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1. Integrated Circuit (IC)
At the beginning of Teaching Material 7, we 
have introduced the development of electronics 
technology.  At the end of it, we mentioned integrated 
circuits, which developed from comprising only a 
few chips to very-large-scale integrations (VLSI).  
Since most products nowadays use ICs to fabricate 
microcomputers, we have already entered the age of 
microcomputer. 

As new ICs are being developed every day, it is likely 
that no one can actually point out the exact number of 
types of IC existing to date.  Compared to the home 
computer bought last year, one that possesses a much 
faster processing speed will be available in the market 
today.  When brand A introduced a smartphone last 
month, brand B may launch another one this month 
which is claimed to be faster and more powerful.  
These suggest that new ICs have been given birth 
again. 

Categorisation of Integrated Circuits 

The number of chips in an IC can range from a few 
dozens to more than a million.  When assembling an 
IC, the chips can be 

● �connected together as a circuit to carry out a 
function; 

● �not connected together as a circuit to carry out 
different useful functions.  In such a case, the 
functions of an IC are programmed after it is 
being assembled.

ICs can be assembled using different methods, each 
with a different function.  We categorise ICs roughly 
in the following ways. 

Relevant Knowledge

I  Using Integrated Circuit (IC) for Control Automation



S2 Technology Module E7	 Material 8 Control for Automation

R
elevant K

now
ledge

TU8 - 2

(a) Categorising ICs by their functions 

Commercially available ICs can be assembled to perform the following functions. 

Categorisation of ICs by their functions 

Type Examples Functions

Logic gate
7408,
7432,
7400

AND, 
OR,
NAND

Operational Amplifier 741 General-purpose operational amplifier

Timer 555 Keeping track of time under different modes

Analogue switch 4016 Behaving like a relay to allow electric current 
to pass through

Memory Random-access memory (RAM), 
read-only memory (ROM) Storing data

Microcontroller 8051, PLC Acting as a miniaturised computer

Timer 555 Keeping track of time under different modes

Analogue switch 4016 Behaving like a relay to allow electric current 
to pass through

Memory Random-access memory (RAM), 
read-only memory (ROM) Storing data

Microcontroller 8051, PLC Acting as a miniaturised computer

(b) Categorising ICs by their complexity 

As technology advances, engineers are able to 
assemble more electronic components on a single 
chip.  The complexity and level of integration are 
measured by the number of electronic components 

placed on a chip, which can be used as an indicator 
to categorise ICs.  The following table summarises 
the different levels of integration.

Categorisation of ICs by their complexity 

Type Denote Electronic components 
per chip Examples

SSI Small-scale integration  100 Logic gates

MSI Medium-scale 
integration 100 – 3,000 Counters

LSI Large-scale integration 3,000 – 100,000 Analogue-to-digital converters, 
digital-to-analogue converters

VLSI Very-large-scale 
integration 100,000 – 1,000,000 Microcontrollers

ULSI Ultra-large-scale 
integration > 1 million Microprocessors,

dual-core microprocessors

The term ULSI was proposed to be used to describe 
chips with a high level of complexity that they consist 

of more than a million electronic components but the 
term VLSI is often used instead.
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(c) Categorising ICs by their packaging methods 

Upon the completion of the assembly and testing 
of an IC, a wafer, on which the circuit is built, will 
be added to the package of the IC before sale.  The 
package prevents the wafer from damaging by 

external forces or moisture, and also prevents the 
silicon chip from erosion by any kinds of chemical.  
There are two common types of IC packaging 
methods.

Categorisation of ICs by their packaging methods 

Packaging method Examples
How it is mounted to the circuit 

board

Through-hole package
Pins of an IC are inserted into the 
holes drilled on a printed circuit 
board and soldered

Surface-mount package

Directly attached to the surface of 
a printed circuit board, thus saving 
space and processes for drilling 
holes on the circuit board

(d) Categorising ICs by the types of signals they process 

Based on the types of signals they process, ICs can 
also be categorised into analogue (linear), digital and 

mixed-signal (both analogue and digital on the same 
chip). 

Categorisation of ICs by the types of signals they process 

Type Characteristics Examples

Digital IC
Typically works on two states only 
– LOW and HIGH. 

Logic� gates,� flip-flops,� memories�
and microcontrollers

Analogue IC
Can output variable and continuous 
signals which are proportional to 
the input signals

Operational�amplifiers�and�sensors
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a. 555 Timer IC 

A number of examples of IC part number have been 
mentioned above, such as IC 7408, 8051, 741 and 
555.  In which, IC 555 is a cheap and widely used 
timer IC.  Relevant data sheets and circuit diagram 
examples of its application can easily be found on 
the Internet. 

IC 555 in monostable mode Different time delays can be obtained 
when combining different capacitance 

and resistance 

From�the�figure�on�the�right�above,�we�can�observe�
that a basic timer circuit like the one shown on the 
right can be obtained with the addition of only a few 
electronic components.  Pressing the switch once, the 
light�emitting�diode�(LED)�will�light�up�for�a�specific�
period of time and then go off automatically.  With 
the value settings of the electronic components as 
shown�in�the�figure�on�the�right,�the�time�for�the�LED�
to�light�up�is�about�five�seconds.�

2 Examples of Commonly Used ICs
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Application of 555 Timer IC

The� figure� on� the� right� shows� a� toy� keyboard.��

The circuit of the IC 555 in it works in astable 

mode instead.  Its output is changed from LED to 

_________________. To produce different sounds, 

it adds a series of ___________________________ 

with preset values.

