POWER TRANSMISSION

The following are the major types of power transmission.
1 Belt drive, 2 Rope drive, 3 Chain drive, 4 Gear drive

BELT DRIVE: - This type of drive is used when the power is to be transmitted from one
shaft to other which is at a distance. Pulleys are mounted on the driver and
driven/follower shafts and an endless belt are fitted tightly over these pulleys. The
frictional resistance between these pulleys and belt is the reason for the power
transmission, which depends on the velocity of belt, tension of the belt and arc of contact
of the belt in the smaller pulley. There are flat belt and V- belt used for the power
transmission.

Open belt drive: - for parallel shafts and to be rotated in the same direction as that of the
driver shaft. The driver pulley pulls the belt from one side and delivers it to the other
side. The tension in the former side will be larger and hence called tight side and the
other side where the tension is less is called slack side.

Crossed belt drive: - when the driven shaft is to be rotated in the opposite direction as
that of the driver shaft, the belt is to be arranged in a crossed manner as shown in the fig.

ROPE DRIVE: - cotton ropes of circular in cross section are used for power
transmission. They are arranged in groves of the pulley. The grove angle varies from 40°
to 60° . More than one drive can be taken is the main advantage. For transmitting large
power wire ropes are used.

CHAIN DRIVES: -An endless chain running over toothed wheels mounted on the driver
and driven shafts. The smaller wheel is called pinion and the other is called wheel. The
chain consists of plates; pins and bushes made of high-grade steel. There are hoisting
chains and pulling chains apart from the power transmitting chains. Roller chains and
silent/inverted chains are the different types of power transmitting chains.

GEAR DRIVES: -Toothed wheel is the gear for transmitting power between two shafts,
which are very closer. The teeth of the gear mounted on the shaft meshes each other
during rotation. Gears are manufactured either by milling, by casting or by hobbing. Spur
gear, helical gear, bevel gear, worm gear are different types.

Advantages of flat belt: - Advantages of rope drives
1. Used for high speed transmission 1. Smooth and silent
2. Absorbs shock and vibration 2. Less weight

3. Used in industrial purposes 3. Shock resistant

4. Longer life when properly maintained 4. Longer life

Advantages of V- belt: - Advantages of gear drives



1. Used for very high speed ratio 1. High efficiency

2. Will not come out of grove 2. Less maintenance cost

3. More drives can be taken from a single pulley 3. Very high accuracy

4. Low percentage slips 4. Can be used for non
intersecting and non

Advantages of chain drives Disadvantages of chain drives

1. Zeroslip 1. High cost

2. High efficiency 2. More weight

3. Occupies less space 3. Velocity fluctuation due to change in
length

4. Can be operated at adverse temp 4. Need accurate mounting and
maintenance

5. less load on shaft

6. Can transmit power to several shafts

11.4. Types of Belts

Flat belt V- belt
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(a) Flat belt. (b) V-belt. (¢) Circular belt.
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Fig. 11.1. 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 belf. The flat belt, as shown in Fig. 11.1 (a). is mostly used in the factories and
workshops. where a moderate amount of power is to be fransmitted, from one pulley to another when
the two pulleys are not more than 8 metres apart.

2. V-beit. The V-belt. as shown in Fig. 11.1 (), is mostly used in the factories and work-
shops, where a moderate amount of power is to be transmitted. from one pulley to another, when the
two pulleys are very near to each other.

3. Circular belt or rope. The circular belt or rope. as shown in Fig. 11.1 (¢). is mostly used
in the 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 meters apart.



11.6. Types of Flat Belt Drives

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

1. Open Delf drive. The open belt drive, as shown in Fig. 11.3, is used with shafts arranged
parallel and rotating in the same direction. In this case, the driver 4 pulls the belt from one side (i.e.
lower side R Q) and delivers it to the other side (7.e. upper side L M). Thus the tension in the lower side
belt will be more than that in the upper side belt. The lower side belt (because of more tension) is
known as fight side whereas the upper side belt (because of less tension) is known as slack side, as
shown in Fig. 11.3.

