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Introduction to the law of a machine 

This section introduces some fundamental principles for the operation of machines. 

Mechanical advantage, velocity ratio, effiency, load and effort are covered prior to 
considering the law of a machine. 

An understanding of these concepts is a necessary 
foundation for investigations in the mechanics of 
machines. 
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Examples 01 machines rang& from thO slmJ)IG IBV9f 
through to complicated devices with many 
Interconnected components. 

.• • 0•------

What are machines? 

A machine can be defined as a mechanical device consisting of one or more 

rigid components, designed and used for transmitting force and motion, and for 

doing work . 
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Type your answer in the box. 

A can be defined as a mechanical device consisting of one or more rigid components, 
designed and used for transmitting force and motion, and for doing work. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Which of the following is the best description of a machine? 

Click the correct answer. 

A mechanical device consisting of one or more rigid components, designed and used 
for transmitting force and motion, and for doing work 

A mechanical device consisting of one or more rigid components 

A device consisting of one or more rigid components, designed and used for 
transmitting work 

A set of rigid components designed and used for transmitting work and motion 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



r 

The purpose of machines 

The general purpose of machines is to augment or replace human effort for the 
accomplishment of physical tasks. 

In particular, the fundamental feature of most machines is that a large load is moved, or a 
large resistance is overcome, by means of a relatively small effort. 

( 
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Which of the following correctly describe the purpose of machines? 

Check all that apply. 

0 To augment or replace human effort for the accomplishment of physical tasks 

0 To move a large load, or overcome a large resistance, by means of a relatively small 
effort 

0 To increase complexity in the performance of tasks 

0 To remove physical application of mechanical advantage 

0 To apply load to a given effort force 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



< 
l 

GIVE FEEDBACI{ 

Effort of a machine 

All machines have an input side and an output side. 

The force exerted on the machine on the input side is known as the effort , FE . 

,.,, 
lUI 



The force exerted on a machine on the input side is known as __ _ 

effort 

load 

efficiency 

advantage 

leverage 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



Type your answer in the box. 

The force exerted on the machine on the input side is known as the '--------' 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Load of a machine 

All machines have an input side and an output side. 

The resistance to be overcome, or the force on the output side of the machine, is called the load, F L · 

< 
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The resistance to be overcome, or the force on the output side of the machine, is known as the 

load 

effort 

efficiency 

advantage 

leverage 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



Type your answer in the box. 

The resistance to be overcome, or the force on the output side of the machine, is known as the 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Mechanical advantage of a machine 

Machines are usually of such design that by application of a small effort, a large load can be moved. 

The relationship between the load and the effort, which gives an indication of the advantage that can be obtained by using 
t he machine, is called the mechanical advantage of the machine. 

< 

< 

Mechanical advantage = load 
effort 

MA = FL 
Ps 

GIVE FEEDBACK 

Mechanical advantage is usually greater than one; it 
depends on the type of machine which is being used and it 

varies with the load. 

< 
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Which of the following are correct descriptions of mechanical advantage? 

Check 11l that apply. 

0 MA = FL 
Fn 

0 Mechanical advantage = load 
effort 

CJ MA = fLFE 

CJ MA = Ft + Fl 

0 MA = Ft - FB 

0 Mechan1cal advantage " load + effort 

0 Mechanical advantage load effort 

0 Mechanical advantage load · effort 

Do you know the answer? 



Velocity ratio of a machine 

In order to do work, both the load and the effort must move. In some machines the motion Is linear, while In others It Is 
rotational. 

The ratio of the distance moved through by the effort on 
the input side ;Ss) to the distance moved through by the 
load on the output side {SL : is called the velocity ratio of 

Velocity ratio = distance moved by effort 
distance moved by load 

< 

< 

the machine. 

< 

Velocity ratio is usually greater than one and, unlike the mechanical advantage, is constant for a given machine, i.e. it 
depends only on the arrangement of moving parts and is independent of the load. 
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Which of the following are correct descriptions of velocity ratio? 

Check all that apply. 