Point out other electronic products that you think timer ICs exist in their circuits.  What functions can the ICs 
perform?
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b.  IC 741 Operational Amplifier 

IC�741,�a�type�of�operational�amplifier�(op-amp),�is�
employed in a wide range of circuits for amplifying 
weak electric currents in them.  An op-amp is often 
included as one of the components in the circuits of 
radios, stereo systems, headphones, televisions and 

many other electrical products.
Op-amps are the most useful standalone devices in 
analogue electronic circuits.  Coupling with different 
combinations of external components, they can carry 
out a variety of analogue signal processing tasks.

 

An�ideal�op-amp�has�characteristics�such�as�(i)�infinite�
input�impedance�and�magnification,�(ii)�unrestrained�

bandwidth and (iii) zero output impedance.

The�following�figures�show�the�basic�operation�of�an�op-amp.��Observe�the�variation�in�the�output�of�the�op-amp�
when VR1 is adjusted to different positions.

VR1 is adjusted to a balanced 
position; 
the output voltage is zero.

offset null

 inverting input

non-inverting input

not connected

+V

output

offset null
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VR1 is adjusted to a higher 
position; 
the output voltage becomes 
negative (－).

VR1 is adjusted to a lower 
position; 
the output voltage becomes 
positive (+).

Applications of IC 741

The�figure�below�shows�a�part�of�a�circuit�of�an�alarm�
system.  When the light sensor of the circuit detects 
any changes in light intensity, it will emit a signal 
to trigger the relay and set off the alarm system and 
the siren.  Without an op-amp, the signal would be 

too�weak.��The�op-amp�amplifies�the�signal�so�as�to�
make it strong enough to set off the alarm.  To work 
properly, sensors often have to work together with 
op-amps. 

Sensitivity adjustment

Op-amp Relay

Alarm

Diode

Internal battery

Infrared

Light dependent resistor
Resistors

Transistor
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What are the uses of different ICs? 
Find a daily electronic product and dismantle it (e.g. the soya milk maker shown below or the Wiimote of a Wii 
console). 

Among the commonly used types of ICs found in electronic products that you encounter regularly, choose and 

name three of them.

	

	

What categories do the ICs you have chosen belong to?  Each of the ICs can be classified into more than one 

category.

[Note: You can search for the data sheets of the ICs you have chosen on the Internet and use them to describe 

the functions and characteristics of the ICs.]

	

	

Guess what IC category appears most on classmates’ IC lists and guess its function.
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II	 Using Electronics, Microprocessors and Computers 
for Control Automation 

2. Microprocessor-control Circuit 
The above washing machine, or some even more 
modern models, contains not only a temperature 
sensing device, but also other sensing devices for 

a. �checking whether the door is closed; 
b. �checking whether the water pressure is 

sufficient;
c. �detecting the weight of the clothes so as to 

estimate the amount of water needed; 
d. �checking whether the amount of water added 

is enough;
e. �checking the turbidity of the water so as to 

determine the washing process;
f. �controlling the rotating speed of the motor and 

all kinds of washing processes;

g. �drying the clothes and controlling the related 
processes; and

h. �releasing the lock after the completion of the 
washing processes and reminding users to take 
the clothes out.

Each of the above processes requires the use of 
sensing devices.  Constructing a circuit to control 
the devices using electronic components such as 
transistors would be very complex and the resultant 
apparatus would be very bulky.  In this case, a 
microprocessor which has preset reactions and 
controls over the inputs from the various sensing 
devices will be more appropriate.

1. Electronic-control Circuit
In Material 7, we have studied an electronic-control circuit 
whose operation relies on light intensity.  In automation, 
controlling by light is frequently employed.  For example, 
the�figure�on�the�right�shows�a�door�of�an�early�lift.��There�
is a light source on one side of the door.  The door will 
keep closing as long as the other side senses the light 
properly.  Operation procedure begins after the door is 
closed completely. 
　　　

*What are the drawbacks of controlling by light only?  
How can it be improved? 

Washing machines like the one shown on the right is 
another example.  Temperature of the water for washing 
the clothes can be adjusted.  Apart from cold water, users 
can choose from 40℃, 60℃ or even 90℃ for washing 
clothes that are dirtier.  The temperature sensing device 
inside the machine will detect the temperature of the water 
being added.  The motor will be connected and the washing 
process will begin only when the water is heated up to the 
required temperature.  
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3. Computer-control Circuit
Some local schools might have bought the rapid prototyping machine 
shown�in�the�figure�on�the�right,�which�is�equipped�with�a�temperature�
sensing device.  When its internal temperature reaches the required 
temperature (about 300 ℃), the platform will be raised, the raw 
materials will be extruded through the nozzle and the production 
process will begin.  Nevertheless, the machine contains not only a 
temperature sensing device for controlling automation, but also other 
sensing devices for:

a. �detecting�whether�raw�materials�have�been�filled�properly;�
b. �checking whether the passage between the raw material storage 

cartridge and the extrusion nozzle is obstructed;
c. �detecting the internal temperature so as to start operation when it 

reaches the required temperature (about 300℃); 
d. �checking if the platform has reached the necessary height before 

the production process begins;
e. �checking if the nozzle has been moved to the desired position 

before the production process begins; 
f. �so on and so forth.

