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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.

Objectives :-
After studying the first modular unit , the student will be able to:-

1-Define Types of belt drives.
2-calculate Power transmitted by a belt .

3-Calculate the length of belt.

Flow Chart:-
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Pre Test

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.

Notes
-10 degrees for the above question.

- Check your answers in key answer.

The Text

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:

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

Types of belts
1.flat 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

(a) Flat belt. (5) V-belt. {c) Circular belt.

Types of belis
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Velocity ratio of belt drive
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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, —Vvelocityof thebeltonthedrive pulley
v, —velocityof thebeltonthedrivenpulley

Length of an open belt drive
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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 MO,0, = ctradians.
We know that the length of the belt,
L = Arc GJE + EF + Arc FKH + HG
= 2 (Arc JE + EF + Arc FK)
From the geometry of the figure, we also find that

QM _QE-EM _r-n
a0, ao x

Smce the angle o 15 very small therefore puttng

ﬁa-n{h@)-%

smo =

Arc JE = "l(%"‘“]
i wrenf5o)
EF = MO, = J(0,0,)* - (OM) =¥ - (, - )

]
E.Ipmdiu;ﬂlisiquﬁunbylinnmi:lﬂu:rm,ﬂh:n
EF = x[ -%(ﬁ;i}z + .. =x-£|%.1): %)

Substituting the values of arc JE from equation (ii7), arc FK from equation (iv) and EF from

tion (v) in equation (1), we get

INE: (r,—r n
hr{i-l-a]-l-x T +r:( > u]]
n (n-n)" r:}

X =+ + +x—-
_"12'1-“1 X3 -na

;m+m+a(n—r;}+x——'|zz£]

=Ry +ry) =20 (r, - 1y) + 2x— ("1—;:)2

Substituting the value of at= L2 from equation (i), we get

x

L-I{rl-l-rl}-l-l (n - ﬁ)(r r’)_‘,h_ﬁl;ﬁ)z
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Let r, and r, = Radui 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 H

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 + Axc FK)

From the geometry of the figure, we find that

oM » OE + EM _hi+tn
a0, Q0 x
Since the angle o 1s very small, therefore putting

sin o = o (in radians) = 5*h :’2

e

smo =

Similarly, arc FK = fz(%-l-a]

= EF = M0,=\(00,)’ - QM) =¥’ -5 +1)’
, T
=X 1_(’1:’2]
Expanding this equation by binomial theorem, we have
EF = x[l-%(iﬂ]z +...:|=x—_(’l+r1)z

x 2x
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Substituting the values of arc JE from equation (ii7), arc FK from equation (i) and EF from
equation (¥) in equation (i), we get,

L=2 ;i("

s +
=2{nx=—+na+x-21—2
iy | 2x

=2 g(r,+rz)+a(ri+rz)+x-%]

2
=x(r,+r)+2a(,+r)+2x- L"Lz:z)—

Substituing th value of o= 172 from equation (), we ge
I u(rl+r,)+2x@(rl+,z)+h_("1+xrg)2
2
= ”(’i*’ﬁ)+w+2x-@

==n(y +r,)+2:+@ . (in terms of pulley radii)

2
= g(d; +d,) + Zx+% ... (in terms of pulley diameters)

Power transmitted by a belt

T
Slack side T
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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
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F — frictional force
u —coeficient of friction
R, —normalreactionforce

T
log.| L |=ux6
o[ |-
_jze,uxe

-
2.3log| X |=ux@
g[T] i

2
¢ —angleof contact

0 =(1800 —Za)%o rad ( foropenbeltdrive)

0 :(1800 + Za)& rad (forcross—beltdrive)

Post Test

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.
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Key Answer

Pre Test
1.length of open belt drive

(dl_ d2)2

L=%«L+dg+2X+

_ 2
L=Z (480+80)+2x1200+ 489=80)
2 4x1200

L=33.13m
2.length of cross-belt drive

2
L=%(d1+d2)+2X+M

2
L= (480+80)+ 2x1200+ 480+80)
2 4x1200

L=33.45m
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Post Test

V=7rd N =7z><0.63><740224.5 m/s

60 60

7 d,—d,)?
L="(d,+d,)+2X + 12/

2( 1 2) 4X

. 2
L =7 (2000+630) + 2x 6000+ L2200=630)
2 4 x 6000

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

a =6.5°

Sin o=

6?=180—2a=180—2><6.5=166.8><E”0 — 2.9 rad

2.3Iog(_|-|_-—1)= 4 x0=0.3x29=087

2

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

Reference

R. S. Khurmi, J. K. Gupta, "Theory of machine"
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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.

Objectives :-

After studying the first modular unit , the student will be able to:-

1-Calculate the stresses on shafts.

2-Design of shaft.

Flow Chart:-




(RS EEEEEE R EEREEREERE

Pre Test

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?

Notes
-10 degrees for the above question.

- Check your answers in key answer.

The Text

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

¢ §
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$ <
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§ keys or splines. §
§ An axle is a similar in shape to the shaft, it is a stationary machine element and §
4 4
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$ <
4 ¢
$ <
3 3
3 <
¢ 3
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¢ 3
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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 shafts are 5m, 6 mand 7 m.
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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:
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7,
r

T
J
T

twistingmoment(torque)
J — polarmomentof inertia
7, —torsionalshearstress
r —radiusof theshaft

T= % x 7,xd®  forsolid shafts

And for hollow shafts the polar moment of inertia

T 4 4 _d_O
J=§[(do) ~(d,)"] r="

T _ T
Zlay-@y] &

T [(d) (d)}
16 d,

(=&
d
z

or

ratioof insideand outsidediameterof theshaft

T= T x7, % (d,)°x(1-k*)
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The power transmitted by the shaft (in watts)

P=Txw w—angularvelocity in rad/s

2z N
60
27 NxT Px60
= or T=
60 27N
T —twisting moment

N —speedof theshaftinR.P.M

P

3 §
3 i
3 §
3 §
3 §
3 i
3 i
3 §
3 §
3 §
3 §
3 §
8 §
3 §
§ 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 §
3 §
3 i
3 §
3 §
3 §
3 §
3 §
8 §
3 §
3 §
8 §
# i

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
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And moment of inertia for hollow shaft is

l—”[(d) (d)]— Sox(d)xak)

Sb
o d

po or
<o) <=k

2
M—ﬁxs cx(d,)Px(@-k*)

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
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2 2
T 1 32“2 +4 16T3 = 163>< M?Z+T?2
2 zd 7 d 7 d
%XfmadeB = JM2+T2

IM2Z4T? =T,

T, = lxrxd3
16

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.
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bmax ;(S)—i_ \/(S) +4T

_1.32M 1 |(32M 16T )
— — 3 +4 3
2 7 d? 2 7 d 7 d
7zd3[ (M +/M?+T )} or
% S, . xd®= > [M +,/M2+T2]
%[M+,/M2+T2]=Me

Me=£><8b><d3
32

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:

Te:%xrx(dofx(l—k“)

M, =%x8b x(d,)°x(1-k*)

BTG EEYLE R
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Post Test

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.

Key Answer

Pre Test

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

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

T="xrxd?
16

955x10° :%x42xd3 —8.25(°

42 :955><103
8.25
or d=50mm

=115733 or d=48.7mm

Post Test

BTG EEYLE R
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B P><6O_1><1O6 x 60
mea 2N 271x240

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

=39784N .m=39784x10% N.mm

mean

A7741x10° = %xmﬁ :%x60xd3 ~11.78d°3

4° 47741x10°
11.78

=4053x10° or d=159.4mm

or d=160 mm

Reference

R. S. Khurmi, J. K. Gupta, "Theory of machine’

Al-Dour Technical Institute
Mechanical Department

2"¢ Stage
Training Package
In
Design of Journal Bearings
For
Students of second class
Mechanical Department/ Production
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By

Nadum I. Naser

It is a machine element which support another moving machine element(known as
journal). it permits a relative motion between the contact surfaces of the members
, While carrying the load.

Objectives :-
After studying the first modular unit , the student will be able to:-

1-Knew the Classification of the sliding bearings.
2-Define the Types of sliding contact bearing.

3-Calculate the Heat dissipated by the bearing.

Flow Chart:-
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Next Package J

Pre Test

The load on the journal bearing is 150 KN, due to turbine shaft of 300 mm
diameter running at 1800 R.P.M. determine the following:

1.length of the bearing if the bearing pressure is 1.6 N/mm 2

2.amount of heat to be removed by lubricant per minute if the bearing
temperatureis  60°C and viscosity of the oil is 0.02 kg/ m . s . the bearing

clearance is 0.25 mm.

Notes
-10 degrees for the above question.

- Check your answers in key answer.

The Text

BTG EEYLE R



a. depending upon the direction of load

1.radial bearings

b. depending upon the nature of contact

1.sliding bearings

$




(b) Partial journal bearing. (¢) Fitted journal bearing.

journal or sleeve bearings

lubricant

The lubricants are used in bearings to reduce friction between the rubbing
surfaces and to carry away the heat generated by friction. It also protect the

bearing against corrosion.

Types of lubricant:
1.liquid as: mineral oils
2.semi liquid as: grease

3.solid as: graphite either alone or mixed with oil or grease




Wedge film journal bearing

Properties of lubricant

l.viscosity Z
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2'=Z><\i
h

Z=r><3 N.s/m” or kg/m.s

Z — absolutevisco sity

7 —shearstress(lu bricant and plate)
V —velocity of lu bricant

h—space betweentwo surfaces

2.density O

The density of most oils at 15.5° C is about 900 kg / m?