0 VR = Se 
SL 

0 Velocity ratio = distance moved by effort 
d istance moved by load 

0 VR = SE + SL 

0 VR = SE - St 

0 VR = SE · St 

0 Velocity ratio = distance moved by effort + distance moved by load 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Tbe mechanical advantage and velocity ratio of a real machine 

Ideally, the mechanical advantage of any given machine should be equal to its velocity 

ratio. 

However, for a rea l machine, the actual mechanical advantage is always less than t he 

ideal due to the presence of friction between moving parts such as bearing or sliding 

surfaces. 
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Type your answer in the box. 

Ideally, the mechanica l advantage of any given machine should be L_ _______ ___J to its velocity 
ratio. 

However, for a real machine, the actual mechanical advantage is always '-:-:-::----:------' than ideal 
due to the presence of friction between moving parts such as bearing or sliding surfaces. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Calculate tfle mechanical advantage of a machine 

A simple machine is represented diagrammatically in the following f igure. 

The load is 450 N and t he effort is 50 N. 

The distances moved by the load and effort are 100 mm and 1200 mm respectively. 

Calculate the mechanical advantage. 

r 

Example Figure Solution 

_L 
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Calculate tile mechanical advantage of a machine 

Fe~ SON 

1 
E 
E 
0 
0 

"' machine 
~ 

II 

clt 

c- - - -- - --

"· .. : .. : ... 
' . 
:'X~ ~l. = 100mm 

l__ _ __j:::!;:=r 

Example Figure Solution 
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Calculate tfle mechanical advantage of a machine 

Mechanical advantage: 

MA = ph 

450N 
= 

SON 
= 9 

The mechanical advantage of this machine is 9. 

Note that mechanical advantage has no units. 

r 
Example Figure 

1 

Solution 



A simple machine requires an effort of 75 N to produce a load 
force of 750 N. 

Calculate the mechanical advantage in this case. 

II 

L!J~_j~JJ_ij~~ 
~~~~~~~ 

Click and type your answer here 

Clear 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 
' 



A simple machine requires an effort of 240 N to produce a load 
force of 12,000 N. 

Calculate the mechanical advantage in this case. 

II 

L!J~_j~JJ_ij~~ 
~~~~~~~ 

Click and type your answer here 

Clear 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 
' 



A simple machine requires an effort of 40 N to produce a load 
force of 200 N. 

Calculate the mechanical advantage in this case. 

II 

L!J~_j~JJ_ij~~ 
~~~~~~~ 

Click and type your answer here 

Clear 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 
' 



Calculate the velocity ratio of a machine 

A simple machine is represented diagrammatically in the following figure. 

The load is 450 N and the effort is 50 N. 

The distances moved by t he load and by the effort are 100 mm and 1200 mm respectively. 

Calculate the velocity ratio. 

r 

Example Figure Solution 

_L 
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Calculate the velocity ratio of a machine 

Ff"" 50 N 

1 
E 
E 
0 
0 
N machine 
~ 

II 

eft 

c- - - -- - - -

... 
.. : .. : .. . . ::'X J ~l = 100mm 

l.__ _ _j:::!.:~ 

FL = 450 N 

Example Figure Solution 
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Calculate the velocity ratio of a machine 

Velocity ratio: 

l,200mm 
= 

The velocity ratio for this machine is 12. 

Note that the velocity ratio has no units. 

r 
Example Figure Solution 

1 
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A simple machine requires an effort distance of 1m to 
produce a load distance of 200 mm. 

Calculate the velocity ratio for this machine. 

II 

L!J~_j~JJ~~ 
~~~~~~~ 

Click and type your answer here 

Clear 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 
' 



A simple machine requires an effort distance of 900 mm 
to produce a load distance of 20 mm. 

Calculate the velocity ratio for this machine. 

II 

L!J~_j~JJ~~ 
~~~~~~~ 

Click and type your answer here 

Clear 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 
' 



A simple machine requires an effort distance of 1.5 m to 
produce a load distance of 100 mm. 

Calculate the velocity ratio for this machine. 

II 

L!J~_j~JJ~~ 
~~~~~~~ 

Click and type your answer here 

Clear 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 
' 



Work done by eff;ort 

Whenever a force moves through a distance, the product of force and distance is the work done. 