　　　

Besides requiring sensing devices and giving responses, the machine 
also needs to connect to a computer in order to perform automation 
operation.  In the past, computer-control machines often need special 
interface cards and cables but these newer and simpler machines can 
perform the control through connecting to the same network as the 
computer does. 
The�figure�on�the�right�shows�the�input�of�a�design�drawing�of�a�product�
(a three-dimensional school badge), with appropriate units and scale, 
density�of�the�finished�product,�number�of�copies�required,�etc.��
The� following� figure� shows� the� instantaneous,� real-time� responses,�
including the status of the rapid prototyping machine, the amount of 
materials left, and the amount of materials and time required for this 
production�session,�figured�out�by�the�software�upon�movement�of�the�
position of the product.  Commands such as the ones for starting and 
stopping the production process are also initiated by the computer. 

From the above examples, we know that simple controls can be 
carried out by electronic components while more complex ones can be 
achieved by microprocessors.  When dealing with even more complex 
and interactive controls, computers have to be used. 

Discussion
What examples of automated operation can you find at home and in schools?
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III Recognising the Common Symbols for Representing 
Electronics Components and Drawing Simple 
Electronic Circuit Diagrams

Step 1:

Draw the symbol representing each electronic component in the following table. 

Battery

Variable resistor 

Light dependent 
resistor (LDR)

Resistor

Diode

In Teaching Material 7, we have 
introduced basic electronic 
and electrical components and 
their symbols.  Thus, relevant 
information will not be repeated 
here.  In the following, let’s try 
to draw simple electronic circuit 
diagrams from pictorial diagrams.

Variable resistor

LDR

Resistor

Diode Relay

Light bulb

Transistor
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Step 2:
According to the position of the real objects, draw the symbols of these electronic components.  Note the 
following key points when drawing: 

a.  place the input components (e.g. power sources and switches) on one side, processing components in the 
middle and output components (e.g. LEDs, light bulbs and buzzers) on the other side; 

b.  draw the positive terminal ‘+’ at the top and negative terminal ‘－’ at the bottom;
c.  connect the positive terminals ‘+’ and negative terminals ‘－’ of the electronic components to the 

upper side and the lower side respectively;
d.  draw each connecting wire using horizontal or vertical line;
e.  try to avoid the wires from intersecting;
f.  draw the electronic components on the same straight line;
g.  annotate each electronic component when necessary; and
h.  connect the circuit to the ground.

Transistor

Relay

Light bulb

220V power source
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Exercise 1 
The�following�figure�shows�a�pictorial�diagram�of�a�flashing�light�circuit.��Try�to�draw�its�corresponding�electronic�
circuit diagram.

Step 1:
Draw the symbol representing each electronic component in the following table.

Object SymbolName
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Step 2: 
According to the placement of the real objects, use the symbols of these electronic components to draw the 
electronic circuit diagram.

Suggested answer for the simple circuit 
diagram:
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Exercise 2 
The�following�figure�shows�an�example�of�the�design�of�a�circuit�diagram�for�a�music�box.��Draw�in�
the spaces the appropriate circuit symbols.
(Refer to p. 8–13 of Teaching Material 7) 

Battery 

Earthing 

Capacitor 

Earthing 

Capacitor 
SpeakerResistor

Resistor Resistor

ResistorPNP-type triodeNPN-type 
triode

Earthing 

Resistor

Resistor Capacitor Resistor

LDR 

Resistor

Earthing 

Resistor Capacitor 

Earthing 

Switch
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IV	 Using Construction Kits to Model Pneumatic-
control Systems to Achieve Specified Functions

In S1 Teaching Material 6, System and Control, 
we have introduced the use of compressed air for 
transmitting and controlling energy in a system. 

Input-Compressed air, switch, etc. 

Process	 -Transmit air to various pneumatic 
processing components via sealed pipes. 

Output	 -Work done by pneumatic 
components to complete designated tasks.

In the teaching material, there is also an activity to 
make a pneumatic toy.  In the following, we will 
introduce how to use construction kits to model 
pneumatic-control systems to achieve specified 
functions. 

In Hong Kong, pneumatic components of different 

brands and designs are available for purchase.  Two 
major suppliers of such products are SMC and Festo.  
In addition to sales of hardware, they also provide 
training courses and online learning materials. 

Online learning materials in simplified Chinese 
provided by SMC: http://www.smchk.com.hk/smc_
website/elearn/elearnmain.htm

English online learning materials provided by Festo: 
http://www.festo-didactic.com/int-en/ 

Students can also download the demo version of 
Fluidsim, a piece of software for the simulation 
of pneumatic systems: http://www.fluidsim.com/
fluidsim/download/v4/demo001p4.exe.

For�the�above�figure�and�the�rest�of�the�content,�we�have�used�the�software�from�Festo�for�
demonstration.  It must be noted that, however, there are choices of software and hardware from 

companies other than the two mentioned above.
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Before the actual use of constructions kits or simulation 
software,�let's�briefly�introduce�pneumatic�systems,�as�

well as some commonly used pneumatic components 
and their functions.

1  Various Parts of a Pneumatic System
The following shows the major parts of a pneumatic 
system.  The various parts are connected to each 
other with pipes, via which energy is transferred 

from the air supply unit to the drive component by 
the use of compressed air.

Input Process Output

Air supply Storage Purification Processing Control Driving

Compressor Reservoir
Filter,
Dryer 

Regulator,
Filter,

Lubricator 

Directional 
control valve,

Speed 
regulating valve 

Cylinder 

* Note: The pressure of compressed air used for pneumatic control is about 6 times the atmospheric pressure 
(6 bar or 0.6 MPa). 