Fig. 11.3. Open belt drive.

2. Crossed or twist belt drive. The crossed or twist belt drive. as shown in Fig. 11.4, is used
with shafts arranged parallel and rotating in the opposite directions.

L .

Fig. 11.4. Crossed or twist belt drive.

In this case. the driver pulls the belt from one side (i.e. RQ) and delivers it 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 fight side, whereas the belt LM (because of less tension) is known as
slack side, as shown in Fig. 11.4.



3. Quarter turn belt drive. The quarter turn belt drive also known as right angle belt drive, as
shown in Fig. 11.5 (a). is used with shafts arranged at right angles and rotating in one definite direc-
tion. 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 is the width of belt.

In case the pulleys cannot be arranged. as shown in Fig. 11.5 (@), or when the reversible
motion is desired, then a quarter turn belt drive with guide pulley, as shown in Fig. 11.5 (b), may be
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(@) Quarter turn belt drive. (b) Quarter turn belt drive with guide pulley.
Fig. 11.5

4. Belt drive with idler pulleys. A belt drive with an idler pulley, as shown in Fig. 11.6 (a). is
used with shafts arranged parallel and when an open belt drive cannot be used due to small angle of
contact on the smaller pulley. This type of drive is provided to obtain high velocity ratio and when the
required belt tension cannot be obtained by other means.

Driver  pulleys

Idler pulley

(a) Belt drive with single idler pulley. (b) Belt drive with many idler pulleys.
Fig. 11.6

When it is desired to transmit motion from one shaft to several shafts. all arranged in parallel.
a belt drive with many idler pulleys, as shown in Fig. 11.6 (b). may be employed.



5. Compound Dbelf drive. A compound belt drive, as shown in Fig. 11.7. is used when power
is transmitted from one shaft to another through a number of pulleys.

Fig. 11.7. Compound belt brive.
11.7. Velocity Ratio of 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,
Diameter of the follower.

N
[

N, = Speed of the driver in r.p.m.. and

N, = Speed of the follower in r.p.m.
.. Length of the belt that passes over the driver, in one minute

= Wd,.N,
Similarly, length of the belt that passes over the
follower, in one minute
= nd,.N,
Since the length of belt that passes over the

driver in one minute is equal to the length of belt that
passes over the follower in one minute, therefore

nd,.N, = md,.N,

d
1 4
When the thickness of the belt (7) is considered.
then velocity ratio,

: )/
. Velocity ratio, —% =

N, di+t



11.9. Slip of Belt

In the previous articles, we have discussed the motion |
of belts and shafts assuming a firm frictional grip between the
belts and the shafts. But sometimes, the frictional grip becomes
insufficient. This may cause some forward motion of the driver
without carrying the belt with it. This may also cause some [
forward motion of the belt without carrying the driven pulley
with it. This is called sZip of the belf and is generally expressed
as a percentage.

The result of the belt slipping is to reduce the velocity
ratio of the system. As the slipping of the belt is a common
phenomenon, thus the belt should never be used where a
definite velocity ratio is of importance (as in the case of hour, |
minute and second arms in a watch). \

Let s, % = Slip between the

driver and the belt, and

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

nd,.N;, T®d,.N; s Td.N; 5
His B e [ (D)
60 60 100 60 100
and velocity of the belt passing over the follower per second,
M:V—VXS—2=V l_s_z
60 100 100
Substituting the value of v from equation (),
ndy N, md N, T PN
60 60 100 100
N. d ) 5
2112 Iﬁleglet:tingSlxis2
N 4 100 100 100 X100

_Aif sts\_df, s
d, 100 ) d,\ 100

... (where 5 =5, + 5., Le. total percentage of slip)
If thickness of the belt (f) is considered, then

N, di+t 1__5
N, d,+tl 100



Example 11.1. 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 being 450 mm. A 900 mm diameter
pulley on the line shaft drives a 150 mm diamefer pulley keyed to a dynamo shaft. Find the speed of
the dynamo shaft, when 1. there is no slip, and 2. there is a slip of 2% at each drive.

