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Theoretical Subjects
Week No. Subject Topics
1 Review of Strength of Materials
2-3 Riveted Joints
4-5 Welded Joints
6-7 Screwed Joints
8-9 Keyed Joints
10-11 Frictional Clutches
12-13 Design of Springs
14-15 Design of Belts
16-17 Design of Shafts
18-19 Design of Journal Bearings
20 Selection of Ball Bearings
21-22 Design of Gears by Lewis Equation
23-24 Gears Trains
25-26 Design of Simple Gears Box
27-28 Worm Gears
29-30 Cams
References:-

1- Strength of Materials by Ferdinal L. Singer.
2- Strength of Materials by R.S. Khurmi.
3- Machine Design by R.S. Khurmi, J.K. Gupta.
4- Machine Design by Paul H. Black.
5- Schaum's Outline Series of Machine Design by Hall, Holowenko,
Laughin .
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Riveted Joints
Rivet is a short cylinder bar with a head integral to it, as shown in fig (1). The
rivets are used to make permanent fasting between the plates such structural
work , ship building ,tanks and boiler shell .
*The function of rivets in a joint is to make a connection that has strength and
tightness.
*The material of the rivets must be tough and ductile. They are made of low
carbon steel ,brass , aluminum or copper.

Types of Riveted Joints :-
1- Lap joint:- a lap joint is that in which one plate overlaps the other and

the two plates are then riveted together.

Single riveted Lap Joint

2- Butt Joint:- a butt joint is that in which the main plates are kept in
alignment butting touching each other and a cover plate (strap) is placed
either on one side or on both sides of the main plates.

The cover plate is then riveted together with the main plates. There are
two types of the butt joint:-

1- Single strap butt joint.

2- Double strap butt joint.

Single Strap Double Riveted Butt Joint

Y,

Double Strap Double Riveted Butt Joint

Design of Riveted Joint :-
1- Tearing of the plate

Ft=0't><14t

12[



o += safe permissible tensile for the plate.

F;=tensile force ,p=pitch of the rivets,A+=tearing force,
d=rivet diameter hole, t=plate thickness , n= number of rivets per pitch

length.
d
' ' D
| | t F€— p| | T @ —>¢
S
p-d
P
2- Shearing of the rivets F. = Shear force
5
Fs=TXANM 7= Safe permissible shear stress
2
=TX % X n (Insingle shear)
F,=1XAX2Xn
2
= TX % X 2 X n (in double strap)
d
N 4 LY
e /
t oF Fé— —>I

3- Crushing of the rivets
F.=0. XA Xn
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A, =dxt
F. = Crushing force
0. = Safe permissible crushing stress for the rivet.

A, =Crushing Area

A

F<—

—=F F< \ %_\\

U/ N

Efficiency of a riveted joint:-
_ Least of F, ,F; and F,

F

X 100%
Where:-

F=pXtXo;

P=pitch of the rivet.

o.=permissible tensile stress of the plate material.

Design Procedure of Rivets Joints:-
To calculate the diameter of the rivets:-

a-IFt > 8 mmthend = 64/t

b-IFt<< 8 mmthen F;, = F.
To calculate pitch (p)

Fs = F;

To Calculate the distance between the edge of the plate and center of rivet
().
C =1.5d

14]



] D]

To calculate the cover of butt joints.
t; = 1.25t (for single butt strap)

t, = (0.6 — 0.8)(for double butt strap when t; = t)

g UL AW W AN

t

M AT Y AN
AN I

Expl:- A double riveted lap joint is made from 15mm thickness .The rivet
diameter and pitch are 25mm and 75mm respectively. If the ultimate stresses
are 400 N/mm? in tensile and 320N/mm? in shear and 640N/mm? in crushing,
Find the minimum force per pitch which will rupture the joint also find the
efficiency of the rivet?
Solution:-
t=15mm,d=25mm,p=75mm,c, = 400N/mm?, 7 = 320N/mm?
0,.=640N/mm?

Fi=o. X(p—d) Xt

=400 x (75— 25) x 15

= 300000 N

d2
FS:TXHTXI]
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— 320 x T2

=314 200N
F.=0,XdXtXn
= 640X 25X 15 % 2
= 480 000N
_ Least of F, ,F;and F,

= : x 100%

F=0,XtXp
=400x 75X 15
= 450 000N
~ 300000

"~ 450 000

X 2

X 100% = 66.6%

Exp2:- A double riveted cover butt joint in plates 20mm thickness made with
25mm diameter rivets at 100 mm pitch. The permissible stresses are

tension=120 N/mm? shear = 100N/mm? and crushing =150 N/mm?.Find

the efficiency of joint ,taking the strength of the rivet in double shear as twice
than that of single shear?
Solution:-

t=20mm,d=25mm,p=100mm,o; = 120N/mm?,7 = 100N/mm?
0,.=150N/mm?
Fi=o, X (p—d)xt
=120 X (100 — 25) x 20

=180 000 N

d2
Fs=t><“T><2><n

— 100 x 7@

= 196375 N
F.=o0.XdXtXn
= 150X 25X 20 x 2
= 150 000N
_ Least of F, ,F; and F,
F

X 2X2

X 100%

16[



F=0,XtXp
= 120X 100 x 20
= 240 000N
~ 150000

= o, — 0,
{ =525000 % 100% = 62.5%
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Welding Joint
Types of welding joint:-
1. Lap welding joint:
a. Single transverse lap welding joint.
b. Double transverse lap welding joint.
c. Parallel lap welding joint.