(a)  Compressor

A compressor can compress air to the desired 
operating pressure*.  It converts mechanical 
energy of a generator or an internal combustion 
engine to pressure energy of compressed air.  The 
compressed air required by every pneumatic drive 
or pneumatic control device is provided by a set of 

central air compression equipment.   Each pneumatic 
component can acquire the compressed air it needs 
from the compressed air reservoir via pipes.  Air 
compressors can be categorised into two main types, 
reciprocating and rotary.  

　　　  

(a) A small compressor used in schools (b) A common industrial compressor
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(b)  Pressure Regulating Unit

A pressure regulating unit for compressed air consists of the following components: 
(i)  Filter – removing impurities existing in the compressed air before being passed into pneumatic 

components. 
(ii) Pressure regulator – stabilising the pressure and regulating the operation of pneumatic components. 
(iii) Lubricator – providing suitable lubrication to pneumatic parts. 

(d) Safety Precautions When Using Compressed Air

1.  Compressed air can enter human ducts such 
as oral cavities and ears, and causes serious 
injury.  Never spray compressed air onto 
anyone.  At high temperatures, compressed air 
can even penetrate human skin.

2.  Compressed air released from the exhaust 
contains particles and oil droplets, which can 
cause damage to eyes.

3.  Even though the pressure of the compressed 
air is relatively lower in pipes and reservoirs, 
violent explosions may still occur when a 
container has been damaged.

4.  Before switching on the compressed air supply 
unit, one must thoroughly inspect the entire 
system arrangement.

(a)Picture of a pressure regulating unit (b)Symbols of the pneumatic components of a 
pressure regulating unit

(c) Connecting Pipe

The requirements of a connecting pipe are that it is able to withstand the required pressure and it can be connected 
appropriately.

Picture of connecting pipes

Pressure regulating 
unit

Filter Filter Pressure regulator

Lubricator
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2. Pneumatic Components
A wide variety of gas valves are used in pneumatic 
systems to control the operations of drive 
components (cylinders).  Examples include shuttle 
valves,�flow�restriction�valves,�quick�exhaust�valves,�

logic valves, one-way valves, speed control valves 
and directional control valves.  Among the different 
kinds of gas valves, directional control valves are the 
most commonly used. 

(a) Directional Control Valve

The major function of a 2 ports 2 positions 
(abbreviated as 2/2) directional control valve is to 
force the valve open or close through the thrust of a 
spring,� thus� stopping� compressed� air� from�flowing�
towards working vent A from air inlet P.  When a 
force is applied to the control axis, the valve is 
pushed open, connecting P with A. 

The force applied to the control axis must overcome 
both the repulsive force of the spring and the air 
pressure.  The control valve can be driven manually 
or mechanically, and is returned to its original 
position by the spring.  This kind of valves is mainly 
used to control gas motors and pneumatic tools.

(a) Picture of a 2/2 directional 
control valve

(b)Cross-sectional 
diagram

(c) Pneumatic symbol 

Working vent A

Air inlet P
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A 3 ports 2 positions (abbreviated as 3/2) directional 
control valve can be used to control a single acting 
cylinder.  The valves opening in the middle is closed 
until P and A are connected and push downwards.  
Then, another valve will open the sealed base 

between A and R (the exhaust).  The valves can 
be driven manually, mechanically, electrically or 
pneumatically.  This type of valves is mainly used 
to control single acting cylinders (push type) and 
pneumatic signals. 

(a) Pictures of 3/2 directional control valves (b) Cross-sectional diagram

3/2 directional control valves can further be 
categorised into two types: normally open (N.O.) and 
normally closed (N.C.).  When not under operation, 
valves in a normally closed valve remain closed such 
that air cannot pass through them; under the same 

condition, valves in a normally open valve remain 
open such that air can pass through them freely.  The 
following� figures� show� the� pneumatic� symbols� of�
the two kinds of control valves.

Pneumatic symbols of 
3/2 directional control 
valves

(a) normally closed type (b) normally open type

5 ports 2 positions (abbreviated as 5/2) directional control valves 

(i) Pictures of 5/2 directional control valves (ii) Pneumatic symbol 

Working vent A

Air inlet P
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Depending on the functions, other pneumatic symbols may be added on the symbols of directional control valves.  
The following are some examples. 

空氣輸入 空氣輸出 氣體流動的方向 指示燈 手動操作

或

截流器 彈簧復位

Some directional control valves can also be operated by using compressed air, mechanical or electronic systems. 

(b) Other Control Valves

Control�valves�are�valves�that�control�the�flow�of�air.��Examples�of�control�valves�include�one-way�valves,�flow�
restriction valves and shuttle valves.

(i) One-way Valve

A�one-way�valve�allows�air�to�flow�in�only�one�direction.��When�air�flows�in�the�opposite�direction,�the�valve�
closes.  One-way valves are also known as non-return valves.

(a) Picture of a one-way valve (b) Pneumatic symbol 

(ii)Flow Restriction Valve

Flow restriction valves are also known as speed control valves.  Their structure is composed of a one-way valve 
and a variable throttle.

