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Task 1 – PLC analogue and discrete I/O

Task 1a – PLC inputs  

Push button  

A push switch is one of the most commonly used inputs for a 

as a start button when it has the normally open configuration and a stop button when it is used in a 

normally closed configuration, with this type of input the switch only has the ability to either give an 

input or give no input depending on th

Figure 1 – Start/Stop circuit for PLC 

 

Temperature sensor – Bimetallic strip 

A type of temperature sensor that can be used to give a discrete input signal is 

is a very simple type of temperature measurement 

that are fused together have a different coefficients of expansion. As cur

circuit the bimetallic strip starts to heat up and once it reaches the required temperature the 

bimetallic strip will bend out of shape and either make or break the contact. 

Figure 2 – Bimetallic strip  

 

 

 

 

PLC analogue and discrete I/O 

switch is one of the most commonly used inputs for a PLC system, a push button 

as a start button when it has the normally open configuration and a stop button when it is used in a 

configuration, with this type of input the switch only has the ability to either give an 

input depending on the switch being open or closed making it a discrete input. 

Start/Stop circuit for PLC  

 

Figure one shows the configuration of a start stop 

circuit. The start button is usually in parallel

another component such as a relay, as the button 

is pressed pushed then released 

would energize, the stop button is normally 

closed and would not have any effect on the 

input to the PLC until it is pressed and breaks the 

circuit.  

Bimetallic strip  

e sensor that can be used to give a discrete input signal is a bimetallic strip, this 

ype of temperature measurement and works on the principle that the two metals 

that are fused together have a different coefficients of expansion. As current is drawn through the 

circuit the bimetallic strip starts to heat up and once it reaches the required temperature the 

bimetallic strip will bend out of shape and either make or break the contact.  

 

Figure two shows a bimetallic strip, when the 

circuit is running the two different metal

begin to heat up, if the circuit 

current the components will heat up, the lower 

metal has a lower coefficient of expansion so as it 

bends out of shape and opens the 

states in Programmable Logic Controllers states 

“the most commonly used are platinum, nickel or 

nickel alloys.” (p.24, 2006).  

PLC system, a push button can be used 

as a start button when it has the normally open configuration and a stop button when it is used in a 

configuration, with this type of input the switch only has the ability to either give an 

open or closed making it a discrete input.  

configuration of a start stop 

circuit. The start button is usually in parallel with 

another component such as a relay, as the button 

pressed pushed then released the relay below 

would energize, the stop button is normally 

closed and would not have any effect on the 

until it is pressed and breaks the 

a bimetallic strip, this 

and works on the principle that the two metals 

rent is drawn through the 

circuit the bimetallic strip starts to heat up and once it reaches the required temperature the 

allic strip, when the 

circuit is running the two different metals will 

begin to heat up, if the circuit starts to draw over 

current the components will heat up, the lower 

metal has a lower coefficient of expansion so as it 

bends out of shape and opens the circuit. Bolton 

states in Programmable Logic Controllers states 

“the most commonly used are platinum, nickel or 
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Proximity sensor – Eddy current type  

A proximity sensor is used to detect an object without making contact with it, it can be used as a 

discrete input and it will give a signal to a PLC if there is an object within the operational limits of the 

proximity sensor. The eddy current type of sensor works on the process of a magnetic field due to 

this only senses conductive materials.  

Figure 3 – Process of eddy current proximity sensor  

There is a constant AC current put on the coil within 

the sensor which produces a magnetic field, when a 

conductive material is within close proximity of the 

sensor ‘eddy current’ is produced. The eddy current 

then produces an E.M.F in the coils, which changes 

the voltage required to keep the magnetic field 

around the coil, this voltage can then be used to 

operate switch and give an input to a PLC. Bolton 

states in programmable logic controllers “The voltage 

amplitude is thus a measure of proximity of metallic objects.” (p.20, 2006) 

 

Encoders – Increment encoder 

An encoder gives a digital output which means it can give an exact value rather than just an on and 

off input signal and works off the principle of linear or angular displacement in the case of an 

increment encoder from an datum position. Bolton states in programmable logic controllers that the 

term encoder is used for a device that provides a digital output as a result of angular or linear 

displacement. (p.22, 2006). 

