdiud oz ¢ oo 3 _palaa - Worm Gears 2

S e
AL

osalall g g)







Belt drives

The belts or ropes are used to transmit power from one shaft to
another by means of pulleys which rotate at the same speed or at
different speeds. the amount of power transmitted depends upon
the following factors:

1.the velocity of the belt
2.the tension under which the belt is placed on the pulleys.
3.the arc of contact between the belt and the smaller pulley.

4.the conditions under which the belt is used.
Types of belt drives

The belt drives are usually classified into the following three groups:

1.light drives: these are used to transmit small powers at belt speeds
up to 10 m /s as in agricultural machines.

2.medium drives: these are used to transmit medium powers at belt
speeds over 10 m / sto 22 m/ s as in machine tools.

3. heavy drives: these are used to transmit large powers at belt
speeds over 22 m /s asincompressors and generators.

Types of belts
1.flat belt 2.V-belt 3.circular belt
Material used for belts

1.lather belts 2. Cotton or fabric belts 3.rubber belts 4.balata belts

Types of flat belt drives



1.open belt drive 2.crossed or twist belt
drive

V-belt Circular belt

(@) Flat belt. (B) V-belt. () Circular belt.

Types of belis




Velocity ratio of belt drive




vlzﬁlel m/s vzzﬂdzNZ m/s
60 60

Vi =V

7d, N, =zd, N,

N2_dl

N, d,

d, —diameterof the driver

d, —diameterof the follower

N, —speedof thedriverinR.P.M

N, —speedof the followerin R.P.M

v, —velocityof thebeltonthedrive pulley
v, —velocityof thebeltonthedrivenpulley

Length of an open belt drive




Let the belt leaves the larger pulley at E and G and the smaller pulley at F and H
Through O, draw O,M parallel to FE.

From the geometry of the figure, we find that O,Af will be perpendicular to O,E.

Let the angle M0,0, = o radians.

We know that the length of the belt,
L = Are GJE + EF + Are FKH + HG
= 2 (Are JE + EF + Are FK) (1)

From the geometry of the figure, we also find that
_OM _OQE-EM _r-r,
ao, a6 x

Smce the angle o 15 very small therefore puthng

sin =ﬂ{hnﬁm}=¥

sin O

A1)
n ..
Are JE = r,{;#ﬂ.} w(T11)

Similarly, arc FK = ry E - u] . i¥)

and EF = MO, =J(0,0,) - (O M) =Jx* - (r, - )’

oy-(52]

Expanding this equation by binomial theorem, we have

—r ) -y
EF = :rl:l-%[u] +...:|= x-% %)

X
Substituting the values of are JE from equation (ii7), are FK from equation (iv) and EF from
equation (v) 1n equation (1), we get

L=2 r{£+u]+x—w+r1(£—a]]
2 2x 2

- 2
=] rlxgi-rl.u-i-:-%-kr:x%-r}u

B 2
= ) E(n+r;)+u(n—rﬂ+r-ﬂ]
2 2x

(r—- r:):
X

=R(ry+n)+2a(;-ry)+2x-

Substituting the value of = “1 "2 from equation (i), we get

x

2
L =n(r1+r=)+2xu(rl—rz)+h_m

X X
2
=n(ﬁ+r13+2ﬁx;"ai+1,_£ﬁ;;a}_

IR, )
=1r{r1+r2}+h+g—:3)— ... (in terms of pulley radii)

(d; - dz }2
4x

—. (in terms of pulley diameters)

-%(d,+d=)+2x+




Length of a cross belt drive

crossed belt drive




Let r, and r, = Radu of the larger and smaller pulleys,
x = Distance between the centres of two pulleys (i.e. 0,0, ), and
L = Total length of the belt.

Let the belt leaves the larger pulley at E and G and the smaller pulley at F and

Through O, draw O,M parallel to FE.
From the geometry of the figure, we find that O,M will be perpendicular to O,E.
Let the angle MO,0, = o radians.

We know that the length of the belt,
L = Arc GJE + EF + Arc FKH+ HG
= 2 (Arc JE + FE + Arc FK) ..(i)

From the geometry of the figure, we find that
oM = OE + EM _hi+n

a0, a0, x
Since the angle o 1s very small, therefore putting

smo =

sin o = o (in radians) = 21— i)
S (; & a] .7
Sy, werEEn (% i a] )
- EF = MO, =(Q0,) - QM) = - (5 +1)’

2
=X l_m
X

Expanding this equation by binomual theorem, we have
EF = x [1 ) % (_’1 +r ] i ] =y rn) ;”)’ )

X




Substituting the values of arc JE from equation (i), arc FK from equation (iv) and EF from

equation (v) in equation (i), we get,

L=2

=2

=g(r,+r)+2a(, +r)+2x-

Substituting the value of o =

L=n(n+r)+2x

i1 (7'1 + 7'2)2
2x

o{i+<)

r)’

n (n+
nX=—+nRo+ X ———=
=2 2x

rl(% + a]+ x

n

E(r',+r2)+oz(r,+r2)+x—

(n+n)

i (n + rz)’]
"2 2x

(r] +7n )2
2x

from equation (i), we get
2
(7'1""'2) (rl+r2)+2x_ (rl"'rl)
X x

= n(n+r2)+—2(r’+r2). +2x__(r,+r2)'
x x
(i +n) . .
=n(y +rz)+2x+———x——- ... (in terms of pulley radii)
2
= g(d' +d2)+2x+% ... (in terms of pulley diameters)

Power transmitted by a belt

power transmitted by a belt




P=(T ,-T,)xv

v —velocityof thebelt m/s
T ,—tensioninthetightside
T ,—tensionintheslackside

Ratio of driving tensions for flat belt drive

Ratio of driving tensions for flat belt

F=u xR,




F — frictional force
u —coeficient of friction
R, —normalreactionforce

T
log. | X |=ux6
g{sz y
L :e/”“9

T2

-
2.3log| X |=ux@
5]

2
6 —angleof contact

9:(1800—205)& rad ( foropenbeltdrive)

0 T :
0 :(180 + 205)@ rad (forcross—beltdrive)
Ex1:

Find the length of belt which is necessary to drive a pulley of 80 cm dia. is
running parallel at a distance of 12 meters from the driving pulley of 480 cm
dia.

Sol:

1.length of open belt drive




_ 2
L:%(dl+d2)+2X+M

_ 2
L =7 (480+80)+2x1200+ #80=80)
2 4x1200
L=33.13m
2.length of cross-belt drive
2
L=2(d,+d,)+2X fL0+0)"
2
L=7 (480+80)+ 2x1200+ 48980
2 4x1200
L=33.45m
Ex2:

Find the length of the flat belt under the following conditions; diameter of the
small pulley 630 mm, rotate at 740 R.P.M , and diameter of large pulley 2000
mm, center distance is 6 meters. Also find the power , if the friction factor is 0.3
and the tension in the slack side is 300 N.