P e B it

DIDR)

W
)}T;

ININHNY

2. Butt welding joint:
a. Square butt welding joint.
b. Single V-butt welding joint.
. Single U- butt welding joint.
. Double V- butt welding joint.
. Double U - butt welding joint.

0 o0

18]

e o
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Design of welding joint:-
1. Lap welding joint:

a. Single transverse lap welding joint.

t=0.707xh

b. Double transverse lap welding joint.

Load

Throat thickness

Ot

Tensile stress

£

Length of weld

h

Thickness of plate

c. Parallel lap welding joint.

F=1txA
F=nx(i=l)

191

e

(g

> |




2. Butt welding joint :-
a. Square butt welding joint.

b. Single V — butt welding joint.

¢. Double V — butt welding joint.

110



Ex. 1.-
Tow steel plate of 12.5mm thickness. Are to be welded by double transverse
lap joint, Find the length of weld, assume allowable shear stress for the weld

metal (50N/mm?) and allowable tensile stress for the weld metal(80N/mm?)
load =30kN.

Solution:-

F=0707x0,xhx£{x2
kN =1000N
30000=0.707x80x12.5x £x2

/ :M: 21.21mm
1414

Ex. 2:-
Tow plates of (10mm) thickness are to be joint by single transverse
lap joint. Design the joint let shear stress for weld metal (60N/mm?) tensile

stress for weld metal (110N/mm®) and external force for
the weld metal (40 kN).

Solution:-

F=0.707x0,xhx/
kN =1000N
40000=0.707x110x10x ¢

/ =M: 51.43mm.
1117
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Ex. 3:-
Tow plates of (20mm) thickness are to be welded by double parallel lap

joint take; shear stress (60N/mm?), tensile stress (105N/mm?) and
external load (70KN).

Solution:-

F =tx0.707xhxtx2
70000 =60x0.707x20x ¢ x 2
/= 70000

1696.8
0=41.25mm

Ex. 4:-
Tow plates of (16mm) thickness are be welded by single transverse
length and double parallel of (120mm) length lap joint. Find the external
force assume; shear stress (40N/mm?); tensile stress (75N/mm2).
Solution:-

F;otal =F, +Fp
F,=0.707x0, xhx{
=0.707x75x16x120
=101808N
F,=0707xtxhx{x2
F,=0.707x40x16x120x 2
F,=108595.2N

Fow =F, +F,

F,. =101808+108595.2
F, .. =210403.2N

F,. =210.4032KN

F;
F;

112]



Ex. 5:-
A plate (60mm) wide and (10mm) thick is jointed with another plate by smgle

shown in ﬁg The maximum tensile and shear stresses are (100N/mm?) and
(60N/mm®). Find the length of each parallel welds, if the joint is subjected to

external load of (200KN).
Solution:-

P =8, sl

F,=0.707x0, xhx?
=0.707x100x10x 60

F, =42420N

200000 =42420+F,

F, =200000-42420

F, =157580N

F,=0.707xtxhx£x2

157580 =0.707x60x10x £ x 2

157580

848.4
0 =185.73mm

~

113]
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£x. 6.-
A spherical gas tank is made of (10mm) steel plate hemispheres butt welded
together. The stress of weld material is (50N/mm®). Design the welded joints
if the maximum gas pressure is (1N/mm2).
Solution:-

p xd
4x o,
_Ixd
4x50
_d
200

d =10x200
d =2000mm
b=nmxd

£ =7m%2000
£ =6283mm

[ =

10

Ex. 7:-

A cylinder steam boiler (1200mm) in diameter, generators steam at a gauge
pressure of (2N/mm?). Design the welded joints of the boiler if the tensile
stress of weld material is (60N/mm?).

Solution:-
g xd
4xo,
fut 2x1200 - 2400
4x60 240
t =10mm
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H.W
Ex. 8:-
From the following fig. try to find the smallest force which destroy the weld
and is direction. F,
T =40N/mm?” T
o; = 80N/mm2 ¢ A
h B lomm | 20v E((((H(-’TK(« g
Solution:- .0

!

) )\

F..=0707xrxfxhx2 =
F.,=0.707x40x40x10x2 F. —— &
F, =22624N

F,.,=0.707x0, x{xhx2
F.,=0.707x80x20x10x2

X

E BE A28
F., =22624N R
Fn
F, =0.707x0, x{x hx2 ‘
Fy1=0.707x80><20x10x2 (S
F,, =22624N
20 mm 1.}._-4'.%)_5,1.}
o =0.70Txexdx k%2 | -4
F,, =0.707x40x40x10x2
F,, =22624N

40 mm

S EF, = Pz i,
22624 + 22624 = 45248N
ZFy =22624 + 22624 = 45248N

115]



Screwed Joints

Design equation :-

Fi = 2840 x d Nut
F=F+KxF v
d.=0.84 x d

Minor dia.
Pitch dia.
s

Major dia.
D

M16 x 2

d =16mm
p = 2mm \

elle alai Jiial

d = Major (nominal) diameter mm.
d, = pitch diameter mm.