On the input side of a machine, the work done by 
the effort is equal to: 

( 

GIVE FEEDBACK 

where: 

WB is the work done by effort 

FE is the effort force 

SE is the effort distance 

( 

lUI 
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Match each of the symbols from the equation W B = FE · SB with the correct description. 

,jt Drag statements on the right to match the left 

..... 
We c-:::1 Work done by the effort ::::: 

..... 
Fe c-:::1 Effort force ::::: 

..... 
Se c-:::1 Effort distance ::::: 

Do you know the answer? 

I KNOW IT THINH SO UNSURE NO IDEA 



Which of the following is the correct equation for the work done by effort on a machine? 

Ws=FB·SE 

Fe 
WB= ­

SE 

WL =FL. St 

WL = FL + St 

I KNOW IT 
I 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 
I 



Work done in moving a load 

Whenever a force moves through a distance, the product of force and distance is the work done. 

On the output side, the work done in moving the load is 
given by: 

< 

GIVE FEEDBACK 

where: 

WL is the work done moving the load 

F L is the load force 

SL is the load distance 

< 



Match each of the symbols from the equation W L = Ft · SL with the correct description. 

,jt Drag statements on the right to match the left 

..... 
WL c-:::1 Work done in moving the load ::::: 

..... 
c-:::1 Load force ::::: 

..... 
c-:::1 Load distance ::::: 

Do you know the answer? 

I KNOW IT THINH SO UNSURE NO IDEA 



Which of the following is the correct equation for the work done in moving a load? 

WL=FL·SL 

Fe 
WB= ­

SE 

WB=FB·SB 

WL = FL + SL 

I KNOW IT 
I 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE 
I 

NO IDEA 
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ElfieltiiCJ of 1 mtchln• 

The ratio of the useful work done by the machine In mov1ng the load on the 

output side to the work put into the machine by the effort on the Input side is 
called the efficiency of the mechme. 

GIVE FEEDBACK 

effiCI • v.ork done 1n movmg load 
ency v.ork done by the effort 

l\'1 
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• f1 X S1 
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Match each of the symbols from the equation '1 = w L with the correct description. 
W e 

i' Drag statements on the right to match the left 

tKI Efficiency 

tKI Work done in moving the load 

We tKI Work done by the effort 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 

..... ..... 

..... ..... 

..... ..... 



' 

Which of the following Is the correct equation for the efficiency of a machine? 

WL 
1)=-

100 

w. 
IJ =­

Wt 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



1._ 

< 

< 

Calculating the efficiency of a machine using mechanical advantage and velocity ratio 

MA 
~ =­VR 

W't 
'1 = Ws 

F.t. XSL = _,..::.___,.;:._ 
Ps xse 

Pt s, 
Since MA = - and VR = -

5 
, then: 

P.G L 

where: 

'1 is the efficiency 

MA is the mechanical advantage 

V'l is the velocity ratio 
< 

Usually efficiency is expressed as a percentage and in the absence at friction It should ideally be equal to 100 per cent. 

In actual machines efficiency is always less than 100 per cent 
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Match each of the symbols from the equation 11 = MA with the correct description. 
VR 

j Drag statements on the right to match the left 

0o0 Efficiency 

MA 0o0 Mechanical advantage 

VR 0o0 Velocity ratio of the machine 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
I I 

n::: ..... 
m:: 
..... ..... ..... 
m:: 
n::: ..... 
m:: 



Calculate the input and output work 

For the machine in the figure, calculate the input and output work. 

GIVE FEEDBACK 

E 
E 
0 

~ 

Fe~ SO N 

1 
machine ... . : .. · ... . . 

c :: : :: = L___~~~=r= : -~-·~ :r 

r 

Example Input work Output work 
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Input work: 

GIVE FEEDBACK 

Calculate the input and output work 

Example 

Ws = PsXSs 

= SONX !.2m 

= 60J 

Input work Output work 



Output work: 

GIVE FEEDBACK 

Calculate the input and output work 

Example 

WL=FLXSL 

r 

1 

= 450NXO.l m 
= 451 

Input work Output work 



A simple machine requires an effort of 50 N moving through 
a distance of 1m to produce a load force of 200 N that 
moves through 200 mm. 

