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Introduction to mechanical drives 

Mechanical drives are devices that are designed to continuously transmit power via 
rotating components. 

Examples of mechanical drives include gearboxes, belt drives and chain drives. 

In this section we consider the transmitted 
torque and power for these mechanical 
drives along with the efficiency of the unit. 
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< 

Mechanical drive 

Mechanical drives are devices, such as gearboxes and belt or chain drives, used for the 

purpose of mechanica l power transmission. 

Unlike simple machines, whose action is usually intermittent, mechanica l drives are 

designed for continuous operation involving rotating components. 

All mechanical drives have an input side and an output side, usually involving a rotating 
shaft, sprocket or pulley on each side. 
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Which of the following are examples of mechanical drives? 

0 Truck gearbox 

0 Bicycle chain and sprockets 

0 Crowbar 

0 Belt-driven cooling fan 

0 Weston differential chain block 

0 Loading ramp 

Check all that apply. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
' 



Type your answer in the box. 

The action of simple machines is usually ; mechanical drives are designed for 
c_ _______ _. operation involving rotating components. 

All mechanical drives have an input side and an c_ _______ _. side, usually Involving a 
c_ _______ _. shaft, sprocket or pulley on each side. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
I I 



The action of simple machines is usually Select... '"!);mechanical drives are 

designed for Select... ']) operation involving rotating components. 

All mechanical drives have an input side and an Select...]) side, usually involving 

a Select... ]) shaft, sprocket or pulley on each side. 

Submit 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Transmission of power by a mechanical drive 

Transmission of power by mechanical drives is often associated with changes in the speed 

or direction of rotational motion of mechanical components. 

< 

Some of the fundamental principles of simple machines, such as efficiency and velocity 
ratio, are also applicable to the study of mechanical drives. 

However, in the case of mechanical drives, instead of work done it is usually more 
convenient to refer to power transmitted (i.e. time rate of doing work). 
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Which of the following are correct statements about the transmission of power by mechanical 
drives? 

Check •II tbat apply. 

0 Transmission of power Is often associated with changes in the speed or direction of 
rotational motion of mechanical components 

~ During analysis of the machine it is usually more convenient to refer to power 
transmitted 

=t Transmission of power never involves changes in the speed or direction of rotational 
motion of mechanical components 

0 During analysis of the machine it is always less convenient to refer to power 
transmitted 

0 Efficiency and velocity ratio are never applicable 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



All ... rnple ollnpul UlfqUO •tt~e 10<qUe 

applied ID • bqde IIJ'OC~et by 111e rider 

I)Uihlroo "" "" pedals. 

•• ~ 0 

The torque exerted on lhe drtve on lhe Input. or driver, Side Is called the Input 

torque, T q· 

GIVE FEEDBACK 



Type your answer in the box. 

The torque exerted on the driver side of a mechanical drive is called the L_ ______ _, torque. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



.., ___ ., ___ ... __ ... 
1M "' • l*rdO., tho-

The torque transmrtted by the drtve to I1S output side is called the output 
torque, T ..,.. 
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Type your answer in the box. 

The torque t ransmitted by the mechanical drive to its driven side is called the L_ ______ ___J 

torque. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Mechanical power 

Mechanical power is the rate of doing mechanical work. 

For a rotating component the work is done by the torque moving through an angular 
distance. 

Therefore the mechanical power for a rotating component is equal to the rate at which 
the torque moves through an angular distance, i.e. the torque multiplied by the angular 
speed. 
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Type your answer in the box. 

Mechanical power is the of doing mechanical work. 

For a rotating component the work is done by the moving through an angular 
distance. 

Therefore the mechanical for a rotating component is equal to the rate at which the 
torque moves through an angular distance, i.e. the torque multiplied by the angular speed. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
' 



FC-

Calculating mechanical power with continuous rotation of a component 

Mechanical power associated with continuous rotation of a component is given by the equation below. 

< 

P = T w 

2nNT --
60 

where: 

P is power in W 

T is torque in N.m 

w is rotational speed in rad/s 

N is speed in rpm 

< 

Note that in order for this equation to produce accurate results the quantities must be entered in the correct 
unrts, as shown above. 

< 
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Which of the following Is the correct equation for the mechanical power associated with continuous 
rotation of a component? 

Click tile correct answer. 

P= 2n:"\7 
60 

P= 2 ;rw 7' 

60 

p = 2 n J\'' U.' 

60 

P= 2n + r 
60 

P= nl\'7' 
120 

Do you know the answer? 

I KNOW IT TIIINK SO UN SUR£ NO IDEA 



Match each of the symbols from the equation P = 
2 rrNT with the correct description. 

60 

i' Drag statements on the right to match the left 

p tKI The power in watts 

N tKI The rotational speed in rpm 

T tKI The torque in Nm 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 

..... ..... 

..... ..... 

..... ..... 



Drive efficiency 

Efficiency of a machine is the ratio of output to input. 

If the Input and output power are calculated using the corresponding values of torque 

and speed, drive efficiency can be defined as the ratio of output power (P ourl to input 

power (P1n). 

That is, efficiency= output/input. 

To obtain a percentage efficiency, use the 
equation: efficiency= (output;input) x 100. 
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Which of the following is a correct description of drive efficiency? 

Click the correct answer. 

The ratio of output power to input power 

The sum of output power and input power 

The difference between input power and output power 

The ratio of input power to output power 

Output power multiplied by input power 

The difference between output power and input power 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
' 



Calculating efficiency of tbe device given the input and output power 

The drive efficiency can be calculated using the equation below. 

where: 

11 is the efficiency 

Pout is the output power 

Pin is the Input power 

< < 

The efficiency can be written as a percentage using; 

< '1% = 11 . 100 
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Which of the following is the correct equation for drive efficiency? 

Click the correct answer. 

Pout 
Tj= -

P in 

p. 
TJ = _ In_ 

Pout 

Tj = P;n - Pout 

Tj = Pout · P;n 

Do you know the answer? 

I KNOW IT THINH SO UNSURE NO IDEA 



Match each of the symbols from the equation '1 = Pout with the correct description. 
P in 

i' Drag statements on the right to match the left 

1M3 Drive efficiency 

Pout 1M3 Output power 

1M3 Input power 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Calculate mechanical power of a device 

The input shaft of a gearbox rotates at 1450 rpm and transmits a torque of 65.9 N.m. 

The output shaft rotates at 500 rpm and transmits a torque of 143.3 N.m. 

Determine tile input power and output power of the device. 

r 

Example Input power Output power 

_L 
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Calculate mechanical power of a device 

Input power: 

p . _ 2 11NT 
on- 60 

_ :2j(n)( l ,450) (65.9) 
- 60 

= lOkW 

Example Input power Output power 
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Output power: 

GIVE FEEDBACK 

Calculate mechanical power of a device 

Example 

2rrN'T' 
Pout~ 60 

r 

1 

~ (2) {n } (500; i143.3 : 
60 

= 7.5kW 

Input power Output power 



calculate the Input power (correct to tl1e nearest watt). INSTRUCTIONS 

Iii • No intermediate steps are required 
• If you choose to show steps, write one on each line. 

+ I·J {il•f £1 2
1 ro <o{:J 

Clear line 

• Write your final answer on the last line. 
• The computer will check all your work In detail when you click 'Submit'. 

< H 1l I 0 x tOe 0 J 0 ~ • Undo 
Eodl- ... _ ... ...,._,., __ 

Clfclc and rype your answer here 
( 

CHALLENGE SUBMIT SHOW ANSWER 



calculate the output power (correct to the nearest watt). 

Iii 
Clear __ !__L_~, _j ~ .iJ If"' p, I JO 

Clear line 

fO)H~~ TT ~~ 0 J .. • Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 

( 

INSTRUCTIONS 

• No intermediate steps are required 

• If you choose to show steps, write one on each line. 
• Write your final answer on the lest line. 
• The computer will check ell your work In detail when you click 

·submit". 

Hont 



The input shaft of a gearbox rotates at 1000 rpm and 
transmits a torque of 120 N.m. 

The output shaft rotates at 600 rpm and transmits a torque 
of 158 N.m. 
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The input shaft of a gearbox rotates at 1000 rpm and 
transmits a torque of 120 N.m. 

The output shaft rotates at 600 rpm and transmits a torque 
of 158 N.m. 

SMAll LARCE 
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calculate the Input power (correct to tl1e nearest watt). 