¢ = Minor diameter (mm).
Fi = Initial tension force in bolt (N).
Fe =external load on bolt (N).
F = Resultant axial load on bolt (N).
K = Constant

diameter of the bolt if the tensile stress is not exceeding (100N/mm?).

Solution :- F

o

\ -

a

—

— |
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n><7Z'><Gt

4x60000  [240000 ~——
¢ \/1><3.14><100 \/ 314
d,=27.6mm
_ dC
0.84
4276

- 0.84

d 233mm

Ex. 2:-
Tow shaft are connect by of flange coupling to transmit torque of
(280Kg.Cm). The flange of coupling is fastened by four bolt at radius
of (4Cm). Design the bolt if allowable shear stress (100Kg/Cm?).

Solution:-

T =F, xr

F =" = F =20 70k
r 4
F

T= :
7% (dc)?
4

dcz\/ 4x70 280 _ f555n

Ax7x100 1256

XN

d, =0.47Cm
d=% —q-2%_0s6cm
0.84 0.84
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Ex. 3:-
A single plate clutch transmits (15 kW) at (1200 r.p.m). The clutch has

(4 bolts) placed at (120mm), pitch circle diameter. Determine the
suitable diameter of bolts if shear stress of bolt is (14 MN/m?).

Solution :-
kW =1000W
P=T xw

15000(N .m /sec) =T (N .m)leOOxé—g(rad / sec)

Watt

15000 =T %1200 x

2x3.14

15000 =T x125.6

T 15000
125.6
T =119.3N.m
T =Fxr
120
119.3=F, x—2
1000
. 1193
0.06
F, =1988.3N
—_ FS
- 2
7x(do)”
4
C :\/ 4x1988.3 —6.72mm
4x3.14x14
q-9c
0.84
d =%:8mm
0.84
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Keyed Joints
A key is a piece of mild steel inserted between the shaft and hub or boss of the
pulley to connect these together in order to prevent relative motion between
them.
Types of Keys:-
1- Sunk keys

2- Saddle keys
3- Tangent keys
4- Round keys

5- Splines
Sunk keys:
Types of sunk keys:-
a- Rectangular Sunk Key
W = d
4
o 2w d
= iy

taper 1:100

-—-

b- Square Sunk Key
W=t= d
4
c- Parallel Sunk Key: It may be rectangular or square section but without

taper (taperless)

d- Gib-head Key
2W

d d
W:—I:—:—
4 3 6

119]



e- Woodruff Key




_:d}m;ﬂ 3 9 ZU:CJ.JL&A]\ Lﬁj\.&u\\.’

d= t d

o. W
_:Muaﬂ\i@;i@d}ﬂY‘ﬁ}ﬁkQ‘
T
T=—Xd’XT—————— 4
16 ’ )
X (W %1 ><d— " X d3 %
T ( )X =78 ‘
I—dez .
8w ®)

ke sl W = %a.mj\ Bl b (g
[ =1.57d (for Shearing Stress)
— VS 4 53 bl (g sl

x(txl)xd— X X d3 x
%3 2~ 16 A
T d* T

[ = 2 X = X — (for crushing stress)
[

Expl:-Design the rectangular key for shaft of 50mm diameter . The shearing
and crushing stresses for key materials are 42 Mpa and 70 Mpa.

Solution:- d=50mm.T = 42 N/mm?,0, = 70N/mm?
For rectangular key:

_d
W=3
50
W = Vil 12.5 mm
2 2
L =§W =§>< 12.5=8.3mm
[ =1.57d = 1.57 X 50 = 78.9 mm (for shearing stress length)
T d?* T
[ = 1 X T X G'_C
T 502 42
'=1%83 %70
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[ =141 mm

Exp2:- A 15kW ,960 rpm motor has a mild steel shaft of 40 mm diameter and
the extension being 75 mm . The permissible shear and crushing stresses for
mild steel key are 56 Mpa and 112 Mpa . Design the keyway in the motor
shaft extension.

Solution:- P=15x% 103 watt, N=960 rpm ,d=40mm, 1=75 mm,

T = 56 N/mm?, 6, = 112 N/mm?,
P=TXw

15 x 10 .
T = =149 N.m = 149 x 103N.mm

960 % (%7/4y

d
T=r><(W><l)><§

149 x 103=56x (W X 75) X =
149 x 103

84 %103

_d_s0_
Tp Ty o emm

= 1.77 mm

21’_

J_c_

2 X5 t
112 ~ 10
t=10 mm

S 5
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Frictional Clutches

Types of clutches :-
1. Disc clutch (single or multiple).
a. Single disc clutch.

P : pressure.

W: Thrust axial load.

Ro, Ri : External & internal radius.
r : Mean radius of fraction surface.

w
P = 2 2
”(Ro _Ri )
R,°-R;’
= 2 —>——" |with uniform pressure (saie laia
R, +R;
r=———— with uniform wear (Jikis) L Jaea

2

123]




b. Multiple disc clutch.

In case of a multiple disc clutch let (n). The number of
pairs of contact surface.

T : Torque transmitted be clutch.

n : number of pairs of contact surface.

N1 : number of discs on the driving shaft.
N : number of discs on the driven shaft.