Sol:




_7rd N 7x0.63x740

1% =245m/s
60 60
. (d,—d,)?
L=—(d,+d,)+2X +—>—2"
5 (di+d) ™

. 2
L =Z (2000+ 630) + 2x 6000+ L2000-630)
2 4 x 6000

L=16209mm =16.21m
r,—r, 1000-315
X 6000

sin o=
a = 6.5°

9:180—2a=180—2x6.5=166.8><% — 29 rad

2.3Iog(_|-|_-—1): ux60=03x29=087
2

T,, 0.87

log(-+) =—— =0.378
g(TZ) 2.3

L5387

T2

T, =2.387xT, =2.387x300= 716 N
power P= (T, — T, )xv =(716—300)x24.5=10192W

Ex3:

Tow pulleys one 450 mm diameter and the other 200 mm diameter, on parallel
shafts 1.95 m apart are connected by a crossed belt. Find the length of belt
required and the angle of contact between the belt and each pulley.

What power can be transmitted by the belt when the larger pulley rotates at
200 rev / min, if
the maximum
permissible

tension in the belt

I
| 195m >




is 1 KN, and the coefficient of friction between the belt and pulley is 0.25 ?

2
L=z (r,+r,)+2X + (1) —sz)

(0.225+0.1)°
1.95

=zx (0.225 + 0.1) +2 x1.95+

=1.02 + 3.9 + 0.054 = 4974 m
rL+r, 0225+0.1
X 195

a= 96"

Sing = = 0.1667

0=180"+2 o= 180°+ 2 x9.6 °=199.20 =199.2 °x ﬁ — 3.477 rad

2.3 log [1—1] = ux0= 025x 3.477= 0.8693
2
log T, | _ 08693 = 0.378
T, 2.3
T 2.387
T2
T, = L _ 1000 _ 419N
2 2.387 2.387
LT d, N, _7x 045 x 200 _ 4.713m/ s

60 60
power transitted

P=(T1-T2)xv= (1000-419) x 4713= 2738 W = 2.7 KW
Ex4:

In a horizontal belt drive for a centrifugal blower , the blower is belt driven at
600 R.P.M by a 15 KW, 1750 R.P.M . electric motor . the center distance is
twice the diameter of the large pulley , the density of the belt material = 1500
kg / m>; maximum allowable stress = 4 MPa;

K1 = 0.5(motor pulley); KU, = 0.4 (blower pulley);
peripheral velocity of the belt = 20 m/s. determine the following :
1.Pulley diameter 2.Belt length



Sol:

zd; N,
vV, =————
60
ZO:ﬂXd1X1750291.64d1
60
d, = 20 =218 mm
91.64
N, _dy
N, d,
dz:N1><d1:218><17SO:636 mm

N, 600
X =2d,=2x636=1272 mm

d,—d,)?
L=%(d1+ d2)+2X+( 14X2)

(218-636)*

:%(218+ 636)+2x1272+

4x1272
=1342+2544+34=3920mm = 3.92 m
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Shafts

A shaft is a rotating machine element which is used to transmit power from
one place to another. In order to transfer the power from one shaft to
another, the various members such as pulleys, gears, etc...are mounted on it
by means of keys or splines.

An axle is a similar in shape to the shaft, it is a stationary machine element
and is used for transmission of bending moment only, and it acts as a support
for some rotating body such as car wheel.

A spindle is a short shaft that imparts motion either to a cutting tool (drill
press spindles) or to a work piece (lathe spindles)

Standard sizes of transmission shafts

25 mm to 60 mm with 5 mm steps

60 mm to 110 mm with 10 mm steps

110 mm to 140 mm with 15 mm steps

140 mm to 500 mm with 20 mm steps

The standard lengths of shaftsare 5m, 6 mand 7 m.

Stresses in shafts

1. Shear stresses due to the transmission of torque (torsional load)

2. Bending stresses (tensile or compressive) due to the forces acting upon
machine elements like gears, pulleys as well as due to the weight of the shaft
itself.

3. Stresses due to combined torsional and bending loads.
Design of shafts:

(a) Shafts subjected to twisting moment only

(b) Shafts subjected to bending moment only

(c) Shafts subjected to combined twisting and bending moments.



1. Shafts subjected to twisting moment (torque):
The diameter of the shaft may be obtained by using the torsion equation:

T =

J r

T —twistingmoment(torque)
J — polarmomentof inertia
7, —torsionalshearstress

r —radiusof theshaft

J= % xd r:9
32 2
T _&

ogt d

32 2

T= % x 7.xd® forsolidshafts

And for hollow shafts the polar moment of inertia

T d
J=—|(d,)* - (d,)* r=-2
32[< ) —(d)"] 5
T T,
pn =4 or
Zd ) =) ==
SHCRIEICHY
4 4
T="« T, X (o) —(d)
16 d,
k = g—' ratioof insideand outsidediameterof theshaft
T= % xz, x (d,)*x (1—k*)




The power transmitted by the shaft (in watts)

P=Txw w—angularvelocityin rad/s
2z N
60
p_ 27 NxT or T:Px60
60 27 N

T —twisting moment
N —speedof theshaftinR.P.M

In case of belt drives, the twisting moment is given by
T=(T,-T,)xR

T, , T, —tensionsintightand slack sideof thebelt
R —radiusof the pulley

2. Shafts subjected to bending moment:

When the shaft is subjected to a bending moment only then the maximum
stress (tensile or compressive) is given by the bending equation:

M S,

1y

M —bendingmoment

| —momentof inertiaof theshaftabouttheaxisof rotation

S, —bendingstress
y —distance fromnutralaxistothe outersurface

Moment of inertia for the solid shaft is




| =—xd* =—
64 y=3
M S,
= or
o gqs 9d
64 2
M zibexds’
32

And moment of inertia for hollow shaft is

d ) = Zx(d ) x@1—k* zi
=2 @) -@)']= Zx@) x@-k")  where k=

0

A
2
M S,
p = d or
T o(d ) x(1-k*) e
Zx(@) -k

M = %xsbx(do)Sx(l—k4)

3. Shafts subjected to combined twisting and bending moments:

(A) Maximum shear stress theory or Guest's theory; it is used for ductile
materials such as mild steel

s =5 () +47

2 2
1 [(32M 16T 16
Trax =— +4 = xA|M?+T? or
e 2\/(7rd3] (ﬂ'd3j rd®
%xrmaxxd3:w/M2+T2
IMZ4T2 =T,

T

T, = ~ x7xd?