Iii 
Clear 

+ I·J {il•f £1 2
1 ro <o{:J 

Clear line 

< H 1l j 0 x tOe ~.:J O _J +' g Undo 

CliCk and rype your answer here 

CHALLENGE SUBMIT SHOW ANSWER 

( 

INSTRUCTIONS 

• No intermediate steps are required 

• If you choose to show steps, wrtte one on each line. 
• Write your final answer on the last line. 
• The computer will check all your work In detail when you click 

·submit•. 

Hmt ---·-"'"--"'--



calculate the output power (correct to the nearest watt). 

Iii 
Clear __ !__L_~, _j ~ _ru If 0, I JO 

Clear line 

fO) H ~~ TT 0 I 0 ... • Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 

( 

INSTRUCTIONS 

• No intermediate steps are required 

• If you choose to show steps, write one on each line. 
• Write your final answer on the lest line. 
• The computer will check ell your work In detail when you click 

·submit". 

Hont 



The input shaft of a gearbox rotates at 4000 rpm and 
transmits a torque of 220 N.m. 

The output shaft rotates at 1200 rpm and transmits a 
torque of 498 N.m. 

SMAll LARCE 
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The input shaft of a gearbox rotates at 4000 rpm and 
transmits a torque of 220 N.m. 

The output shaft rotates at 1200 rpm and transmits a 
torque of 498 N.m. 

SMAll LARCE 
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GIVE FEEDBACK 

Calculate efficiency of a device 

The input shaft of a gearbox rotates at 1450 rpm and transmits a torque of 65.9 N.m. 

The output shaft rotates at 500 rpm and transmits a torque of 143.3 N.m. 

Determine tile efficiency of tile device. 

r r 

Example Input power Output power Efficiency 

L L 



Input power: 

r 

Example 

l 

GIVE FEEDBACK 

Calculate efficiency of a device 

p . = 2 ttl\Ff 
on 60 

= ..:.; 2"';..:.' ( 11:.:..,_,i!..:.l ':;:45~0'-'j-'-( 6:..:5.:.:. 9..:.i 

60 

= l OkW 

Input power Output power 

r 

Efficiency 

L 



GIVE FEEDBACK 

Output power: 

r T 

Example 

Calculate efficiency of a device 

p _ 2rrN'T' 
out - 60 

= (2) {n } (500; i143.3 : 

60 

= 7.5kW 

Input power Output power 

l _L 
Efficiency 



Efficiency: 

r T 

Example 

l 

GIVE FEEDBACK 

Calculate efficiency of a device 

Pout 
1]= ­

Pin 

= 
7.5kW 
.LOkW 

= 0.75 

= 75% 

r 

Input power Output power 

L 

Efficiency 



Given the Input power Is 12,566 Wand the output power Is 
9,927 W, calculate the efficiency of the device. (Answer as a 
percentage correct to one decimal place.) 

Iii 

_!j.:J ~~~~ o:jro)o"-l 
Clear line 
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Click and l)'pe your answer hero. Show your work. 
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INSTRUCTIONS 

You must show Intermediate steps for full credit, one on each line . 

Write your final answer on the last line . 
The computer will check all your work in detail when you click •submit" • 
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Calculate the efficiency of the device. (Answer as a 
percentage correct to one decimal place.) 

Clear 
+ I"J ~ !,+ '9·1 ro 

io)I"J < i "J~ o· 
acarline 

Undo 

Oicl< and ()pe your answer here 

CHALLENGE SUBMIT SHOW ANSWER 

• 
• 
• 
• 

( 

INSTRUCTIONS 

No intermediate steps are required 
If you choose to show steps, write one on each line . 
Write your final answer on the last line. 
The computer will check all your work In detail when you click 'Submit'. 



The input shaft of a gearbox rotates at 4000 rpm and 
transmits a torque of 220 N.m. 

The output shaft rotates at 1200 rpm and transmits a 
torque of 498 N.m. 

Iii! 

Type your answer in the box. 

The input pO\ver is ._ ______ __,w (cormct to the neatest watt). 

lhe output power Is ._ ______ __,w (corroct to tOO nearest watt). 

Do you know the answer? 

I KNOW IT IINSII~I NO IDEA 



The input shaft of a gearbox rotates at 4000 rpm and 
transmits a torque of 220 N.m. 

The output shaft rotates at 1200 rpm and transmits a 
torque of 498 N.m. 
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The input shaft of a gearbox rotates at 1000 rpm and 
transmits a t orque of 120 N.m. 

The output shaft rotates at 600 rpm and transmits a torque 
of 158 N.m. 

SMAU. IM'.!ii!/1 Wli:E 

Type your answer in the box. 

The input pO\ver is ._ ______ __,w (corT9Cl to the nearest watt). 

lhe output power Is ._ ______ __,w (correct to tOO nearsst watt}. 

Iii! 

Do you know the answer? 

I KNOW IT lliiN~ \0 UN~IIR£ NO IDEA 



The input shaft of a gearbox rotates at 1000 rpm and 
transmits a torque of 120 N.m. 

The output shaft rotates at 600 rpm and transmits a torque 
of 158 N.m. 
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Gear drives 

A gear drive is a mechanical drive that transmits power through the interaction of gear 

wheels. 

The gear wheels operate in pairs to transmit torque and motion f rom one shaft to 

another by means of specially shaped projections or teeth. 

The teeth on one gear mesh with corresponding teeth on the second gear so that motion 

is transferred from one to the other without any slippage taking place. 

GIVE FEEOBACII 



Type your answer in the box. 

A gear drive is a mechanical drive that transmits power through the interaction of L-----------' 

wheels. 

The gear wheels operate in pairs to transmit torque and motion f rom one shaft to another by means of specially 

shaped projections or L-----------' which mesh with each other. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



< 

Spur gears are typically 
used for fuel pumps, 

automotive gear boxes, 
steel mills, mechanical 

clocks and watches. 

Types of gear drives 

There are four main types of gears. 

Worm gears are typically 
used for elevators, gates, 
conveyor belts and tuning 

< 

instruments such as 
guitars. 

Bevel gears are typically 
used for grain mills, garage 
doors, egg beaters, hand 

driUs, shaft-driven bicycles 
and printing presses. 

< 

Helical gears are typically 
used for power 
transmissions, 

com pressors, elevators, 
conveyors, cutters, blowers 

and feeders. 

< 

Gear types are determined largely by the relative positions of the input and output shafts. 

< 
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Type your answer in the box. 

The four main types of gears are;.J-I _______ ..,-~1. L--------'' 

'---------' and ! !gears. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE I NO IDEA 
' 

' 



Spur gear 

The most common type of gear is the spur gear, which has tooth elements that are 

straight and parallel to its axis. 

A spur gear pair can be used to connect parallel shafts only. 

Parallel shafts, however, can also be connected by gears of another type. 

GIVE FEEOBACII 



What shaft connections can be made with spur gears? 

Click the correct answer. 

Parallel shafts only 

Perpendicular shafts only 

Parallel and perpendicular shafts 

Skew shafts only 

Skew and perpendicular shafts 

Skew, paral lel and perpendicular shafts 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
' 



Which type of gear has tooth elements that are straight and parallel to its axis? 

Spur 

Helical 

Bevel 

Worm 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



Helical gear 

Helical gears have their teeth cut at an angle to the face of the gear. 

This arrangement provides greater engagement of the gear teeth and also allows for 

smoother and quieter operation. 

Helica l gears have a higher load-carrying capactty than spur gears when connecting 

parallel shafts. 

GIVE FEEOBACII 



Type your answer in the box. 

Helical gears have their teeth cut at an ._ _______ _, to the face of the gear. 

This arrangement provides greater engagement of the gear teeth and also allows for '---------' 
and operation. 

Helical gears have a '---------' load-carrying capacity than spur gears when connecting parallel 
shafts. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Which type of gear has tooth elements that are at an angle to the gear face? 

Helical 

Spur 

Bevel 

Worm 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



Helical gears have their teeth cut ;:S;.::;e"'le;.::ct:.:c··"-· __ "'!)...;""'to the face of the gear. 

This arrangement provides greater engagement of the gear teeth and also allows for 

Select... "!)and Select. .. :U operation. 

Helical gears have .:::S;:;el"'ec::.:t:::.···:..._ __ "'!)'-' load-carrying capacity than spur gears when 

connecting parallel shafts. 

Submit 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Bevel gear 

Bevel gears are gears that are commonly used for t ransmitting rotary motion and torque 
around corners. 

The connected shafts, whose axes would intersect if extended, are usually at right angles 
to each other. 

GIVE FEEOBACII 



Which type of gear is commonly used for transmitting rotary motion and torque around corners? 

Bevel 

Helical 

Spur 

Worm 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



Worm gear 

Worm gear is a gear of high reduction ratio, connecting shafts whose axes are at right 

angles but do not intersect. 