BTG EEYLE R
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Absolute viscosity of commonly used lubricating oils

% | Thpe ofod Absolute viscosity in kg/ m-s of femperature in T

0 13 & 45 30 £ &0 & LA 73 &0 e
SAE1D 005 0036 | 0027 | 00245 | 0021 0.017 00M 0012 omi 0009 | 000 | Q.00
SAE20 0063 | 0055 | 0.042 0034 0027 005 0% 0017 0014 0011 0010 | 0.0075
SAE30 0.13 0.10 0078 | 0057 0048 0.040 0034 0.0 1 Lirad 0019 | 0016 | 0010
SAE40 021 017 0.12 009% 0.78 0.06 0 046 0.04 0034 0027 | o222 | 0013

SAE S0 030 025 020 17 012 009 0.0% 0.06 005 0038 04 | 0020
SAE60 045 032 027 020 0.16 0.12 009 0.072 0.057 0046 | 0040 | G025
SAET0 10 069 | 045 031 021 0.165 012 0087 0.067 0052 | 0043 | 0.033

Coefficient of friction of journal

33(ZN (dj
M= — |+k

10 p C
Z —absoluteviscosity
N —speed of the journalin R.P.M
p —bearing pressure

w W
p = =

A Ixd

W —load onthe journal
|,d —lengthand diameterof the journal
c=D-d clearance

D — bearing diameter

k=0.002 for cll_ ratios is about0.75 to 2.8

Heat generated in a journal bearing:
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Q,=uW.V  Nm/s or J/s or Watt

W = px(Ixd)

V:7Z'd N
60

m/s

zd N
= I xd
Q, = uxpxIxdx 50

V —velocity

Heat dissipated by the bearing

BTG EEYLE R
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Q, =C.A(t, -t.) Watt

C —heat dissipatia coeficient Watt/m?/°C

C=140to 420 W/m?*/°C for unventilatd bearings
C=490t0 1400 W/m?*/°C for wellventilatedbearings
A—Dbearing area

A=Ixd

t, —temperatue of the bearingsurface in °C

t_ —temperatue of the air in °C

1
t -t =—(t —t
b a 2(0 a)

t, —temperatue of thelubricant oil notmorethan 60°C

BTG EEYLE R
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Design values for journal bearings.

Operafing values
Maoximum
Machinery Bearing bearing | Absolute |  ZNjp L :T_
pressure (p) | Fscosity | Zinkg/m-s
in Nimm? (Z)in | pin Nimm?
kg/m-5
mobile and air-craft | Main 5.6-12 0.007 21 — 08-1%8
e Crank pin 10.5-245 0.008 14 07-14
Wrist pin 16 — 35 0.008 112 15-212
stroke-Gas and oil Main 5-85 0.02 28 0.001 06-2
es Crank pin 98-126 0.04 14 06-—1.3
Wrist pin 126—-154 0.063 0.7 15-2
stoke-Gas and oil Main 35-56 0.02 3.5 0.001 06-2
es Crank pin T7-103 0.04 1.8 06-13
Wrist pin 84-126 0.065 14 15-2
%} ne steam engines Main 33 0.03 23 0.001 0.7-15
Crank pin 42 0.04 21 07-12
Wrist pin 10.5 0.05 14 12-17
§ nary, slow speed Main 28 0.06 28 0.001 1-2
1 engines Crank pin 10.5 0.08 084 09-13
Wrist pin 12.6 0.06 0.7 12-1373
§ mary, high speed Main 1.75 0.013 35 0.001 15-3
1 engine Crank pin 42 0.030 084 09-15
Wrist pin 12.6 0.025 0.7 13-17
§ yrocating pumps Main 1.75 0.03 432 0.001 1-322
OMPTessors Crank pin 42 0.05 28 09-1.7
Wrist pin 7.0 0.08 14 1.5-20
o locomofives Dmiving axle 3.35 0.10 41 0.001 16—-18
Crank pin 14 0.04 0.7 0.7-11
Wrist pin 28 0.03 0.7 08-13

(RS EE R EEEEEEREEREERE
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Operafing values

Moadmum
Machinery Bearing bearing | Absolute ZNip E

§
i
§
i
§ pressure (p) | Viscosity | Z in kgim-s
i
i$
i b
i$

ﬂ-..lr--

in Nimm* (Zyin | pin Nimm?

Nay Cars Axle 35 0.1 7 0.001 18-2

Main 0.7-2 0.002 - 14 0.001 1-2
0.016
‘rators, motors, Ruotor 07-14 | 0025 28 0.0013 1-2
§ ifugal pump
%} smission shafts Light, fixed 0.175 0.025- 7 0.001 1-3
Self -aligning 1.05 0.060 21 25-4
Heavy 1.05 21 -3
hine tools Main 2.1 0.04 0.14 0.001 14

hing and shearing | Main 28 0.10 — 0.001 1-2
1ines Crank pin 56

4
3
3
3
3
3
3
3
3
3
3
3
3
4
3
ng Mills Main 21 0.03 1.4 0.0015 1-1.5 %}
<
4
3
3
8
3
3
3
3
3
3
3
3
3
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Post Test

A 150 mm diameter shaft supporting a load of 10 KN, has a speed of 1500 R.P.M .
the shaft runs in a bearing whose length is 1.5 times the shaft diameter. If the
clearance of the bearing is 0.15 mm and the absolute viscosity of the oil is 0.011
kg/m. s . find the power wasted in friction.

Key Answer

Pre Test

o w
| x d
W _150><103

_ _ =312.5 mm
pxd 1.6x300

=38 (ﬂ)@} (38 (o.ozmsooj( 3ooj+0_002

108l p N 108\ 16 0.25

=0.009+0.002=0.011

7dN 7x0.3x1800
60 60
Qg =uWJYV =0.011x150x10°x 28.3=46695J /s or Watt

V = =283 m/s

BTG EEYLE R
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Post Test

| =1.5d =1.5%x150=225 mm

_W_ W __ 10000 _ ;596N /mm?

P A T Ixd  225x150

33(Z.N}d 33 (0.011x1500) 150
pu=——|——1| — |[+tk=— +0.002
10°\ p Nc 10 0.296 0.15

= 0.018+0.002 =0.02

v =7Z'd N =7Z'><0.15X1500=11.78 n/s

60 60
Q, =4 WYV =0.02x10000x11.78=2365 Watt =2.365KW

Reference

R. S. Khurmi, J. K. Gupta, "Theory of machine"

Foundation of Technical Education
Al-Dour Technical Institute
Mechanical Department

2" Stage
Training Package
In
Selection of Ball Bearings

For
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Students of second class
Mechanical Department/ Production
By

Nadum I. Naser

Overview

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

Objectives :-
After studying the first modular unit , the student will be able to:-

1-Define Types of bearings.

4 4
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
% 3
3 4
3 3
3 4
% <
3 4
% 3
3 3
% 8
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
¢ 3
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2-Select a ball bearing.

Flow Chart:-

m— ()
.-

ves |
es » | Next PackageJ

Pre Test

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?

Notes
-10 degrees for the above question.

- Check your answers in key answer.
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The Text

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

0
O

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

groove,

Thrust ball bearings

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

BTG EEYLE R
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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 ballsperrow

D —diameterof ballin mm

o —Nomi alangleof contact

2.for radial roller bearings

C,=f,xixZxl,xDxcosa
|, —lengthof roller
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3.for thrust ball bearings
C,=f,xZxD*xsina

4 .for thrust roller bearings
C,=f,xZxl xDxsina

Note:

f,— May takes the following values:  3.33, 123 , 21.6 , 49 , 98.1

Static equivalent load(Wyr ):

Wy =X W5 +Y, W,

X, —radialload factor

Y, —axialorthrustload factor
W, —radial load

W, —axial load

BTG EEYLE R
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Values of X, and Y, for radial bearings.

5 No. Lype of bearing Single row baaring Double row bearing

1. | Radial contact groove ball beanings 0.60 0.50 0.60 0.50

2. | Self alipning ball or mller bearmpes 0.50 0.22 cot & 1 0.44 cot B
and tapered roller bearmg

3. | Anpular confact groove beanngs :
a=15" 0.50 046
=20 0.50 042
a=25" 0.50 038
a=30° 0.50 033
a=35" 0.50 029
a =40 0.50 026
a=45" 0.50 022

o o ol o ol o ol
=
v
4]
(3]

8 i
§ i
5 i
§ i
s i
§ i
i i
§ i
§ §
§ i
§ §
§ i
§ ?;
%} Basic dynamic load rating (C): %}
% C=f_(i cosa) O'7><Z§ x D** %
58 i
§ §
§ i
§ §
§ i
§ i
§ i
§ i
4 i
¢ i
i i
¢ §
§ §

f. —dynamic factordependingonthe geomertyof bearingcomponent

Dynamic equivalent load (W):

W=XVW,+Y.W,
V —rotation factor
~1 foralltypesof bearingswhen the innerrace isrotating
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Values of X and ¥ for dynamically loaded bearings.

ﬂgﬂ ﬂ}'

ILype qof bearing Specificaions

X ¥ X ¥

Deep groove E,C%‘ =0.025 20 0.22
ball bearing =0.04 1.8 0.24
= 0.07 1.6 0.27
=0.13 1 0 0.56 14 0.31
=025 1.2 0.37
=050 1.0 0.44

Angular contact Single row 0 035 057 | 1.14
ball bearings Two rows in tandem 0 035 0.57 | 1.14
Two rows back to back 1 055 0.57 093 | 1.14
Double row 0.73 0.62 117 | 0.86

Self-alipnimg Light semies : for bares

i 8
§ §
i i
i §
i i
i §
if i
i §
i i
§ §
i i
§ 10 - 20 mm 13 20 0.50 §
i 045 S Y T B It s 8
i 70- 100 24 33 | 02 $
§ f;;:ﬂ for bores 23 335 0.28 §
% = AR
§ 55— 90 16 25 | 039 %}
i §
i i
i §
i i
i §
i i
8 §
i i
i i
i §
i §
i i
§ §

Sphenical 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 0.26
Taper roller For bores -
bearings 30 - 40 mm 1.60 037
45 - 110 1 0 04 1.45 0.44

120 — 150 135 | 041
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Values of service factor (Ks)

SNo. Type of service Servica factor (Kg) for radial

Uniform and steady load 1.0
Light shock load 15
Moderate shock load 20
Heavy shock load 25
Extreme shock load 3.0

L

the design dynamic load = basic dynamic load % 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.

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.