2. Cone clutch.

i Driving

124



Ex. 1:-
A multi-disc clutch has three disc on the driving shaft and tow
on the driven shaft, The out side radius of the contact surface is
130 mm. and in side radius is 70 mm. assume the uniform ware
and the coefficient of fraction is (0.1). Find the thrust force for
the transmitting 5 k Watt for angular velocity o 100 rad/sec.

Data :-
Ro = 130mm. Ri = 70mm. u=0.1
w=? P = 5x10° watt o =100 rad/sec.
Solution :-
n=n+n,-1
n=3+2-1=4
. R, +R;

2

130+70 .

r ==———=100mm.|for uniform ware |

T =nxuxw xr
P=T xw
T _P 5000

" =50N.M =50x10°> N.mm.
o 100

T =nxuxw xr
50x10° = 4x0.1xw x100
w =1250N

125



Design a clutch to transmit 10kW at 1000 r.p.m. The ratio between the
outside and inside radius of the contact surfaces is 2, The coefficient of
the fraction is 0.3 and thrust force is 500N.

Solution:-

kW =1000V
P=T xw
P ~10000x 60

o 1000x 27
T =nxuxW xr
95.5=1x0.3x500xr

=05.5N.m

0636—%R

R, =990 4 400m
1.555

R, = 2R,
R, =2x0.409 =0.817m
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A clutch having two pairs plate is required to transmit 110kW at
1250 r.p.m. The outer diameter of the contact surface is to be 300mm.
The coefficient of fraction is (0.4). Assume a uniform pressure of
(0.17 N/mm?), determine the inner diameter of the fractions surfaces.

Solution:

P =T xo

P 110000 110000

® 1p50, 27 1308
60
W

Pressure } E(Roz - Riz)
W =P xz(R,” -R;?)
W =0.17x3.14(150° = R;?) .cc0.uvee. (1)

2| R,S*~R,®
3| R,*-R;?
2

= 840N .m =840x10°N .mm

r =

r =

3| (150)° -R,?
T =nxuxW xr

150)° —R,®
84OOOO=2><O.4><0.17><3.14(1502—Riz)xg{( ) }

840000 = 0.285x (150° —R. %)
R; =70mm.
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Belts Design

1. Types of belts :-
a. Flat belts :- 8 xS clilusad 20k 5l <l a8l Jil aodion Jaall ol

b, V — belts :- 8 a8 il s dallall a8l Ja aadieg yudl 128

c. Circle belts :- 4Ll cilalual g dal gl <l jadl) Jail aadion 5 pAlall )

128]



2. Velocity ratio :-

Wi -

I

v=w X1 (m/sec.)

W; | = Speed of driver

W, | = Speed of driven

r = radius
Wi _ 1
W, - )
W, d,
W, d,
Wle2xW3:d2 ds ds4
W2 W3 W4 d1 dz d3
Wi _ da
W, d;

1291
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3. Length of belt :-

a. Cross b. Open

Drive Driven Drive Driven
sing = 12 sing = 1—"
4 X
0= (n+2a).....radian (rad) 0=(r—2y)....radians
2 )2
L:{;z(r1+r2)+2;(+—(r1+r2) } L:[;z(r1+r2)2;(+—(r1 ") }
X X

L= belt length.
ri,r; = radius of pulleys.
a=  contact angle between belt & pulley.
y=  distance between the center of tow pulleys.

4. Ratio of tensions :-

Ty

T2
T, = tension in belt in tight side.
T, = tension in belt in slack side.

—e (1.0)
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For VV — belt :-

un.0
T, _lons)
_1:e sin g
T2
5. Power transmitted by belt :-

v=wxr (m/mint)
Y- ﬂxDxa)( m/s)
P:(Tl—Tz)xv(Watt)

v = velocity m/s 4e
P = Power Ll s sl

1311

2P

Slack
T: T2

s S b
Tight



Ex. 2:-

A compressor required 25 h.p. is turn at 250 r.p.m. the drive is by motor
running at 750 r.p.m. The diameter of the pulley on the compressor shaft is
(Im) while the center distance between the pulleys is 1.75 m. Determine the
number of V-belts required to transmit the power if the tension on tight side is

o

35
(66.6 kg) the groove angle of the pulley is ﬁ and p = 0.25.

Solution :-

I m

\ 4

Compressor |« 175 m »| Motor
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d,=0.333m

n—r, 05-0.166
4 1.75

0 = (7 —2x0.19) for small pulley [rad ]

0=2.76rad

T, _lons)
T2

=0.19rad

o=

0.25x2.76
@ N Jsinljsxlgj
TZ
T,=9.97kg
P=,-T,)Vv
v = w.r|we take any pulley to get v]
For larg:

V=250><2—7[><0.5
60

v =13.08 m /sec.
P =(66.6-9.97)x13.08

kg.m 740.72

P =740.72 watt = =9.87 h.p.
SecC

Total power 25

= = 2.53 =3pelts
Powe per belt 9.87

No.of V —belts =

Design Of Shaft

1. Stresses :-
a. Normal stresses (G)
b. Shear stresses (1)
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a. Normal stresses (o)

Axial stress

Bending stress

F—s l—F
Feif —F
=
A =
__F
o e BM I y
" Zb BM xvy
o, = |
Zb =2 xd?
i F BM I :éxd4
Ocombined =T — T = +eeen- 1
Combined A Zb () y :d_
2
O Combined S8 galde Y alea )
BM Bending Moment sl a 5
| :—4xd4 580l I el o e
Zb slini¥) oyl (5 ilall JSA) adate ol