(a)�Pictures�of�flow�restriction�valves (b)Pneumatic symbol 

Air inlet Air outlet Directions�of�gas�flow Indicator light Manual operation

Flow restrictor Spring return

or
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(iii)Shuttle Valve

Shuttle valves are also known as double control or 
single control non-return valves.  A shuttle valve 
has two air inlets P1 and P2, and one air outlet A.  
When compressed air enters through P1, the sphere 

will seal and block the other inlet P2.  Air can then 
flow�from�P1�to�A.��When�the�contrary�happens,�the�
sphere will block inlet P1, allowing compressed air 
to�flow�from�P2�to�A�only.�

(a) Pictures of shuttle valves (b) Pneumatic symbol 

(c) Cylinder

Cylinders are the driving components of pneumatic 
systems, which are used to drive other machinery.  
The components inside a cylinder move with a high 
speed, thus causing great impact force at the end of 

their movement paths.  To prevent the inside of a 
cylinder from malfunctioning, buffering devices are 
usually installed in it, such as rubber cushions, to 
absorb the impact force. 

(i) Single Acting Cylinder (Spring Return)

A single acting cylinder has only one inlet for 
compressed air and thus can only produce thrust 
in one direction.  The piston rod is propelled in the 

opposite direction (retracting) by an internal spring 
or by external force supplied by the weight of a load, 
mechanical movement, etc. 

(a) Picture of a single acting cylinder (b)Pneumatic symbol 

As the piston rod of a single acting cylinder needs 
to overcome the force from the spring, its thrust is 
reduced.� � Therefore,� in� order� to� provide� sufficient�
driving force for machinery employing single 
acting cylinders, the cylinders need to have larger 

diameters.  Besides, due to the lengths of the springs, 
the lengths of the cylinders have to be increased, thus 
limiting the lengths of the paths of the piston rods.  
Single acting cylinders are used in processes such as 
stamping, printing and material feeding.

P2P1

A
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(ii)Double Acting Cylinder

In a double acting cylinder, air pressure acts 
alternately on both sides of the piston, producing 
propelling and retracting force.  Since the effective 
area of the piston is small, the thrust produced during 

retraction is relatively weaker.  The seamless barrels 
of double acting cylinders are usually made of steel, 
whose working surfaces are much polished and are 
plated with hard chromium to reduce friction. 

(a) Picture of a double acting cylinder (b)Pneumatic symbol 

3. Pneumatic Circuit
Pneumatic control systems can be designed in the 
form of a variety of pneumatic circuits to perform 
specific� tasks.� � Pneumatic� circuits� are� made� up�
of a combination of pneumatic components, 
including cylinders, directional control valves and 

flow� restriction� valves.� � They� have� the� following�
functions:

i.  Control the injection / release of compressed air 
into / from the cylinders.

ii.  Use one valve to control another valve.

(a) Basic Rules

1.  A pneumatic circuit diagram describes a static 
system and assumes there is no supply of 
pressure.  We should determine the positions 
of pneumatic components on a circuit based on 
this idea.

2.  The basic pneumatic symbol for a directional 
control valve is formed by one or more 

squares.  The inlet and exhaust of the valve are 
drawn underneath the squares, while the outlet 
is drawn at the top.  Each function of the valve 
(the position of the valve) is represented by a 
square.  If a valve has two or more functions, 
the squares should be arranged horizontally. 

Pneumatic symbols of 3/2 directional control valves (normally closed type)

Outlet

Inlet and exhaust
Air Input Exhaust
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3.  Arrows (↓↖) are used to indicate the 
directions� of� air� flow� inside� a� directional�
control valve.  When an external port and the 
internal parts of a valve are not interconnected, 
the symbol ┬ is used.  The symbols ⊙ and ▽ 

underneath the squares represent an air input 
and�an�exhaust�respectively.��The�figure�on�the�
right-hand side above shows an example of a 
typical pneumatic valve.

5.  A pneumatic operation signal pressure line 
should be drawn on one side of the squares, 

on which a triangle is drawn to represent the 
direction�of�air�flow.

Mechanically operated (a) Straight plunger  lever (b) Roller lever (c) One-way roller lever

Manually operated (a) Standard (b) Lever (c) Push button (d) Pull/push button

Pneumatic operation signal pressure line

4.  Drawn on the outside of the squares are 
pneumatic symbols of operation components.  

They can be categorised into two main types: 
mechanically operated and manually operated.
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(b) Basic Principles

The� figure� on� the� right-hand� side� below� shows�
the basic principles for drawing pneumatic circuit 
diagrams.��The�numbers�in�the�figure�correspond�to�
the following points:

1.  When the manual switch is not pushed, the 
spring will return the valve to its original 
position.

2.  From the position of the spring, one can deduce 

that this block is operating.  The other block 
will not operate until the switch is pushed.

3.  Due to the pressure from the spring, the piston 
rod is returned to its retracted position.

4.  The rear cylinder cavity and this line represent 
that exhaust is being discharged.  (When under 
manual operation, this will change to air being 
input.)

Connecting to an 
air supply unit

(a)Pictorial diagram of a pneumatic circuit diagram (b)Basic principles for drawing a pneumatic circuit 
diagram

When the manual switch is not pushed. When the manual switch is pushed, the 
piston rod extends.

Manual operation

3

1

4

2
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(c) Setting of Pneumatic Circuit Diagrams

When drawing a complete pneumatic circuit diagram, 
pneumatic components of different functions should 
be placed at different levels and positions, so as to 
express the relations between components clearly.  

This is called the setting of pneumatic circuit 
diagrams.  A pneumatic circuit diagram is usually 
divided into three levels: power level, logic level and 
signal input level.

　　　  

Power level, logic level and signal input level

Power level

Logic level
(Functions: memory, AND gate, 
OR gate, delay, etc.)