§ 8
i i
i i
i §
i if
i 8
i if
i §
i i
i §
i i
i i
i i
?; ?;
cY .
§ L= W x10° revolutiors $1
i [ ) i
i i
i i
i §
i i
i 8
i i
8 8
i i
i 8
i 8
i 8
i 8
$ 8
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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

Basic capacities in kN

Single row deep Single row angular Double row angular

groove ball bearing contact ball bearing comtact ball bearing
Stati D = Sexti 3

< Co)
2 a3 )
224 4 4.55
3.60 63 —

3 54
43 7.65
6.10
520 880

44 75
63
11 18

655 10
7.65

56

£8

5.6
93

|§||||eai

129

11
14

AN AR Y

71 1
166
19 28

10 153
22

~
w
-
W
-J

5
LIRS

232
13.7

SEE(REE(IE R GEB EX(BEE 88

suww
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4
3
3
3
3
3
3
3
3
3
3
3
%
3
3
3
%
3
%
3
%
3
3
3
3
3
3
3
3
¢
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(1} 2l (k] ) 3 () 7 (& L]
211 26 4 30 365 40 53 127 | 208
311 £5 56 415 62 50 18 85 | ses
411 50 78 — — — — — | -
12 12 405 36.5 44 63 §5.5 15 | 265
£ o) 48 54 55 71 0.5 10 135 | 68
412 57 25 — — — — — | =
213 355 44 43 50 69.5 69.5 04 | 34
33 55 72 63 20 112 112 30 75
413 76.5 B3 — — — — — | =
114 30 48 475 54 71 69.5 6 | 345
314 53 BLS 735 o0 129 137 45 B5
414 102 112 — — — — — | -
115 45 52 50 36 20 76.5 2114 | 145
315 72 )] B15 o8 140 143 52 | o5
415 110 120 — — — — — | =
216 455 57 57 63 0.5 93 15 | 38
316 20 065 915 106 160 163 585 | 106
416 120 127 — — — — — | =
17 55 655 855 71 106 106 0| 455
317 28 104 102 114 180 180 & | no
417 132 134 — — — — — | -
18 53 75 76.5 23 127 112 35 55
318 0g 112 114 122 — — ®5 | 1s
418 145 145 — — — — — | -
19 72 25 28 05 150 137 43 | 655
319 112 120 125 132 — — — | -
10 £15 06.5 03 102 160 146 51 | 765
330 132 137 153 150 — — — | =
111 b3 104 104 1o — — 56 25
321 143 143 166 160 — | -
123 14 112 116 120 &4 0B
m 166 160 193 176 — — — | -
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Post Test

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.

Key Answer

Pre Test

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

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

W, 5000
W, 4000
then X =0.56 Y =1
W=XVW, +YW, V=1
=0.56x1x4000+1x5000= 7240 N

k
L:(Ej x10% rev.
W

=1.25 whichis greaterthan e=0.44

1 1
1 6\s
C=W( L jk :7240x(14410><10 j = 81760N =81.76 KN

10° 0°

from the table we selectthe bearingNo0.315

BTG EEYLE R



Fromtable we find that for a self aligningballbearing

X =0.65 Y =35
W =X VW, +YW, =0.65x1x 7000+ 3.5x2100=11900 N

fromtablewe findthattheservice factor K, =1
..thebearingshouldbeselected for W =11900 N

k
L=(£j x10% rev.
W

I 5\ /3
C:W(Lﬁj :11900><[160X10 j =64600 N = 64.6 KN

06

from tablewe select bearingnumber219 havingC =65.5 KN

Reference

R. S. Khurmi, J. K. Gupta, "Theory of machine"

Foundation of Technical Education
Al-Dour Technical Institute

Mechanical Department
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Training Package

In

Design of Gears by Lewis Equation

For
Students of second class
Mechanical Department/ Production
By

Nadum I. Naser
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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.

Objectives :-

After studying the first modular unit , the student will be able to:-

1-Define Types of Gears.
2- Design spur gears.

3-Calculate Strength of gear teeth —Lewis Equation.

Flow Chart:-

—~.-1
S -6

ves |
es > Next PackageJ

Pre Test
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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?

Notes
-10 degrees for the above question.

- Check your answers in key answer.

The Text

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 .

BTG EEYLE R
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F=pRy Pilch circles

HHHHH

LY Js’z #
=d- r
- .
-

e o _hh: H
G ] ::-EEE.E:Z-:' - [}
| .-*"'Il ’ f'J
| - - (—-!f
L1I‘Rﬂ
= ! = 'I_:' - Line of contact
| I )
B B b
G
=— Shafis I'l

. Frction wheels. Gear or toothed wheel.

i3 5
§ i
¢ 5
§ i
¢ 5
% ?;
§ i
¢ 5
§ i
¢ 5
§ 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 deve_lops thrust loads and bending couples, which are not present with §
spur gearing.

§ Sol:netimelzs helical gears are used to transmit motion between nonparallel §
§ shafts. §
¢ 5
¢ i
¢ 5
4 i
¢ 5
¢ i
§ if
¢ §
i i
¢ §
¢ §
$ §

Bevel gear.

ECar. Eear,

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

BTG EEYLE R



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.

BTG EEYLE R
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\ \“;
\— Clearance or working

depth circle

Root or dedendom circle:

53 §
3 3
4 3
4 3
3 <
4 3
3 3
4 3
$ <
4 3
$ <
j |
§ 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 %}
4 4
3 <
4 3
$ <
4 ¢
$ <
3 3
3 <
3 3
¢ 3
¢ 3
3 3
$ $

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 .

7 D
p="2
T
D — diameter of pitch circle

T — number of teeth on the wheel.

(RS EE R EEEEEEREEREERE



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

PC=7Z'D1:7Z'D2
Tl T2

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

p—1 -~
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 1,1.25,15,2,25,3,4,5,6,8,10,12,16,20,25, 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 D1 and D; are pitch circle diameters of gears 1 and 2 then the velocity ratio is

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.

BTG EEYLE R
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Let x-—distance
between the centers
of two shafts

N1, N2 - speed of
the driver and driven

Tll TZ - number Pitch diameter
of teeth of the driver
and driven

d1, d2 — pitch circle

diameter of the driver
and the driven

. d, +d, k&
2

¢ §
3 3
4 3
4 3
3 <
4 3
3 3
4 3
$ <
4 3
$ <
4 4
$ <
4 4
$ <
§ And speed ratio or velocity ratio §
3 <
4 4
3 <
4 3
$ <
4 ¢
$ <
3 3
3 <
¢ 3
¢ ¢
¢ 3
¢ ¢
¢ §

X

—

d,

2

AT,

N,
N_2 =< =
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
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If Fisthe maximum tooth pressure, then tangential force F =F COS¢@

and radial or normal force FN =F sin ¢

Torque exerted on the gear shaft T= FT N

r —radius of the pitch circle of the gear
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Minimum number of teeth on the pinion

Minimum number of teeth on the pinlon

5. No. Sysitems of gear ieath Minimum mumber of festh on the pinion
1 14% Composite 12
2 14%° Full depth mvohute 32
3 20° Full depth mmvolte 18
4 20" Siub mvohite 14

Strength of gear teeth —Lewis Equation

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

4 4
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
% 3
3 4
3 3
3 4
% <
3 4
% 3
3 3
% 8
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
¢ 3
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_M.y
I
. 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

SW

| —moment of inertiaaboutthe centreline of the tooth
I_b13

12
b—width of gear face

t
W, xh )x —
_( T X )XZ

Sw = bxt® b x t?
12
S, xbxt?
T 6h

:(WT X h)><6

X x pc2
6xKx p,

W, =S, xbx
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X2

:6xk
W, =S, xbxp,xy =38, xbxzmxy

let y

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

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

T 45+v

for carefully cut gearsoperatingat velocitiesupto12.5 m/s

5 for very accurately cut and ground metallic gears operating
+V

i3 5
§ i
¢ 5
§ i
¢ 5
§ i
¢ 5
§ i
¢ 5
§ i
¢ 5
§ i
% %
3 at velocities upto 20 m/s 8
§ = (%}FO 25 for non—metallic gears §
g v — pitch line velocity in m/s %
§ ,-mon §
¢ % i
¢ 5
4 i
¢ 5
¢ i
§ if
¢ §
i i
¢ §
¢ §
$ §

Design procedure for spur gears:

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

P
WT :VXCS

W, —tan gential tooth load in newtons
P — power transmitted in watts
C, —service factor
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Values of service factor.
Intsrmiitent or 3 hours 810 hours per day Continuous 24 howrs
per day per day
Steady 038 1.00 125
Light shock 1.00 125 1.54
Medium shock 1.25 154 1.80
Heavy shock 1.54 1.80 2.00

2.apply the Lewis equation as :

WTZSW XbX chyZSW xbx;zmxyz(Sova)beﬂmxy

y=0124—0'_(|5_il for 14%° coposite and full depth involute system

8

i

§

i

§

i

i$

i

i$

i

§

i

§

if

§

% =O.154—g for 20°  full depth involute system
i
§
i
§
i
if
i
i
4
¢
i
¢
§

=0.175 —%41 for 20°  stub system

y —tooth form factor

3.find the static load Ws:

W, =S, xbx p,xy=S,xbxzmxy
Ws should be greater than Wp

4. for steady loads Ws 2 1.25 Wp

For pulsating loads Ws 2 1.35 Wp

For shock loads Ws=1.5 Wp

4
3
3
3
3
3
3
3
3
3
3
3
3
4
3
4
<
4
3
3
8
3
3
3
3
3
3
3
3
3
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Post Test

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.