Te -Equivalent twisting moment: it is the twisting moment which when
acting alone, produces the same shear stress as the actual twisting moment.

(b) Maximum normal stress theory or Rankin's theory it is used for brittle
materials such as cast iron.

;(3)+ J5, )2+ 47

1.32M 1 [(s2m) (16T
_2 7 d? 2 7z d? 7 d?
= { (M +M?*+T )} or
%Xsbmaxxdsz % [M +\/M2+T2:|
%[M+1/M2+T2]:M

" Mezibede
32

bmax

M.. Equivalent bending moment: it is the moment which when

acting alone produces the same tensile or compressive stress as the
actual bending moment.

Note: in case of hollow shafts the equivalent equations are written as follows:

T, :%x Tx(do)Sx(l—kA')

M, =%><Sb x(d.)®x(1—k*)



Ex 1: A line shaft rotating at 200 R.P.M. is to transmit 20 KW. The shaft may be
assumed to be made of mild steel with an allowable shear stress of 42 MPs.
determine the diameter of the shaft, neglecting the bending moment.

Sol:

T P><60_20><103><60

— — =955 N.m =955 x10° N.mm
27 N 271x200

T:£><2'><d3

955x10° :%x42xd3 —8.25(°

3
d3:M:115733 or d=48.7mm

or d=50mm

Ex 2: A solid shaft is transmitting 1 MW at 240 R.P.M. determine the diameter
of the shaft if the maximum torque transmitted exceeds the mean torque by 20
%. Take the maximum shear stress as 60 MPs.

Sol:




B P><60_1><106><60
mEA2aN  27x240

T . =12T _ =1.2x39784x10°=47741x10° N.mm

mean

=39784N.m=39784x10° N.mm

47741x10° = ZExrxd® = x60xd®=11.78d°
16 16

dS_4774]><1O‘°’
11.78
or d=160mm

=4053x10° or d=159.4mm

Ex 3: Find the diameter of a solid steel shaft to transmit 20 KW at 200 R.P.M.
the ultimate shear stress for the steel may be taken as 360 MPs and a factor of
safety as 8.

If a hollow shaft

Is to be used in place of the solid shaft, find the inside and outside diameter
when the ratio of inside to outside diameters is 0.5 .

Sol:




z-ul

FS=

z-working

7, 360
T=—=—-

FS 8
T P><6O_20><103><60

27N 271x200
1.diameterof thesolid shaft

=45 N / mm?

=955N.m=955x10° N.mm

Tzixrde
16

955x103:%x45xd3:8.84d3

3
dS:M:mSOSZ or d=47.6 mm=50mm

2.diameterof hollow shaft

955x10° =%xr>< (d,)?x(1-k*) =%><45x (d, ) x{1-(0.5)"}
=8.3x(d,)°

~ 955x10°

(d,)’? =115060 or d,=486 mm =50 mm

d, =0.5 xd, = 0.5x50=25 mm

Ex 4: A solid circular shaft is subjected to a bending moment of 3000 N.m, and
a torque of 10000 N.m, the shaft is made of 45 C 8 steel having ultimate tensile
stress of 700 MPs, and an ultimate shear stress of 500 MPs. Assuming the
factor of safety as 6, determine the diameter of the shaft.

Sol:




St or Sb: SUI :L.O=1167 N.mmz
FS 6
a9 _g33 N mm?
FS 6
S, —tensilestress S, —bendingstress
S, .7, —ultimatetensile and ultimateshear stress

T,=yM2+T? =,/(3x10°)? + (10x10°)? =10.44x10° N.mm

P
T =— xrxd®

10.44x10° = %x83.3xd3 ~16.36d°

42 10.44x10°
16.36

1[M 4+ M? +T2] M+T

= —(3><1o6 +10.44x10°)=6.72x10° N.mm
2

=0.636x10° or d=86mm

M - xS, X a3
32

e

6.72x10° :%x116.7><d3 ~11.46 d°

4o 6.72x10°
11.46

=0.586x10° or d =83.7 mm

Ex 5: A shaft is supported at the ends in ball bearing carries a spur gear at its
mid span and is to transmit 7.5 KW at 300 R.P.M, the diameter of the gear is
150 mm, the distances between the centre line of bearing and gear is 100 mm
each. If the shaft is made of steel and the allowable shear stress is 45 MPs,
determine the diameter of the shaft. The pressure angle of the teeth of the
gear may take as 20° .



Shaft
7 Bearing

N - ’

Bearing 150 mm

_——e e Tme

-ﬂ—]UUTI'ITﬂ4+ — 100 mm — »|

L
b
=
=
g

Y

Sol:

T Px60 7500x60

= = =2387 N.m
27N 27x300
the ta gential force on the gear
T=F XE
2
F - 2xT _ 2x238.7 _31827N
D 0.15
the normal forceonthe tooth of gear
F 31827

=3387 N

" c0s20° 0.9397
the bending momentatthecentreof gear is

M Fn4x I _3387x0.2

T, = M2+T2 = /(169.4) + (238.7)? = 292.7 N.m =292.7x10° N.mm

=169.4N.m

T

T, =" xrxd?
16

292.7x10° =% x45xd%=8.84 d°

4o 292.7x10°
8.84

=33x10° or d=32 mm= 35mm



Ex 6: A line shaft is driven by means of a motor placed vertically below it. The
pulley on the line shaft is 1.5 meter in diameter and has belt tensions 5.4 KN on
the tight side and 1.8 KN on the slack side of the belt. Both these tensions may
assume to be vertical, as in fig. find the diameter of the shaft if the maximum
allowable shear stress is 42 MPs.

D

TN
A—3t—————1—+

~—— 400 mm ———=]
¥

W T,

L5 m—=

Sol:

T=(T,-T,)xR=(5400-1800)x0.75=2700N.m=2700x10° N .mm
the total vertical load on the pulleyis

W =T, +T,=5400+1800=7200 N

. bending moment

M =W x L =7200x400=2880x10° N.mm
T, =/ MZ+T2 =/ (2880x10° ) + (2700x10° |} =3950x10° N.mm

T

Te:—><z'><d3
16

3950x10° :%x42><d3 —8.25d°

4 ~ 3950%10°
8.25

=479x10° or d=78mm= 80 mm
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Rolling contact bearing

A machine element which supports another moving element(known as :
rolling) , it permits a relative motion between the contact surface of the
members while carrying the load.

Types of bearings

1.ball bearings 2.roller
bearings

-

Outside
diameter { — — —|. Bore

%%
O

i S
- Widith-»]

The ball bearings are usually used for light loads and the roller bearings are
used for heavier loads.




