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18.1 Introduction

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

1. Thevelocity of the belt.
2. The tension under which the belt is placed on the
pulleys.
3. Thearc of contact between the belt and the smaller
pulley.
4. The conditions under which the belt is used.
It may be noted that
(a) Theshaftsshould beproperly inlinetoinsureuniform
tension across the belt section.
(b) Thepulleysshould not betoo closetogether, in order
that the arc of contact on the smaller pulley may be
aslarge as possible.

*  Rope drives are discussed in Chapter 20.
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(c) The pulleys should not be so far apart as to cause the belt to weigh heavily on the shafts,
thus increasing the friction load on the bearings.

(d) Alongbelt tendsto swing from sideto side, causing the belt to run out of the pulleys, which
in turn devel ops crooked spotsin the belt.

(e) Thetight side of the belt should be at the bottom, so that whatever sag is present on the
loose side will increase the arc of contact at the pulleys.

(f) Inorder to obtain good results with flat belts, the maximum distance between the shafts
should not exceed 10 metres and the minimum should not belessthan 3.5 timesthe diameter
of thelarger pulley.

18.2 Selection of a Belt Drive
Following are the various important factors upon which the selection of abelt drive depends:
1. Speed of the driving and driven shafts, 2. Speed reduction ratio,

3. Power to be transmitted, 4. Centre distance between the shafts,
5. Positivedrive requirements, 6. Shaftslayout,
7. Space available, and 8. Serviceconditions.

18.3 Types of Belt Drives
The belt drives are usually classified into the following three groups:

1. Lightdrives. These are used to transmit small powers at belt speeds upto about 10 m/sasin
agricultural machines and small machinetools.

2. Medium drives. These are used to transmit medium powers at belt speeds over 10 m/s but
up to 22 m/s, asin machine tools.

3. Heavy drives. These are used to transmit large powers at belt speeds above 22 m/s asin
compressors and generators.

18.4 Types of Belts

Though there are many types of belts used these days, yet the following are important from the
subject point of view:

1. Flat belt. Theflat belt as shown in Fig. 18.1 (a), is mostly used in the factories and work-

shops, where a moderate amount of power isto be transmitted, from one pulley to another when the
two pulleys are not more than 8 metres apart.

Flat belt

Circular belt

(a) Flat belt. (b) V-belt. (c) Circular belt.

Fig. 18.1. Types of belts

2. V-belt. TheV-belt asshownin Fig. 18.1 (b), ismostly used in the factories and workshops,
where agreat amount of power isto be transmitted, from one pulley to another, when the two pulleys
arevery near to each other.

3. Circular belt or rope. Thecircular belt or ropeasshowninFig. 18.1 (c) ismostly used inthe
factories and workshops, where a great amount of power is to be transmitted, from one pulley to
another, when the two pulleys are more than 8 metres apart.
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If ahuge amount of power isto be transmitted, then asingle belt may not be sufficient. In such
acase, wide pulleys (for V-belts or circular belts) with a number of grooves are used. Then abeltin
each groove is provided to transmit the required amount of power from one pulley to another.

Note : The V-belt and rope drives are discussed in Chapter 20.

18.5 Material used for Belts

The material used for belts and ropes must be strong, flexible, and durable. It must have ahigh
coefficient of friction. The belts, according to the material used, are classified asfollows:

1. Leather belts. The most important material for flat belt isleather. The best leather belts are
made from 1.2 metresto 1.5 metres long strips cut from either side of the back bone of the top grade
steer hides. The hair side of theleather is smoother and harder than the flesh side, but theflesh sideis
stronger. Thefibres on the hair side are perpendicul ar to the surface, while those on theflesh side are
interwoven and parallel to the surface. Therefore for these reasonsthe hair side of abelt should bein
contact with the pulley surface asshown in Fig. 18.2. Thisgivesamoreintimate contact between belt
and pulley and placesthe greatest tensile strength of the belt section on the outside, where the tension
is maximum as the belt passes over the pulley.