134




b. Shear stresses (1)

Transverse Torsional
Shear Stress Shear Stress
JanY
Fe—273 | ¥

L/

E T ¢
&\ Joor
2 2 T xr
Troa =\ Ta T e (2) =
> J
(Ocombined) 2
z-Comparison = \/ 0m2|ne + z-Total """ (3) J = £ X d 4
32
d
r=—
2
T
Z, =—xd 3
16
T
T=—
Z,
T Total L;JSM o=l Mea)
Ttr (UAJAL.M]\) Lﬁdgﬁs\j\ UASM J\.@AJ
Ty Torsional shear stress ) » jal cialiaall (aill Jga)
T Comparison 45 ,l8al) a8 Alga)
T Total g“;ﬁ\ uadll dlga)
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Ex.1:-
A solid shaft is transmitting 1MW 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 allowable shear stress

as 60 MPa.
Data:-
P =1x10° watt ® = 240 r.p.m. T max = 60N/mm?
Solution:-
F _BM
Ocorping =F—F—— . ()
Combind A b

. / 2 2
z-Total - Z-tr +Tt

2
_ (O-Combind ) N 2
TComparsion - 2 Z-Total

B _ T 1er
2-Comparsion i z-Total - Zt - 7Z'><d 3
P=T xw
TMean = P X6O
2T X @
6
131000 _ 29788 N M

Mean - 51 3 12X 240
T =T x1.2

Max. — ' Mean
Ty =39788x1.2=47745.6 N .M
C16xT .
z-Compar*sion - W
16x 47745.6 x10°
60 = 2
3.14 xd
3
] :i/16x47745.6x10 _160mm
3.14x60
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EXx. 2:-

A line shaft is driven by means of motor placed vertically below it . The
pulley on the line shaft is (1.5m) in diameter and has belt tension (5.4
kN) and (1.8kN) on the tight side and slack side of the belt respectively
. Both these tensions may be assumed vertical. If the pulley be overhang
from the shaft , The distance of the center line of the pulley from the
center line of the bearing being (400mm). Find the diameter of the shaft
. Assuming maximum allowable shear stress of (42 N/mm?).

Bush Shaft Pulley

P

=
1 0
. 400 mm | T Lk
‘F
e e Bt BM
Rl eI
J= L i
< L >
W
Solution:-
Torque transmitted by the shaft
T=,-T,)xR
R = % =0.75m

T =(5400-1800)x0.75=2700N .M = 2700.000N .MM
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Total vertical load (0Js) Jea))

W =T, +T,

W =5400+1800= 7200 N

BM =W xL

BM =7200x400=2880.000 N .mm

_F _BM
Ocombined — T K + Z """ (1)

2
o .
— Combind 2
z-Comparison - \/ ( 5 j t Trotal ++eeee (3)

32x2880.000
axd?

< AEY (LY
Total A Zt

7200x4Y (2700.000x16 )’
Trom +| ——————| i (2)

O-Combined =

rxd? rxd?®
32x2880.000) (7200x4) (2700.000x16Y
z-Comparsion X42 = 3 + 2 + 3
2x 7 xd xd xd

By trial and error we get :
If d =80 mm.

42 #39

Ifd =78 mm.
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EX. 3:-
Solve exp.(1) , If a hallow shaft is to be used in place of solid

shaft . The ratio of inside to outside diameter is (0.5).

_vﬁ,“‘-\
do di f l

- s il

Solution:-

T
z-Comparison =Trota — 0t T Z
T
z-Comparison - T Xd 2
° x(1-K%)

16
o= 16x47745.6x10°
zd,*(1-0.5)"

\/763929600
d =3

° 11.775
d, =401.8
d, =0.5xd,

d, =200 mm
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Design of Journal Bearing

Data should be given :-
1. Type of machine.
a. Shaft diameter,
b. speed of shaft.
c. Load.

2. Data should be selected :-
a. Type of olil.
b. Operating temperature of oil.

3. Outer data :-
a. Bearing length.
b. Bearing diameter.

++ Design procedure :-
1. From table with the type of machine choosing (L/d).
2. From point (1) with the value of (d) find bearing length (L).
3. Check the value of bearing length (L) from the following point:-
a. Determine the bearing pressure from the following equation :

Load
W
Pressure I— X d
Length  Diameter

b. If the value of bearing pressure in point (a) with in the range
of values of bearing pressure in table, then the procedure is
ok. If no try to choose another (L/d) in point (1).

140[



4. From table with the lubricant oil and its operating temperature, get
the value of viscosity (2).

ZN

5. Calculate the value of =

(ZN j 1(ZN j
6.| should be larger than 5| —»
P Cal g 3 P tab.