Key Answer

Pre Test

BTG EEYLE R




d, +d,=1200
d, +3d,=1200

d1=}%§9=300mn1 = d, =3d, =3x300=900mm

md, 7x300
P 25

_nd, %900
P 25

c

T,= =37.7

=113.1

Tz
The number of teeth on both gears should be in complete numbers, then for the first gear we
take T1 =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 T

d, =302.36mm

And the exact pitch circle diameter of the second gear is

. T,xP, 114x25

T T

d, =907.1mm

Exact distance between the two shafts is

. d, +d, 30226+907.1
= t<

=604.73mm

X

BTG EEYLE R
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Post Test

D
m=—
-

D,=m.T, =8x16=128mm =0.128 m
_y_7De Ny _ 7x0.128x600

60 60

v IS lessthan 12.5 m/s

~.C,= 3 = 3
3+v 3+4.02

for20° full depth involute tooth,

Yo =0.154- 0912 = 0.154—% =0.097

8 §
i 8
i i
i i
i i
i i
i i
i i
i i
i 8
i 8
i 8
i §
| |
§ T, 16 %}
i §
i i
i §
i i
i §
i i
i §
¢ #
i i
i 8
i i
i i
i i
§ §

=0.427

Wi =Syp.D.7 M.y, =(Spp xC,)b. 7MY,
=84x0.427x90x 7 x8x0.097=7870N
P
W :VXCS
for steady load 8—-10hoursper day C, =1

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

Reference

R. S. Khurmi, J. K. Gupta, "Theory of machine"
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Foundation of Technical Education
Al-Dour Technical Institute
Mechanical Department
2" Stage
Training Package
In
Gears Trains
For
Students of second class
Mechanical Department/ Production

By

Nadum I. Naser
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Sometimes, two or more gears are made to mesh with
each other to transmit power from one shaft to another. Such
a combination is called gear frain or frain of toothed wheels.
The nature of the train used depfnds upon the velocity ratio
required and the relative position of the axes of shafts. A
gear train may consist of spur, bevel or spiral gears.

Objectives :-
After studying the first modular unit , the student will be able to:-

1-Define Types of gear trains.

2-Calculate the speed ratio of gears.

Flow Chart:-

—
E=.-©

IF =29 lYes

Yes I

Next Package J
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Pre Test

The motor shaft is connected to gear A and rotates at 975 R.P.M . the gear wheels
B,C,D and E are fixed to parallel shafts rotating together. The final gear F is fixed
on the output shaft. What is the speed of gear F. the number of teeth on each
gear are as in below:

Gear A B D

No. of teeth 20 50 25 75

Notes
-10 degrees for the above question.

- Check your answers in key answer.

The Text

It is a combination of two or more gears are made to mesh with each other to
transmit power from one shaft to another.

Types of gear trains

1l.simple gear train 2. Compound gear train 3.reverted gear
Epicyclic gear train

Simple gear train: it is a train in which each shaft carries one gear only.

BTG EEYLE R
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(a) Q)]

Simple gear train
Gear 1 drives the gear 2, gear 1 is called driver , gear 2 is called driven or follower

The motion of the driven gear is opposite to the motion of the driving gear.

N, T,

Speed ratio or velocity ratio = —L=-2
N, T,

Ni-speed of gear 1in R.P.M
N,- speed of gear 2 in R.P.M
T1- number of teeth on gear 1
T2- number of teeth on gear 2
As shown in figure (a)

In figure (b) an intermediate gear 2 is in mesh with the drive gear 1 and the driven

gear 3
Nl T2
The speed ratio of gear 1and gear2 = = —
N, T,
NZ TS
The speed ratio of gear 2 and gear3 = =—
N3 T2

4 4
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
% 3
3 4
3 3
3 4
% <
3 4
% 3
3 3
% 8
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
¢ 3
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T

. o NN, T, T
The total speed ratio of the gear train is x ==X
N3 Tl T2

N,

or Ni_Ts
N3 Tl
speedof driver No.of teethof driven

. speedratio= — = :
speedof driven No.of teethof driver

Compound gear train: it is a train in which each shaft except the first and last
carries two gears.

The two gears which are keyed to the same shaft must revolve at the same speed

Componnd gear train

N, T,
The speed ratio for gear 1 and gear 2 is =N—:_
2 1

=z

_ N3
And for gears 3 and 4 speed ratio is — N
4

|

w

—

N5

6
And for gears 5 and 6 speed ratio is — N_ZT_
6 s

4 4
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
% 3
3 4
3 3
3 4
% <
3 4
% 3
3 3
% 8
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
¢ 3
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The total speed ratio for the above gear train is

N1><l\l?’><|\|5:-r—2><-I-—4><-I-—6
N, N, Ng T, T3 Tg

N>=Ns3 and Ni=Ns

N, _T2 xT, xT,
. N, _Tl xTyxT,

Speed ratio for compound gear train
_ speedof the firstdriver productof No.of teeth on the drivens
speedof thelastdriven productof No.of teeth on the drivers

Reverted gear train: it is a train in which the first and the last gear are co-axial.

i
|

Reverted pear train_

Gear 1 drives gear 2 in the opposite direction ,gear 2 and gear 3 are mounted on
the same shaft(compound gears) , gear 3 as a driver rotates gear 4 (the last
follower).

4 4
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
% 3
3 4
3 3
3 4
% <
3 4
% 3
3 3
% 8
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
¢ 3
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ri+r>2=r3+rs
ri, r2, r3, r4—radii of respective gears

Note: number of teeth on each gear is directly proportional to its circumference
or radius.

T1+T2=T3+ T4

product of No.of teeth on drivens
product of No. of teeth on drivers
N, T,xT,
N, T,xT,

speed ratio=

or

The reverted gear trains are used in automotive transmissions , lathe back gears,
industrial speed reducers and in clocks.

Epicyclic gear train: it is a train in which the axes of the shafts over which the
gears are mounted may move relative to a fixed axis.

BTG EEYLE R



gear A and the arm C have a common axis at O1, about which they can rotate.
The gear B meshes with gear A and has its axis on the arm at O3, about which the
gear B can rotate.

The epicyclic gear train may be simple or compound, so they are useful for
transmitting high velocity ratios as in back gear of lathe, differential gears of
automobiles, hoists, pulley blocks, wrist watches, etc ..

Post Test

Compute the output speed and the direction of rotation of the output shaft if the
input shaft rotates at 1750 R.P.M clockwise.
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Key Answer

Pre Test

speedof the firstdriver  productof No.of teeth on the drivens
speedof thelastdriven productof No.of teeth on the drivers

T xTy xTg
_TAxTCxTE
 50x75x 65
~ 20x25x 26

N, 975

F 71875 18.75

=18.75

=52 R.P.M
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Post Test

speedof the firstdriver productof No.of teeth on the drivens
speedof thelastdriven productof No.of teeth on the drivers

or NA:TBXTD
Ny T,xT.
 24x18

~ 80x60

N, 1750

>~ 0.09 0.09

=0.09

=19444 R.P.M

The direction of rotation is the same as the input shaft(clockwise)

Reference
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In
Worm Gears
For
Students of second class
Mechanical Department/ Production

By

Nadum I. Naser

Worm Gears are right angle drives providing large speed ratios on
comparatively short center distances from 1/4” to 11”. When properly
mounted and lubricated they function as the quietist and smoothest running

type of gearing. Because of the high ratios possible with worm gearing,
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maximum speed reduction can be accomplished in less space than many
other types of gearing. Worm and worm gears operate on non-intersecting

shafts at 90 angles.

53 §
3 3
4 3
3 3
4 8
g The worm gears are widely used for transmitting %

power at high velocity ratios between non-intersecting
§ shafts that are generally, but not necessarily. at right angles. §
§ It can give velocity ratios as high as 300 : 1 or more in a §
§ single step in a minimum of space. but it has a lower §
§ efficiency. The worm gearing i1s mostly used as a speed §

reducer, which consists of worm and a worm wheel or
§ gear. The worm (which is the driving member) is usually §
§ of a cylindrical form having threads of the same shape as §
§ that of an involute rack. The threads of the worm may be §
§ left handed or right handed and single or multiple threads. §

The worm wheel or gear (which 1s the driven member) is
§ similar to a helical gear with a face curved to conform to §
§ the shape of the worm. The worm i1s generally made of §
§ steel while the worm gear is made of bronze or cast iron §
§ for light service. §
3 3
4 <
3 3
4 <
3 3
4 <
3 3
¢ 3
¢ 3
3 3
$ $

Objectives :-
After studying the first modular unit , the student will be able to:-

1-Define Types of worm gear.

2-Calculate the EFFICIENCY of worm gear drives.

Flow Chart:-

MO~ v )| P
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Next Package J

Pre Test

1. Discuss, with neat sketches, the various fypes of worms and worm gears.
. Define the following terms used i worm gearing :
(a) Lead; (b) Lead angle; (¢) Normal pitch; and (d) Helix angle.
3. What are the various forces acting on worm and worm gears ?
. Write the expression for centre distance in terms of axial lead, lead angle and velocity ratio.

Notes
-10 degrees for the above question.

- Check your answers in key answer.

The Text
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The worm gearing is classified as non-interchangeable. because a worm wheel cut with a hob of
one diameter will not operate satisfactorily with a worm of different diameter, even if the thread pitch
is same.

Types of Worms
The following are the two types of worms :
1. Cylindrical or straight worm. and
2. Cone or double enveloping worm.

The cylindrical or straight worm, as shown in Fig. 31.1 (). 1s most commonly used. The shape
of the thread is involute helicoid of pressure angle 14 14° for single and double threaded worms and
20° for triple and quadruple threaded worms. The worm threads are cut by a straight sided milling
cutter having its diameter not less than the outside diameter of worm or greater than 1.25 times the
outside diameter of worm.

The cone or double enveloping worm, as shown in Fig. 31.1 (). is used to some extent, but it
requires extremely accurate alignment.

Single threaded. Double threaded.

(a) Cylindrical or straight worm. (b) Cone or double enveloping worm.

Types of Worm Gears
The following three types of worm gears are important from the subject point of view :
1. Straight face worm gear. as shown in Fig. 31.2 (a),
2. Hobbed straight face worm gear, as shown in Fig. 31.2 (b), and

3. Concave face worm gear, as shown in Fig. 31.2 (¢).

_'I__ — —

77
%

I [
(a) Straight face. (b) Hobbed straight face. (c¢) Concave face.
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Terms used in Worm Gearing
The worm and worm gear in mesh 1s shown in Fig. 31.3.
The following terms, 1n connection with the worm gearning. are important from the subject point
of view :
1. Axial pitch. It 15 also known as linear pitch of a worm. It 1s the distance measured axially
(i e. parallel to the axis of worm) from a point on one thread to the corresponding point on the

adjacent thread on the worm, as shown m Fig. 31.3_ It may be noted that the axial pitch (p ) of a worm
1s equal to the circular pitch ( p,) of the mating worm gear, when the shafts are at right angles.