The leather may be either oak-tanned or mineral salt-tanned e.g. chrome-tanned. In order to
increase the thickness of belt, the strips are cemented together. The belts are specified according to
the number of layerse.g. single, double or triple ply and according to the thickness of hidesused e.g.
light, medium or heavy.

Direction of motion

Direction of motion —_—
> {
; s 3
Hairs'de—/ Hairside_/
(a) Single layer belt. (b) Double layer belt.

Fig. 18.2. Leather belts.

The leather belts must be periodically cleaned and dressed or treated with a compound or
dressing containing neats foot or other suitable oils so that the belt will remain soft and flexible.

2. Cotton or fabric belts. Most of the fabric belts are made by folding convass or cotton duck
to three or more layers (depending upon the thickness desired) and stitching together. These beltsare
woven also into astrip of the desired width and thickness. They areimpregnated with somefiller like
linseed oil in order to make the belt water-proof and to prevent injury to the fibres. The cotton belts
are cheaper and suitable in warm climates, in damp atmospheres and in exposed positions. Sincethe
cotton belts require little attention, therefore these belts are mostly used in farm machinery, belt
conveyor etc.

3. Rubber belt. The rubber belts are made of layers of fabric impregnated with rubber
composition and have athin layer of rubber on the faces. These beltsare very flexible but are quickly
destroyed if allowed to comeinto contact with heat, oil or grease. One of the principle advantage of
these beltsisthat they may be easily made endless. These beltsare found suitablefor saw mills, paper
millswhere they are exposed to moisture.

4. Balatabelts. These beltsare similar to rubber belts except that balatagum isused in place of
rubber. These beltsare acid proof and water proof and it is not effected by animal oilsor alkalies. The
bal ata belts should not be at temperatures above 40°C because at thistemperature the balatabeginsto
soften and becomes sticky. The strength of balata beltsis 25 per cent higher than rubber belts.
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18.6 Working Stresses in Belts

The ultimate strength of |eather belt varies from 21 to 35 MPaand a factor of safety may be
taken as8to 10. However, the wear life of abelt ismore important than actual strength. It has been
shown by experience that under average conditions an allowabl e stress of 2.8 MPaor lesswill give
areasonable belt life. An allowable stress of 1.75 MPamay be expected to give abelt life of about
15 years.

18.7 Density of Belt Materials
The density of various belt materials are given in the following table.

Table 18.1. Density of belt materials.

Material of belt Mass density in kg / m?
L eather 1000
Convass 1220
Rubber 1140
Balata 1110
Single woven belt 1170
Double woven belt 1250

18.8 Belt Speed

A little consideration will show that when the speed of belt increases, the centrifugal force also
increases which tries to pull the belt away from the pulley. Thiswill result in the decrease of power
transmitted by the belt. It has been found that for the efficient transmission of power, the belt speed
20 m/sto 22.5 m/s may be used.

18.9 Coefficient of Friction Between Belt and Pulley

The coefficient of friction
between the belt and the pulley
depends upon thefollowing factors:

1. Thematerial of belt;

2. Thematerial of pulley;

3. Thedlip of belt; and

4. The speed of belt.

According to C.G. Barth, the
coefficient of friction (i) for oak
tanned leather belts on cast iron
pulley, at the point of slipping, is

given by thefollowing relation, i.e. Belts used to drive wheels
H=054- _426
1526 +v

where v = Speed of the belt in metres per minute.
Thefollowing table shows the values of coefficient of friction for various materials of belt and
pulley.
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Table 18.2. Coefficient of friction between belt and puliey.