It consists of a screw-like component carrying a helical thread of special form, the worm, 

meshing in sliding contact with a concave face gear wheel. 

Because of their similarity, the operation and efficiency of a worm and gear depend on 

the same factors as the operation and efficiency of a screw. 

GIVE FEEOBACII 



Which type of gear connects shafts whose axes are at right angles but do not intersect? 

Worm 

Helical 

Spur 

Bevel 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



l 

Velocity ratio of a gear drive 

The velocity ratio of a gear drive is equal to the ratio of the revolutions of the driver wheel (the input) to the 

revolutions of the driven wheel (the output) in t he same time. 

In any interval of t ime, the same number of teeth 

from both gears come in contact with each other. 

< 

GIVE FEEDBACK 

Therefore it can be seen that the velocity ratio is 

the ratio of t he number of teeth in the driven wheel 

to the number of teeth in the driver wheel: 

< 

VR = no. of teeth in driven wheel 

no. of teeth in driver wheel 

.... 
'"' 



Which of the following is the correct equation for the velocity ratio of a gear drive? 

Click the correct answer. 

VR = no. of teeth in driven wheel 
no. of teeth in driver wheel 

VR = no. of teeth in driver wheel 
no. of teeth in driven wheel 

VR = no. of teeth in driven wheel+ no. of teeth in driver wheel 

VR = no. of teeth in driven wheel· no. of teeth in driver wheel 

VR = no. of teeth in driven wheel - no. of t eeth in driver wheel 

VR = no. of t eeth in driver wheel - no. of t eeth in driven wheel 

Do you know the answer? 

I KNOW IT THINK SO UNSURE 
I I 

NO IDEA 



Type your answer in the box. 

The velocity ratio of a gear drive is equal to the ratio of the number of teeth in the L_ _______ _, 

wheel to the number of teeth in the wheel. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE I NO IDEA 
' 

' 



Velocity ratio of gear drive 

1 The figure shows a gear drive in a certain machine. 

If the input shaft rotates at 660 rpm, determine the output speed and the velocity ratio. 

Example 

GIVE FEEDBACK 

input 
Shaft 

Rotational 
speed 

90 teeth 

r 

output 
shaft 

Alte rnate 
Velocity ratio solution for 

1 
_Locity ratio 

Discussion 



r 

Example 

GIVE FEEDBACK 

Velocity ratio of gear drive 

Gear A rotates at 660 rpm. 

Gear B rotates at 660 rpm x : = 330 rpm. 

Gear c rotates at 330 rpm. 

Gear D rotates at 330 rpm x ~~ = 120 rpm. 

Therefore the output speed is 120 rpm. 

Rotational 
speed 

Alternate 
Velocity ratio solution for 

_Locity ratio 

Discussion 



Velocity ratio of gear drive 

Comparing the effort speed to the load speed gives: 

, Therefore the velocity ratio is 5.5 for this gear drive. 

r 

Example 

GIVE FEEDBACK 

1 

Rotational 

speed 

VR = 660 
120 

= 5.5 

Velocity ratio 

Alternate 

solution for 

velocity ratio 

Discussion 



Velocity ratio of gear drive 

I 
'Comparing the teeth for each stage of the gear drive, and since gears B and C move together: 

Therefore the velocity ratio for this gear drive is 5.5. 

r 

Example 

GIVE FEEDBACK 

1 

Rotational 

speed 

r 

1 

VR = 90 X 55 
45 20 

= 5.5 

Velocity ratio 

Alternate 

solution for 

velocity ratio 

Discussion 



Velocity ratio of gear drive 

Velocity ratio is a function of the dimensions and arrangement of the moving parts, e.g. number of teeth in meshing gears. 

It is independent of torque and efficiency. 

r 

Example 

GIVE FEEDBACK 

1 

Rotational 
speed 

r 

Alternate 
Velocity ratio solution for Discussion 

1 
_Locity ratio 



Type your answer in the box. 

A gear drive consists of four gears. 

Gear A is the driver gear with 25 teeth and it drives gear B which has 50 teeth. 

Gear C has 100 teeth and is constrained to move with gear B. Gear C drives gear D which has 150 teeth. 

The velocity ratio of this gear drive is '----------' 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Type your answer in the box. 

A gear drive consists of a driven gear with 52 teeth and a drive gear with 13 teeth. 

The velocity ratio of this gear drive is '---------' 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Calculate power for a gear drive 

The figure shows a gear drive in a certain machine. 

If the input shaft rotates at 660 rpm and transmits a torque of 12 N.m, and the efficiency is 80%, determine the input power and the output 

power. 

Exam ple 

GIVE FEEDBACK 

input 
shaft 

Rotational 

speed 

90 teeth 

output 
shaf t 

Input power Output power 

1 _L 

J 

Discussion 

1 



r 

Example 

GIVE FEEDBACK 

Calculate power for a gear drive 

Gear A rotates at 660 rpm. 

Gear B rotates at 660 rpm x : = 330 rpm. 

Gear c rotates at 330 rpm. 

Gear D rotates at 330 rpm x ~~ = 120 rpm. 

Therefore the output speed is 120 rpm. 

Rotational 
speed 

r 

Input power Output power 

_L 

J 

Discussion 

1 



Input power is: 

r 

Example 

1 

GIVE FEEDBACK 

Calculate power for a gear drive 

Rotational 

speed 

p _ 2rrNT 
in - 60 

211 X 660 X 12 = -=..:..:___:7::"-___;=-
60 

= 829.4W 

Input power Output power 

J 

Discussion 

1 



·With an efficiency of 80%, output power is: 

r 

Exam ple 

1 

GIVE FEEDBACK 

Calculate power for a gear drive 

Rotational 

speed 

PoU1 = '1 X P in 

r 

1 

= 0.8 X 829.4 

= 663.5W 

Input power Output power Discussion 



Calculate power for a gear drive 

For a real gear set the power output will always be less than the power input because of power losses that occur within the gear drive due to 

friction. 

r 

Example 

GIVE FEEDBACK 

1 

Rotational 

speed 

r r 

Input power Output power Discussion 

1 _L 



calculate the Input power (correct to tl1e nearest watt). 

Iii 
Clear 

+ I·J {il•f £1 2
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Clear line 

< H 1l j 0 x tOe ~.:J O _J +' g Undo 

CliCk and rype your answer here 

CHALLENGE SUBMIT SHOW ANSWER 

( 

INSTRUCTIONS 

• No intermediate steps are required 

• If you choose to show steps, wrtte one on each line. 
• Write your final answer on the last line. 
• The computer will check all your work In detail when you click 

·submit•. 
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A gear drive in a certain machine has a velocity ratio of 6. 

When the input shaft rotates at 1000 rpm it transmits a 
torque of 80 N.m at an efficiency of 85%. 
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A gear drive in a certain machine has a velocity ratio of 6. 

When the input shaft rotates at 1000 rpm it transmits a 
torque of 80 N.m at an efficiency of 85%. 

SMAU LARGE 

>I< 

Given that the input power is 8,378 W, determine the 
output power (correct to the nearest watt). 