(ﬂj > K
P cal.

where K = modulus of bearing

1(&)
SoK= 3 P -

7. If equation in step (6) is ok, find the value of (c/d) from table, then
find the clearance (c)
d bearing — d shaft +2C
if equation in step (6) is not ok, then go to step (4) to change the
type of oil and its operating temperature.
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Ex.1:-
Design a journal bearing for a generator from the following data :-
1. Load on the journal = 1500 Kg.
2. Diameter of the shaft = 10 Cm.
3. Speed =1000 r.p.m.
4. Type of oil = SAE 10

Solution:-
1. £:1.5
d
2. L=15xdg
L =1.5x10=15Cm
3. P= W _ 1500 10 Kg Since the bearing pressure in table
Lxd 15x10

(7 -14) Kg /Cm* therefore...it is save.
4. SAE 10 &assumet =50C°
then Z =21centi — poise

. (@j ~ 21x1000
UP ), 10

=2100

6. from table (ﬂj = 2800
P tab

K= %OO =933.3

C /d =0.0013
C =0.0013x10=0.013
dbearing = dshaft + 2C

=10+2x0.013=10.026Cm
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Ex. 2:-

Design a journal bearing for four stork, main bearing from the following

Data:-

Solution:-
1.

2.

1. Load on the journal = 1800 Kg
2. Diameter of the shaft =7 Cm.
3. Speed of the journal = 3600 r.p.m.

L/d=1
L =1:>£ =1
d 7
P= W = 1800 =36.7 Kg /Cm Since the bearing pressure in table
Lxd 7x7
(50-85) Kg ...therfore it is not save.
Let L/d =0.6
%=0.6:> L =4.2Cm.
p_ W __1800 g9 Kg /Cm? ... Therefore it is save
Lxd 4.2x7

SAE 30 &assumet =50C * =then Z = 48 centipoises

(ﬁ) _ 483600 _ o, ¢
P cal

61.22

From table % =280

~K = %x 280=93.3

Since [ﬂ] > K —=therefore it is save
p cal

=0.001

Q_|O

C =0.001x7 =0.007
= dshaft + 2C

=7+2x0.007=7.014Cm.

o

bearing
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Selection of Ball Bearings

Design Procedure :-
The following data are known
1- Radial load (R).
2- Thrust load (T).
3- Speed of Shaft (N).
4- Desired life of bearing (L).
5- Departure.

1-Determine the rated radial load (C) from the following equation :-

_ RFs|L

F @

Where
F= Thrust factor.
Fs= Speed factor.

L.t .
(E)E = Life factor

Q=2280 for NDur 300

= 4560 for NDur 600
2- By using rated radial load, the bearing number(basic number ) may be
selected from tables
3- By using the bearing number, the dimensions of ball bearing are known
from table.

Expl:-
Select a ball bearing with the following data:-
R=250 Ib, T =50 Ib ,N= 3600 rpm, L= 16000 Hr, NDur 300
1-
E a4 |L

c=—"=
Fs 4/ Q

From table with T/R=50/250=0.2 get F = 1.06
From table with N=3600 get F; = 0.726
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Therefore

250 % 1.064(16000

C= 0726 2280~ OoHP

2-From table use radial load 635,then bearing number is 3204.
3- From table use bearing number 3204 the

Bore=20 mm

Diameter = 47 mm

Width = 14 mm

Balls Dia.= 5/16 in

Balls No. =8

Radius = 0.04 mm

Expl:-

Select a ball bearing with the following data:-

R=400 Ib, T =200 Ib ,N= 1000 rpm, L= 20000 Hr, NDur 600
1-

RF 4 |L
C= =%z
Fs 4| Q

From table with T/R=200/400=0.5 get F = 1.28
From table with N=1000 get Fs =1
Therefore

400 1.28+(20000
B 1 4560

= 740.94 1b

2-From table use radial load 1010, then bearing number is 3304.
3- From table use bearing number 3304 the

Bore=20 mm

Diameter =52 mm

Width = 15 mm

Balls Dia.= 13/32 in

Balls No. =7

Radius = 0.04 mm
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. ' 3 .
Y ROLLING-CONTACT BEARINGS ! 3 .
¥ [ :
',' Table 22-1* Ralod radial loads for single-row, doop-groove (Typo 3000 l‘ 3
Ngw Dopa_r!lgre) NDur bearings adjusted to s_pqod of tho Innor raco at 7 ;
1,000 rpim : ; Al : ‘ X
&

Basic Radial DBasic ‘Radial Basic Radial | Basic Radial
no. load no.  load no.  load no.  load: g vt :