Pulley material
Belt material Cast iron, steel Wood Compressed Leather Rubber
paper face face
Dry | Wet | Greasy

1. Leather oak tanned 0.25 0.2 | 0.15 0.3 0.33 0.38 0.40
2. Leather chrome tanned 035 | 032 | 0.22 0.4 0.45 0.48 0.50
3. Convass-stitched 020 | 015 | 0.12 0.23 0.25 0.27 0.30
4. Cotton woven 022 | 015 | 0.12 0.25 0.28 0.27 0.30
5. Rubber 0.30 | 0.18 — 0.32 0.35 0.40 0.42
6. Baata 0.32 | 0.20 — 0.35 0.38 0.40 0.42

18.10 Standard Belt Thicknesses and Widths

Thestandard flat belt thicknessesare5, 6.5, 8, 10 and 12 mm. The preferred values of thicknesses
areasfollows:

(a) 5mm for nominal belt widths of 35 to 63 mm,

(b) 6.5 mm for nominal belt widths of 50 to 140 mm,

(c) 8 mm for nominal belt widths of 90 to 224 mm,

(d) 10 mm for nominal belt widths of 125 to 400 mm, and

(e) 12 mm for nominal belt widths of 250 to 600 mm.

The standard values of nominal belt widths arein R10 series, starting from 25 mm upto 63 mm
and in R 20 series starting from 71 mm up to 600 mm. Thus, the standard widths will be 25, 32, 40,
50, 63, 71, 80, 90, 100, 112, 125, 140, 160, 180, 200, 224, 250, 280, 315, 355, 400, 450, 500, 560 and
600 mm.

18.11 Belt Joints

When the endless belts are not available, then the belts are cut from big rolls and the ends are
joined together by fasteners. The various types of joints are

1. Cementedjoaint, 2. Lacedjoint, and 3. Hingedjoint.

The cemented joint, as shown in Fig. 18.3 (a), made by the manufacturer to form an endless
belt, ispreferred than other joints. Thelaced joint isformed by punching holesinline acrossthe belt,
leaving a margin between the edge and the holes. A raw hide strip is used for lacing the two ends
together to form ajoint. Thistype of joint isknown as straight-stitch raw hide laced joint, as shown
inFig. 18.3 (b).

Metal laced joint as shown in Fig. 18.3 (), is made like a staple connection. The points are
driven through the flesh side of the belt and clinched on the inside.

Sometimes, metal hinges may be fastened to the belt ends and connected by asteel or fibre pin
asshown in Fig. 18.3 (d).
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Jointed

(d) Hinged joint.
Fig. 18.3. Belt joints.
The following table shows the efficiencies of these joints.

Table 18.3. Efficiencies of belt joints.

Type of joint Efficiency (%) Type of joint Efficiency (%)
1. Cemented, endless, 90 to 100 4. Wire laced by hand 70to 80
cemented at factory
2. Cemented in shop 80to 90 5. Raw-hidelaced 60to 70
3. Wire laced by machine 7510 85 6. Metal belt hooks 35t040

18.12 Types of Flat Belt Drives

The power from one pulley to another may be transmitted by any of the following types of belt
drives.

Cross or twist belt drive
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1. Open belt drive. The open belt drive, as shown in Fig. 18.4, is used with shafts arranged
parallel and rotating in the same direction. In this case, the driver A pullsthe belt from one side (i.e.
lower side RQ) and deliversit to the other side (i.e. upper side LM). Thusthetensioninthelower side
belt will be more than that in the upper side belt. The lower side belt (because of more tension) is
known as tight side whereas the upper side belt (because of less tension) is known as slack side, as
shownin Fig. 18.4.

Slack side

Driver Driven

Tight side

Fig. 18.4. Open belt drive.

2. Crossed or twist belt drive. The crossed or twist belt drive, asshownin Fig. 18.5, isused with
shafts arranged parallel and rotating in the opposite directions. In this case, the driver pulls the belt
fromoneside (i.e. RQ) and deliversit to the other side (i.e. LM). Thus, the tension in the belt RQ will
be more than that in the belt LM. The belt RQ (because of more tension) is known as tight side,
whereas the belt LM (because of lesstension) is known as slack side, as shown in Fig. 18.5.

Fig. 18.5. Crossed or twist belt drive.