Iii 

~--J · J.::=J~~~ 
~~~.J~~~_QJ II 

Click and type your answer here 

Clear 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 



Calculate efficiency of gear drive 

The figure shows a gear drive In a certain machine. 

The input shaft rotates at 660 rpm and transmits a torque of 12 N.m, and the output torque Is 52.8 N.m. 

Determine the efficiency of the gear drive. 

input 
shaft 

T 

90 teeth 

Example 
Rotational 

d Input power 
spee _L 

GIVE FEEDBACK 

r r 

Output power Efficiency 

L L 

T 

Discussion 

1 



Calculate efficiency of gear drive 

Gear A rotates at 660 rpm. 

Gear B rotates at 660 rpm x : = 330 rpm. 

Gear c rotates at 330 rpm. 

Gear D rotates at 330 rpm x ~~ = 120 rpm. 

Therefore the output speed is 120 rpm. 

r r T 

Example 
Rotational 

speed 
Input power Output power Efficiency Discussion 

L L 1 

GIVE FEEDBACK 



Input power is: 

Example 
Rotational 

speed 

l 
GIVE FEEDBACK 

Calculate efficiency of gear drive 

p _ 2rrNT 
in - 60 

211 X660 X 12 = -=..:..:___:7::"-___;=-
60 

= 829.4W 

Input power Output power 

r T 

Efficiency Discussion 

L 1 



1 Output power can be calculated from: 

Example 

l 
GIVE FEEDBACK 

Calculate efficiency of gear drive 

T 

Rotational 

2nNT out 

Pout = 60 

211 X 120 X 52.8 = ..::..:.:...--=:;:::---.::..:::..::.. 
60 

= 663.SW 

d Input power 
spee _L Output power 

T 

Efficiency Discussion 

1 



I 
The efficiency can be calculated from: 

Example 

l 
GIVE FEEDBACK 

Calculate efficiency of gear drive 

T 

Rotational 

Pout 
'1 = -­P,. 

663.5 
= 829.4 

= 0.8 
= 80% 

r 

d Input power 
spee _L Output power 

L 

Efficiency Discussion 



Calculate efficiency of gear drive 

Efficiency is the ratio of power output to power input. 

Efficiency depends on power losses that occur within the gear drive due to friction. 

T r r 

Example 
Rotational 

Output power Efficiency Discussion d Input power 

l 
spee _L 

L L 

GIVE FEEDBACK 



calculate the power output (correct to the nearest watt). 

Iii 
Clear __!__]~ _j~.iJ •f o'l JO 

Clear line 
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Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 
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INSTRUCTIONS 

• No intermediate steps are required 

• If you choose to show steps, write one on each line. 
• Write your final answer on the last line. 
• The computer will check all your work In detail when you click 

·submit". 

Hont 



calculate the power Input (correct to tl1e nearest watt). 

Iii 
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Click and type your answer here 
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INSTRUCTIONS 
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• If you choose to show steps, write one on each line. 
• Write your final answer on the last line. 
• The computer will check all your work In detail when you click 

·submit". 

Hont 



A gear drive in a certain machine has a velocity ratio of 6. 

When the input shaft rotates at 1200 rpm it transmits a 
torque of 90 N.m and the output torque is 430 N.m. 
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A gear drive in a certain machine has a velocity ratio of 6. 

When the input shaft rotates at 1200 rpm it transmits a 
torque of 90 N.m and the output torque is 430 N.m. 
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A gear drive in a certain machine has a velocity ratio of 6. 

When the input shaft rotates at 1200 rpm it transmits a 
torque of 90 N.m and the output torque is 430 N.m. 

SMAll LARCE 

>I< 

~W>Ihii.UOI I\MW!o(t:I.IO U,.l~ ... o:lllotf>IHiw 

1 01qJ!I$,~W.~Wct'ftlclllc,ylld410tMr 
~C.l~(IQII'O:(I)-$:d'nll~ 

Iii 

~:l .~_~. ~f, c•. -~Jo-J 
!::)~~~ • li~l E;j • 

' ( 

'""""""" 
• 11,...,-~e,_ ...... ..,.._on_,.,.._ 
• \\~,:ufhllforl'.fi'WOfllk1Qt.(,._. _ .. _ .. ___ _ 



Given that the Power lnputls I I ,310 W and the Power 
Output is 9,006 w, calculate the efficiency '1 of the gear 
drive (as a percentage correct to one decimal place). 

Iii! 

+ H ~ J • ~ o: I ro o"J 
;oii,J < I,J " oJEJ~8 

Cllclc and type your answer here 

Clear line 

Undo 

CHALLENGE SUBMIT SHOW~SWER 
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INSTRUCTIONS 

No intermediate steps are required 
If you choose to show steps, write one on each line . 

Write your final answer on the last line • 
The computer will check all your work In detail when you cliCk 'Submit'. 
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Calculate torque of gear drive 

1 The figure shows a gear drive in a certain machine. 

If the input shaft rotates at 660 rpm and transmits a torque of 12 N.m, and the efficiency is 80%, determine the output speed, power and 
torque. 

Example 

GIVE FEEDBACK 

Rotational 

input 
Shaft 

T 

90 teeth 

d Input power 
spee _L 

r 

L 

output 
shaf t 

Output power 

r 

L 

T 

Output torque Discussion 

1 



Calculate torque of gear drive 

Gear A rotates at 660 rpm. 

Gear B rotates at 660 rpm x : = 330 rpm. 

Gear c rotates at 330 rpm. 

Gear D rotates at 330 rpm x ~~ = 120 rpm. 

Therefore the output speed is 120 rpm. 

r r T 

Example 
Rotational 

speed 
Input power Output power Output torque Discussion 

L L 1 

GIVE FEEDBACK 



Input power is: 

Example 
Rotational 

speed 

l 
GIVE FEEDBACK 

Calculate torque of gear drive 

p _ 2rrNT 
in - 60 

211 X 660 X 12 = -=..:..:___:7::"-___;=-
60 

= 829.4W 

Input power Output power 

r T 

Output torque Discussion 

t 1 



·With an efficiency of 80%, output power is: 

T 

Calculate torque of gear drive 

PoU1 = '1 X Pin 

= 0.8 X 829.4 

= 663.5W 

Example 
Rotational 

Output power 

l 
d Input power 

spee _L 

GIVE FEEDBACK 

T 

Output torque Discussion 

1 



Output torque can be calculated f rom: 

Example 

l 
GIVE FEEDBACK 

Calculate torque of gear drive 

T 

Rotational 

2nNT out 
Pout = - --=-=--==-60 

6635 = 2n X 120 X T oM 
60 

T _ 663.5 X 60 
out- 2n X 120 

= 52.8N.m 

r 

d Input power 
spee _L Output power 

L 

Output torque Discussion 



Calculate torque of gear drive 

Output torque depends both on velocity ratio and efficiency. 

If output torque is not given, it should be calculated from output power and speed. 

T r r 

Example 
Rotational 

Output power Output torque Discussion d Input power 

l 
spee _L 

L L 
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A gear drive in a certain machine has a velocity ratio of 6. 

When the input shaft rotates at 1200 rpm It transmits a 
torque of 90 N.m at an efficiency of 78%. 

SMAU. IM'.!ii!ti Wli:E 

Type your answer in the box. 

The output speoo for this gear drtv& is'--------' rpm. 

rho Input po'IWW Is ._ ______ _,watts (correct to tho nearest Vlatt). 

The output power Is ._ ______ __,watts (correct to the nearest watt). 

Iii! 

Do you know the answer? 

I KNOW IT IJNSIIkf HO IDEA 



A gear drive in a certain machine has a velocity ratio of 6. 

When the input shaft rotates at 1200 rpm it transmits a 
torque of 90 N.m at an efficiency of 78%. 
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calculate the output torque (correct to the nearest N.m). 

liil 
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Cllcl< and rype your answer here 
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INSTRUCTIONS 
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Write your final answer on the last line. 
The computer will check all your work In detail when you click "Submit' . 
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Chain drive 

A chain drive consists of an endless chain of links meshing with the driving and driven 

sprockets. 

A very familiar example is a bicycle chain drive as shown below. 

The chain fits into specially shaped teeth cut in the sprockets, which prevent the chain 

f rom slipping. 

The tension force F, in the tight side of the chain is responsible for the transmission of 

power between the two sprockets. 

112 

GIVE FEEOBACII CONTINUE > 



Chain drive 2/2 

radius r 

CIVE FEEDBACK 



Which of the following statements are true for a chain drive? 

Check 11l that apply. 

c· A chain drive consists of an endless chain of links meshing with the driving and driven 
sprockets 

~ The chain of a chain drive fits into specially shaped teeth cut in the sprockets, which 
prevent the chain from slipping 

CJ The tension force m the tight side of the chain is responsible for the transmission of 
power in the chain drive 

0 The tension force In the slack side of the chain is responsible for the transmiSSion of 
power in the chain drive 

0 The chain of a chain drive runs In spur gears, which prevent the chain from slipping 

0 A chain drive consists of two chains of links meshing only with the driving sprocket 

Do you know the answer? 



Velocity ra io of chain drive 

The velocity ratio for a chain drive may be 

determined from the number of teeth in the 

sprockets. 

GIVE FEEDBACK 

< 

no. of teeth in driven sproc·ket VR = ...:..:..:::.:.....::..:.......:.::..::..:.:..:.....::..:....:...... __ ..:.,_---::--:-
no. of teeth in driver sprocket 



Type your answer in the box. 

For a chain drive, the velocity ratio is equal to the number of teeth in the ._ _______ _, sprocket 
divided by the number of teeth in the sprocket. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE I NO IDEA 
' 

' 



Which of the following is the correct equation f or calculation of the velocity ratio of a chain drive? 

Click the correct answer. 

VR = no. of teeth in driven sprocket 
no. of teeth in driver sprocket 

VR = no. ofteeth in driver sprocket 
no. of teeth in driven sprocket 

VR = (no. of teeth in driven sprocket) · (no. of teeth in driver sprocket) 

VR = no. of teeth in driven sprocket + no. of teeth in driver sprocket 

VR = no. of teeth in driven sprocket - no. of teeth in driver sprocket 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



I 

I 

The efficiency of chain drive 

The torque on each sprocket is equal to the force in the chain multiplied by the rad ius of 
the sprocket 

In many respects the operation of a chain drive is similar to that of a pair of spur gears, 
with the exception that the centre distance between two parallel shafts is limited only by 

the length of the chain. 

Efficiency of chain drives is usually high and for our purposes can be assumed to be 100%. 

< 

GIVE FEEDBACI\ 



Type your answer in the box. 

The '----,----.,.----------' on each sprocket is equal to the force in the chain multiplied by the radius of 
the sprocket. 

In many respects the operation of a chain drive is similar to that of a pair of spur gears, with the exception that 
the centre distance between two parallel shafts is limited only by the of the chain. 

Efficiency of chain drives is usually high and for our purposes can be assumed to be .__ _______ _, 
%. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Velocity ratio of chain drive 

A chain drive transmits power from an 80 mm diameter driver sprocket with 18 teeth to a 200 mm diameter driven sprocket with 45 teeth. 

If the speed of the driver is 500 rpm, calculate the velocity ratio and the speed of the driven sprocket. 

r r 

Example Velocity ratio Driven speed Discussion 

L L 

GIVE FEEDBACK 



The velocity ratio Is: 

r 

Example 

l 

GIVE FEEDBACK 

Velocity ratio of chain drive 

VR = ~ 
18 

= 2.5 

Velocity ratio Driven speed 

r 

Discussion 

L 



GIVE FEEDBACK 

Velocity ratio of chain drive 

The velocity ratio Is equal to the speed of the driver sprocket divided by the speed 

of the driven sprocket. 

Therefore the velocity of the driven sprocket is: 

r T 

Example 

l 

500 -- = 200 rpm 
2.5 

Velocity ratio Driven speed Discussion 



Velocity ratio of chain drive 

Note that the velocity ratio is only dependent on the number of teeth on each of the sprockets. 

r T r 

Example Velocity ratio Driven speed Discussion 

l L 

GIVE FEEDBACK 



Type your answer in the box. 

A chain drive transmits power from a driver sprocket with 80 teeth to a driven sprocket with 20 teeth. 

The velocity ratio is equal to L---------' 

If the speed of the driver sprocket is 460 rpm, the speed of the driven sprocket is L-----------' 
rpm. 

Iii 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Type your answer in the box. 

A chain drive transmits power from a driver sprocket with 12 teeth to a driven sprocket with 54 teeth. 

The velocity ratio is equal to L---------' 

If the speed of the driver sprocket is 945 rpm, the speed of the driven sprocket is L-----------' 
rpm. 

Iii 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Calculate torque of chain drive 

A chain drive transmits 20 kW of power from an 80 mm diameter driver sprocket with 18 teeth to a 200 mm diameter driven sprocket with 45 

teeth. 

If the speed of the driver is 500 rpm, calculate the input and output torque of the chain drive. 

r r 

Example Input torque Driven speed Output torque 

t t 
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From P = 
2 :~T input torque is equal to: 

r 

Example 

l 

GIVE FEEDBACK 

Calculate torque of chain drive 

T _ 60P 
1
" - 2rrN 

= 
60 X 20,000 

2 Tt X 5(){) 

= 382.2N.m 

Input torque Driven speed 

r 

Output torque 

t 



GIVE FEEDBACK 

The velocity ratio Is: 

Calculate torque of chain drive 

VR = ~ 
18 

= 2.5 

Therefore the velocity of the driven sprocket is: 

500 7 2.5 = 200rpm 

r T 

Example Input torque Driven speed 

l _L 
Output torque 



Calculate torque of chain drive 

If the efficiency is 100%, the output power is undiminished, i.e. it is equal to 20 kW. 

Hence output torque is: 

r T 

Example 

l 

GIVE FEEDBACK 

60P 
Tout = --2nN 

60 X 20,000 
= 

2nX200 

= 955N . m 

r 

Input torque Driven speed 

t 

Output torque 



calculate the Input torque (correct to two decimal places). 
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Cllcl< and rype your answer here 
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INSTRUCTIONS 

No intermediate steps are required 
If you choose to show steps. write one on each line . 
Write your final answer on the last line. 
The computer will check all your work In detail when you click "Submit' . 
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A chain drive transmits 1500 W of power f rom a driver 
sprocket with 36 teeth to a driven sprocket with 18 teeth. 

The speed of the driver sprocket is 300 rpm. 

SMAU. IM'.!ii!/1 Wli:E 

Type your answer in the box. 

The valocity mtto of this Cl'lain drt~ IS L.._ _______ J 

lhe speed at the drtven sprocket Is ,_ ______ __, rpm. 

Iii! 

Do you know the answer? 

I KNOW IT lliiN~ \0 UN~IIR£ NO IDEA 



A chain drive transmits 1500 W of power from a driver 
sprocket with 36 teeth to a driven sprocket with 18 teeth. 

The speed of the driver sprocket is 300 rpm. 
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A chain drive transmits 1500 W of power from a driver 
sprocket with 36 teeth to a driven sprocket with 18 teeth. 

The speed of the driver sprocket is 300 rpm. 

SMAll LARCE 
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calculate the output torque (correct to two decimal places). 

Note: Assume that the chain drive is lOO'lf. efficient. 

liil 

+I · ] ... ~ ~ ~~ ~ 

rol ~.:J ~.:J ~ ~~ E.Jg 
-~ J 

Click and rype your answer here 
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Write your final answer on the last fine . 
The computer w111 check all your work in detail when you chck "Submit" . 



Calculate power of chain drive 

A chain drive has an 80 mm diameter driver sprocket with 18 teeth to a 200 mm diameter driven sprocket with 45 teeth. 

If the torque applied to the driver is 382 N.m and the speed of the driver is 500 rpm, calculate the input and output power. 

r r 

Example Input power Output power Discussion 

L L 
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Calculate power of chain drive 

The input power is equal to: 

p . _ 2nNT 
In - 60 

2n X 500 X 382 
= ----::-::---

60 
= 20,001 w 

r r 

Example Input power Output power Discussion 

l L 
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The output power is equal to: 

r T 

Example 

l 

GIVE FEEDBACK 

Calculate power of chain drive 

pout = I) X P;0 

= I 00% X 20,00 I 

= 20,001 w 

Input power Output power Discussion 



Calculate power of chain drive 

Notice that. if the input power and efficiency are known, it is not necessary to determine t he velocity ratio in order to calculate t he output power. 

r T r 

Example Input power Output power Discussion 

l L 

GIVE FEEDBACK 



Knowing the input power is 3665 Wand assuming the 
efficiency is 100%, calculate the output power. 

li 
==========--~===============: 