SMAll lARGE 

>I< 

calculate tile work done by tile effort 

Iii! 

~_:j_j _+ JJ:JE_j~ 
~_:j ~_:j ~ ~~.~ EJII 

Click and type your answer here 

Clear 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 



A simple machine requires an effort of 50 N moving through 
a distance of 1m to produce a load force of 200 N that 
moves through 200 mm. 

SMAll lARGE 

>I< 

calculate tile work done in moving the load. 

Iii! 

~_:j_j _+ JJ:JE_j~ 
~_:j ~_:j ~ ~~.~ EJII 

Click and type your answer here 

Clear 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 



A simple machine requires an effort of 75 N moving through 
a distance of 1.2 m to produce a load force of 750 N that 
moves through 100 mm. 

SMAll lARGE 

>I< 

calculate tile work done by tile effort 

Iii! 

~_:j_j _+ JJ:JE_j~ 
~_:j ~_:j ~ ~~.~ EJII 

Click and type your answer here 

Clear 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 



A simple machine requires an effort of 75 N moving through 
a distance of 1.2 m to produce a load force of 750 N that 
moves through 100 mm. 

SMAll lARGE 

>I< 

calculate tile work done in moving the load. 

Iii! 

~_:j_j _+ JJ:JE_j~ 
~_:j ~_:j ~ ~~.~ EJII 

Click and type your answer here 

Clear 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 



Calculate the efficiency of a machine 

For the machine In the figure, calculate the efficiency. 

II 

~ 

Example 

GIVE FEEDBACK 

machine ... 
#' ~· .. • •• , . 

c = = = = ~___ _ _~:=:::A=r·= = =~·-= J 

FL = 450 N 

r r 

Input work Output work Efficiency 

1 _L 
Alternate 

solution 



Input work: 

r 

Example 

GIVE FEEDBACK 

Calculate the efficiency of a machine 

Input work 

Wn= PHXSx 

= SONX 1.2 m 

= 60J 

r 

Output work Efficiency 

_L 

, 

Alternate 

solution 



Output work: 

r T 

Example 

1 

GIVE FEEDBACK 

Calculate the efficiency of a machine 

Input work 

W L= FL XSL 

= 450NX 0.1 m 

= 45) 

Output work Efficiency 

, 

Alternate 

solution 



Efficiency: 

I T 

Example 

1 

GIVE FEEDBACK 

Calculate the efficiency of a machine 

r 

Input work 

1 

Wr. 
'l ~ -­

Wu 
45 

=To 
= 0.75 
= 75% 

Output work Efficiency 
Alternate 

solution 



Alternatively: 

I T 

Example 

1 

GIVE FEEDBACK 

Calculate the efficiency of a machine 

r 

Input work 

1 

MA 
1]~ -

VR 
9 

~ 12 

~ 0.75 
~ 75% 

Output work 

r 

Efficiency 

_L 
Alternate 

solution 



A simple machine reQuires an effort of 50 N moving through 
a distance of 1 metre to produce a load force of 200 N that 
moves through 200 mm. 

Type your answer in the box. 

The wor1< done by the &tfort is ._ ______ __J J. 

lhe wort< don& In moving the load Is ._ ______ __J J. 

* liil 

Do you know the a.nswer? 

I KNOW IT UNSIIkf NO IDEA 



A simple machine requires an effort of 50 N moving through 
a distance of 1 metre to produce a load force of 200 N that 
moves through 200 mm. 

SMAU LARGE 

Given that the work done by the effort is 50J and the work 
done by moving the load is 40J, calculate the efficiency 11 of 
the machine as a percentage. 

Iii! 

_!j_:j ~ l _~f J ~~ ~ o%J Clear 

~_:] ~_:] _::j .IJ_:j ~I _gj a Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 



A simple machine reQuires an effort of 75 N moving through 
a distance of ~2 m to produce a load force of 750 N that 
moves through 100 mm. 

Type your answer in the box. 

The wor1< done by the &tfort is ._ ______ __J J. 

lhe wort< don& In moving the load Is ._ ______ __J J. 

* liil 

Do you know the a.nswer? 

I KNOW IT UNSIIkf NO IDEA 



A simple machine requires an effort of 75 N moving through 
a distance of 1.2 m to produce a load force of 750 N that 
moves through 100 mm. 