Signal Input level
(Air supply unit)
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The steps for planning a pneumatic circuit 
diagram setting are as follows: 

In�a�pneumatic�circuit�diagram,�the�flow�of�energy�
is drawn from the bottom to the top.  Therefore, 
air supply units should be placed in the bottom 
left corner.

The work cycle is drawn from left to right, so the 
first� operating� cylinder� should�be�placed� in� the�
upper left corner.

Power control valves should be drawn directly 
below the cylinders controlled by them, forming 
a power unit.

Control cylinders or operation valves (signal 
components) driven by power control valves 
should be placed at lower levels of a pneumatic 
circuit diagram.

Auxiliary valves, or those with logic functions (e.g. 
memory, AND, OR, NOT and delay), should be 
placed between operation (signal) components and 
power control valves.

Use solid lines, which represent pipes, to connect 
all air supply units and pneumatic components to 
complete the pneumatic circuit diagram.  Check 
carefully the circuit and its logic of operation 
before use to avoid any accident.
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4 Basic Types of Circuits
A basic circuit is a pneumatic circuit designed to 
perform� a� specific� basic� function,� such� as� flow�
amplification,�signal�inversion,�memory,�delay,�single�
acting cylinder control and double acting cylinder 
control.

(a) Flow Amplification

From this page on, the circuit of 
each pneumatic control system can 
be simulated by construction kits.  
The use of simulation software for 
test running is also encouraged. 

A cylinder with a large capacity requires a larger 
flow� of� air,� which� might� accidentally� injure� the�
operators.  Thus, it is not recommended to manually 
operate a pneumatic directional control valve with a 
large�flow�capacity.��Instead,�we�should�use�a�small�
manually operated control valve to manoeuvre a 
pneumatic�control�system�with�a�large�flow�capacity.��
This� operation� is� called� flow� amplification,� which�

can ensure the safety of operators.  During operation, 
the�valve�with�a�large�flow�capacity�should�be�placed�
closed to the cylinder, while the valve with a smaller 
flow�capacity�should�be�set�on�top�of�an�appropriate�
control�panel�in�the�distance.��The�following�figure�
shows�a�basic�flow�amplification�circuit.��Notice�that�
in the circuit diagram setting, different components 
have already been placed at different levels.

(b) Signal Inversion

The pneumatic diagram below shows how the output 
of a directional control valve can be switched. 
When control valve ① is operating, control valve  
② will stop producing pressure output. When 
control valve ① ceases operation and is returned to 

its original position, control valve ② will resume its 
output.  Therefore, at any given time, the pressure 
output of control valve ① and control valve ② is 
always the exact opposite of each other.

Signal inversion system

Output to cylinder with a 
large�flow�capacity

Compressed air supply 
unit�with� a� large�flow�
capacity

Directional control valve 
with�a�large�flow�capacity

Signal pressure line

Manual operation Directional control 
valve with a small 
flow�capacity

Flow�amplification�system

Compressed air supply 
unit�with�a�small�flow�
capacity

Output 
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(c)Memory Function

Memory is a common basic function. It causes a 
component to stay at a certain state permanently until 
a�signal�change�happens.�The�following�figure�shows�
a circuit with a memory function.  When control valve 
① is operated momentarily (i.e. being pressed once), 
the output signal of the 5/2 directional control valve  
③ will be set as ON.  The signal will stay unchanged 
until control valve ② is being operated momentarily, 

instantaneously generating another signal switch and 
causing the signal to change to OFF permanently.
The operation of a double acting cylinder will be 
introduced later.  We will see that when control valve  
① is being pressed, the piston rod of the cylinder will 
extend.  The piston rod will retract only when control 
valve ② is being pressed. 

Memory function circuit

Output OFF

Output ON
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(d) Delay Function

The function of a pneumatic delay circuit is to delay 
the starting time of the operation of the next control 
valve.  Its working principle involves the use of a 
flow�restriction�valve�to�slow�down�the�flow�of�air,�

so as to control the time of the pneumatic operation.  
Delay functions can be categorised into ON-signal 
delay and OFF-signal delay.

(i) ON-signal Delay

The� following� figure� shows� an� ON-signal� delay�
circuit diagram.  It delays the output of air pressure 
(ON) of the next control valve.  When control valve  
① is� being� operated,� the� one-way� flow� restriction�
valve�will�slow�down�the�flow�of�air,� thus�delaying�

the signal output at the outlet of control valve ② at 
(A).  This process will bring about a time delay in the 
output of an ON signal.  The time for control valve ② 

to return to its original position is not affected.

ON-signal delay circuit

(ii) OFF-signal Delay

The� following� figure� shows� an� OFF-signal� delay�
circuit diagram. It delays the release of air (OFF) of 
the next control valve. This circuit is similar to that 
of� an�ON-signal� delay,� only� that� the� one-way� flow�
restriction valve is connected in a reversed direction.  
There fore, when control valve ① is being operated, 

the outlet of control valve ② at (A) will continue to 
output signals as normal. However, when control 
valve ② is about to return to its original position, its 
release of air will be slowed down by the one-way 
flow�restriction�valve,�thus�causing�a�time�delay�in�the�
output of an OFF-signal.

OFF-signal delay circuit

Output 

One-way�flow�restriction�valve�

Output 

One-way�flow�restriction�valve�

A
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(e)Control of Single Acting Cylinder

Single acting cylinders can be controlled manually.  
Nevertheless, they can also be controlled by two or 
more valves.  This method is known as logic control.  

Examples of logic control include OR function, 
AND function and NOT function.