as00f 270 | 3205 690 | 3210 20 | 3215 3,180

1,8 ;
5300 3u0 3305 1,110 33101 3,000 3315 4,810 et
3701 270 3200 1,020 3211 2,250 3216 3,430 : : ”' |
3301 465 3306 1,470 3311 3,390 3316 5,260 K :§
3202 200 3207 1,500 3212 2,550 3217 4,190 5 Sk
. 3302 580 3307 1,820 3312 3,780 3218 4,070 % i )
3203 510 3208 1,500 3213 2,990 3219 5,180 S l
' 3303 710 3308 2,200 3313 4,190 3220 5,710 '
3204 635 3200 1,710 3214 3,180 3221 5,950 :
3304 1,050 3300 2,780 3314 4,620 3222 6,510 ; .
+ Courlesy of New Depnrturve Division of Genernl NMotom Corporntion, .
Bristol, Conn. b
[ Bearing numbers 3200 through 3210 are NDur 300; numbers 3310
thnough 3222 are NDur 600.
. may be sclecled from ’1‘3\1)]0 22-1:
' RF L
(= — — -
'. C = 7. \NQ (22-1)
wi. ¢ C = rated 1adial load adjusted Lo tabular value (Table 22-1) at
) 1,000 rpm, Ib '
R = radial load on beari~g, b
: 7' = thrust load on bearing, b B
{ = thrust factor (Table 22-2) , -
ok 1, = speed fnctor for operating speed (‘Tuble 22-3)
.‘ (L/Q)} = life faclov; sce following paragraph
| 7, = B-10 lifc of bearing, br
I8 Q = 2,280 for New Departure NDur 300 bearings
4 .
} = 4,560 for New Departure NDur 600 bearings
Thrus® factor I
r /R r T/R F T/R r T/R l';
.01 0.30 1.12 0.60 1.37 1.25 2.02 '1.0()' 4.76
.02 0.35 1.10 0.70 1.40 1.60 2.27 5.00 5. 710
.04 0.40 1.20 0.80 1.56 1.75 2.52 7.50 8.27
.06 0.45 1.24 0.90 1.67 2.00 2.77 10.00 10.77
.0 0.50 1.28 1.00 1.77 3.00 3.77 .
A
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L ewis Equation

BM
O = z
_ bt?
Zy = ?
BM = W,h
_6W, h
Tw = T2
tZ
Wt = G'wb a

T and h are variable depending upon the size of the tooth (i.e Circular Pitch)
t=Xpc

h=Kp
Where x and K are constants.
x2p?
W, =a,b
&= x?
We=o,bp —.y =
Wy =o,b pcy : :
W, =6,b mmy Lewis Equation
U.604
y =0.124 - for 14.5°
0.912
y =0.154 - for 20°
Notes:-
W,=o0,bmrmy Lewis Equation
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0.912

y = 0.154—T

P=TW

T:Wt E

WtzwtCS ,m:E’T:B
T m

3
0., =0.C Cy=——
w axv o Voo

Cv =Velocity Factor (V m/sec)

b=10 m

Exp:- For reciprocating compressor is to be connected to an electric motor

with the help of spur gears . The distance between the shafts is to be (400 mm)

. The speed of the electric motor is (360 rpm) and the speed of the compressor

shaft is desired to be (120 rpm).Using the following data to design the gear :-
1- The torque to be transmitted = 2000 N.m

2- Service Factor = 1.25
3- Allowable Stress for large gear (0,,)=140 N/mm?

4- Allowable stress for small gear (g, )= 170 N/mm?

Gear (compressor) | pinion (motor)
N2=120 rpm 2 1 N1=360rpm
Oag=140 N/mm? Oap=170N/mm?

dy + dy =800 e 1)
N, . d,
NZ - dl

150



Since (0 ag <Gap) -....... therefore the design should be based upon the

L da_120x2m
Y T T 60 1000

\V/=3.768 m/sec

Cmm— = = ().443
3+V 34+3.768

o, = 140 X 0.443 = 62.02 N/mm?
T 2000 % 1.25 x 1000

W, = - = 83333 N
d 600
2/2 /2
b=(9.5-12.5)m
let b=10m
y =0154 — 22 =2 7=2
T T ™m
—b.1%4 0.912m
y =Vu dz
— 0.154 0.912m
yo=u 600
W, =o,bmrmy
8333.3=62.02X 10m X Tm(0.154 — ===
By trial and error we get:-
m= 5 mm
b=10m=50mm
m=2 1=22=40, T=22=120
T 5 5

Exp2:- A bronze spur pinion (S,=83Mn/m?)rotating at 600 rpm drives a
cast steel spur gear (S;=103 Mn/m?) at a transmission ratioof 4to 1 .
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The pinion has 16 standard 20°full depth involute teeth of 8 module.

The face width of both gears is 90 mm . How much power can be
transmitted from the standpoint of strength?

Machine

Design

Schaum's
Series

P.229
N, 4
N, 1
P?

Solution :- Sa=103,S,,=83,N;=600,T;=16,0=20°,m=8,b=90 .
Since Sy< Syq therefore the the design should be based upon the pinion.

o, = 0,C,
m = dl/Tl
di=mXxT;
=8XxX 167
=128 mm
V=wn
m 128 1
= 000X e X * 1000
= 4.02m/sec
Cm— = 0.427

3+V  3+4.028
o, =83 x0.427 = 35.47 N/mm2
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y

= 0154 — 222
S T

= 0154 - 2212 = 0.097
16

W,=35.47X 90 X T X 8 X 0.097

P

=778204 N

=W, xV

=7782.4% 4.02

= 31285.2 Watt
= 31.28 kW
Exp3:- A spur pinion of cast steel (6,=140 MN/m?) is to drive a spur

gear of cast iron (c,= 55 MN/m?) . The transmission ratio is to be
1
25 to 1 .The diameter of the pinion is to be 105 mm and 20kW will be

transmitted at 900rpm of the pinion. The teeth are to be 20°full depth

involute from. Design for the greatest number of teeth. Determine the
necessary module and face width of gear for strength only.
Machine Design

Schaum's Series

P.229

Solution :- 6a3=55,62p=140,d;=105,N1=900,P=20kW,0»=20°.

Since 6,3< 64 therefore the the design should be based upon the gear.