SMAU LARGE 

Given that the work done by the effort is 90 N and the work 
done In moving the load Is 75 N, calculate the efficiency~ of 
the machine as a percentage. 

Iii! 

_!j_:j ~ l _~f J ~~ ~ o%J Clear 

~_:] ~_:] _::j .IJ_:j ~I _gj a Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 



The ideal machine 

If a machine is perfect, no work would have to be done against friction and the efficiency 

would be 100 per cent. 

This would mean that for a perfect machine: 

MA = 100% 
VR 

or that the ideal mechanical advantage is equal to the velocity ratio: 

MA = VR 

It also means that if there is no friction to be overcome, it would take a smaller effort to 

move the same load. 

GIVE FEEOBACII 



Type your answer in the box. 

If a machine is perfect, no work would have to be done against f riction and the efficiency would be 
L.._ ______ _, %. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Which of the following equations is correct for an ideal machine? 

MA = VR 

MA + VR = 1 

MA - VR = 1 

MA · VR = 1 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



Theoretical effort 

If there is no friction to be overcome by a machine, it takes a smaller effort to move the 

same load. 

The effort required to move a given load P1 if the machine is 100 per cent efficient is 

called the theoretical effort, F r h. 

Substituting into MA. = VR, we have: 

GIVE FEEOBACII 

~= VR 
Frlr 

or 

FL 
Frn =-­VR 



Match each of the symbols from the equation Fr h = F L with the correct description. 
VR 

i' Drag statements on the right to match the left 

Frh 1M3 Theoretical effort 

1M3 Load. 

VR 1M3 Velocity ratio 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Actual effort 

The actual effort (Fe } is the force exerted on the machine on the input side. 

The relat ionship between effort (FE) and load (F r) is given by the law of a machine. 

GIVE FEEOBACII 



Type your answer in the box. 

The ,_ ______ ____; effort (P E ) is the force exerted on the machine on the input side. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Frictional effort 

The difference between the actual effort (FE ) and the theoretical effort (F r" } is the effort 

wasted in overcoming friction, known as the frictional effort (F F }· 

Friction results in heat which is a loss to the machine, i.e. increased friction causes 

reduced efficiency. 

GIVE FEEOBACII 



Type your answer in the box. 

The difference between the actual effort (FE) and the theoretical effort {F·r h) is the effort wasted in overcoming 

friction, known as the effort ( F F ). 

Do you know the answer? 

I KNOW IT THINII SO UNSURE NO IDEA 
I I 



< 

< 

The difference between theoretical, actual and frictional effort 

The effort required to move a given load if the machine is 100 per cent efficient is called the theoretical 

effort (F r h)· 

The actual effort (F B) is the force exerted on the machine on the input side. 

The effort wasted in overcoming friction is known as the frictional effort (FF )· 

GIVE FEEDBACI{ ,.,, 
lUI 



Match the following to give correct descriptions of actual, theoretical and frictional effort . 

The actual effort (FE ) 

The frictional effort ( F r ) 

The theoretical effort (FT h) 

I KNOW IT 

.j Drag statements on the right to match the left 

C:-::1 

C:-::1 

C:-::1 

is the force exerted on the machine on the 
input side. 

is the effort wasted in overcoming friction. 

is the effort required to move a given load if 
the machine is 100 per cent efficient. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 

'
·:::: .... ...... 

····· ..... 
' 
.... .... 



The relation between theoretical, actual and frictional effort 

The difference between the actual effort (FE ) and the theoretical effort (F r" } is the effort 

wasted in overcoming friction, known as the frictional effort (F F }· 

This relationship can be expressed as: 

Fp = F r;- Fr ,, 

GIVE FEEOBACII 



Which of the following represents the correct relationship between actual, theoretical and frictional 
effort? 

Click the correct answer. 

F11 = F£ - Fr h 

Fp =FE· Fr h 

Do you know the answer? 

I KNOW IT THINH SO UNSURE NO IDEA 



Calculate the efforts of a machine 

A simple machine is represented diagrammatically in the following f igure. 

The load is 450 N and t he effort is 50 N. 