BTG EEYLE R
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2. Lead. It 15 the linear distance through which a point on a thread moves ahead in one
revolution of the worm. For single start threads, lead 1s equal to the axial pitch, but for multiple start
threads. lead is equal to the product of axial pitch and number of starts. Mathematically,

Lead. [/=p .n
where p, = Axual pitch ; and n = Number of starts.

3. Lead angle. It 1s the angle between the tangent to the thread helix on the pitch cylinder and

the plane normal to the axis of the worm. It 15 denoted by A.

A little consideration will show that if one complete
turn of a worm thread be imagined to be unwound from LN"'- I=p.n
the body of the worm, 1t will form an inclined plane whose

base 1s equal to the pitch circumference of the worm and |...7 Dy 4.4
altitude equal to lead of the worm, as shown in Fig. 31 4.
Fig. 31.4. Development of a helix thread.

From the geometry of the figure, we find that
Lead of the worm
Pitch circumference of the worm
I p,n
T Dy T Dy
p.n _Mmn _mn
1Dy nDy Dy
where m = Module, and
Dy, = Pitch circle diameter of worm.
The lead angle (A) may vary from 9° to 45°_ It has been shown by F.A. Halsey that a lead angle
less than 9° results in rapid wear and the safe value of A 15 1214°.

tani =

BTG EEYLE R



(RS EEEEEE R EEREEREERE

Hydraulic or Pneumatic Speed Ratio Detection Switches
Change Actuator

Round Housing With O-ring
Seated Cooling Jacket T

Motor Flange

Hollow Through Bore for =~
Drawbar Integration

OUTPUT- External Spline to

Spindle

Housing OD Designed to meet

INPUT ' RAM Bore Dia, and Share Motor
Spline to Accept Coolant Supply

Motor Shatt
Model of sun and planet gears.

4 4
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
% 3
3 4
3 3
3 4
% <
3 4
% 3
3 3
% 8
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
¢ 3
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For a compact design, the lead angle may be determmed by the following relation. i.¢.
N (13
tmi = [i
Nw
where N, 1s the speed of the worm gear and N is the speed of the worm.
4. Tooth pressure angle. It 1s measurad in a plane containing the axis of the worm and is equal
to one-half the thread profile angle as shown in Fig 31.3.
The following table shows the recommended values of lead angle (A) and tooth pressurs
angle (o).
Table 31.1. Recommended values of lead angle and pressure angle.

Laad angle () 0-16 16-25 25-35 35-45
ild.?u
Prossure anglo()
h&?u

For automotive applications, the F=
pressure angle of 30° is recommended
to obtain a high efficiency and to per- | ®
mit overhauling. .
5. Normal pitch. It is the distance

measured along the normal to the threads |
between two comesponding points on |
two adjacent threads of the worm.
Nommal pitch, p,, =p <05 A
Note. The term normal pitch iz used for a
worm having single start threads. Incase ofa i
worm having multiple stast threads, the tarm
normal lead (7, ) is used, such that
IN =1.cosh Wam gear teeth genemston on gessr hobbing machne
6. Helix angle. It is the angle
between the tangent to the thread helix on the pitch cylmder and the ax:s of the wonm. It is denoted by
o, in Fig. 31.3. The worm helix anzle is the complement of worm lead angle, ie.
oy = h=00°
It may be noted that the helix angle on the worm is generally quite large and that on the worm
gear is very small. Thus, it is usual to specify the lead angle (1) on the worm and helix angle (o)) on
the worm gear. These two angles are equal for a 90° shaft angle
7. Velocity ratio. It is the ratio of the speed of worm (V) inrp.m to the speed of the worm gear
(N,) in rp.m Mathematically, velocity ratio,
NW
IR =——
No
Let I = Lead of the worm. and
D, = Pirch circle diameter of the worm gear.
We know that linear velocity of the worm,
_i.Ny
Vg = &

BTG EEYLE R
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and binear velocity of the wornm gear,
=D. N,
v“_—-ﬁl:l
Since the linear velocity of the worm and warm gear are equal therefare
INg _xDy Ny Ny nl,
= oT =
60 &0 N, I
We koow that pitch circle diameter of the worm gear,
D,=m.TI,
where m & the module and T, is the mumsber of teeth on the worm gear.
Ny _=mDy nml;
N, I
P _ Al _ Ly
/ Pa-m n
whers n = Number of starts of the worm.

From above, we ses that velocity ratio may also be defined as the ratio of mumber of teeth on the
worn gear o the mamber of starts of the womm.

The followings table shows the mumber of starts to be used on the worm for the different velociy
Tatios -
Table 31 2. Number of starts to be used on the worm for differant velocity ratios.
Velocity matia [FR) 3¢ and abova 1Z 1o 36 Eto 12 i 1o 12 4o L0

FR =

wlop=mm=p_ andl=p . n}

Mumber of starts or
thraads on the wom: %ingle Double Triple Quadreple | Sextuple
(r=T)
31.5 Proportions for Wonms

The following table shows the variows porpartions for wormns in terms of the axial or circolar
pitch ( p,) immm.

Table 31.3. Proportions for wonm.

Ferrculers Smgrle @nd dowblie
hreaded weorms

Mommal pressure anzle {4 144"
Fitch circle dizmater for 135p +10mm 135p +10mm
Fitch circle dizmater for 13p +E mm 14p +1Emm
worms bomed o £t ovar the shast
Baxievmmes beoms: for shafh P.F115mm p.t135mm
Fub diapseder 166 p +2Iimm 17X p +15mm
Face Jemgth (L) P EAIF0R T P35 +002 T
B Diapth of tooth (&) Q686 p_ 0623 p,

B. Addendum (=) 0318 p 0 ZE6 p.

Fores: 1. The pitch cincls diamater of the worm (7] in terms of the centre distince between the shafis (1) may
b taikan as follows -
i

S S R S
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1 The pitch circle diameter of the womm (D, ) may also be taken as
Dy, = 3 p. whare p,_is the axial or carcular pitch.
3. Ths face length (or leangth of the threaded portica) of the worz should be increased by 25 20 30 mm for
the feed marks produced by the vibrating mrmding wheel as it leaves the thread root.

31.6 Proportions for Worm Gear
The following table shows the various proportions for worm gears in terms of circular pitch
(p.)inmm
Table 31.4. Proportions for wonm gear.
5 Na Particudars Stngie and double tireads | Triple and quadruple threads

Normal pressure angle (0) 134" 20°

Outsads diameter (D) Dg+10135p, Dy~ 08903 p,
Throat dixmeter (1) D,+0636p, D,*03572p,
Face wadth (5) 238p.+65mm 215p.*5mm

S Radsus of gear faco (R) 0882p +14mm 0914p +14mm
6. Radiz: of gear nim (R) 22p . +14mm 21p.~14mm

31.7 Hficiency of Worm Gearing
The efficiency of worm geaning may be dafined as the ratio of work done by the worm gear to
the work don2 by the worm.
Mathemarcally, the efficiency of worm zeanng is given by
L tan » (Cos @- W tan 1)
n cosomRi+H
where ¢ = Nommal pressure angle,
p = Coefficient of inction. and
A = Lead anzle
The efficiency is maximum when
i = fl+p’ -p
In order to find the approximate valus of |
the efficiency. assuming square threads. the
following relation may be usad -
tan 5 (1 - tan A)
tani+u

Efficiency, =

_l-ptan)
l+u/tan M

= tan 5.
tan (), = 9,)
...(Substituting in equation (7}, ¢ = 0, for
squars threads)

¢, = Angle of friction, such
thattan o, = .
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The coefficient of fnction varies with the speed, reaching a minimum value of 0.015 at a

rubbing speed | ¥, = =Dy Ny, 2. between 100 and 165 m/min. For a speed below 10 m/min take

u=0.015. The empirical relations may be usad to find the value of . L.

75
oi(m for rubbing speeds between 12 and 180 m/min

"
= om*l_s‘o'oo for rubbing speed more than 180 m'min
Note : If the efficency of worm goaning is less
than 50%, then the worm geaning is said to be
selflocking, 1.c. it cannot be dmven by applying
a torque %o the whesl This property of self
locking is desirable in some applicatioms sach
as hodstmg machinary.
Example 31.1. 4 triple threaded
worm has teeth qf 6 mm moduile and pitch
circie diameser of 50 mm. Jf the worm gear
has 30 reeth of 147:° and the cogfficient of
Jriction of the worm gearing is 0.03, find
1. the lead angle of the warm, 2. velocity
rario, 3. centre diztance, and 4. ¢fficiency
of the worm gearing.
Solution. Given : #1 =3 . m = 6, .
Dy=50mm;T,=30;0=145°;
w=00s5
1. Lead angle of the worm
Let A = Lead angie of the worm.

mn 6x3
We know that fan X.E-T—036
=, A=t (036)=198% Ans.
2 l?bcirymrio
We know that velocity ratio,
FR.=T,/n=30/3=10 Ans.
3. Cenrre distance
We know that pitch circle diameter of the worm gear
D,=mI,=6x30=180mm

_ Dy +Dy _350+180
AR SR

=115 mm Anps
4. Efficiency of the worm gearing
We know that eficiency of the worm gearing.
_ fan % (cos o —u @n 3)
" O30 . tan i+
_ tan 19.8° (cos 14.5° — 0.05 x tan 19 8%)
| cos 14.5° x tan 10.8% = 0.05

SIS R SIS s
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Mote - Tha approximate vahie of the efficiency swmming squars threads i
_l-ptni 1-003x0.36 0.962
M= lop/ana 14005036 1139

3.8 Strength of Worm Gear Teath
In finding the tooth size and strength. it is safe to assume that the teeth of worm pear ars always
weaker than the threads of the wonn. In worm zeanng, two or meore teeth are usually in condact, bat
due to uncertainty of load distrbution among themsehves if is assumed that the load is transmitted by
one tooth only, We know that accordms to Lewis eguation,
F.=(g, . Clbam.y
where W, = Permiszible tangential tooth load or beam smength of gear tooth,
o, = Allowable static stress,
C, = Velocity factor,
b = Face wndth,
m = Maodule, and
¥ = Tooth form factor or Lewis factor.
Nates : 1. The velecity factor is given by
Q= ?‘r wihers v is the peripheral welocity of the worm gear in m'.
L The toos form Sector or Lemrds Suctor () may be obdaingd in the sievlar manper 2 discuseed o spar
pears [Art 38317, de.