Ball We

Outer race
( — Retainer 1 @D N
‘—Wh
'— Inner race |
W |
{a) Ball bearing. (5) Roller bearing, {a) Radial ball bearing. (&) Thrust ball bearing.

the rolling contact bearing, depending upon the load to be carried, are
classified as :

a. radial bearings b. thrust
bearings

types of radial ball bearings

{a) Single row deep () Filling notch.  (c) Angular contact.  (d) Double row. (e) Self-aligning.
groove,

Thrust ball bearings

The thrust ball bearings are used for carrying loads at speeds below 2000
R.P.M



f*ﬁﬁfﬁ

.mg
N

() Single direction thrust ball bearing.

{¥) Double direction thrust ball bearing.

Basic static load rating (C ,) :

it is the static radial load(in case of radial ball or roller bearings) or axial load(
in case of thrust ball or roller bearings)which acts on non rotating bearings.

1.for radial ball bearings

C,=f,xixZxD?xcosa

f, — factordependingonthetypeof bearing
I —No.of rowsof balls in anybearing

Z — No.of balls perrow

D —diameterof ballin mm

a —Nomi alangleof contact

2.for radial roller bearings

C,=f,xixZxl,xDxcosa
|, —lengthof roller

3.for thrust ball bearings

C,=f,xZxD*xsina




4 for thrust roller bearings
C,=f,xZxl xDxsina
Note:

fo— May takes the following values: 333,123, 216 , 49 , 98.1

Static equivalent load(WR ):

Wy =X W, +Y, W,

X, —radialload factor

Y, —axialorthrustload factor
W, —radial load

W, —axial load

Values of X, and Y, for radial bearings.

5.No. Tipe of bearing Single row bearing Double row baaring
'x;} Fﬂ Iﬂ Tﬂ'
1. | Radial contact groove ball beanings 0.60 0.50 0.60 0.50
2. | Self abipning ball or roller bearings 0.50 0.22 cot B 1 044 cot B
and tapered roller bearing
3. | Angular confact grocve beanngs -
a=15" 0.50 046 1 092
=20 0.50 042 1 034
=25 0.50 038 1 076
a=30" 0.50 033 1 066
=35 0.50 025 1 058
=40 0.50 026 1 052
@ =45 0.50 022 1 044

Basic dynamic load rating (C):




2
C=f_ (i cosa)’'xZ?3xD"*

f. —dynamic factordependingonthe geomertyof bearingcomponent

Dynamic equivalent load (W):

Values of X and ¥ for dynamically loaded bearnings.

; Emec 1 ﬂj g ﬂ =8
Tipe qf bearing pacifications Wy Wy a8
X ¥ X ¥
LY
Deep groove T_’E =0.025 20 022
ball bearing =004 1.8 024
=007 1.6 027
=013 1 0 0.56 14 031
=025 1.2 037
=050 1.0 044
Anpgular contact Smgle row 0 035 0.57 1.14
ball bearings Two rows in tandem ) 035 0.57 1.14
Two rows back to back 1 055 0.57 0.93 1.14
Double row 073 0.62 1.17 | 086
Self-alignmg Laght senes - for bores
bearings
10— 20 mm 13 2.0 0.50
25-35 1 1.7 6.5 26 0.37
40— 45 20 31 031
50-65 23 35 028
70— 100 24 38 026
105 - 110 23 35 028
Medinm series - for bores
12 mm 1.0 0.65 1.6 0.63
15-20 1.2 1.9 0.52
25-50 L5 23 043
55-50 L& 25 0.39
Spherical roller For bores -
bearings 25-35mm 21 31 0.32
40 - 45 1 25 0.67 3T 0.27
50— 100 29 44 0.23
100 - 200 26 39 026
Taper roller For bores :
bearmgs 30 — 40 mm 1.60 | 037
45 - 110 1 0 04 1.45 044
120 — 150 1.35 041




Values of service factor (Ks)

5 No. Type of service Sarvice factor (K) for radial
ball bearings
1. Uniform and steady load 10
2. Light shock load 15
3. Moderate shock load 20
4 Heavy shock load 25
5. Extreme shock load 30

the design dynamic load = basic dynamic load X service factor
Life of a bearing(L):

It is the number of revolutions or hours which the bearing runs before the first
evidence of fatigue develops in the material.

C k

Lz(—j x10° revolutiors
W

k=3 forballbearings

K :% forrollerbearings

The relationship between the life in revolutions(L) and the life in working hours
( )is given:

L=60NxL,
N —speed in R.P.M

The rating life of a group of bearings is defined as the number of revolutions or
hours that 90 percent of a group of bearings will exceed before the first
evidence of fatigue develops

The average life of bearing is 5 times the rating life.




The longest life of a single bearing is about 30 —50 times the rating life.




Basic static and dynamic capacities of various types of
radial ball bearings

Berrmng Baic capacities in kN
No.
Single row deep Single row angular Double row angular Self-alignmg

Co) (€ Co) C) (Co) ) C) | (©
) ) (3) “) () (6) (7) ] ®
200 224 L — —_ 4.55 735 1.80 5.70
300 360 63 — — — — — —
201 3 54 — —_ 56 23 20 585
301 43 7.65 — — — — 3.0 9.15
202 355 6.10 305 630 56 83 2.16 6
302 520 8.80 —_ — 93 14 335 93
203 R 15 4.75 183 8.15 11.6 23 1.65
303 63 106 72 11.6 129 193 415 112
403 11 18 — — — — — —
204 6.55 10 6.55 104 11 16 39 08
304 1.65 125 83 13.7 14 193 55 14
404 15.6 M — — —_ — — —_—
205 71 11 78 116 13.7 173 425 98
305 10.4 16.6 12.5 19.3 20 265 1.65 19
405 19 28 -— - — — — —
206 10 153 112 16 204 25 56 12
306 146 2 17 45 215 355 10.2 M5
406 232 335 — — — — — —
207 13.7 20 153 212 28 34 8 17
307 17.6 26 204 285 36 45 132 30.5
407 305 43 — — — — — —
208 16 03 19 25 325 39 9.15 176
308 2 32 25.5 355 455 55 16 355
408 375 50 — —_ — — — —
209 183 255 21.6 28 375 415 10.2 18
309 30 415 34 45.5 56 67 19.6 425
409 ES] 60 — — — — — —_
210 212 275 236 2 43 475 108 18
310 355 48 40.5 53 735 815 24 50
410 50 68 — — — — — —




