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Introduction  

Programmable Logic Controllers are able to process both discrete and analogue inputs. 

They are also able to operate a range of equipment through the output interface. This 

assignment will examine these characteristics in detail. 
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Task 1 – PLC analogue and discrete I/O 
 

Task 1. (a) 
A temperature device that uses an input analogue signal is an RTD, also known as a resistance 

temperature device/detector which are calibrated resistors used to measure temperature. An RTD 

has a variable resistance with a positive temperature coefficient which means that with an increase 

in resistance there is an increase in temperature. RTDs are devices made of pure metal wire (usually 

platinum or copper). Due to their high accuracies and robust designs RTD’s are widely used in many 

industrial processes such as the oil and gas industry. Since an RTD uses an analogue signal the 

resistance measurement obtained from the RTD transducer would be converted to a 4-20mA signal 

which would be further converted into a 1-5V signal for the PLC to use. The 4mA and 1V is the zero 

point on the RTD’s calibrated range whilst the 20mA and 5V is the span of the RTD’s calibrated 

range. 

 

A temperature device that uses a discrete input signal is a temperature switch. A temperature switch 

works the same as any typical electrical switch for an on/off application. (Author, 2020) A 

temperature switch will operate at a set process temperature, for example if a column is 

overheating then the temperature switch will switch at say a set temperature of 150oC and send a 

discrete signal to the PLC causing the process to maybe open a certain valve allowing cooling water 

into the column. Temperature switches have capillaries that are filled with either a hydraulic fluid or 

a silicone fluid that will expand when heated. This will then push up onto a bellows which at the set 

switching temperature will push up onto a microswitch changing the state of the temperature 

switch. This will then send the discrete signal to the PLC which will either be ON or OFF or 1 or 0. 

 

A pressure device that can be used to provide an analogue input to the PLC is a pressure transmitter. 

A pressure transmitter is a device that has been designed to measure pressure in liquids, fluids or 

gases. They are commonly used to measure pressure inside industrial machinery, vessels, tanks and 

columns in order to warn technicians and operators before an incident occurs through over 

pressuring. A pressure transmitter consists of many components, some of these components include 

a diaphragm, capacitor plates, reed switch assembly, sensing electronics (Wheatstone bridge), 

sensor module and an electronics board. The way in which a Pressure Transmitter works is when a 

pressure is applied to the transmitter itself, the applied pressure acts as a force on the diaphragm 

inside the pressure transmitter. The diaphragm then either expands or compresses depending on 

the applied pressure. This way in which the diaphragm expands, or compresses is dependent on a 

positive or negative pressure from the process. The sensing electronics are mounted on top of the 

diaphragm, so that when the diaphragm expands or compress, the resistance value changes. These 

resistors are connected in a standard Wheatstone bridge. The change in resistance is measured 

using a Wheatstone bridge. The bridge output is proportional to applied pressure. This value will 

then be converted into a 4-20mA signal which would be further converted into a 1-5V signal for the 

PLC to use. The 4mA and 1V is the zero point on the RTD’s calibrated range whilst the 20mA and 5V 

is the span of the RTD’s calibrated range. Depending on what the transmitter is used for (Shutdown 

or Indication) the operations control room will be able to see the pressure value. In Some types of 

pressure transmitters manufactures can use capacitance, inductance, conductivity, piezo electric 
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crystals etc in place of resistors. So, depending on the applied pressure the diaphragm expands or 

compress, then respective sensor parameter like resistance, capacitance, inductance and piezo 

electric crystal will change and it is proportional to the pressure. 

 

A pressure device that can be used to provide a discrete signal to the PLC is a pressure switch. 
Pressure switches are widely used in industry to automatically supervise and control systems that 
use pressurized fluids or gases A pressure switch is a form of switch that is designed to monitor a 
process pressure and provide an output when a set pressure (setpoint) has been reached. A pressure 
switch closes an electrical contact when a certain set pressure has been reached on its input. The 
switch may be designed to make contact either on pressure rise or on pressure fall e.g. the switch 
may be set to trip on 2.5psi falling. A pressure switch does this by applying the process pressure to a 
diaphragm or a piston to generate a force which is compared to that of a pre-compressed range 
spring. The movement of this sensing element is used to actuate one or more switch contacts to 
indicate an alarm or initiate a control action which will potentially cause shutdown of specific 
equipment. When the switch has been triggered a discrete signal will be sent to the PLC which will 
either be ON or OFF or 1 or 0 which will change the state of the PLC and enable it to carry out a 
specified logic pattern usually a shutdown or an alarm of the equipment. 

 

Task 1. (b) 
A stepper motor is an electromechanical device that converts electrical power into mechanical 

power. (Author, 2020). A stepper motors shaft rotates by performing steps by moving a fixed 

amount of degrees. (MPS Authour, 2021). Stepper motors have multiple coils that are organised in 

groups called phases which when energised, each phase in sequence will rotate, one step at a time. 