= (LES o7 B5% Am:

¥= 1].1!4—%. for 1442" nvolute teath.

= 0154 - I}';Iz. for 20" invohre teath.

0
3. The dynamic tooth load oo the worm gear s given by
. f=v
wy = o
whcdu F".,_.:A.l:h:.llt.;nﬂ:i.lllm:l-:-'l.’u'm-:lﬂ:.
The dynamic lead nesd not to e calonlated becamss it is
oot w0 sevare doe to the sliding action betwean the woom and
WO, SR
4. The static tooth load or snderamcs stremgth of the tooth
() may also be obteingd in fe simvdlar mammer a5 discossed
in sprar gears (Art 38 300, fe
KW, = o brnmy
whars ¢, = Flexomal enderance limit Its
valng may be taken as B4 MPa
for cast ron. and 168 MPa for

phosphor tronze gears.
319 Wear Tooth Load for Worm Gear
The Iimiting or maranmm load for wear (¥, ) i
Even by
[ DK
where D, Pitch circle daameter
of the wom gear,

BTG EEYLE R
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b = Facewidth of the wonm pear, and
K = Load stress factor (also known a: matenal combination factar).
The load stress factar depends upon the combination of materials used for the worm and worm
gear. The following table shows the values of load stress factor for different combinatson of worm and
Worm g2ar materials,
Tabla 31.5. Values of load stress factor (K).

Admiena!

Lanaed sgreess Ercior
Fiorme Wi pear [N =

Steal (BHMN. 250) Phespbor bronze 0.413
Hardansd stesl Castirom 0343

Hardenad stes] Phosphor broazs 0.530
Hardensd stesl Chilled phosphor bronzs 0.530
] Hardenad stes] Amicecoy bronze 0.830
3 Cast irem Phosphor broazs 1.033

Nooe : The value of K given in the abovs able am suitable for lsad angles upio 10°. For lead angles betwresm 10
and 25", the values of K shomld be increased by 25 per cemt and for kad angles mreater than X3, momese the
vahe of & by 30 per cent.

31.10 Thermal Rating of Worm Gearing
In the worm gearing, the heat penerated due to the wark lost in friction poast be dissipated in
n:hrmwnﬁiwhuﬁngniﬂudﬁwnﬂhhﬂuﬁngnﬂ.ﬁnguﬂrdheﬂgmmﬂmgjm
given by
£ = Power lost in fncoon m warts =P (1 - 1) i)
whare P = Power mansmitted in warts, and
1 = Efficiency of the worm peaning.
The heat generated mvost be dissipated through the lubricatng edl to the gear box housing and
then to the atmosphere. The heat dissipating capacity depends upon the following factors
1. Areaof the housmg (4],
I Tenyperature difference between the bousing surface and surreunding air (¢, — 1), and
3. Conductivity of the material (£).
g,=4(,-1)K )
From equations (7) and (#). we can find the temperature difference (f, - r,). The average vale
of K may be taken as 378 Wim*~C.
Notes : 1 The maxinwem temsparaturs (¢, — £} should not excesd 27 to 38"C.
1 The maxirvem temperatrs of the Inbricast should not excesd 61°C.
3. Accordizmg to AGMA recommendaticns, the Hmiting mput powss of & plain woms gear uxit fom the

standpoint of heat dissipation, for woms gear speeds wpio 2000 rpm , may be checked from the following
relation, re

whee = Permussible input power in kT,
r = Conive distance In psebres, and




31.11 Forces Acting on Worm Gaars

When the worm geanng is transmitting power, the forces achng on the worm are similar to those
oo a power screw. Fig. 31 5 shows the forces acting on the worm. It may be noded that the forces on
A worm Fear are qual in magnitade to that of worm, buat opposite in direction to those shown in
Fig 31.5.

; Wit gear shaft

LT

S

AL

Wommi
Fig. 31.5. Forces acting om worm teath.
The wvaricus forces acting on the worm may be determined as fiollows
1. Tangential force on the worm,

FT= % w Tomuse o wom

= Axial forcs or thrwst on the worm gear
The tangential force () on the worm produces a twistng moment of magnitude ([, = D,/ Z)
and bends the waorm in the horizontal plane.
1. Acgal force or thrust on the worm,
W, = W, [ tan A = Tangential force on the worm gear
_ 2= Torgue on the womm gear
"~ Pitch circle diameter of worm gear( D) )
The axial force on the worm tends to move the worm xdally, induces an axial load on the
bearings and bends the worm in a vertical plane with a bending moment of magnstade (FF, = D/ 1)
3. Radial ar separatng force on the worm,
W, = W, . tan ¢ = Radial or separating force on the worm gear
The radial or separating force tends to force the worm and worm gear out of mesh. This force
also bends the worm m the vertical plane.
Example 31.2. 4 worm drive ransmits 15 KW ot 2000 rp.m. to @ machine coriagee at 73 rpom.
The warm i5 triple threaded and har 63 mm pitch diameter. The worm gear har 90 feeth of & mm
madule. The rooth form 5 1o be 20° full depth invoiute. The cogfficient gf friction between the maring
feeth may be faken as 0.0 Calcwlare - 1. tangential force acting on the warm [ 2. acial thrust and
separating force on worm; and 3. gfficiency of the worm drive.
Solution. Given : P= 15EkW =15« 1 W ; N, =200 rpm ; N, =TSrpm :n=3;
Do=6mm T =% m=0mm;e=X" . p=010
1. Tangensal force acting on the worm
We know that the torque transmitted by the worm

L]
_ Fx80 13210 =80 o) 6 Hem =71 600 Nomm

T 2x Ny 2xx2000
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The centre distance may be expressed in terms of the axial lead (), lead angle (1) and welocity
ratio (7R}, as follows :

i
Ir= E[EHE-+F_E}
In terms of normal lead (., =/ cos &), the above expression may be writien as

Iy 1+F1
I 3xlsmd cosh

r 1 1 . FE

or e 3mlmma o csh -0

Since the velocity ratio (FR ) is usually grven, therefore the equation (1) confains three variables
i2.x, i aod & The right hand side of the above expression may be calonlated for various vakes of
velocify ratios and the curves are plotted as shownin Fig. 31.7. The lowest point on each of the curves
prves the lead angle which comesponds to the mminmm value of x /[ . This minimm value repre-
seqts the minimum centre distance that can be used with a given lead or inversely the maxinmm lead
that can be wsed with a grven cenire distance. Wow by using Table 31.2 and standard modules, we can
determine the combination of lead angle, lead, centre distance and diameters for the given desien
specifications.

i

s

4

—
=1
="
—_—

3

et

=

FATATY AT

——

14 il 3 Al 50 28]
Lead angle (L) —a
Fig. 31.7. Worm gear desizn carves.
Nape : Tha lowwst point oo the ceres may be detrmined matheratically by differentiating the squation {#) with
mespact bo k and equating to ero, L.
{F R sin® A —cos® &
sim” A cos’ A
Example 31.3. Design 20° imvalute warm and gear to transmit 10 W with warm rotarie af
1400 rp.m. and fo obtam a speed reduction gf 12 - 1. The distance beheoen the shahts is 225 mm.
Solution. Given : ¢=20°  P=10kW=10000 W N, =1400rpm ; FR=11 x=225 mm
The worm and gear is desipned as discossed below
1. Design af worm
Lat b, = Normal lead, and
A = Lead angle.

BTG EEYLE R
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Wormn gesw of 8 steeng medchansm n an automobie.

We have discussed in Ant. 31.12 that the value of x / /, will be munimum comresponding to
cot* A =FR.=12 or cotA=229
A=236°

x_1(1 _Fr
iy  2mlsinh cosA
Iy 1 12

T 2 n} sin 23.6° cos°36‘] (25+131) A

iN =225/25=90 mm
and aialleasd J=1;/cosA=90/c0s236°=082mm

From Table 312, we find that for a velocity ratio of 12, the mumber of starts or threads on the
worm,

=l =4
~. Axial pitch of the threads on the worm,
P, =i/4=982/4=2455mm
m=p /x=2455/x=78nm
Letusukethemndndvalneofmhh.m & mm
~. Axial pirch of the threads on the worm.
p, =nam=px8=125136 mm Ans.
Axial l=ad of the threads on the worm,
I=p .n=25136 x4=100.544 mm Ans.
and normal lead of the threads on the worm,
by = 1c0s A =100.544 c0s 23.6° =92 mm Auns.
We know that the centre distance,

leu[l *m} 92[ 1,12

Inlsinh cosA) 2=xm 236 cos236°
=1464Q25+13.1)=230 mm Ans.
Leat D, = Pitch circle diameter of the worm.
We know that tank = d
=D,

s - 100542

¥ xtam) =ntan236°

BTG EEYLE R

=734 mm Aps




AR AR A B O A IR AR AR O AR AR O AR B O A

Since the velocity ratio is 12 and the worm has quadraple threads (f.e. n = I, = 4), therefore
mumber of teeth on the worm zear,
I,=11x=4=48
From Table 31.3, we find that the face lenzth of the worm or the length of threaded portion is
Ly=p 43+002T,)
=25136(4.3+0.02 = 4)=115 mm A o=

This lengzth should be increased by 253 to 30 mm for the feed marks produced by the vibrating
grindimz wheel as it leaves the thread root. Therefore lot us take

L, = 140 mm Ans.
We know that depth of tooth,
h=04623 p = 04623 = 25136 = 15,56 mm Ans.