Solution. Given: N, =150 rp.m. ; d, =750 mm ; d, = 450 mm ; d; = 900 mm ; d, = 150 mm

The arrangement of belt drive is shown in Fig. 11.10.

Let N, = Speed of the dynamo shaft .
900 mm
maio
I
0 |
g
|H HH Dynamo shaft
[T I@
DLEN G
750 mm t }4*
Engine shaft 450 mm
Line shaft
Fig. 11.10

1. When there is no slip

N, dyxd, 150 450x150
N, =150 x 10=1500 r.p.m. Ans.

N, d,Xd N, 750 X 900
We know that i, 728 et or 4= =10

2. When there is a slip of 2% at each drive

N, d,;xd S. s
We know that ol SR ke 1Y | () B (€O
N dyxd, | 100 10

Ny 750 X900 : 2
4= l1-—J1-—|=96
150 450x150( 100 100

N, =150 %X 9.6 = 1440 r.p.m. Ans.




11.23. Rope Drive

The rope drives are widely used where a large amount of power is to be transmitted, from one
pulley to another, over a considerable distance. It may be noted that the use of flat belfs is limited for
the transmission of moderate power from one pulley to another when the two pulleys are not more
than 8 metres apart. If large amounts of power are to be transmitted by the flat belt, then it would
result in excessive belt cross-section. It may be noted that frictional grip in case of rope drives is more
than that in V-drive. One of the main advantage of rope drives is that a number of separate drives may
be taken from the one driving pulley. For example. in many spinning mills, the line shaft on each floor
is driven by ropes passing directly from the main engine pulley on the ground floor.

The rope drives use the following two types of ropes :

1. Fibre ropes. and 2. Wire ropes.

The fibre ropes operate successfully when the pulleys are about 60 metres apart, while the
wire ropes are used when the pulleys are upto 150 metres apart.

11.24. Fibre Ropes

The ropes for transmitting power are usually made from fibrous materials such as hemp,
manila and cotton. Since the hemp and manila fibres are rough, therefore the ropes made from these
fibres are not very flexible and possesses poor mechanical properties. The hemp ropes have less
strength as compared to manila ropes. When the hemp and manila ropes are bent over the sheave (or
pulley), there is some sliding of fibres, causing the rope to wear and chafe internally. In order to
minimise this defect, the rope fibres are lubricated with a tar, tallow or graphite. The lubrication also
makes the rope moisture proof. The hemp ropes are suitable only for hand operated hoisting machin-
ery and as tie ropes for lifting tackle, hooks etc.

The cotton ropes are very soft and smooth. The lubrication of cotton ropes is not necessary.
But if it is done, it reduces the external wear between the rope and the grooves of its sheaves. It may
be noted that manila ropes are more durable and stronger than cotton ropes. The cotton ropes are
costlier than manila ropes.

Note : The diameter of manila and cotton ropes usually ranges from 38 mm to 50 mum. The size of the rope is
vsually designated by its circumference or “girth’.

11.25. Advantages of Fibre Rope Drives

The fibre rope drives have the following advantages :

. They give smooth, steady and quiet service.

. They are little affected by out door conditions.

The shafts may be out of strict alignment.

. The power may be taken off in any direction and in fractional parts of the whole amount.
. They give high mechanical efficiency.
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11.29. Chain Drives

We have seen in belt and rope
drives that slipping may occur. In order
to avoid slipping. steel chains are used.
The chains are made up of rigid links
which are hinged together in order to
provide the necessary flexibility for
warping around the driving and driven
wheels. The wheels have projecting teeth
and fit into the corresponding recesses,
in the links of the chain as shown in Fig.
11.23. The wheels and the chain are thus
constrained to move together without
slipping and ensures perfect velocity
ratio. The toothed wheels are known as
sprocket wheels or simply sprockets.
These wheels resemble to spur gears.