Figure 4 – An encoder with 

signal converter  

A light source from an LED in 

the case of figure 4 passes 

through the slots on the 

encoder which is on the 

rotating shaft. The light is 

received by a sensor through 

the slits, the number of slits 

will be proportional to the 

360
o
 of a normal rotation, 

for example if there were 10 slots each slot would be 36
0
of a full rotation. As the different sensors 

receive light from the LED’s at different times it gives an exact position of where the shaft is in 

respect to 360
o
, this signal is then converted so it can be used as an input for a PLC.  
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Task 1b – Analogue to digital conversion 

The operation of analogue to digital conversion 

hold section, the quantize section and the encoder. 

Figure 5 – ADC conversion elements 

Figure 5 shows the sample block whic

process then moves to the hold block, this is where the value is recorded and held as an analogue 

value, quantization is the process of converting a continuous range

would convert a 4 – 20mA into a digital signal by making its time and amplitude discrete. Finally, the 

encoder converts the digital signal into binary form, 

to convert a 4 – 20mA signal into binary form is the 

of 12 different pins. Bolton states in programmable logic controllers that “The analogue voltage has 

to change by the difference in analogue voltage between successive levels if the binary output it to 

change. (p.55, 2006) 

Figure 6 – Quantization error  

 

 

 

 

 

 

Analogue to digital conversion  

The operation of analogue to digital conversion has four main components, the sample section, the 

hold section, the quantize section and the encoder.  

ADC conversion elements  

Figure 5 shows the sample block which is where the analogue measurement is taken from, the 

process then moves to the hold block, this is where the value is recorded and held as an analogue 

uantization is the process of converting a continuous range of discreet values, for example it 

20mA into a digital signal by making its time and amplitude discrete. Finally, the 

encoder converts the digital signal into binary form, an example of a component that could be used 

20mA signal into binary form is the ZN439 which is an integrated circuit that consists 

Bolton states in programmable logic controllers that “The analogue voltage has 

to change by the difference in analogue voltage between successive levels if the binary output it to 

 

Figure 6 shows quantization error 

in ADC conversion. Quantization 

error is the difference between 

the analogue input signal to the 

system and the digital 

representation on the display 

screen, this is due to

being a continuous process and 

the value changing. 

 

 

has four main components, the sample section, the 

h is where the analogue measurement is taken from, the 

process then moves to the hold block, this is where the value is recorded and held as an analogue 

of discreet values, for example it 

20mA into a digital signal by making its time and amplitude discrete. Finally, the 

an example of a component that could be used 

N439 which is an integrated circuit that consists 

Bolton states in programmable logic controllers that “The analogue voltage has 

to change by the difference in analogue voltage between successive levels if the binary output it to 

Figure 6 shows quantization error 

in ADC conversion. Quantization 

difference between 

the analogue input signal to the 

system and the digital 

representation on the display 

, this is due to the sample 

being a continuous process and 

the value changing.  
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Task 1c – Output devices for a PLC 

D.C. Motor  

A D.C motor can be used as an output for a PLC system with a push button switch being used as an 

input for it, the start button would be pressed and then the motor would start after the signal was 

passed through the PLC as long as it was satisfied and all interlocks in place. 

Figure 7 – D.C motor  

Figure 5 shows a magnetic field that is 

produced between the two permanent 

magnets using opposite poles, current 

produced by the power source which is 

a battery in the case of this diagram is 

fed to the coils of the motor via 

brushes on the commutator, Bird states 

in electrical and electronic principles 

and technology that “When current 

flows in the coil a magnetic field is set 

up around the coil which interacts with 

the magnetic field produced by the 

magnets.” (p.91/92 2008).  

This is what causes the rotation of the shaft and is what starts the motor turning.  

 

Relay  

A relay is one of the most common outputs for a PLC this is due to them being used to switch much 

larger industrial machines such as motors and compressors.  

Figure 8–Relay diagram  

 

Figure 6 shows a relay when it is not energised which is 

at rest, it shows that without the low current circuit 

energised the larger circuit switch is not energised. It 

also shows that when the coil is energised the 

magnetic field produced pulls in the switch for the 

larger circuit and starts the industrial motor or 

compressor. In electrical and electronic principles and 

technology Bird states “When the coil is energised the 

hinged soft iron armature is attracted to the 

electromagnet.” (p.88, 2008). This occurs when there is 

current flowing to the coil of the low current circuit 

and this is what closes the contact on the larger circuit. 
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Stepper motor  

A stepper motor is a brushless motor that uses equal angles to rotate, it is used on systems such as 

conveyer belts due to it being able to give a very accurate linear position which would be good as it 

could get objects exactly where they need to be. The stepper motors uses digital pulses and converts 

and uses them to rotate the shaft. Bolton states in programmable logic controllers that “Each pole is 

activated by a current being passed through the appropriate field winding”. (p.36, 2006). 