W.=o,bmrmy
N, 2333
N, 1
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900  2.333

N, 1
N,=385.769
P=Tw

20000 = TX 385.769 X ‘Z—g

T=495.078 N.m
N, d,
"4,
2333 d,

1 105
d, = 245 mm
DZ

2

T =W, x

245 1

SRR =93 ot i

W, = 4042.03
Oy = G'agCy
V' =w,n

= 385760 x L x 222 1
o 60 2 ~ 1000

= 4.947 m/sec

2 —0.3775
3+V 344947

0, = 55X 0.3775 = 20.76 N/mm?

v—

0.912

y =0154 -2
d
m= 2/]"2
_oqsy 0912m
yo=" 245

4042.03=20.76X 10m X mm(0.154 — “'zﬁm)

By trial and error get
m= 7
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T, T,
le%s = 15
15:335:33
b=10m
= 10x7
=70 mm

Type of gear train :-

1. Simple gear train. Ll

L T

N 2 Tl

Nolle 2

N 3 TS

NN T T

X, N, T, 7

N 1 T3
—L=_3 ... (3)

3 1

2. Compound gear train. «=S !

1551




—
o

~

— ~ _|4_ = 3_" .

T e A

: m I TV_AT TV_AT TV_AT

. : M 4
Tz___ - T4___ oz NiN T P, I .

TR I I |
— ~ ™ < o~ 17 N — < <t — <
NiN NiNN NNNiN NiN -

156]



3. Reverted gear train = o sSxal)

4. Epicycle train. by gased
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T=20
N =1000
m=6
fine=C

N, _T2 xT,

N, T,xT,

1 1
1000 20x 30
N, %Cfxﬁ;(f
N, =2000r.p.m
2.

a same direction
3.

C=r+r,+r,+r,

D, =mxT, =6x20=120mm
D, =mxT,=6x20=120mm
D, =m xT, = 6x60=360mm
D,=mxT,=6x30=180mm

C=r+r,+r,+r,

C =60+60+180+90=390mm

/\ (‘\
mi ,  mi2 i
T=20 T=20 !
2"
| mig3 (mi - 4,
'T=60 i '
‘T=3O
C >
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Ex.2 :-
Design Gear
N = 1000
m=6

900
N
v

L

L]

N

C=ry+1;

D =mxr,,

D =6x40=240
402 =120+r,
402-120 =r,
I, =282

D, =1y, x2

D, =564
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Ex.3 :-

m=>5
N = 1000
find T3, C
NA
T=40 —1 2  1T=60
T\ ™~
=20} ‘i : 3 7=
c=2
1

T,+T,=T,+4T,
40+60=T,+20
T,=100-20=80
N, T,xT,

N, T,xT,

3 1
1000 B0x 20 3
N, A0x 80 8
2 4
N, =2666.6r.p.m

2.a same direction
3.

C=r+r,

D, =mxT,
=5x40=200mm

D, =mxT,
=5x60=300mm

C =100+150=250mm
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Werm gearing

~

X =0

AN



s !:r‘: R =
i - 3
i
i |
=1
\ :
" N ? ’
- i
~ ) NN <
3 5 ‘3 e ]i‘ _gd
] ®N, s
-5 o
» ?a‘

Exp:-
Design a worm gear from the following data:-
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1- Velocity ratio (r) = 14
2- Approximately center distance =6 in

Solution :-

1- From worm-gear design curves with r= 14 get :-
A=22", C/L=2.83

2- Therefore

L
C - =2 =
~=2.83 L=rx

© 2.12
2283 0.923

Lo =2.29in
L,=2.12in

4- p=L/n

Where n= No. of threads

Let n=3

p="> = 0.763 in

The nearest standard pitch is 0.75 in , then
5-

p=L/n

L=3*0.75=2.25

" COSA
L, =2.25%0.927 = 2.09in

C/L,=2.83
C=2.83*2.09=5911n

L 225
Tmtank  m*0.404

=1.7741in

D+d
C=—m,
2

D=2C—-d=2%591—-1.774 =10.05in
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Cams

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

Frame of
the machine —

Follower
valve

Type of cams:-

1. Disc cams:
The follower moves in the direction perpendicular to the cam axis.

Cylindrical cams :
The follower moves in the direction parallel to the cam axis.
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Ex.1:-

For S = 3mm. 0=150°  speed = 100 rad/sec.
f B =50°and 90°.

Solution:-

Forﬁ:50°:>osﬁ£§

d - 2S % 2x30x%(50)°

o = - =6.66mm.
0 (150)
45 o 4x30x100x@x50
V=—_ "= - =1527.8mm.
0 (150)
450 430 (100 150)?
f=—"o0—= —7175260.6mm.
9 (150)

Forﬁ:90°:>§£ﬂ£6?

oos[ 2212
0 )
’ :30{4x90 e 2x(9032}0.72
150 (150)
y :45_0)[ _ﬁ}
o | o

4x30x100@ 90
vV = T |1- =183mm.
150 150

t =—175260.6mm./sec?
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Ex.2 :-

The exhaust valve of a four stroke engine is operated by a cam designed

to give a uniform acceleration and retardation motion (UARM). If the
valve stroke 22mm. during 54° of cam rotation.

Find distance, velocity and acceleration of the valve for the angle of
cam () of 0°, 20° and 54°. Using speed of cam s
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