The chains are mostly used to transmit mo-
tion and power from one shaft to another, when the
distance between the centres of the shafts is short such
as in bicycles, motor cycles, agricultural machinery,

road rollers, etc.

11.30. Advantages and Disadvantages
of Chain Drive Over Belt or Rope

Drive

Following are the advantages and disadvan-
tages of chain drive over belt or rope drive :

Advantages

L - e Sprocket
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Fig. 11.23. Sprocket and chain.

1. As no slip takes place during chain drive, hence perfect velocity ratio is obtained.

2. Since the chains are made of metal, therefore they occupy less space in width than a belt

or rope drive.

3. The chain drives may be used when the distance between the shafts is less.
4. The chain drive gives a high transmission efficiency (upto 98 per cent).
5

. The chain drive gives less load on the shafts.
. The chain drive has the ability of fransmitting motion to several shafts by one chain only.

=

Disadvantages

1. The production cost of chains is relatively high.
2. The chain drive needs accurate mounting and careful maintenance.
3. The chain drive has velocity fluctuations especially when unduly stretched.



12.1. Introduction

We have discussed in the previous chapter, that the
slipping of a belt or rope is a common phenomenon, in the
transmission of motion or power between two shafts. The
effect of slipping is to reduce the velocity ratio of the system.
In precision machines, in which a definite velocity ratio is of
importance (as in watch mechanism), the only positive drive
is by means of gears or ftoothed wheels. A gear drive is also
provided, when the distance between the driver and the fol-
lower is very small.

12.2. Friction Wheels

The motion and power transmitted by gears is kine-
matically equlvalent to that transmitted by friction wheels or
discs. In order to

understand how
the motion can be
transmitted by
two  toothed
wheels, consider
two plain circular
wheels 4 and B
mounted on
shafts, having sufficient rough surfaces and pressing against
each other as shown in Fig. 12.1 (a).




Let the wheel 4 be keyed to the rotating shaft and the wheel B to the shaft, to be rotated. A
little consideration will show, that when the wheel 4 is rotated by a rotating shaft, it will rotate the
wheel B in the opposite direction as shown in Fig. 12.1 (a).

The wheel B will be rotated (by the wheel 4) so long as the tangential force exerted by the
wheel 4 does not exceed the maximum frictional resistance between the two wheels. But when the
tangential force (P) exceeds the *frictional resistance (F), slipping will take place between the two
wheels. Thus the friction drive is not a positive drive.

et Pitch circles
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(a) Friction wheels. (b) Toothed wheels.
Fig. 12.1

In order to avoid the slipping, a number of projections (called teeth) as shown in
Fig. 12.1 (b), are provided on the periphery of the wheel 4, which will fit into the corresponding
recesses on the periphery of the wheel B. A friction wheel with the teeth cut on it is known as foofhed
wheel or gear. The usual connection to show the toothed wheels is by their **pitch circles.

Note : Kmematically, the friction wheels running without slip and toothed gearing are 1dentical. But due to the
possibility of shipping of wheels, the friction wheels can only be used for transmission of small powers.

12.3. Advantages and Disadvantages of Gear Drive

The following are the advantages and disadvantages of the gear drive as compared to belt,
rope and chain drives :
Advantages
1. Tt transmits exact velocity ratio.
2. It may be used to transmit large power.
It has high efficiency.
It has reliable service.
It has compact layout.

o

Disadvantages
1. The manufacture of gears require special tools and equipment.
2. The error in cutting teeth may cause vibrations and noise during operation.



12.4. Classification of Toothed Wheels

The gears or toothed wheels may be classified as follows :

1. According to the position of axes of the shafts. The axes of the two shafts between which
the motion is to be transmitted, may be

(a) Parallel. (b) Intersecting, and (c¢) Non-intersecting and non-parallel.