Figure 9 – Permanent magnet stepper motor 

The input pulses to a stepper motor are 

proportionate to 360
o
. For example if there 

were four pulses each pulse would give the 

motor 90
0
of a full rotation, but a lot of 

stepper motors have much larger range of 

pulses. The permanent magnets activate 

when current flows to the windings. The 

magnetic field is then produced and as the 

result the motor turns to line up with the 

next magnet and then stops until the process 

occurs again but only when the polarities of 

the current are reversed. The number of 

pulses will determine how far the motor will 

turn before it stops.  

 

Directional operated valves  

Solenoids are used in actuators to control valves, these valves may be used to control flow, levels or 

pressure systems, when using a solenoid in a valve it will only have the ability to be fully open or 

closed it wouldn’t be able to be part open.  

Figure 10 – Solenoid operated valve  

As can be seen in figure 8, 

when there is no current in the 

cylinder the fluid would be free 

to flow through the system, 

whereas when current in 

applied to the coils of the 

solenoid it pulls the piston and 

closes the valve.  Bird states in 

electrical and electronic 

principles and technology that 

“the magnetic field inside the 

solenoid is practically uniform for a particular current” (p.87, 2008). This means that while the 

desired current is applied to the solenoid it will operate but as soon as the current is taken away it 

will de-energise. 
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Task 1d – Relays and transistors  

The main types of switching devices used for outputs of a PLC are relays and transistors, the main 

difference is the operating principles of the two components, the operating principle of a relay is 

that it uses a magnetic field and a coil compared to a transistor which operates on a change of 

current or voltage.  

Figure 11 – Relay connected to microcontroller  

This figure shows a relay connected 

to a microcontroller, it has no 

physical connections to the larger 

circuit which is going to pull more 

current and operates at a higher 

voltage, an advantage of this 

configuration means there’s not 

wiring between the lamp circuit and 

the microcontroller given it greater 

protection from fault current than a 

transistor. The relays can operate off 

both AC and DC voltage where as a 

transistor is usually only used in an AC circuit, another benefit of a relay compared to a transistor is 

that there is no leakage current and it is either open or closed, as Bird states in electrical and 

electronic principles and technology “a small leakage current, flows from the collector to the base.” 

(p.156, 2008). This indicates there can be a leakage current when using a transistor as a switching 

device. Another benefit of a relay is that it can be used in a normally open or normally closed 

configuration. 

Figure 12 – Transistor connected to microcontroller  

 Figure 12 shows a transistor connected to a 

microcontroller, it has a physical connection to the larger 

circuit so any fault current would travel back to the 

microcontroller. The benefit of using this is that it is a very 

quick switching device and operates quicker than a relay 

which is a mechanical type of switch which can make it 

more reliable. A benefit of using a transistor is that it can 

be used for analogue conversion and they are much 

smaller in size. Another benefit is it can be used in a range 

of applications due to its properties and different 

configurations such as PNP junction and NPN junction.  
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Task 2 – SCADA (Supervisory Control and Data Acquisition)

SCADA is a software package that is used in industrial systems and processes

and competency tests. According to the website; ‘

architecture begins with programmable logic controllers (PLCs)

of using SCADA for an industrial process 

means an operator who is sitting in a control room can make changes to the running plant, another 

benefit is that is allows you to gather feedback remotely and gives you real time feedback. HMI 

used to control valves and other industrial processes. 

remotely and will produce and output depending on the programme that is preloaded in it, SCADA 

allows you to watch this from a different location. A bi

wrong on an industrial process which could be unsafe to shut down manually it can be done from a 

remote location meaning no one needs to enter a dangerous area. 

Figure 13 – HMI (human machine interface)

These systems will also give alarms for high pressure, low pressure and high and low level in tanks. 