The distances moved by the load and effort are 100 mm and 1200 mm respectively. 

Calculate the theoretical and frictional efforts. 

r r 1 

Theoretical 
Example Figure Velocity r~ effort Frictional effort 

1 1 

GIVE FEEDBACK 



Calculate the efforts of a machine 

Fe~ SON 

1 
E 
E 
0 
0 

"' machine 
~ 

II 

clt 

c- - - -- - --

"· .. : .. : ... 
' . 
:'X~ ~l. = 100mm 

l__ _ __j:::!;:=r 

r 

Example Figure 
. . Theoretical 

Veloctty r~ effort 

1 

Frictional effort 

GIVE FEEDBACK 



Velocity ratio: 

I T 

Example 

1 

GIVE FEEDBACK 

Calculate the efforts of a machine 

Figure 

1,200mm 
= 

lOOnun 

= 12 

Velocity ratio 
Theoretical 

effort 

1 

Frictional effort 

1 



Calculate the efforts of a machine 

Theoretical effort: 

F 
F 

T. 
Th = -

VR 
450N 

= 12 
= 37.5N 

I T r 

Example Figure Velocity ratio 
Theoretical 

Frictional effort 
effort 

1 1 

GIVE FEEDBACK 



Frictional effort: 

I T 

Example 

1 

GIVE FEEDBACK 

Calculate the efforts of a machine 

Figure 

FF = FF. - Fr h 

= SON - 37.5N 

= 12.5 N 

r r 

Theoretical 
Velocity r~ effort 

1 

Frictional effort 



Given that the velocity raUo Is 12, calculate tho theoretical 
effort. 

li 
Clear 

+ H ~ l~f' o·l .rr: <o>I.:J 
Clear line 

< I·J ~ ~ D.:J 0 l ~ II Undo 

Click and rype your ansMtr here 

CHALLENGE SUBMIT SHOW~SWER 
' 

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'. 

Hmt 

( 



A simple machine reQuires an effort of 40 N moving through 
a distance of 900 mm to produce a load force of 200 N that 
moves through 150 mm. 

SMALL ! , n,l!i!/1 UIRi:E 

Type your answer in the box. 

TOO v&locity ratiO for this maohioo is'----------' 

Iii! 

Do you knO\Y the answer'? 

I KNOW IT ~N~lJRE NO IOEA 



A simple machine requires an effort of 40 N moving through 
a distance of 900 mm to produce a load force of 200 N that 
moves through 150 mm. 

SMAll LARCE 

>I< 

l
tr ..... liNIIHl~Mli.OII,.O((.-tMol­
l'lfttt.~"'-~'ll)t'o'O_.,ol~ 

!Iii 

' ( 
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A simple machine requires an effort of 40 N moving through 
a distance of 900 mm to produce a load force of 200 N that 
moves through 150 mm. 

SMAll LARGE 

>I< 

Given that the theoretical effort is 33.33 N, calculate the 
frictional effort. (Answer correct to two decimal places.) 