The two parallel and co-planar shafts connected by the gears is shown in Fig. 12.1. These
gears are called spur gears and the arrangement is known as spur gearing. These gears have teeth
parallel to the axis of the wheel as shown in Fig. 12.1. Another name given to the spur gearing is
helical gearing. in which the teeth are inclined to the axis. The single and double helical gears con-
necting parallel shafts are shown in Fig. 12.2 (a) and (b) respectively. The double helical gears are
known as herringbone gears. A pair of spur gears are kinematically equivalent to a pair of cylindrical
discs, keyed to parallel shafts and having a line contact.

The two non-parallel or intersecting, but coplanar shafts connected by gears is shown in Fig.
12.2 (c¢). These gears are called bevel gears and the arrangement is known as bevel gearing. The
bevel gears. like spur gears, may also have their teeth inclined to the face of the bevel, in which case
they are known as helical bevel gears.

The two non-intersecting and non-parallel i.e. non-coplanar shaft connected by gears is shown
in Fig. 12.2 (d). These gears are called skew bevel gears or spiral gears and the arrangement is
known as skew bevel gearing or spiral gearing. This type of gearing also have a line contact. the
rotation of which about the axes generates the two pitch surfaces known as liyperboloids.

Line of contact

/M

(a) Single helical gear. (b) Double helical gear. (c) Bevel gear. (d) Spiral gear.
Fig. 12.2

2. According to the peripheral velocity of the gears. The gears. according to the peripheral
velocity of the gears may be classified as :
(@) Low velocity, (b) Medium velocity. and (¢) High velocity.

The gears having velocity less than 3 m/s are termed as low velocify gears and gears having
velocity between 3 and 15 m/s are known as medinm velocify gears. If the velocity of gears is more
than 15 m/s. then these are called high speed gears.



3. According to the fype of gearing. The gears, according to the type of gearing may be
classified as :
(a) External gearing, () Internal gearing, and (¢) Rack and pinion.

In external gearing, the gears of the two shafis mesh externally with each other as shown in Fig.
12.3 (a). The larger of these two wheels is called spur wiieel and the smaller wheel is called pinion. In
an external gearing, the motion of the two wheels is always unlike, as shown in Fig. 12.3 (a).

(a) External gearing. (b) Internal gearing.

Fig. 12.3 Fig. 12.4. Rack and pinion.

In infernal gearing, the gears of the two shafts mesh infernaily with each other as shown in
Fig. 12.3 (D). The larger of these two wheels is called annnlar wiheel and the smaller wheel is called
pinion. In an internal gearing, the motion of the two wheels is always /ike, as shown in Fig. 12.3 (b).



Sometimes, the gear of a shaft meshes externally and internally with the gears in a *straight
line, as shown in Fig. 12.4. Such type of gear is called rack and pinion. The straight line gear is called
rack and the circular wheel is called pinion. A little consideration will show that with the help of a
rack and pinion, we can convert linear motion into rotary motion and vice-versa as shown in Fig.
12.4.

4. According to position of teeth on the gear surfuce. The teeth on the gear surface may be
(a) straight. (b) inclined, and (c) curved.

We have discussed earlier that the spur gears have straight teeth where as helical gears have
their teeth inclined to the wheel rim. In case of spiral gears. the teeth are curved over the rim surface.

Internal gears Rack and pinion

12.5. Terms Used in Gears

The following terms, which will be mostly used in this chapter, should be clearly understood
at this stage. These terms are illustrated in Fig. 12.5.

Addendum circle

Addendum
Dedendum Pitch surface element
Working depth
Pitch circle
s
~
Tooth fhickness
Circular pitc H
Total depth Tooth space _/‘
Clearance Root or dedendum circle
Clearance or
working depth circle

Fig. 12.5. Terms used in gears.