A little consideration will show that at a point where the belt crosses, it rubs against each other
and there will be excessive wear and tear. In order to avoid this, the shafts should be placed at a
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maximum distance of 20 b, where b isthe width of belt and the speed of the belt should be less than
15m/s.

3. Quarter turn belt drive. The quarter turn belt drive (also known asright angle belt drive) as
shownin Fig. 18.6 (a), isused with shaftsarranged at right anglesand rotating in one definitedirection.
In order to prevent the belt from leaving the pulley, the width of the face of the pulley should be
greater or equal to 1.4 b, where b iswidth of belt.

In case the pulleys cannot be arranged as shown in Fig. 18.6 (a) or when the reversible motion
isdesired, then aquarter turn belt drivewith a guide pulley, as shownin Fig. 18.6 (b), may be used.

Driver

Guide pulley
-
-

(a) Quarter turn belt drive. (b) Quarter turn belt drive with guide pulley.
Fig. 18.6
4. Belt drive with idler pulleys. A belt drive with an idler pulley (also known as jockey pulley
drive) asshownin Fig. 18.7, isused with shaftsarranged parallel and when an open belt drive can not
be used due to small angle of contact on the smaller pulley. Thistype of driveis provided to obtain
high velocity ratio and when the required belt tension can not be obtained by other means.

Driven
pulleys

Fig. 18.7. Belt drive with singleidler pulley. Fig. 18.8. Belt drive with many idler pulleys.

When it isdesired to transmit motion from one shaft to several shafts, all arranged in parallel, a
belt drive with many idler pulleys, as shown in Fig. 18.8, may be employed.

5. Compound belt drive. A compound belt drive as shown in Fig. 18.9, is used when power is
transmitted from one shaft to another through a number of pulleys.
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Fig. 18.9. Compound belt drive.

6. Stepped or cone pulley drive. A stepped or cone pulley drive, asshownin Fig. 18.10, isused
for changing the speed of the driven shaft while the main or driving shaft runsat constant speed. This
is accomplished by shifting the belt from one part of the steps to the other.

— — Driving pulley
[ «
2 E Main or driving § ;
| shaft | Line shaft

Cone pulley

Loose pulley
Fast pulley
. | /
Hoh Driven shaft J

_E_________é_ _é__ | :gyiaf:hineshaﬁ

Fig. 18.10. Stepped or cone pulley drive. Fig. 18.11. Fast and loose pulley drive.

7. Fast and loose pulley drive. A fast and loose pulley drive, as shown in Fig. 18.11, is used
when the driven or machine shaft isto be started or stopped whenever desired without interferring
with thedriving shaft. A pulley which iskeyed to the machine shaft is called fast pulley and runs at the
same speed as that of machine shaft. A loose pulley runs freely over the machine shaft and is
incapable of transmitting any power. When the driven shaft is required to be stopped, the belt is
pushed on to the loose pulley by means of sliding bar having belt forks.
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18.13 Velocity Ratio of a Belt Drive

It is the ratio between the velocities of the driver and the follower or driven. It may be
expressed, mathematically, as discussed below:

Let d, = Diameter of the driver,
d, = Diameter of the follower,
N, = Speed of the driver inr.p.m.,
N, = Speed of the follower inr.p.m.,
. Length of the belt that passes over the driver, in one minute
=nd N,
Similarly, length of the belt that passes over the follower, in one minute
=nd,N,
Sincethelength of belt that passesover thedriver in one minuteisequal to thelength of belt that
passes over the follower in one minute, therefore

nd, N, =7nd,N,

N, d
and velocity ratio, —2z=-1
When thickness of the belt (t) is considered, then velocity ratio,
N, di+t
N, dy+t

Notes: 1. The velocity ratio of abelt drive may also be obtained as discussed below:
We know that the peripheral velocity of the belt on the driving pulley,

Vl - Mm/s

and peripheral velocity of the belt on the driven pulley,

v, = %GONZ m/s
When thereisno dip, then v, = v,
nd, N, wd,N, or N, _d
60 60 N, d,
2. In case of acompound belt drive as shown in Fig. 18.7, the velocity ratio is given by

N, d;xd, Speed of last driven _ Product of diametersof drivers
Wl ~d,xd, o Speed of first driver  Product of diameters of drivens

18.14 Slip of the Belt

In the previous articles we have discussed the motion of belts and pulleys assuming a firm
frictional grip between the beltsand the pulleys. But sometimes, thefrictional grip becomesinsufficient.
Thismay cause some forward motion of thedriver without carrying the belt withit. Thisiscalled dlip
of the belt and is generally expressed as a percentage.