(i) Direct Control and Speed Control

If a single acting cylinder is connected to a manual 3/2 directional control valve, the operation of this control 
valve will trigger the operation of the cylinder.  Hence, this circuit allows the cylinder to be controlled manually.

Apart from controlling the cylinder to operate, if 
we want to alter the extension speed of the piston 
rod of this single acting cylinder, the only way is to 
restrict�the�flow�of�air�at�the�inlet�and�use�the�spring�

to determine the retraction speed.  Therefore, a one-
way�flow�restriction�valve�is�placed�in�the�circuit�to�
control the speed.

Direct control of a single acting cylinder

One-way�flow�restriction�valve�

Manual operation
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(ii) OR Function 

The� single� acting� cylinder� in� the� following� figure�
can be operated by two different pathways – manual 
operation or relying on automatic circuit signals. When 
either control valve ① or control valve ② is operated, 
the cylinder will be actuated. Therefore, the circuit in 
the�figure�possesses�an�OR�function.�If�the�output�ports�

of the two 3/2 directional control valves are connected 
through a three-way connector, the air from one control 
valve will escape through the exhaust pipe of the other 
control valve that is not operating, so that the cylinder 
will not function. This problem can be solved by 
connecting a shuttle valve to the three-way connector.

(iii) AND Function 
AND function is also called interlock control.  It 
refers to a pneumatic operation that will only be 
actuated�when�the�specified�conditions�are�satisfied.��
A typical example is that a pneumatic press will 
start to work only when its manual control valve 

is being operated while its safety door is closed.  
The�flow�passage�will�open�only�when�both�control�
valves� are� being� operated.� The� following� figure�
shows the circuit diagram of an AND function.  
Only when both valves ① and ② are operated will 
the cylinder begin to function.

OR function circuit

AND function circuit

Shuttle valve
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(iv) NOT Function 

NOT function is also called inverse operation. For 
example, for a conveyor or other machines to stop and 
become locked during operation, the cylinder must be 
locked until a signal for releasing the lock is received.  
Therefore, the signal for releasing the lock should be 
operated by a normally open (N.O.) control valve.  

When releasing the lock, the same signal must also 
release the locks on other devices such as indication 
signal ③�in�the�following�figure.�The�following�figure�
shows how to use normally closed (N.C.) control valve 
① to cut off N.O. control valve ② for the purpose of 
signal switching.

NOT function circuit
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(f) Control of Double Acting Cylinder

(i) Direct Control

The only difference between a double acting cylinder 
and a single acting cylinder is that the former uses 
a 5/2 directional control valve instead of a 3/2 one.  
When a double acting cylinder is not operating, port 

B and inlet P are usually interconnected.  In this 
circuit, whenever the manual operation button is 
pushed, the piston rod of the double acting cylinder 
will move back and forth once.

In order to control the movement speeds in both 
directions� independently,� flow� restriction� valves�
can be connected to the inlets on both sides of the 
cylinder.� � The� directions� of� the� flow� restriction�
valves are opposite to that of the release of air by 

the�flow�restriction�valve�of�a�single�acting�cylinder.��
Compared�to�a�throttling�air�supply,�a�flow�restriction�
valve is more rigid and stable.   Connecting a circuit 
in� this�way� can�provide� sufficient� air� pressure� and�
energy to drive the piston.

Direct control of a double acting cylinder
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(ii) Independent Control of Speed (Bi-stable Control)

A cylinder has to maintain its position in a lot of 
circumstances, even after the operation signal has 
disappeared.  To achieve this purpose, a circuit 
with a memory function can be employed.  In the 
following�figure,�the�extension�of�the�piston�rod�of�
the double acting cylinder is actuated by control 
valve  and is brought back to its retracted position by 
control valve .  Control valve , maintains the position 

of the piston rod by keeping its own position.  The 
status of control valve  will only be changed when 
either of its manual control valves, control valves  
and , is pushed.  If both of them are operated at the 
same time, control valve  will remain in its original 
position as same amounts of pressure are exerting 
on it.  The speed of extension and retraction can be 
regulated�by�two�flow�restriction�valves.

(iii)  Automatic Return of Double Acting Cylinder

One of the two manually operated 3/2 N.C. valves 
can be replaced by a roller actuated valve.  It is 
placed at the position where the outstroke of the 
piston rod of the cylinder ends.  When valve 1 is 

pressed momentarily, the piston rod of the cylinder 
will extend.  At the end of its outstroke, the piston 
rod will touch and trigger valve 2, and will then 
retract automatically.  

Circuit of a double acting cylinder for maintaining the position 

The following is a more complex design 

Automatic control of a double acting cylinder 

閥門2

閥門1

Valve 2

Valve 1

3

1 2
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5 Examples of Application of Pneumatic Systems
Pneumatic systems can be applied to a wide range of areas.  The following are some industrial and everyday 
life examples. 

(a) Feeding System

The� figure� on� the� left-hand� side� below� shows� a�
simplified� industrial� pneumatic� feeding� system.��
When the switch is pushed, the feed cylinder will 
transfer one workpiece from the feeding rack onto 

the conveyer belt.  When the switch is released, the 
cylinder�will�retract�automatically.��The�figure�on�the�
right-hand side below shows the circuit diagram of 
this pneumatic system.