Iii 
Clear _+ J_:j~- : J.~_olj~ 

~~~~~.~~_QJ II Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 



Given that the velocity raUo Is 6, calculate the theoreUcal 
effort. (Answer correct to two decimal places.) 

li 
Clear 

+ H ~ l~f' o·l .rr: <o>I.:J 
Clear line 

< I·J ~ ~ D.:J 0 l ~ II Undo 

Click and rype your ansMtr here 

CHALLENGE SUBMIT SHOW~SWER 
' 

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 simple machine reQuires an effort of 75 N moving through 
a distance of ~2 m to produce a load force of 750 N that 
moves through 100 mm. 

SMALL ! , n,l!i!/1 UIRi:E 

Type your answer in the box. 

TOO v&locity ratiO for this maohioo is'----------' 

Iii! 

Do you knO\Y the answer'? 

I KNOW IT ~N~lJRE NO IOEA 



A simple machine requires an effort of 75 N moving through 
a distance of 1.2 m to produce a load force of 750 N that 
moves through 100 mm. 
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A simple machine requires an effort of 75 N moving through 
a distance of 1.2 m to produce a load force of 750 N that 
moves through 100 mm. 

SMAll LARGE 

>I< 

Given that the theoretical effort is 62.5 N, calculate the 
frictional effort. 

Iii 
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Click and type your answer here 
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The meaning of the Jaw of a machine 

The Jaw of a machine is an equation which expresses the relationship between load (F 1 ) 

and effort {Fe). 

The law applied to a particular machine can be used to predict the effort required to 

move any load by the machine. 

GIVE FEEOBACII 



Type your answer in the box. 

The law of a machine is an equation which expresses the relationship between ,_ _______ _, (h i 

and '---------' (Fe ). 

Do you know the answer? 

I KNOW IT THINii SO UNSURf NO IDEA 



The equation of tile law of a machine 

In many cases the law of a machine, when plotted as a graph of effort against load (with effort as the vertical axis and load as 

the horizontal axis), is a straight line. 

Therefore its mathematical equatjon is linear in form. 

where: 

FB is the effort 

Fe= aFL + b FL is the load 

a is the slope of the graph 

b is the value of FB where the graph cuts the Fn axis 

< < 

After the constants have been determined for a particular machine, the law of the machine can be used to predict the effort 
required to move any load by the machine. 

< 

GWE FEBJBACK ,OK 
------



Match each of the symbols from the equation F B = a F L + b with the correct description. 

F e 

a 

Ft 

b 

I KNOW IT 
I 

,jt Drag statements on the right to match the lefl 

c:-::J 

c:-::J 

c:-::J 

c:-::J 

Effort 

Slope of the graph 

Load 

The value where the graph cuts the 
FE axis 

Do you know the answer? 

THINK SO UNSURE NO IDEA 
I 

::::: ::::: 

..... 
:c:: ...... ..... 

..... 
::::: 



Determine tbe law of a machine-Example 

Example 

A machine was tested under different loads and t he following efforts were recorded for 

each of the loading conditions: 

Load FL (N) 0 200 400 600 800 1000 

Effort Fe (N) 5 25 45 65 85 105 

Plot the load- effort graph and determine the law of the machine. 

1/3 

GIVE FEEOBACII CONTINUE > 



Determine tbe law of a machine-Example 2/3 

Solution 
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Determine tbe law of a machine-Example 

In the above load-effort graph, the line cuts the effort axis at I! B = 5. This is the value of 

b. 

The slope is: a = llFFe 
fl L 

Choosing appropriate values gives: a = ll FE = ~ = 0.1 
AFL 400 

Therefore the law of the machine is: 

F r. =O.lh +5 

CIVE FEEDBACK 

3/3 



Type your answer in the box. 

A machine was tested under different loads and the following efforts were recorded for each of the loading 

conditions: 

Load F L (N) 0 100 200 300 400 500 

Effort Fe (N) 12 47 82 117 152 187 

From the graph of these values, the law of this machine is Fe = '----------' FL + 

Do you know the answer? 

I KNOW IT THINH SO UNSURE NO IDEA 



Type your answer in the box. 

A machine was tested under different loads and the following efforts were recorded for each of the loading 

conditions: 

Load F L (N) 0 20 40 60 80 100 

Effort Fe (N) 3 7 11 15 19 23 

From the graph of these values, the law of this machine is Fe = '----------' FL + 

Do you know the answer? 

I KNOW IT THINH SO UNSURE NO IDEA 



Predict the effort required to move a load by a machin~Example 

Example 

A machine was tested under different loads and the law of the machine was found to be 

Fe = 0.1FL + 5. 

Use the Jaw of this machine to estimate the effort required to move a load of 700 N. 

GIVE FEEOBACII CONTINUE > 



Predict the effort required to move a load by a machin~Example 

Example 

A machine was tested under different loads and the law of the machine was found to be 

Fe= 0.1FL + 5. 

Use the Jaw of this machine to estimate the effort required to move a load of 700 N. 

Solution 

For a load of 700 N the effort required is: 

CIVE FEEDBACK 

F n = 0.1 X F 1. + 5 

= 0.1 X 700 + 5 

= 75N 



The law of a given machine is shown below. 

Determine the effort required to deliver a load force of 
120 N. 

i 
FE = 0.2 · 120 N + 3 N 

_!j~ ~ J _ij _o 2j_roj o%J 

~~~~~ N J O n ~~ 

Clear 

Undo 

Click and type your answer here 
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The law of a given machine is shown below. 