(1} (2 ) 4 3 () b 8 o
21 2 H 30 365 I 53 127 | 28
I | 425 56 415 62 £0 13 /5 | 585
411 50 7 — — — — — | =
213 ) 403 365 44 §3 65.5 16 | 265
311 48 54 55 7 065 102 135 | 6
411 §7 25 — — _ _ _ | =
M3 | 355 “ 4 50 69.5 69.5 04 | M4
313 55 7 5 £0 112 118 w |75
413 | 765 03 — — — — — | =
214 19 48 415 54 7 695 N6 | 345
314 § BL3 73 00 129 137 45 | 85
414 102 112 — — — — — | =
15 | 425 51 50 56 20 765 24 | M5
315 7 B0 815 og 140 143 52 | 95
415 110 120 — — — — — | =
M6 | 455 57 57 5 965 93 15 | 38
316 20 063 915 106 160 163 585 | 106
416 120 127 — — — — — | =
217 55 655 855 7 100 106 0 | 455
317 28 104 102 114 180 180 & | 1o
417 132 134 — — — — — | =
218 § 75 765 21 127 118 | 55
318 og 112 114 122 — — @5 | 18
418 146 146 — — — — — | =
119 7 25 28 05 150 137 43 | 655
319 112 120 125 132 — — — | =
1M | 815 96.5 03 102 160 146 51 | 765
330 132 137 153 150 — — — | =
211 03 104 104 110 — — 56 | 85
311 143 143 166 160 — — — | =
1 104 112 116 120 — — & | o
I 166 160 193 176 — — — | =




Examples for bearings
Ex1:

Select a single row deep groove ball bearing for a radial load of 4000 N and an
axial load of 5000 N, operating at a speed of 1600 R.P.M , for an average life of
5 years at 10 hours per day .assume uniform and steady load.

Sol:

, =5x300x10=15000 hours (300workingday per year)
=60N x L, =60x1600x15000=1440x10° revolutiors

From the table for dynamically loaded bearings let us take the value

w

—£=05
0
Wa _ 5000:1.25 whichis greaterthan e=0.44
W, 4000
then X =0.56 Y =1
W=XVW, +YW, V=1

=0.56x1x4000+1x5000= 7240 N

k
L:(Sj x10% rev.
W

1 1
1 o
C=W (%jk =7240>{%} — 81760N = 81.76 KN

from the table we selectthe bearingNo0.315




Ex2:

Design a self aligning ball bearing for a radial load of 7000 N and a thrust load
of 2100 N the desired life of bearing is 160 millions of revolutions at 300 R.P.M
. Assume uniform and steady load.

Sol:

W, _2100_, ,

W, 7000

Fromtable we find that for a self aligningballbearing
X =0.65 Y=35

W=XVW,+YW,=0.65x1x7000+3.5x2100=11900 N
fromtablewe findthattheservice factor K, =1
.thebearingshouldbeselected for W =11900 N

k
L:(gj x10° rev.
W

b 6\ %%
C:W(%j =11900><(16(1)ﬂ] _64600 N = 64.6 KN

06

from tablewe select bearingnumber219 havingC =65.5 KN

Ex3:

A single row angular contact ball bearing number 310 is used for an axial flow
compressor. The bearing is to carry a radial load of 2500 N, and an axial load or
thrust load of 1500 N. assuming light shock load, determine the rating life of

bearing.

Sol:
W, 1500 .
W, 2500



From table we find the values X and Y

X=1 Y=0
W=XVW, +YW,
V=1 for most bearings

W =1x1x2500+0x1500=2500N
From table we find the service factor for light shock load
K, =15
the design dynamic load = basic dynamic load X service factor

W =W x K =2500x1.5=3750N

From table we find the basic dynamic load for the bearing number 310 is:
C=53KN=53000N

k 3
(ngj %10° :(Mj x10° =2823x10° revolutiors

L

3750




Gears

Gears are an adaptation of rolling cylinders and cones, designed to ensure
positive motion.

Gears are used to transmit power between shafts rotating usually at
different speeds.

Types of Gears

Spur gears, have teeth parallel to the axis of rotation and are used to
transmit motion

from one shaft to another, parallel, shaft. Of all types, the spur gear is the
simplest .

-Friction wheels. Gear or toothed wheel.

Helical gears have teeth inclined to the axis of rotation. Helical gears can
be used for

the same applications as spur gears and, when so used, are not as noisy,
because of the

more gradual engagement of the teeth during meshing. The inclined tooth
also develops thrust loads and bending couples, which are not present with
spur gearing.

Sometimes helical gears are used to transmit motion between nonparallel
shafts.



Bevel gear,

gear. Eear.

Bevel gears, have teeth formed on conical surfaces and are used mostly for
transmitting motion between intersecting shafts.

Worms and worm gears, represent the fourth basic gear type. the worm
resembles a screw.

The direction of rotation of the worm gear, also called the worm wheel, depends
upon

the direction of rotation of the worm and upon whether the worm teeth are cut
right-hand or left-hand. Worm-gear sets are also made so that the teeth of one or
both wrap

partly around the other. Worm-gear sets are mostly used when the speed ratios
of the two

shafts are quite high, say, 3 or more.




The gears are classified according to the type of gearing as :

a)external b)internal gearing c)rack and pinion
gearing

External gearing Internal gearing




Terms used in gears

1.pitch circle: it is an imaginary circle which by pure rolling action , would give
the same motion as the actual gear.

2.pitch circle diameter: it is the diameter of pitch circle.

3.pressure angle: it is the angle between the common normal to two gear
teeth at the point of contact and the common tangent at the pitch point. It is
usually denoted by ®. The standard pressure angles are 14 1/2° and 20°.

4.addendum: it is the radial distance of a tooth from the pitch circle to the top
of the tooth.

5.dedendum: it is the radial distance of a tooth from the pitch circle to the
bottom of the tooth.

6.circular pitch: it is the distance measured on the circumference of the pitch
circle from a point of one tooth to the corresponding point on the next tooth .

p 7D
T

D — diameter of pitch circle



T — number of teeth on the wheel.

Note: if D; and D, are the diameters of two meshing gears having the teeth T, and T, . then
for them to mesh correctly:

»_7D 7D, D, T,
i Tl T2 D2 TZ

7.diametral pitch: it is the ratio of number of teeth of the pitch circle diameter
in millimeters.

T

P,=—=—
D P
8.module: it is the ratio of the pitch circle diameter in millimeters to the
number of teeth.

Notel: the standard modules are 1,1.25,1.5,2,2.5,3,4,5,6,8,10,12,16, 20, 25,
32,40 and 50

The modules 1.125,1.375, 1.75, 2.25,2.75,3.5,4.5,5.5,7,9,11, 14,18, 22, 28,36 and
45 are of second choice.

Note2:if D, and D; are pitch circle diameters of gears 1 and 2 then the velocity ratio is
wl D, B T,

wi D, T,

Design of spur gears:

Sometimes, the spur gears (driver and driven) are to be designed for the given
velocity ratio and the distance between the centers of their shafts.