~~~~_ill~~ Clear 

~~j_:J ~~ ~ ~ ~ _gJ Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 



calculate the Input power (correct to tl1e nearest watt). 

Iii 
Clear __ !__L_~, _j ~ .iJ If"' p, I JO 

Clear line 
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Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 
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INSTRUCTIONS 

• No intermediate steps are required 

• If you choose to show steps, write one on each line. 
• Write your final answer on the last line. 
• The computer will check all your work In detail when you click 

·submit". 
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A chain drive has a driver sprocket with 36 teeth and a 
driven sprocket with 18 teeth. 

The torque applied to the driver is 100 N.m and the speed 
of the driver is 350 rpm. 
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A chain drive has a driver sprocket with 36 teeth and a 
driven sprocket with 18 teeth. 

The torque applied to the driver is 100 N.m and the speed 
of the driver is 350 rpm. 

SMAll LARGE 

>I< 

Knowing the input power is 3665 Wand assuming the 
efficiency is 100%, calculate the output power. 

Iii 

_+ J _:j~ - : J.~_olj~ Clear 
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Click and type your answer here 
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Tension in bicycle chain 
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GIVE FEEDBACK 

Tension in bicycle chain 

The force of tension In the chain is found from: 

T = F1 x r 

Therefore: 

where: 

T is the torque 

F 1 is the force of tension In the chain 

r is the corresponding radius 

Figure 

r 
Ft = ­

r 

Tension in the 

chain 



Which of the following is the correct equation for calculation of the tension in the chain of a chain 
drive? 

T Ft = ­
r 

Ft = T · r 

Ft = T + r 

Ft = .JT 2 + r Z 

Ft = T- r 

Ft = r - T 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINH SO UNSURE NO IDEA 



Match each of the symbols from the equation F, = I_ with the correct description. 
T 

i' Drag statements on the right to match the left 

Ft tKI Tension force in the chain 

T tKI Torque applied to the sprocket 

r tKI Radius of the sprocket 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Calculate tension in chain of chain drive 

A chain drive transmits 20 kW of power from an 80 mm diameter driver sprocket with 18 teeth to a 200 mm diameter driven sprocket with 45 
teeth. 