(b) Door Control System

The� pneumatic� system� shown� in� the� figure� on� the�
left-hand side below can be used to control the 
opening and closing of the doors of public vehicles.  
Assume that the opening and closing of the doors 
are controlled by an ON button and an OFF button 

separately.  Pressing the ON button will open the 
doors; pressing the OFF button will shut the doors.  
The� figure� on� the� right� below� shows� a� pneumatic�
system that can be used to control the doors of 
vehicles.　　　

　　　     

 (a) Operation of a pneumatic feeding system (b) Pneumatic circuit diagram 

(a) Operation of a pneumatic door control system (b) Pneumatic circuit diagram 

Material

Cylinder

Control the closing 
of the doors (OFF)

Control the opening 
of the doors (ON)

Retractable 
arm
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6 Safety Precautions When Using Pneumatic Control Systems
(a) �Compressed air can enter human ducts such 

as oral cavities and ears, and causes serious 
injury.  

(b) �Never spray compressed air onto anyone.  
(c) �At high temperatures, compressed air can 

even penetrate human skin.
(d) �Compressed air released from the exhaust 

contains particles and oil droplets, which can 
cause damage to eyes.

(e) �Even though the pressure of the compressed 
air is relatively lower in pipes and reservoirs, 
violent explosions may still occur when a 
container has been damaged.

(f) �Before switching on the compressed air supply 
unit, one must thoroughly inspect the entire 
circuit to check for loose parts, inappropriate 
pressure, damaged pipes, etc.

(g) �A loose pipe (especially a long one) will 
swing violently due to the high-pressure air 

inside it and is thus dangerous.  Therefore, 
before increasing the system pressure, the 
entire circuit should be inspected thoroughly 
to prevent accidents. 

(h) �Pneumatic cylinders generate relatively large 
force and fast movement.  Getting hit by the 
moving parts of the cylinders may result in 
serious injuries.

(i) �On/Off valves should be installed on 
compressed air supply units to allow easy and 
speedy control of air flow.

(j) �In case a leakage happens, the compressed air 
supply unit should be shut off immediately.

(k) �The compressed air supply unit must be shut 
off before making any change to a circuit.

(l) �Stay clear of the moving parts of a system.  
(Never try to move the driving parts in 
mechanically operated valves with your 
hands.)

7 Glossary of Terms

Logic gate 邏輯門 Pneumatic control 氣動控制

Operational�amplifier 運算放大器 Pneumatic circuit 氣動迴路

Timer 計時器 Compressor 壓縮機

Analogue switch 模擬開關 Regulator 調壓器

Memory 記憶體 Control valve 控制閥

Microcontroller 微控制器 One-way valve 單向閥

Wafer 晶圓 Flow restriction valve 流量控制閥

Through-hole package 通孔封裝 Shuttle valve 梭動閥

Surface-mount package 表面裝配封裝 Single acting cylinder 單作用氣缸

Monostable mode 單穩態模式 Double acting cylinder 雙作用氣缸

Astable mode 非穩態模式
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8 Interactive Information 

Website Content

1. http://www.ti.com/lit/ds/symlink/lm555.pdf 555 timer data sheet

2 http://eedept.ncue.edu.tw/study/labs/semiLab/Experiment_
Data/Electron_Experiment_handouts/Unit_09.pdf 555 timer experiment

3 http://web.nuu.edu.tw/~tzen/99ECLAB202_opamp.pdf Introduction�to�741�operational�amplifier

4 http://www.technologystudent.com/pics/picdex1.htm Learning material on microcomputer 
control

5 http://www.technologystudent.com/comps/compdex.htm Learning material on computer control

6 http://www.smchk.com.hk/smc_website/elearn/elearnmain.
htm

Learning materials on pneumatics by 
SMC

7 http://www.festo-didactic.com/int-en/ Learning materials on pneumatics by 
Festo

8
http://www.fischertechnik.de/en/PortalData/1/Resources/
didactic/documents/activity-booklet/ROBOPneuVac/
Chinese.pdf

Pneumatic kits by Fischtechnik

9 http://www.spiraxsarco.com/tw/navigation/prod_overview.
asp?grp_ref=4&sec_ref=1

Spiraxsarco – a pneumatic product 
company
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Recommended steps for the following exercise:
1. �Realise the needs.
2. �Figure out the logic of the pneumatic circuit.
3. �Determine the components required.
4. �Design the pneumatic circuit diagram (speed 

control of the piston rod can be added during 

the revision of the design).
5. �Use software to simulate the circuit.
6. �Use construction kits to simulate the pneumatic 

control.
7. �Draw the pneumatic circuit diagram that has 

passed the test.

Exercise

1. �The� figure� on� the� right� shows� an� automatic 
stamping machine. It comprises mainly a 
single acting cylinder and a manual push 
button. When the button is pressed, the 
piston rod of the cylinder will extend and the 
stamp will be driven downwards, stamping 
on the letter inserted.  Releasing the button 
will get the piston rod returned to its original 
position to prepare for the next use. Design a 
pneumatic circuit diagram based on the above 
requirements.

2. �The�figure�on�the�right�shows�a�pneumatic jaw 
device. It comprises mainly a double acting 
cylinder, two manual push buttons and other 
necessary valves. When button ① is pressed, the 
piston rod of the cylinder will extend and the 
jaws will open quickly. The mouth is left open 
until button  is pushed, when the piston rod of 
the cylinder will retract slowly and the jaws 
will close gradually until the piston rod returns 
to its original position. Then the device is ready 
for the next use. Design a pneumatic circuit 
diagram based on the above requirements. 

A pneumatic exercise carried out by YLPMSAA 
Tang Siu Tong Secondary School students