..(Frem Table 31.3)
and addencum a=0286p =0285~25136=71 mm Ans.
=~ Onatside diameter of warnm,
D=0, ta=7324+2=72=§164 mm Anz.
2. Design of worm gear
We know that pitch circle diameter of the worm gear,
D.=m I,=8=48=384 mm=0384m Ans.
From Table 31.4, we find that cutside diameater of worm gear,
D, =D, +0.8903 p_ =384 + 0.8003 = 25.136 =406.4 nm Ans.
Throat diameter,
D. =D, +05T1p =384 +0.572 » 25.136 = 398 4 mm Ans.
and face wadth, d=215p +5mm=2115x 35136 +5=39 mm Ans.
Let us now check the desizned worm gearing from the standpeint of tangential load, dynamac
load, stafic load or endurance strength, wear load and heat dissipation.
(g} Check for the tangential load
Lat N, = Speed of the worm gearinrpm.
We know that velocity ratio of the drve,

Py 60 _ 10000 x 60

I=3aN, Inxll67

2= Torque 2Xx8182
= = =4260 N

L D, 0.384
We know that pitch Ime ar peripheral velocity of the worm gear,
w.Dy . Ng _=x0384x116.7
8 &0

=235 m's

=~ Velocity facior,
& &
€= §+v 6+235

BTG EEYLE R
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Gears e isualy enclosed n boxes to peotect them fom enaanmertal
pdiban and prowde them proper Lfncaston
and tooth form factor for 20° involte teeth,

o, 0912 . . 0012
= 0154 - ——=0154 -——=0135
y = 0154 - ——==0154 - === = 0135

3 ¢
15 s
4 §
15 s
4 #
13 s
4 §
13 s
j j
¢ 5
15 i
¢ §
15 i
§ Since the worm gear is gepsrally made oit lphos'phox bronze, therefore takmg the allowable static §
stress for phosphor bronze, ¢_ = 84 MPa or N'mm*

We know that the designed tangential load,

13 i
§ ¥, :{liﬂl.lg\i{b.xm.)ﬂ&% «072)9xm=«8x0.135N §
§ i safeSiff:o;; m:ht m il:.g it’ht:n t:;%;zlnia::gad acting on the zear (7.¢. 4260 N), therefors the design §
§ (3) Check for dyn ar.';.'c lsad z | §
§ e mﬂfhﬁd}n;{i‘:;;? v=12110/0.72=16 820N §
§ : Sjncle tctlns 15 more than W, = 4260 N, therefore the desizn is safe from the standpoint of §
§ l:-nmfn::;: :o:' staric load or endurance s.T{.ng.'k . §
§ We know that the ﬂem;‘a; ::;'iéugn:'.c;a 1?: i:r;hmpbor bronze is §
§ ~. Static load or endurance strength, §
§ F.=0,.bxm y=168=59~n=8=x0135=33635N §
§ a ?(’)1:;& mb;m(@ n:);e E;hhan W, =4260 N, therefore the desizn is safe from the standpoint of §

loadore e strength.

% (d) Check for wear §
¢ 3
¢ ¢
§ i

Assuming the material for worm as hardened steel, therefore from Table 31.5, we find that for
hardened steel worm and phosphor bronze worm gear, the value of load stress factor,
K =055 N'mm*
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W =0, b . K=384=50x055=1146lN
Since this is more than i, = 4260 N, thersfore the design & safe from the standpoint of wear
(e} Check for heat dissipation
First of all. let us find the efficiency of the wonm geaning (1))
® Dy Ny _ mx007324x1300

V= Tk msmge o oomimn

{0, is taken in motres)
-~ Coefficient of fction,
¥ 3515

= D005 + — = D005 + o _ 00445
u " 15000 " 15000

= ¥, is greater than 150 m/min)
and angle of friction, ¢, = tan~ p=tan (0.0445)=2548°
We know that efficiency,
_ t@mi tan 23 §° _ 0436
T nih+e) fn(B6+158 04000
Assuming 15 per cent overload, heat gensrated,
ﬂs=1.15]"[1—11}=1.151]1}1]1]ﬂ['|—1}.m=13T5T
We know that projected area of the worm,

A= %(ﬂ,f =E (73.4)° = 4214 mm*
and projected area of the worm gear,

4= ;l;uuf =;|3E{|I =115 827 pm?
-~ Total projected area of worm and worm gear,
A =4,+4,=4214 + 115 817 =120 041 mm*
= 120 (41 = 105 m*
We know that heat dissipating capacity,
O, =40, -t ) E=120041 = 109 (1, -t ) 3T8 =454 (1,-1,)
The heat pensrated must be dissipated n order o avoid over beating of the dove, therefore
equating §_= 0, wehave
-1, =1375/454=303°C
Since this temperature difference (¢, ¢ ) is within safe limits of 27 to 38°C, therafore the design
is safe from the standpoint of heat.
3. Desigm of worm sha)ft
Let

= 0.B9 ar 89%

dy = Diameter of worm shaft.
TWe know that torque acting on the worm gear shaft,
_ 125 Px 60 _ 13510000 x 60
Tox = "3,  2mxll6]
= 1023 = 10¥ N-mm ...{Taking 25% ovarload)
ro- Tuar __ s
wm  FRxn 12x0389

BTG EEYLE R
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Dfferertes) srzmade an swtomo bk

We know that tans=nrial force on the worm.
W, = Axial force on the worm gear
= SR W2 = B DO XD — 1532 3

D, 7324

Axdal force on the worm,
W _ = Tangenrtial force on the worm Zear

=

_ 2 X T 2 %1023 x10°

R 324
and radial or separating force on the worm

¥, = Radial or separating force on the worm gear
=W, . ano=5328 ~tan 20° = 1040 N
Letus take the distance between the beanngs of the worm shaft (x,) equal to the diameter ofthe

worm gear (D 0 ie.

=5328 N

x, =D, =382 mm
—- Bending moment due to the radial force (7, ) in the vertical plane

’ 3
; g
! ¢
/ <
: 3
/ ¢
’ 3
/ <
’ ¢
: <
: ¢
/ ¢
’ ¢
: <
4 - §
§ = Paxx 1940x384 196540 N-mm §
’ ¢
/ <
’ ¢
/ ¢
’ ¢
: ¢
’ ¢
: 3
’ ¢
! 3
! <
! <
! <
s 3

= 3 3
ard bending momeant due o axial force () in the vertical plan=
W, < D,

.. Wa - 5328 x 7324
i e - 3
- Total bendinz moment in the vertical plane,
Af, = 186240 =97 556 =283 796 N-mm
We know that bendings moment due to tangential force () in the honzontal plane,
. ;D - 363::' 384 251712 Nmm
~ Resultant bendins moment on the worm shatft

A= Joar Y + (g, = J283 796)° = (251 712)° = 379340 N-mm

———

= 907556 N-mm
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e = AT I = (M) =296 10" + (379 340)* N-mm

= 301 300 B-mm

We alzo know that equivalent tovisting nwoment (T,
msm—ﬁ!fﬂwf——xiﬂtﬂwj’—ﬂ'ﬁlﬂw}’
—{Teking == 50 MMPa or Hizam™)

- (d'w;:’ = 301 300 /981 =30 B850 or dy, =342 say 35 mm Ans
I.elusnu-'c'l:ucl:ﬂ:e shear siress induced.
We know that the achaal shear stress,

_ 16 T, 18391 300

={dw) =35
and direct compressive siress on the shafi due o the axdal foros,

= 4485 Hom®

o e . B 5 5e N

C ey S
-~ Mlancipmnn shear siress,

= %,,I'Eu,f +4 2 =%J|:5.54;|* + 4 [46.5) = 46.6 MPa
Since the maxinnom shear sress induaced is less than 30 MPa (assumed), therefors the design of
worm shaftis satsfaciony.
4. Dhesigm of worm gear shafT
Let d, = Diammeter of womm gear shadfi
We have calculared abowe that the adal force on the wormn gear

= MF2X
Tangemrial force on the worm gear
= 5328
and radial or separatinz force on the worm gear
= 1820
We knosw that bending moament dune to the axial force on the worm gear
_ Axial force = IV, 2621 384
- E) - 4
The bending mwoment doe to the axdal force will be m the vertical plane.
Let us rake the distance between the bearings of the worm gear shafi (x ) as 230 mm.
. Bending moment due to the radial force on the worm gear

_ Fadia? f':""””* =1m:‘15':' =121 250 N-mm

The bending moment doe to the radial force will alsoe be in the vertical plans.
- Toral bendins monyent i the ventical plame
A, = 251 712 + 121 250 = 371963 H-mm

= 251 712 -1
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e know that the bending moment dus 1o the tangeniial force in the borizontal plane
Tangential force = x; 3328 = 250
A, = ] = 4
- Fesultant bending mveneent on the worm gear shaft,
M__ = JOML P + (ALY = 3728620 + (333 000)° N-mm
= 500 = 10* N-oum

We have already caloulated that the torgoe acting on the worm gear shafi,
I =1023 = 10" MN-mm

- Etp.iuala:trnimng"::um]mﬂmmgzuﬂuﬂ_

T, = JI P +(M__F =0023 < 10°) + (500 x 10°F N-mm
= 1.14 = 10F N-mm
mmmmmmg;g
114 = 108 = 72 %7 (dg)* =755 50 (dg ) =0.82 (d,)"
(@) =114 = 106/ 982 =108 = 10*

d, = 458 say 30 mm Ans.
Letos now check the maxinmm shear stress induced.
We kpow that actoal shear siress,
16, _16x114x10°
w (dg)* = (50)°
and direct compressive stress on the shaft due to the axdal foroe,

Ur:“"'”““: 2622 133 Nipm® =133 MPa

y (g F* ry 1)y

=333 000 N-pom

= 464 NWmm® = 464 MPa

- Mlasipme shear siress,

= %J(n,}* +4 5 =%..I'l;l33:j* + 4 {45.4F = 46 4MPa

Post Test

Example 31.4. A4 speed
reducer unit is to be designed for
an input of 1.1 kW with a
fransmission ratio 27. The speed of
the hardened steel worm is 1440
r.p.m. The worm wheel is to be made

Key answer

Pre Test
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Return to the text

Post test

Solution. Given: P=1.1 kW
= 1100 W : VR. = 27 . Ny, = 1440
r.pam. ;¢ =20°

A speed reducer unit (ie..
worm and worm gear) may be
designed as discussed below.