If the speed of the driver is 500 rpm, calculate the tension force in the chain. 

r 

Example Input torque Chain tension 

_L 
GIVE FEEDBACK 



2rtNT From P = 
60 

input torque is equal to: 

GIVE FEEDBACK 

Calculate tension in chain of chain drive 

Example 

T _ 60P 
1
" - 2rrN 

= 
60 X 20,000 

2 Tt X 5(){) 

= 382.2N.m 

Input torque Chain tension 



Calculate tension in chain of chain drive 

The force ottenslon In the chain Is found from T = P 1 x r, where T Is torque and ,. Is the corresponding radius: 

r 

Example 

1 

GIVE FEEDBACK 

F, = !__ 
r 

382 
= 0.04 

= 9,550N 

= 9.5SkN 

Input torque Chain tension 



A chain drive transmits 2500 W of power from a 100 mm 
diameter driver sprocket with 28 teeth to a 200 mm 
diameter driven sprocket with 63 teeth. 

The speed of the driver is 820 rpm. 
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A chain drive transmits 2500 W of power from a 100 mm 
diameter driver sprocket with 28 teeth to a 200 mm 
diameter driven sprocket with 63 teeth. 

The speed of the driver is 820 rpm. 

SMAll LARCE 

calculate the tension In the chain (correct to one decimal 
place). 

Iii 

~~J_j _+ Lill~ ro) Clear 

~~ ~~ .~J ~_:j .~I, 0 Jll Undo 

Click and type your answer llere 

CHALLENGE SUBMIT SHOW ANSWER 



calculate the Input torque (correct to two decimal places). 

liil 

+ 

ro ~j~j " J~j o 8 Undo 

... 

Cllcl< and rype your answer here 

CHALLENGE SUBMIT SHOW ANSWER 
' 

• 
• 
• 
• 

( 

INSTRUCTIONS 

No intermediate steps are required 
If you choose to show steps. write one on each line . 
Write your final answer on the last line. 
The computer will check all your work In detail when you click "Submit' . 

H1r.t 



Flat belt drive 

A f lat belt drive transmits power through flat belts and pulleys. 

Power transmission by belts is possible only with sufficient friction between the belt and 

its pulleys. 

In order to provide the necessary grip on the pulley, both sides of the belt must be in 

tension, i.e. there must be a tension force in both sides of the belt, as illustrated in the 

figure below. 

112 

GIVE FEEOBACII CONTINUE > 



Flat belt drive 2/2 

ttght side 

CIVE FEEDBACK 



j:rectly label tl1e diagram of the flat belt drive. 

t1ght Stde 

,. () 
I ' f, 

Submit 

Do you know the answer? 



Which of the following are true statements about flat belt drives? 

Check 11l that apply. 

0 A flat belt drive transmits power through flat belts and pulleys 

0 Power transmission by belts rs possible only with sufficient friction between the belt 
and its pulleys 

0 A flat belt drive transmrts power through flat belts and sprockets 

CJ In order to provide the necessary grip on the pulley, both sides of the flat belt must 
be in tension 

0 Power transmission by belts is possible due to contact between the belt and toothed 
sprockets 

Do you know the answer? 

I KNOW IT TIIINK SO UNSURE NO IDEA 



Belt tension in flat belt drive 

As a result of applied torque and the friction between the belt and the pulley, there is a difference between 

the tight-side tension, F, and the slack-side tension, F , . 

It can be shown that friction limits the ratio 

between these two belt tensions according to the 

equation: 

< 

F, • - -= e!Jn 
P, 

where: 

e is a constant and is equal to 2.71828 ..• 

fl is the coefficient of friction between the belt and 

the pulley 

a Is the angte of contact In radians 

< 

e is a mathematical constant and Is usually available as a function key on most scientfllc calculators. 

< 

GIVE FEEDBACK 



Which of the following states the correct relationship between the tensions In the belt of a flat belt 
drive? 

F, e -= t'l' 
Fr 

I KNOW IT 

Click tile correct answer. 

Do you know the answer? 

TIIINK SO UN SUR£ NO IDEA 



Match each of the symbols from the equation Ft = e ~ e with the correct description. 
Fs 

j Drag statements on the right to match the left. 

IKI The tension in the taut side of the belt 

F, IKI 
The tension in the slack side of the 
belt 

e IKI 
A constant approximately equal to 
2.71828 

IKI 
The coefficient of friction between the 
belt and the pulley 

e IKI 
The angle of contact between the belt ll'l and the pulley : .. , ... 

Do you know the answer? 



Torque of flat belt drive about centreline of pulley 

The torque for a flat belt drive pulley is equal to the algebraic sum of the moments of the two forces about t he 

centreline of the pulley. 

T = Ft r - Ps r = r (Pt - Fs) 

< 

GIVE FEEDBACK 

where: 

T is the torque applied to the pulley 

Ft is the tension in the taut side of the belt 

Ps is the tension in the slack side of the belt 

r is the radius of the pulley 

< 

lUI 
lUI 



Which of the following is the correct equation for the torque applied to a pulley in a f lat belt drive? 

T=r \Ft-Fs ) 

T = r 
(Fr - Fs ) 

T = (Ft -Fs ) 
r 

T =r iFt + p, ··~ 
·. ' 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



Match each of the symbols from the equation T = r (F, - F s ) with the correct description. 

j Drag statements on tbe right to match the left 

T Torque applied to pulley 

Tension in the taut side of the belt 

Tension in the slack side of the belt 

r Radius of the pulley 

Do you know the answer? 

I KNOW IT TIIINK SO UNSURE NO IDEA 



GIVE FEEDBACK 

Calculate tension in belt for flat belt drive 

A flat belt has a maximum tension of 500 N, the coefficient of friction is 0.25, the 

angle of contact is 150 • and the diameter of the pulley is 300 mm. 

Determine the tension in the slack side of the belt. 

r 
Example Given data Tension 



Given: 

GIVE FEEDBACK 

Calculate tension in belt for flat belt drive 

Example 

f' ~ 0.25 

6 ; ISO• 
1( 

; lSO X--
180 

= 2.618 rad 

P, = SOON 

Given data Tension 



GIVE FEEDBACK 

Calculate tension in belt for flat belt drive 

We can find the slack-side tension from: 

r 

Example 

1 

.!..:._ = e ~9 
P, 

500 
-- = e <t.JS x u ts 
P, 

: .p, = 260N 

Given data Tension 



Type your answer in the box. 

A flat belt has a slack side tension of 90 N, the coefficient of f riction is 0.28, the angle of contact is 135 • and 
the diameter of the pulley is 275 mm. 

The angle of contact is '-----------' radians (correct to three decimal places). 

The tension in the taut side of the belt is '------------' N (correct to one decimal place). 

fil 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Type your answer in the box. 

A flat belt has a maximum tension of 280 N, t he coefficient of f riction is 0.3, the angle of contact is 120• and 
the diameter of the pulley is 300 mm. 

The angle of contact is '-----------' radians (correct to three decimal places). 

The tension in the slack side of the belt is '------------' N (correct to one decimal place). 

fil 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



GIVE FEEDBACK 

Calculate torque transmitted through flat belt drive 

Determine the maximum torque that can be transmitted by a flat belt drive if the 

maximum tension is 500 N, the coefficient of friction is 0.25, the angle of contact 

is 150• and the diameter of the pulley is 300 mm. 

r 
Example Given data Tension Torque 

L 



Given: 

r 

l 

GIVE FEEDBACK 

Calculate torque transmitted through flat belt drive 

Example 

f' ~ 0.25 

6 ; ISO• 
1( 

; lSO X--
180 

= 2.618 rad 

P, = SOON 

Given data Tension Torque 



GIVE FEEDBACK 

Calculate torque transmitted through flat belt drive 

We can find the slack-side tension from: 

r T 

Example 

l 

.!..:._ = e ~9 
P, 

500 
-- = e <t.JS x u ts 
P, 

: .p, = 260N 

Given data Tension Torque 



GIVE FEEDBACK 

Calculate torque transmitted through flat belt drive 

Therefore torque is: 

r T 

Example 

l 

T = r {F 1 - F; ) 

= 0.15 (500 - 260) 

= 36 N.m 

r 
Given data Tension 

L 

Torque 



A fiat belt drive has a maximum belt tension of 300 N, the 
coefRclent of fr1ct1on is 0.29, the angle of contact Is 135 • 
and the diameter of the pulley is 280 mm. 