Let x-—distance

Pitch circle

between the centers

(Involute)

of two shafts

@, To0th profile

N;, N, - speed of
the driver and driven

T,, T, — number
of teeth of the driver
and driven

Pitch diameter

Center
distance

%

d;, d, — pitch circle \i"
diameter of the driver Y
and the driven

_d1+d2 L
2

X

And speed ratio or velocity ratio

N1 dz _Tz

N, d, T,
Systems of gear teeth:
1. 14 1/2° composite system
2. 14 1/2° full depth involute system
3. 20° full depth involute system
4. 20° stub involute system  (has a strong tooth to take a heavy loads)

Standard proportions of gear systems:

The following table shows the standard proportions in module (m) for the four

gear systems



Standard propartions of gear systems.
S No.| Particulars 1455 composiis or full 20° full depth | 20° stub involuts
depih involuts system imvoluts system systam
1. Addendim Im Im 08m
2. | Dedendum 15m 15m 1m
3. | Working depth 2m Im 1.60 m
4 | Minimum total depth 225m 25 m 180 m
5 Tooth thickmess 15708 m 15708 m 15708 m
6. Minimmm clearance 025m 023 m 02m
7. | Filletradius at root 04 m 04 m 04m

If Fisthe maximum tooth pressure, then tangential force Fr =F COS¢@

and radial or normal force FN =F sin ¢

Torque exerted on the gear shaft T= FT X

r —radius of the pitch circle of the gear

|
\ LAY - I.:
N\ W s
El-.:— — FFT
- :-'-J(? | ..'--L_.\\
# i .\'1___ | R
Vo
.\'\.. ¢l|
\ e




Minimum number of teeth on the pinion

Minimum number of teeth on the pinlon

4. Ne. Sysiems of gear tesath Minimum number of festh on the pinion
1 14% Composite 12
2 14'5° Full depth mvolute 32
3 20° Full depth involute 18
4. 20" Stob involote 14

pinion

Spur gears

Strength of gear teeth —Lewis Equation

The maximum bending stress(working stress) at the section BCis :







. M —maximum bending momentat the critical se tion
M =W, x h
W, —ta ngentialload acting at the tooth
h —length of the tooth
y —half thethicknessof thetooth
=2
| —moment of inertiaaboutthe centreline of the tooth
| b.t°
12
b—width of gear face

t
_(WTXh)Xz_(WTxh)XG
W bxt? bxt?
12
2
W, = Sw X Bt let t=xxp, h=kxp,
6 h
2 2 2
W, =S, xbx X x P =S, xbx p, x X

6x Kk x p, 6 x k




X2

6 x k
W, =S, xbxp,xy =3, xbxzmxy

let y=

Sy =5, xC,
S, —allowable static stress
C, — velocity factor

C, =3i for ordinary cut gearsoperating at velocitiesupto12.5 m/s
+V

_ 425 for carefully cut gearsoperatingat velocitiesupto 12.5 m/s
S+v

6 : :
iy for very accurately cut and ground metallic gears operating
+V

at velocities upto 20 m/s

= (%j+0.25 for non—metallic gears
1+v

v — pitch line velocity in m/s
7 DN
60

\'

Design procedure for spur gears:

1.tangential tooth load is obtained from the power transmitted and the pitch

line velocity:
P

W, =—xCq
Vv

W; —tan gential tooth load in newtons
P — power transmitted in watts
C, —service factor




Values of service factor.
Intarmiitent or 3 hours 810 hours par day Continuous 24 hours
per day per day
Steady 08 1.00 125
Light shock 1.00 1.25 1.54
Medium shock 1.25 1.54 1.80
Heavy shock 1.54 1.80 2.00

2.apply the Lewis equation as :

W, =S, xbx p,xy=S, xbxzmxy=(S,xC,)xbxzmxy
y:0124—@ for 14%° coposite and full depth involute system

=O.154—$ for 20°  full depth involute system

=0.175 —%41 for 20°  stub system

y —tooth form factor

3.find the static load W;s:
W, =S, xbx p,xy=S;xbxzmxy
W5 should be greater than Wp

4. for steady loads Ws 2 1.25 W,
For pulsating loads Ws 21.35 Wp

For shock loads Ws 215 Wp




Ex 1:

Two parallel shafts, about 600 mm apart are to be connected by spur gears,
one shaft is to run at 360 R.P.M , and the other at 120 R.P.M , design the gears
if the circular pitch is to be 25 mm.

Sol:
N, _d;_360_
N, d, 120
d,=3d,
x:d1+d2
2
600=11 7
2
d, +d, =1200
d, +3d, =1200
d1=%)=300mm = d, =3d; =3x300=900mm
T1:7zd1:7rx300:37.7
P 25
T, =”Ff|2 _7x900 4444

c

The number of teeth on both gears should be in complete numbers, then for the first gear
we take T; =38

And the number of the second gear should be T2=3 x38 =114
Now the exact pitch circle diameter of the first gear is

T,xP, 38x25
T /A

=302.36mm

dl -
And the exact pitch circle diameter of the second gear is

T,xP, 114x25

T T

=907.1mm

d, =




Exact distance between the two shafts is

. d, +d, 302.26+907.1
==t <

X =604.73mm

Ex2:

A bronze spur pinion rotating at 600 R.P.M. drives a cast iron spur gear at a
transmission ratio of 4 : 1 the allowable static stresses for the bronze pinion is
48 MPs and for cast iron gear is 105 MPs.

The pinion has 16 standard 20° full depth involute teeth of module 8 mm. the
face width of both the gears is 90 mm. find the power that can be transmitted.




D
T
D,=m.T, =8x16=128mm =0.128 m

V_ﬂDP.NP ~ 7x0.128x600

m=

=4.02m/s
60 60
v IS lessthan 12.5 m/s
3 3

=0.427

"Cy ==
3+v 3+4.02
for20° full depth involute tooth,

0'912=0.154——0'19612=o.097

Yo =0.154—-

P
Wr=Syp.b.r M.y, =(Spp xC,)b. 7MY,
=84x0.427x90x 7 x8x0.097=7870N

P
WT :VXCS
for steady load 8—-10hoursper day C, =1

P=W., xv=7870x4.02=31640Watt = 31.64 KW

Ex3:

A gear drive is required to transmit a maximum power of 22.5 KW. The velocity
ratio is 1:2 and R.P.M of the pinion is 200. The centre distance between the
shafts is 600 mm. the teeth has 20° stub involute profiles. The static stress for



the gear material may be taken as 60 MPs, and face width as 10 times the
module. Find the module, face width and number of teeth on each gear.