Smee the centre distance between the shafis 15 not known, therefore let us assume that for this
size unit, the centre distance (x) = 100 mm.
We know that prich errele diameter of the worm,
(_r}ﬂ.ﬁ?ﬁ B ﬂm}mi
Pw=Tat6 ~ 1416
~. Pitch circle diameter of the worm gear,
Dy =2x - Dy=2 = 100 — 40 = 160 mm
From Table 31.2, we find that for the transmission ratio of 27, we shall use double start
worms.
= Mumber of teeth on the worm gear,
T, =21=27=34
We know that the axial pitch of the thraads on the worm (p_} 1= equal to ewreular pitch of teeth on

= 307 say 40 mm

s, pc:%:—“’;m:sum
p,_93
and module, ,.,-:?:T:Z.EGEE}'Sm
. Actual cireular prich,
p,=mm=mx3=9426 mm
Acmal pitch cirele diameter of the weorm gear,

T. 9426x54
£ n" =162 mm An:.

De =
a.udadualpiﬁ'hti:dediam.e‘hﬂufthemwurm,
De=2x-D =2x100-162=38 mm An:.
The face width of the worm gear (b} may be taken as 0.73 times the prtch circle diameter of
worm (D).
b =073D,=073=38=27.7 say 28 mm
Letus now check the design from the standpomt of tangential load, dynamic load, static load or
endurance strength wear load and heat dissipation.
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1. Check for the tangennial load
Lat Np = Speed of the worm gearin rp.m.
We know that velocity ratio of the drve,
Ny Ny 1440
=—oNg=—2=——=53331rpm
R =N " TVR™ ?
. Penipheral velority of the worm gear,
TD; . Ng mx0.162x533
60 60

=045 m's

"r=
- (D is taken in metres)
i —ﬁ ——6 =083
and velocify fastor, C= Fev 620452
We know that for 20° involute teeth, the tooth form factor,

0012 0012
»= 0154 - - = 0154 - 1 - 0137

G

From Table 31 4, we find that allowable static stress for phospher bronze is
g, = 54 MPa or N/mm®
.~ Tangental load ransmitted,
Fr=@0,.Clb.mm. y=(84=x093)28«xm=3 x013TN
=2825N
and power transmitted due to the tangential load,
P=Wpav=2825x0452=1277W=1277T kW
Smee this power 15 more than the given power to be transmutted (1.1 kW), therefore the design
15 safe from the standpoint of tanpential load.
1. Check for the dynamic load
We know that the dynamic load,
Wy =W /C =2825/093=3038N
and power transmitted due to the dynamac laod,
P=Wpxv=3038=0452=1373 W=1373 kW
from the standpomt of dynamic load.
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3. Check for the static load or endurance strengeh
From Table 31.8, we find that the flexural enduwrance ot for phosphor bronze 15
o, = 163 MPa or N/mm?
. Static load or endurance strength,
We=0,. bmim_ y=168=28=m =3 =0137=607T5N
and power transmitied due fo the static load,
P=Wyxv=6075=0452=2T46 W=2T46 kW
Smee this power is more than the power to be transmatted (1.1 kW), therefore the design 15 safe
from the standpoint of statie load.
4. Check for the wear load
From Table 31.5, we find that the load stress factor for hardened steel worm and phosphor
bronze worm gear is
E =055 N/mm?
W=D, b . E=162 =28« 055=2495N
and power transmitted due to the wear load,
P=WFgav=2495x0452=1128 W=1128kW
Smee this power 15 more than the given power to be tran=mitted (1.1 kW), therefore the design
15 safe from the standpoint of wear.
5. Check for the hear dissiparien
We know that permiszible input power,
p o 363000 _ 3650 0.0
FR+5 2745
Smee this power 15 more than the given power to be tran=mitted (1.1 kW), therefore the design
15 safe from the standpoint of heat dissipation.

=223TKW . (xistaken in matres)
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A cam 1s a rotaiing machine element which gives
reciprocating or oscillating motion to another element known
as follower. The cam and the follower have a line contact
and constitute a higher pair. The cams are usually rotated at
uniform speed by a shaft, but the follower motion is pre-
determined and will be according to the shape of the cam.
The cam and follower is one of the simplest as well as one
of the most important mechanisms found in modern
machinery today. The cams are widely used for operating
the inlet and exhaust valves of internal combustion engines.
automatic attachment of machineries. paper cutting machines.
spinning and weaving textile machineries. feed mechanism
of automatic lathes etc.

Objectives :-

After studying the first modular unit , the student will be able to:-

1-

Flow Chart:-
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Next Package J

Pre Test

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.

Notes
-10 degrees for the above question.

- Check your answers in key answer.
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The Text

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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1 |« follower

%Z;’//%

@ Cam

{a) Cam with knife (b) Cam with roller (c) Cam with flat
edge follower. follower. faced follower.

A Knife edge
I
I

/fso'ﬁgs:;?al faced Offset follower ~— |

W7 S e
i I

Cam
Cam

.|. i

(d) Cam with spherical (e) Cam with spherical
faced follower. faced follower.

2.cylindrical cam




=
=9

(a) Cylindrical cam with reciprocating
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. translating follower

b. oscillating follower

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

b. off-set follower
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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.
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Reciprocating N

Trace point s

l.«—Total follower travel
Maximum ™~

pressure g 1
angle

roller follower I I}
L]
N
A

*,Pitch circle

11
~

-

2~
Foﬂowar . |
v 10
mo;,o" g Cam shaft

pitch point — 3/ | f—}—
1

L
2‘3:"'2 X “, Pitch point

Prim 4 N g ‘Ig
circle \ ~ ]l

!
-
Pitch curve
Cam profile” ~_ ~— A
57 -

— -

\___ 6
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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i —Angular displaoement—"‘i

(a) Displacement diagram

(b) Velocity diagram

(b) Velocity diagram

L

(c) Acceleration diagram

Modified displacement, velocity and
acceleration diagrams when the follower
moves with uniform velocity.
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Displacement, velocity and acceleration diagrams when the
follower moves with simple harmonic motion

=~

@
\

’

Q

—Displacement —
@ "
v ]

e — .

(a) Displacement diagram

7

L—QH—J

I
1
1
|
|
i
1
1(b) Velocity diagram,
1
1
|
1
I
I
I
|

z
[*]
3
=
|
t
5
5
2
5
<
|

I
— (c) Acceleration diagram

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
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g,
w=—

t
T

0
(4]

0

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,

V_7Z'S_ ) _zsxg_mgs
° 21, 5 o, 2 0, 20,
Xi
@

Maximum acceleration of the follower on the outstroke

T® S

( )*

C(v)t T2 1’ S
OP 20,7

Similarly, maximum velocity of the follower on the return stroke

TS

Vv
R
20,
Maximum acceleration of the follower on the return stroke

lw® S
2 0,°

Motion of a point.
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Displacement, velocity and acceleration diagrams when the
follower moves with uniform acceleration and retardation
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a) Displacement diagram
12345678 "@34sgng (@) Pl . a9

-« By —4 [« B _"‘I
— Angular displacement——

/ \
Max vy !
- i ' (b) Velocity diagram

—Displacemeant —»

=

(c) Acceleration diagram

1splacement, velocity and acceleration diagrams when the follower moves

Mean velocity of the follower during out stroke Vo = -

tO

Mean velocity of the follower during return stroke VR =

Ly

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

2v, 2x20S 4 *S
tO 00 002

Similarly, maximum acceleration of the follower on the return stroke

4&*S
0.°

ag
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Displacement, velocity and acceleration diagrams when the
follower moves with cycloidal motion
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(a) Displacement diagram

c

——Anqular displacement——-

IM Vo

I
l (b) Velocity diagram

(c) Acceleration diagram

Displacement, velocity and acceleration diagrams when the
follower moves with cycloidal motion.

Maximum velocity of the follower during out stroke is : Vo =

Similarly, maximum velocity of the follower during return stroke is :
v - 2mS
R =
Or

Maximum acceleration of the follower during out stroke is :
2 w® S

©,)
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Similarly, maximum acceleration of the follower during

a 2 Tw?® S
return stroke is : R — 2
(6:)

Post Test

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.
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Key Answer

Pre Test

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

Knife edge k
follower ]

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

the cam shaft
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Post Test

|_He1urn
stroke

|«——Outstroke —>| Dwell




AR AR AR A AR IR A AR AR O BB R O A A

(a) profile of cam:

Knife edge

1

Base circle

(b) profile of the cam with offset:
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MAXIMUM VELOCITY OF THE FOLLOWER( during ascent and descent)

o — 27 N 27x240
60 60

=25.14rad/s

0, = 90° =% rad =1.571rad

7wS 1x2514%x0.04
v, = = =1m/s
2 6, 2x1.571

0, = 60° = % rad = 1.047 rad

v, = T o S 7z x25.14x0.04 151 m/s
2 0, 2x1.047

MAXIMUM ACCELERATION OF THE FOLLOWER( during ascent and descent)
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z*e®S 7’ x(25.14)° x0.04
26, 2x (15717

4 n’ 0* S _ x® x(25.14) x0.04
C2(6,) 2 x (1.047)

= 50.6 m/s?

=113.8 m/s?

Reference

R. S. Khurmi, J. K. Gupta, "Theory of machine"
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(Machine Parts)
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The aims :-machine parts aims to explain the role of mechanical
parts through machine System, the relation links them , how to
conduct some calculations to design these parts and to specify all
factors that are affected

References:-

1-Strength of Material by Ferdinal L .Singer
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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- Schaums Qutline Series of Machine Design by Hall , Holowenko ,
Laughin

Theoretical Subjects

Week No. Subject Topics

Riveted Joints. Types of Riveted Joints, Design of Riveted Joints,
Efficiency of Riveted Joints .

4-5 Welded Joints Types of welding Joints , Design of welding Joints

Screwed Joints, Design of Bolts for Fastening , Design of Bolts for Pow
Transition .

8-9 Keyed Joints , Types of Key, Design of Sunk Key .

Frictional Clutches, Type of Frictional Clutches , Design of Frictional
Clutches.

12-13 Types of Springs , Design of Springs

Week No. Subject Topics
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Types of Belts, Design of Belts.

Design of Shafts

Design of Journal Bearings

Selection of Ball Bearings

Design of Gears by Lewis Equation

Gears Trains

Design of Simple Gears Box

Worm Gears

Cams

¢ gl 30 Ao zleiall (Ade jge anal gall (e dae AU Al jall o) JaY) 4408 Bala puial
Agialloda 35 pualae 15 e de e LSy (il sinall Cale ki)

BTG EEYLE R