Determine the effort required to deliver a load force of 
280 N. 

i 
FE = 0.35 · 280 N + 12 N 

_!j~ ~ J _ij _o 2j_roj o%J 

~~~~~ N J O n ~~ 

Clear 

Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 



The limiting efficiency of a machine 

If we calculate and plot machine efficiency for experimental results under different load conditions, we find 

that the efficiency increases with the load. 

However, the increase is not proportional to the load. 

There is a limiting value to the efficiency of a particular machine, which is always less than 100 per cent. 

< 

GIVE FEEDBACI{ 

This value is known as the limiting efficiency. 

,.,, 
lUI 



Type your answer in the box. 

The efficiency of a particular machine is always less than ,_ _______ _, %. 

The efficiency of the machine tends towards a value that is known as the '---------' efficiency. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



The formula of limiting efficiency by combining the law of a machine and efficiency definition 1/3 

The value of the limiting efficiency can be found by combining the law of a machine with 

the definition of efficiency, as follows: 

Also: 

GIVE FEEOBACII 

MA 
'1 = -­

VR 

PL = - -=--
FE XVR 

FE = aFr+b 

CONTINUE > 



The formula of limiting efficiency by combining the law of a machine and efficiency definition 2/3 

Substitute: 

CIVE FEEDBACK 

FL 
11 = ---=--­

(a F~ + b )VR 

1 
VR 

= ' b ·. (a+ Fr) 
1 

= aVR + ( bVR ) 
. Fr , 

CONTINUE > 



The formula of limiting efficiency by combining the law of a machine and efficiency definition 3/3 

As the load FL increases, the term b: R becomes smaller, tending towards zero at very 
·L 

large loads, when the limtting efficiency becomes: 

CIVE FEEDBACK 

1 
'1 = -­

aVR 



Which of the following is the correct equation for the limiting efficiency of a machine? 

1 
IJ=aVR 

1J =a VR 

IJ=a-VR 

a 
Tj = ­

VR 

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 '1 = 
1 with the correct description. 

a VR 

i' Drag statements on the right to match the left 

tKI Limiting efficiency 

a tKI Slope of the law of the machine 

VR tKI Velocity ratio 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 

..... ..... 

..... ..... 

..... ..... 



GIVE FEEDBACK 

Calculate the limiting efficiency of a machine 

The test results for a machine with a velocity ratio of 12 are shown below. 

For each of these values. calculate the efficiency and show that it tends towards a limiting value at large loads. 

Load FL (N) 0 200 400 600 

Effort FE (N) 5 25 45 65 

Example 
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GIVE FEEDBACK 

Calculate the limiting efficiency of a machine 

Example 

FL 0 = O% 
l] t = FE VR = ~5j( 12 .1 

200 
llz = (25) (12; = 66.7% 

1]3 = 
400 

- 741% !45)(12 ; - . 
600 

1]4 = !65) (12; = 76.9% 

l]s = 800 - 784% 
185) (12; - . 

1,000 
l]. = ---,~=-:-:,.,.. 

!)05); 12) 

Efficiency 

calculations 
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GIVE FEEDBACK 

Calculate the limiting efficiency of a machine 

1 
I)= -­

aVR 

1 
= --=-.,.--=--(0.1 ;(12) 

= 83.3% 
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Calculate the limiting efficiency of a machine 

This relationship is best illustrated by a graph as shown below. 

GIVE FEEDBACK 
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Type your answer in the box. 

The law of a given machine is Fe = 0.35 F L + 12 and its velocity ratio is 4.5. 

The limiting efficiency of this machine is ,_ _______ _, % (correct to one decimal place). 

il 

Do you know the answer? 

I KNOW IT tHINK SO UNSURE NO IDEA 



Type your answer in the box. 

The law of a given machine is Fe = 0.2 F L + 3 and its velocity ratio is 7. 

The limiting efficiency of this machine is ,_ _______ _, % (correct to one decimal place). 

il 

Do you know the answer? 

I KNOW IT tHINK SO UNSURE NO IDEA 