SMAU. IM'.!ii!/1 Wli:E 

Type your answer in the box. 

The angle or contact is '-----------' radlans (cormct. to thme decimal places). 

rhe tension In the slack side of the oon Is .----------, N (corroot LO one doclmal place). 

Iii! 

Do you know the answer? 

I KNOW IT lliiN~ \0 UN~IIR£ NO IDEA 



A f lat belt drive has a maximum belt tension of 300 N, the 
coefficient of friction is 0.29, the angle of contact is 135 • 
and the diameter of the pulley is 280 mm. 

SMAll LARCE 

calculate the torque transmitted by the pulley (correct to two 
decimal places). 

Iii 

~~J_j _+ Lill~ ro) Clear 

~~ ~~ .~J ~_:j .~I. 0 Jll Undo 

Click and type your answer llere 

CHALLENGE SUBMIT SHOW ANSWER 



GIVE FEEDBACK 

Calculate power transmitted through flat belt drive 

Determine the power transmitted by a flat belt drive operating at 650 rpm if the 

maximum tension is 500 N, the coefficient of friction is 0.25, the angle of contact 

is 150• and the diameter of the pulley is 300 mm. 

r 

Example Given data Tension Torque Power 

1 



Given: 

r 

Exam ple 

GIVE FEEDBACK 

Calculate power transmitted through flat belt drive 

Given data 

"' = 0.25 
e = tso• 

= J SO X~ 
180 

= 2.618 rad 

P, = 500 N 

N = 650 rpm 

Tension Torque Power 



r 

GIVE FEEDBACK 

Calculate power transmitted through flat belt drive 

We can find the slack-side tension from: 

T 

Exam ple Given data 

1 

F, = e~O 
P, 

500 
-- = e o.zs.>< 2.61& 
F, 

:.p, = 260N 

Tension Torque Power 



r 

GIVE FEEDBACK 

Calculate power transmitted through flat belt drive 

Therefore torque is: 

T 

Exam ple Given data 

1 

T = r {F 1 - F; ) 

r 

1 

= 0.15 (500 - 260) 

= 36N.m 

Tension Torque Power 



r 

GIVE FEEDBACK 

Calculate power transmitted through flat belt drive 

The power can be calculated from: 

T 

Exam ple Given data 

1 

p "' 2nNT 
60 

r 

1 

"' (2n)(650)(36) 
60 

= 2,450W 

Tension Torque Power 



Knowing that the torque applied to the pulley Is 11.856 Nm. 
calculate the power transmitted by the flat belt drive (correct to 
one decimal place). 

il 

+ 

CHALLENGE 

+ ~ I 2 
1-

) 

' Clear ImP 

Undo 

Click and type your answer here 

SUBMIT SHOW ANSWER 

( 

INSTRUCTIONS 

• No intermediate steps are required 

• If you choose to show steps, wnte one on each line. 
• Write your final answer on the last line. 
• The computer will check all your work 1n detail when you click 

•submlr. 

Hint l:odl-..tl ,.._.,. __ ....... _ 



Calculate the torque applied to the pulley (correct to three 
decimal places). 

Iii 

_!j-=-. ~~ _:::j lJ o l Jr I 
~o1l • J < I· J " ~.:J 1 o 8 

Clear line 

Undo 

Cllclc and (ype your answer here 

CHALLENGE SUBMIT SHOW ANSWER 

INSTRUCTIONS 

• No intermediate steps are required 
• If you choose to show steps, write one on each line. 

• Write your final answer on the last line. 
• The computer will check all your work In detail when you click 'Submit'. 

( 



A fiat belt drive operating at 300 rpm has a maximum belt 
tension of 115 N, the coef~clent of friction is 0.32, the 
angle of contact is 140' and the diameter of the pulley is 
380mrn. 

SMAU. IM'.!ii!/1 Wli:E 

Type your answer in the box. 

The angle or contact is '----------' radlans (cormct. to thme decimal places). 

rhe tension In the slack side of the oon Is .---------, N (corroot LO one doclmal place). 

Iii! 

Do you know the answer? 

I KNOW IT lliiN~ \0 UN~IIR£ NO IDEA 



A f lat belt drive operating at 300 rpm has a maximum belt 
tension of 115 N, the coefficient of friction is 0 .32, the 
angle of contact is 140 • and the diameter of the pulley is 
380mm. 

SMAll LARCE 
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A f lat belt drive operating at 300 rpm has a maximum belt 
tension of 115 N, the coefficient of friction is 0 .32, the 
angle of contact is 140 • and the diameter of the pulley is 
380mm. 

SMAll LARCE 

>I< 

IV-•II-tol"'-'l..,....,_elhlp"'¥til~llot, 
~AIM.,_~~tti:M~~\tM~~ ---iii 

+I =]1.:_; • - 'fl o•! 
.E:l:J .!l:J .!!._ ~:J ~ .::_1 

,. ( t 

"""''*-. .. _..__ .... ,..,_,.,._ 
V.'lt:lo'JiOUtl'l:lllo-~'llliob'.lt~ 

• ltoot«tfltiW .... - .. 1.......-...... k-f-p,~W. 

':9Jtftt:'. ___ , __ _ 



V·belt drive 

The V-belt drive consists of a belt with a vee-shaped cross-section that operates specially 

shaped pulleys. 

The V-belt drive benefits from the wedging effect produced by the rubber belt in the 

specially shaped groove of the pulley (see the figure below). 

The wedging action of the belt tension increases the normal force on the belt and hence 

increases friction which provides the grip. 

112 

GIVE FEEOBACII CONTINUE > 



V·belt drive 

CIVE FEEDBACK 

V-belt 

grooved 
pulley 

2/2 



j:rectly label tl1e diagram of the V-belt. 

grooved 
pulley 

wedge 
angle 

Submit 

V-beit 



Type your answer in the box. 

The V-belt drive consists of a belt with a L_ _______ ___, shaped cross-section that operates specially 

shaped pulleys. 

The V-belt drive benefits from the L_ _______ ___, effect produced by the rubber belt in the specially 

shaped groove of the pulley. 

The wedging action of the belt tension L_ _______ ___, the normal force on the belt and hence 

increases f riction which provides the grip. 

Do you know the answer? 

I KNOW IT THINII SO IJNSURE NO IDEA 



Belt tensions in V-belt drive 

The flat belt dr1Ve ~uatlon can be modlfled to Include the added fr1otlon prov1ded by the V-belt bytha Inclusion of the srne of one-half of the wedge angle. 

where: 

Fr Is the tension In the taut side of the V-belt 

Fs Is the tension In the slack side of the V-belt 

e Is a constant that 1s approximately equal to 2. 71828 

~ Is the eoefflclent of fttetlon between the V-belt and the pulley 

a Is the contaet angle betWeen the V-belt and the pulley 

~ Is equal to half of the wedge angle 

< < 

Nates: 
F 

1. Thfs equation ts sometlnes shown as -' = e iP011.oosco• '· 
Fs 

2. The smaller of the two arcs of contact ts used In this equation because that Is where the belt will slip first and It therefore determines the power 
transm lssl~n . 

< 

GIVE FUDBACK IIUI 
lUI 



Which of the following states the correct relationship for the tensions in a V-belt drive? 

F ( ~8 ) -' = e , o~op 
Fs 

F (' ~8 ) -' = e olD~ 
Fs 

F ( ~~ ) 
-' = e .. -;me 
Ps 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



. ~9 . 

Match each of the symbols from the equation Ft = e ( sin~ ) with the correct description. 
Fs 

j Drag statements on tbe right to match tbe left. 

IKl Tension in the taut side of the belt 

IKl Tension in the slack side of the belt 

e IKl 
A constant approximately equal to 
2.71828 

IKl 
Coefficient of friction between the belt 
and the pulley 

e IKl 
Angle of contact between the bell and ll'l the pulley : .. , ... 

IKl One-half of the wedge angle l!hJ 
•• I 



Torque of V-belt drive 

The torque for a V-belt drive pulley is equal to the algebraic sum of the moments of the two forces about the 
centre I ine of the pulley. 

T = Ft r - Fs r = r (Ft ·- Fs ) 

< 

GIVE FFIDBACK 

where: 

T is the torque applied to the pul ley 

Ft is the tension in the taut side of the belt 

Fs is the tension in the slack side of the belt 

r is the radius of the pulley 

< 

lUI 
K» 



Match each of the symbols from the equation T = r (F, - F s ) with the correct description. 

j Drag statements on tbe right to match the left 

T Torque applied to the pulley 

Tension in the taut side of the belt 

Tension in the slack side of the belt 

r Radius of the pulley 

Do you know the answer? 