Theresult of the belt slipping isto reduce the vel ocity ratio of the system. Asthe slipping of the
belt isacommon phenomenon, thusthe belt should never be used where adefinite velocity ratio is of
importance (asin the case of hour, minute and second armsin awatch).

Let s, % = Slip between the driver and the belt, and
s, % = Slip between the belt and follower,
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.. Velocity of the belt passing over the
driver per second,

nd; N, wd N, !
60 60 100

Y %ONl (1 - %} ()

and velocity of the belt passing over the
follower per second

mdy Ny _V_V(ijzv(l_ij
60 B 100 100

Substituting thevalue of v from equation

V=

Belt slip indicator is used to indicate that the

(i) we have belt is slipping.
nd, N, —nlel(l—ij(l—ij
60 60 100 100
Ny = ﬁ(l_i_ij ___(Neglecting X % J
N, d, 100 100 100 x 100

=

_ d_{l_(mﬂ_ﬂ@_ij
T d, 100 /] d, 100

..(wheres=s, +s, i.e total percentage of slip)
If thickness of the belt (t) is considered, then

Np _ dyt (1_ij
N, d,+t 100
18.15 Creep of Belt

When the belt passes from the slack side to the tight side, a certain portion of the belt extends
and it contracts again when the belt passes from the tight side to the slack side. Due to these changes
of length, there is arelative motion between the belt and the pulley surfaces. Thisrelative motionis
termed as creep. The total effect of creep is to reduce slightly the speed of the driven pulley or
follower. Considering creep, the velocity ratio is given by

N, G E+yoo
N, & E+,o
where 0, and 6, = Stressin the belt on the tight and slack side respectively, and
E = Young's modulus for the material of the belt.
Note: Since the effect of creep isvery small, thereforeit is generally neglected.

Example 18.1. An engine running at 150 r.p.m. drives a line shaft by means of a belt. The
engine pulley is 750 mm diameter and the pulley on the line shaft is 450 mm. A 900 mm diameter
pulley on the line shaft drives a 150 mm diameter pulley keyed to a dynamo shaft. Fine the speed of
dynamo shaft, when 1. thereis no dlip, and 2. thereisa slip of 2% at each drive.

Solution. Given : N; = 150 r.p.m.; d, = 750 mm; d, = 450 mm; d, = 900 mm ;
d,=150mm;s =5s,=2%

The arrangement of belt driveis shown in Fig. 18.12.
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Let N, = Speed of the dynamo shaft.
1. When thereisno dlip
We know that
Ny _ d; x dg or Ny _ 750><900=10
N, d, xd, 150 450x150

N, = 150 x 10 = 1500 r.p.m. Ans.
900 4>‘ 150
ol T
[
I | I
[Ij |
| S Dynamo—/;r’!j_l @

shaft

0] Ep ;:Engine shaft ?JLEPtLine shaft
450

All dimensions in mm.
Fig. 18.12

2. When thereisa dlip of 2% at each drive

We know that
Ny _ M(l_ij (1_ij
N, d, xd, 100 100

or Ny :—750X900(1_ij(1_ij=9_6
150 450 x 150 100 100

N, = 150 x 9.6 = 1440 r.p.m. Ans.

18.16 Length of an Open Belt Drive

We have discussed in Art. 18.12, that in an open belt drive, both the pulleys rotate in the same
direction as shownin Fig. 18.13.

Fig. 18.13. Open belt drive.
Let r,andr, = Radii 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.
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