From this page the operator of the system would be able to make adjustments to the running plant 

by clocking on the pumps and valves to meet oper

 

 

 

 

 

 

 

 

 

(Supervisory Control and Data Acquisition) 

SCADA is a software package that is used in industrial systems and processes as well as some training 

and competency tests. According to the website; ‘inductiveautomation.com’ “The basic SCADA 

architecture begins with programmable logic controllers (PLCs)” (Date unknown). 

of using SCADA for an industrial process point is that it allows you to control process remotely, this 

means an operator who is sitting in a control room can make changes to the running plant, another 

benefit is that is allows you to gather feedback remotely and gives you real time feedback. HMI 

used to control valves and other industrial processes. PLC’s are used as it allows you to send inputs 

remotely and will produce and output depending on the programme that is preloaded in it, SCADA 

allows you to watch this from a different location. A big benefit of SCADA is that if anything went 

wrong on an industrial process which could be unsafe to shut down manually it can be done from a 

remote location meaning no one needs to enter a dangerous area.  

HMI (human machine interface) 

 

This f

a HMI could potentially

look like, 

when pumps and 

valves are off and shut 

by a red indication on 

them, and shows when 

they are running and 

open with a green 

indication, it also 

shows the flow in pipes 

and the level and 

pressure 

These systems will also give alarms for high pressure, low pressure and high and low level in tanks. 

From this page the operator of the system would be able to make adjustments to the running plant 

by clocking on the pumps and valves to meet operational needs. 

as well as some training 

The basic SCADA 

” (Date unknown). The main features 

point is that it allows you to control process remotely, this 

means an operator who is sitting in a control room can make changes to the running plant, another 

benefit is that is allows you to gather feedback remotely and gives you real time feedback. HMI is 

PLC’s are used as it allows you to send inputs 

remotely and will produce and output depending on the programme that is preloaded in it, SCADA 

g benefit of SCADA is that if anything went 

wrong on an industrial process which could be unsafe to shut down manually it can be done from a 

This figure shows what 

a HMI could potentially 

look like, this shows 

when pumps and 

valves are off and shut 

by a red indication on 

them, and shows when 

they are running and 

open with a green 

indication, it also 

shows the flow in pipes 

and the level and 

pressure in tanks. 

These systems will also give alarms for high pressure, low pressure and high and low level in tanks. 

From this page the operator of the system would be able to make adjustments to the running plant 
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Task 3 – Process Alarm Panel 

The images below show my programme finished and in the different states that the programme 

required.  

Final System 

 
Low Alarm  

 
Low Alarm Set 
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Healthy 

 
 

High Alarm  

 
 

High Alarm Set 
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Task 4 – Programming problems 

Copy of finished tank blending operation 

 

 

 

 

 

 

Programming problems  

Copy of finished tank blending operation  
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Appendix  

Datasheet for Carlo Gavazii mushroom push button that can be used as a start or stop button.  

(https://carlogavazzisales.com/pdfs/Datasheet_Mushroom.pdf)  
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Datasheet for bimetallic strip  

This is an airpax circuit protector datasheet which works on the principle of a bimetallic strip. 

(http://www.farnell.com/datasheets/1604972.pdf) 
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Datasheet for proximity sensor  

Datasheet for E2E small diameter proximity sensor 

(https://www.mouser.com/datasheet/2/307/Omron-E2E-Small-Diameter-ProxSensor-Datasheet-

1100481.pdf) 
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Datasheet for increment encoder  

This is a datasheet from the E6C3-C model of the increment encoder. 

(https://assets.omron.eu/downloads/datasheet/en/v2/e6c3-

c_rugged_incremental_rotary_encoder_datasheet_en.pdf) 
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Datasheet for small D.C motor 

This datasheet is for a 24V D.C motor 

(https://www.kollmorgen.cn/sites/default/files/legacy%20

%20idc/documentation/%e2%80%93/D_24VDC_Brushed_IDC_Mot

 

 

 

 

This datasheet is for a 24V D.C motor  

https://www.kollmorgen.cn/sites/default/files/legacy%20-

%20idc/documentation/%e2%80%93/D_24VDC_Brushed_IDC_Motor_810-101_Spec_Drawing.pdf101_Spec_Drawing.pdf) 
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Datasheet for 12 volt relay 

This is a datasheet for a 12 volt omron relay. 

(https://www.parallax.com/sites/default/files/downloads/400-00052-Omron-12V-Relay-

Datasheet.pdf) 
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Datasheet for stepper motor  

This is a datasheet from dynetics for a stepper motor 

(http://www.dynetics.eu/media/2678/stepper-motors.pdf) 
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Datasheet for transistor  

This datasheet is for a 2N4401 transistor, this is a type of transistor that could be used instead of a 

relay.  

http://www.farnell.com/datasheets/661741.pdf 
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