I KNOW IT TIIINK SO UNSURE NO IDEA 



GIVE FEEDBACK 

Calculate tension in belt given wedge angle 

A V-belt drive with a wedge angle of 40 • has a maximum tension of 500 N, the 

coefficient of friction is 0.25, the angle of contact is 1so• and the diameter of the 

pulley is 300 mm. 

Determine the tension in the slack side of the belt. 

r 
Example Given data Tension 



GIVE FEEDBACK 

Calculate tension in belt given wedge angle 

Given: 
li : 0.25 

a = 1so• 

: lSOX - n-
180 

= 2.618 rad 

Pt = SOON 

The wedge angle is 40• therefore: 

~ = 20. 

Example Given data Tension 



Calculate tension in belt given wedge angle 

We can find the slack-side tension from: 

: .F., = 73.8N 

r 

Example Given data Tension 

1 

GIVE FEEDBACK 



Type your answer in the box. 

A V-belt with a wedge angle of 46• has a maximum tension of 280 N, the coefficient offriction is 0.3, the angle 
of contact is 120• and the diameter of the pulley is 300 mm. 

The angle of contact is L_ _______ ___, radians (correct to three decimal places). 

The tension in the slack side of the belt is L_ _______ __, N (correct to one decimal place). 

fil 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Type your answer in the box. 

A V-belt with a wedge angle of 42 • has a slack-side tension of 90 N. the coefficient of f riction is 0.28, the angle 
of contact is 135 • and the diameter of the pulley is 275 mm. 

The angle of contact is '-----------' radians (correct to three decimal places). 

The tension in the taut side of the belt is '------------' N (correct to one decimal place). 

fil 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



GIVE FEEDBACK 

Calculate torque transmitted through V-belt drive 

A V-belt drive with a wedge angle of 40• has a maximum tension of 500 N, the 

coefficient of friction is 0.25, the angle of contact is 1so• and the diameter of the 

pulley is 300 mm. 

Calculate the maximum torque. 

r 
Example Given data Tension Torque 

L 



GIVE FEEDBACK 

Given: 

Calculate torque transmitted through V-belt drive 

li : 0.25 

a = 1so• 

: lSOX - n-
180 

= 2.618 rad 

Pt = SOON 

The wedge angle is 40• therefore: 

~ = 20. 

r 

Example Given data Tension Torque 

l 



Calculate torque transmitted through V-belt drive 

We can find the slack-side tension from: 

: .F., = 73.8N 

r T 

Example Given data Tension Torque 

l 

GIVE FEEDBACK 



Torque is: 

r 

l 

GIVE FEEDBACK 

Calculate torque transmitted through V-belt drive 

T 

Example 

1 = 0.15 <.500- 73.8) 

= 63.9N. m 

r 
Given data Tension 

L 

Torque 



A V-belt drive with a wedge angle of 48 • has a maximum 
belt tension of 300 N, the coefficient of friction is 0.29, the 
angle of contact is 135 • and the diameter of the pulley is 
280mrn. 

SMAU. IM'.!ii!/1 Wli:E 

Type your answer in the box. 

The angle or contact is '----------' radlans (cormct. to thme decimal places). 

rhe tension In the slack side of the oon Is .----------, N (corroot LO one doclmal place). 

Iii! 

Do you know the answer? 

I KNOW IT lliiN~ \0 UN~IIR£ NO IDEA 



A V-belt drive with a wedge angle of 43• has a maximum 
belt tension of 300 N, the coefficient of friction is 0.29, the 
angle of contact is 135 • and the diameter of the pulley is 
280mm. 

SMAll LARCE 

calculate the torque transmitted by the pulley (correct to two 
decimal places). 

Iii 

~~J_j _+ Lill~ ro) Clear 

~~ ~~ .~J ~_:j .~I. 0 Jll Undo 

Click and type your answer llere 

CHALLENGE SUBMIT SHOW ANSWER 



GIVE FEEDBACK 

Calculate power transmitted tflrough V-belt drive 

Determine the power transmitted by a V-belt drive with a wedge angle of 40° 

oper;Jting at 650 rpm if the maximum tension is 500 N, the coefficient of friction 

is 0.25, the angle of contact is 150 o and the diameter of the pulley is 300 mm. 

r 

Example Given data Tension Torque Power 

1 



GIVE FEEDBACK 

Given: 

Calculate power transmitted tflrough V-belt drive 

li : 0.25 

a = 1so• 

: 150X - n-
180 

= 2.168rad 
Pt = SOON 

The wedge angle is 40• therefore: 

~ = 20. 

Example Given data Tension Torque Power 



Calculate power transmitted tflrough V-belt drive 

We can find the slack-side tension from: 

:.p, = 73.8 N 

T 

Example Given data Tension Torque Power 

1 

GIVE FEEDBACK 



Torque is: 

T 

Example 

1 

GIVE FEEDBACK 

Calculate power transmitted tflrough V-belt drive 

Given data 

1 = 0.15 <.500- 73.8) 

= 63.9N. m 

r 
Tension 

1 

Torque Power 



GIVE FEEDBACK 

Calculate power transmitted tflrough V-belt drive 

The power can be calculated from: 

T 

Exam ple Given data 

1 

p = 2nNT 
60 

r 

1 

= _,_( 2=-11"';'-'' (=-65:;.;0:-c) .oc< 6:.:3.::.9.:..) 
60 

= 4,350W 

Tension Torque Power 



A V-belt drive with a wedge angle of 44 • operating at 300 
rpm has a maximum belt tension of 115 N, the coefficient of 
friction is 0.32, the angle of contact is 140• and the 
diameter of the pulley is 380 mm. 

SMAU. IM'.!ii!/1 Wli:E 

Type your answer in the box. 

The angle or contact is '----------' radlans (cormct. to thme decimal places). 

rhe tension In the slack side of the oon Is .----------, N (corroot lO two decimal plaoos). 

Iii! 

Do you know the answer? 

I KNOW IT lliiN~ \0 UN~IIR£ NO IDEA 



A V-belt drive with a wedge angle of 44 • operating at 300 
rpm has a maximum belt tension of 115 N, the coefficient of 
friction is 0.32, the angle of contact is 140 • and the 
diameter of the pulley is 380 mm. 

SMAll LARCE 

calculate the torque applied to the pulley (correct to two 
decimal places). 

Iii 

~~J_j _+ Lill~ ro) Clear 

~~ ~~ .~J ~.:J .~I_ 0 Jll Undo 

Click and type your answer llere 

CHALLENGE SUBMIT SHOW ANSWER 



A V-belt drive with a wedge angle of 44 • operating at 300 
rpm has a maximum belt tension of 115 N, the coefficient of 
friction is 0.32, the angle of contact is 140 • and the 
diameter of the pulley is 380 mm. 

SMAll LARCE 
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Knowing that the torque applied to the pulley Is 19.14 Nm. 
calculate the power transmitted by the V·belt drive (correct to 
one decimal place). 

il 

+ 

CHALLENGE 

+ ~ I 2 
1-

) 

' Clear ImP 

Undo 

Click and type your answer here 

SUBMIT SHOW ANSWER 

( 

INSTRUCTIONS 

• No intermediate steps are required 

• If you choose to show steps, wnte one on each line. 
• Write your final answer on the last line. 
• The computer will check all your work tn detail when you click 

•submlr. 

Hint l:odl-""' .......... --"" .... -



Advantages of V -belt drive over flat belt drive 

When a V-belt drive is compared with the equivalent f lat belt drive, the torque is much larger. 

The power t ransmitted at a given speed would also be much greater. 

< 

The efficiency of a V-belt drive ranges f rom 90 to 98 per cent, with a generally accepted average of 95 per 
cent 

< 

For the sake of simplicity in presentation, we have assumed 100 per cent efficiency for all calculations 
involving f lat belt and V-belt drives in this resource. 

Likewise we have ignored the effect of centrifugal force, which at high velocities tends to lift the belt off the 
pulley, thus reducing the frictional grip. 

< 

GIVE FEEDBACK ... •• 



Type your answer in the box. 

A V-belt drive compared with the equivalent f lat belt drive has much c__ _______ _J torque and 
power transmitted. 

The efficiency of a V-belt drive has a generally accepted average of Ll _______ ___,~. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



A V-belt drive compared with the equivalent f lat belt drive has a much Select... 

torque and power transmitted. 

The efficiency of a V-belt drive has a generally accepted average of Select...'"'!)%. 

Submit 

Do you know the answer? 

I KNOW IT THIN!'. SO UNSURE NO IDEA 