Sol:

The centre distance L =600 mm

2 2

i . D¢
velocity ratio = =2 = D; =2D;

DP
600= De + 2De =1.5D;
2 2

D, :@ =400 mm = 0.4 m

1.5

D; =2 D, =2x400=800mm = 0.8 m
v D, N, 7x0.4%x<200

=42 m/s
60 60

v is lessthan 12.5 m/s

C, = 3 = 3 =0.417

3+V 3+4.5
m:DP . TP:DP :400
To m m
the tooth form factor is:
y=0.175— 0.841 0175 — 0.841x<xm
400

P

=0.175— 0.0021m
assuming steady load 8 —-10hours of service per day

C, =1
W, =E><CS = LESOO><1= 5375 N
\Y; 4.2

Lewis equation for pinion
W; =S,p.-b.7m.y, =S5, xC,, .b.zm.y,
5375=60x0.417x10mx 7z mx(0.175—0.0021m)
=137.6 m* —1.65 m?
m = 6.5 = 8 mm
b=10m = 10x8 =80 mm




Cams

A cam is a rotating machine element which gives reciprocating or oscillating
motion to another element known as follower .

the cams are usually rotated at uniform speed by a shaft, but the follower
motion is predetermined and will be according to the shape of the cam .

the cams are widely used for operating the inlet and exhaust valves for internal
combustion engines, automatic attachment of machineries, paper cutting
machines, feed mechanism of automatic lathes etc..

classification of cams

1.radial or disc cam
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Cam

(a) Cam with knife
edge follower.
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Spherical faced
« follower

Y
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(d) Cam with spherical
faced follower.

2.cylindrical cam

=]

(a) Cylindrical cam with reciprocating

follower.

Roller
&« follower

7%

%

Cam

(b) Cam with roller
follower.

Offset follower — "ﬂ
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Spherical taced
follower

|

Cam

(e) Cam with spherical

faced follower.

Flat faced
« follower

%
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!
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Cam

(c) Cam with flat
faced follower.

777

Cam

—] Offset

(f) Cam with offset
follower.

2
)

(b) Cylindrical cam with oscillating follower.

Cylindrical cam.




Classification of the followers

1.according to the surface in contact

a. knife edge follower

b. roller follower

c. flat face follower

d. spherical face follower

2.according to the motion of the follower

a. reciprocating follower

b. oscillating follower

3.according to the path of motion of the follower
a. radial follower

b. off-set follower

terms used in radial cams
1. base circle: it’s the smallest circle that can be drawn to the cam profile.

2. trace point: it’s a reference point on the follower and it used to generate the
pitch curve.

3. pitch curve : it’s the curve generated by trace point as the follower moves
relative to the cam.



4. pressure angle : it’s the angle between the direction of the follower motion
and a normal to the pitch curve.

5. pitch point :it’s a point on the pitch curve having the maximum pressure
angle.

6. prime circle : it’s the smallest circle that can be drawn from the center of the
cam and tangent to the pitch curve.

7. stroke : it’s the maximum travel of the follower from its lowest position to
the topmost position.

NI
NI\
Reciprocating ____,.
roller follower I Y

L

Trace point

«—Total follower travel
[

Maximum
pressure, Pitch circle
angle -
Foyj
o
Wer Motio, Cam shaft

Motion of the follower

1. uniform velocity 2. simple harmonic motion 3. Uniform
acceleration and retardation and 4. Cycloidal motion

Displacement, velocity and acceleration diagrams when
the follower moves with uniform velocity
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(c) Acceleration diagram | (c) Acceleration diagram
Displacement, velocity and Modified displacement. velocity and
acceleration diagrams when the acceleration diagrams when the follower

follower moves with uniform velocity. moves with uniform velocity.




Displacement, velocity and acceleration diagrams when
the follower moves with simple harmonic motion

T 7. 8
e 8 B
A t
E
¥ 4 S
2
8 g
B <L l
Ci T A 12345086 3 (a) Displacement diagram
: 5o |-q— R —D-I :
[ [
I
1 |I | | ! 1
%‘ : | Max "4::-: :' :
I "
§ | T 1 # : T ' !{b} Velocity diagram
I ] | I I |
|
I I ' iMax v ! Sine curve I
1 I ! 'l 1 ! 1 |
i ! ! " ] ]
t - !
s I I 1 : X
E | : 1 I I
% ,Max ao | I I i
!
8 | ' . () Acceleration diagram
I MaI an Cosine curve

L

Displacement, velocity and acceleration diagrams when the follower
moves with simple harmonic motion.
Let S - stroke of the follower

0, — 0y - angular displacement of the cam during out stroke and return

stroke of the follower in Radians

@ - angular velocity of the cam in Rad/s

'[0 - time required for the out stroke of the follower in seconds




Y
tO
0
t, =2
w

The point which defines the motion of the follower on the cam moves at
uniform speed round the circumference of a circle of diameter S in time 2t,

TS 7S TS o rmwS
VOI = = — =
2t, 9 o, 2 0, 20,
Xi
10
Vo =V,

Maximum acceleration of the follower on the outstroke

T®S
2

2 )’

B lw* S
20°

(v,)
a, =a, =
OP

N[0 D

Similarly, maximum velocity of the follower on the return stroke

_ TwS

R ™ 20,
Maximum acceleration of the follower on the return stroke
m2w* S
=
2 0,

R

Motion of a point.




Displacement, velocity and acceleration diagrams when
the follower moves with uniform acceleration and

retardation
t h J
I gl—+—Fr-1H ~t—{7
E ||| N\
= D €, d S 4
5 d |
2 183 2#’2 3-%

[~ 1 X .
A 1 23 45678 A S G | (a) Displacement diagram

* Ba ='! |«— ta — | !
— Angular displacement——»

(b) Velocity diagram
Iz
% ¥ {c) Acceleration diagram
k- !
5 an
) 1

Displacement, velocity and acceleration diagrams when the follower moves
with nniform acceleration and retardation.

Mean velocity of the follower during out stroke Vo = -

—

Mean velocity of the follower during return stroke Vr = t_

R

The maximum velocity of the follower is equal to twice mean velocity




2S 2wS
V0: =

tO 90
v 2w
R HR

t

0
The maximum velocity of the follower is reached after the time E

t

R
during the out stroke and ? during the return stroke

Maximum acceleration of the follower on the outstroke

Vo 2V, 2x2wS 4w’ S
0 tOHO 02

0

Similarly, maximum acceleration of the follower on the return stroke

B 4 w® S
0.’

R




Displacement, velocity and acceleration diagrams when
the follower moves with cycloidal motion
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g /5
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2 //;Z/
4255 ‘ﬁ/ b
6 2 - '
3 T o 3 4 5 C (a) Displacement diagram
2 fp *
T —Anqgular displacement——
= T
: |
= illu'la Vo i
| —— l — (b} Velocity diagram
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() Acceleration diagram
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Displacement, velocity and acceleration diagrams when the
follower moves with cycloidal motion.

Maximum velocity of the follower during out stroke is : o = 0

Similarly, maximum velocity of the follower during return stroke is :

2w

Ve
Or




Maximum acceleration of the follower during out stroke is :

Q= 2 7 @w* S
= ——————
6,)
Similarly, maximum acceleration of the follower during

_2mw?s
(6r)?

return strokeis: ag

Design of cam

The cam is forged as one piece with the camshaft. It is designed as discussed below : The diameter of camshaft
(D2) is taken empirically as D2 = 0.16 x Cylinder bore + 12.7 mm = 0.16 x 140 + 12.7 = 35.1 say 36 mm
The base circle diameter is about 3 mm greater than the camshaft diameter.

4 Base circle diameter = 36 + 3 = 39 say 40 mm

The width of cam is taken equal to the width of roller, i.e. 14 mm.

The width of cam (w2) is also taken empirically as

w2 =0.09 x Cylinder bore + 6 mm =0.09 x 140 +6 = 18.6 mm

Let us take the width of cam as 18 mm.

Now the *cam is drawn according to the procedure given below :

First of all, the displacement diagram, as shown in Fig. 32.32, is drawn as discussed in the
following steps :

1. Draw a horizontal line ANM such that AN represents the angular displacement when valve
opens (i.e. 53.5°) to some suitable scale. The line NM represents the angular displacement

of the cam when valve closes (i.e. 53.5°).

2. Divide AN and NM into any number of equal even parts (say Six).

3. Draw vertical lines through points 0, 1, 2, 3 etc. equal to the lift of valve i.e. 16 mm.

4. Divide the vertical lines 3 — f and 32 — f 2 into six equal parts as shown by points a, b, ¢ ... and
a2, b2, c2....in Fig. 32.32.

5. Since the valve moves with equal uniform acceleration and decleration for each half of the
lift, therefore, valve displacement diagram for opening and closing of valve consists of

double parabola.

[«— Valve opens > Valve closes —————

=l
éﬁfa a'R\gL

0 1 2 3 R 5 6 I’ 2 3 4 5 6

e P

= 53.5° > 53.5° >

6. Join Aa, Ab , Ac intersecting the vertical lines through 1, 2, 3 at B, C, D respectively.




7. Join the points B, C, D with a smooth curve. This is the required parabola for the half of valve opening.
Similarly other curves may be drawn as shown in Fig. 32.32.

8. Thecurve A, B, C, ..., G, K, L, M is the required displacement diagram. Now the profile of the cam, as shown
in Fig. 32.32, is drawn as discussed in the following steps:

1. Draw a base circle with centre O and diameter equal 40 mm (radius = 40/2 = 20 mm)

2. Draw a prime circle with centre O and radius, OA= Min. radius of cam +1 /2

Diameter of roller = 20+1/2x 28 =20 + 14 =34 mm

3. Draw angle AOG = 53.5° to represent opening of valve and angle GOM = 53.5° to represent closing of valve.
4. Divide the angular displacement of the cam during opening and closing of the valve (i.e angle AOG and OM)
into same number of equal even parts as in displacement diagram.

5. Join the points 1, 2, 3, etc. with the centre O and produce the lines beyond prime circle as shown in Fig. 2.33.
6. Set off points 1B, 2C, 3D, etc. equal to the displacements from displacement diagram.

7. Join the points A, B, C, ...L, M, A. The curve drawn through these points is known as pitch curve.

8. From the points A, B, C, ...K, L, draw circles of radius equal to the radius of the roller.

\ \ !
|

Pitch
curve

Cam
profile

Base
circle

9. Join the bottoms of the circle with a smooth curve as shown in Fig. 32.33. The is the required profile of cam.

Ex 1:

a cam is to give the following motion to a knife-edged follower :
1.out stroke during 60° of cam rotation

2.dwell for the next 30° of cam rotation

3.return stroke during next 60° of cam rotation, and

4.dwell for the remaining 210° of cam rotation




The stroke of the follower is 40 mm and the minimum radius of the cam is 50
mm. the follower moves with uniform velocity during both the outstroke and
return strokes. Draw the profile of the cam when( a) the axis of the follower

passes through the axis of the cam shaft. (b) the axes of the follower is offset

by 20 mm from the axis of cam shaft.

Sol:

|«Outstroke-»| Dwell :Fleturn strokey, Dwell
Y G H |
3 Uk ]
D1 L
cl M 40 fmm
B NN
A S T P ¥
0123456 0'1'2'3'4'5' 6
—60°—>| 30° f+— g0°—>f+—— 210°

(a)profile of the cam when the axis of follower passes through the axis of cam

shaft
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(b)profile of the cam when the axis of follower is offset by 20 mm from the axis

of the cam shaft

Base circle

40 m

— Knife edge follower




Ex2:
A cam is to be designed for a knife edge follower with following data:

1.cam lift = 40 mm during 90° of cam rotation with simple harmonic
motion.

2.dwell for the next 30°.

3.during the next 60° of cam rotation, the follower return to its
original position with simple harmonic motion.

4.dwell during the remaining 180° .
Draw the profile of the cam when:

(a)the line of stroke of the follower passes through the axis of cam
shaft, and

(b)the line of stroke is offset 20 mm from the axis of the cam shaft.

The radius of the base circle of the cam is 40 mm. determine the maximum
velocity and acceleration of the follower during its ascent and descent, if the
cam rotates at 240 R.P.M.

Sol:
|*—Dutstruke —r-| Dwell I_Fstt?tc:lkr: —-|<—Dwell—---—
Y G H
e_— IEI
c ' D L 40 mm
b o B > N N l
a S R P
a4 A0 1 2 3 4 5 6 0'1'2'3 4'5'¢' X
< ap-. ol 30 mle—— B)" > 180t——>—




(a) profile of cam:

Knife edge
follower

Iy
e

1|
Cam profile_~» Ey
" l \
V Base circle

(b) profile of the cam with offset:

\2




Knife edge follower

Base circle

MAXIMUM VELOCITY OF THE FOLLOWER( during ascent and descent)

2N 2w X 240
T 60 60
6, =90° = grad = 1.571rad
_ mwS X 2514 x0.04

— — —1
Yo =20, 2% 1.571 m/s

T
Oz = 60° = §rad = 1.047rad

B TwS X 25.14 x 0.04
YR 20, T 2x 1.047

w

= 25.14rad/s

= 1.51m/s

MAXIMUM ACCELERATION OF THE FOLLOWER( during ascent and descent)

m?w?S  m? % (25.14)% X 0.04

— — 2
= 2T 2x BTz ooem/s

_ m?w?S  m? x(25.14)* x 0.04 113.8m /52
RSO0 zx(Lodnz o iemis
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