Stepper motors can be controlled so that precise positioning and speed control is capable. For this 

reason, stepper motors are commonly used in applications that require precision motion control. 

(Earl, 2014). The Stepper motor construction consists of a stationary part known as the stator and 

the moving part known as the rotor. On the stator there are teeth with coils wired around it while 

the rotor is a permanent magnet or a variable reluctance iron core. The permanent magnet that 

aligns with the magnetic field generated by the stator circuit enables the motor to have a good 

torque as well as a detent torque. This means that the motor will resist, even if not very strongly, to 

a change of position regardless of whether a coil is energized. (MPS Authour, 2021). To start the 

stepper motor, one electromagnet is given power, which makes its gear’s teeth magnetically 

attracted to the electromagnet’s teeth. At the point when the gear’s teeth are aligned to the first 

electromagnet, they are slightly offset from the next electromagnet which means that when the 

next electromagnet is turned on and the first is turned off, the gear rotates slightly to align with the 

next one and from there the process is repeated. (Author, 2020). This is done in steps and when a 

number of steps have been achieved that is one full rotation of the motor. There are three main 

types of stepper motors, these include: 

• Permanent Magnetic Stepper 

• Hybrid Synchronous Stepper 

• Variable Reluctance Stepper 

The more common type out of the three is the Permanent magnet stepper motor. Figure 1 shows a 

permanent magnet stepper motor. 
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Figure 1 - Shows a Permanent Magnet Stepper motor 
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Task 2 – SCADA (Supervisory Control and Data 
Acquisition) 
 

Task 2. 
SCADA or Supervisory Control and Data Acquisition is a system of software and hardware elements 

that enables industrial and commercial companies to control processes locally or at specific remote 

location allowing them to monitor, gather, and process real-time data as well as recording the trends 

and saving them into a log file. (Inductive Automation, 2018). SCADA systems are used in many 

industries such as 

• Oil and Gas 

• Power/Energy 

• Water and Waste Water 

• Food and Drink 

• Manufacturing 

• Recycling 

• Pharmaceutical 

With SCADA the control operator or trained personnel is also able to directly interact with devices 

such as transmitters, sensors, control valves, pumps, motors, and more through human-machine 

interface (HMI) software. (Inductive Automation, 2018). Human-Machine Interfaces or HMI‘s allows 

personal computers to display PLC variable values and has the potential to turn every personal 

computer into a Master Terminal Unit (MTU) where control operators can view process variables, 

change setpoints, and change the state of other process equipment such as control valves. 

(Kuphaldt, 2008-2019). A HMI or Human-Machine Interface is a mixture of both hardware and 

software combined used to allow the control operator or trained personnel to communicate with 

the process machines, equipment and systems. HMI’s are mostly used in industrial processes where 

a human-machine interaction is needed to either control or view the equipment or process 

conditions in real time and monitor the machine inputs and outputs. HMI’s typically give a visual 

representation of the equipment or process too enabling the control operator or trained personnel 

to get a visual example of what’s going on so that it is made clearer to them. HMI’s also have an 

alarm function as well as a trend history showing the correct equipment tag identification which is 

an important part of process control and maintenance fault finding. The main personnel that 

interact with HMIs are control operators, system integrators, and engineers, particularly control 

system engineers as HMIs are essential resources for these professionals, who use them to review 

and monitor processes, diagnose problems, and visualize data. (Inductive Automation, 2018). By 

using the HMI, the control operator can give instructions to the machine which allows a series of 

functions/sequences to be carried out. (Ashlin, 2020). An example of where a SCADA system would 

be used is at a refinery FCCU where slide valves are an essential piece of equipment that need to be 

monitored carefully. At the site of the slide valve location a HMI can be found, this gives the plant 

operator and maintenance workers that are trained to use it the option to access trends, slide valve 

equipment readings and any alarms that are outstanding. This means that they can diagnose any 
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problems with the slide valve. The HMI also gives the slide valve position reading which is critical for 

the FCCU to run correctly and safely. The control operator will also be able to see the same readings, 

trends and alarms as the HMI through the use of the SCADA system but will be able to adjust the 

valve position if required. A PLC is also integrated into this system so that if the valve goes into an 

abnormal condition, then the PLC can identify the fault and will carry out the valve shutdown 

sequence which is used to help shutdown the unit fast and effectively. 

 

Task 3 – Instruction List 

Task 3. 
Figure 2 shows the ladder logic instruction list for a car barrier system. 

 

Figure 2 - Shows the Ladder Logic Instruction List 
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Task 4 – Temperature Alarm Panel 

Task 4. 
Figures 3 and 4 shows the program when the temperature device is between 0-250C. It can be seen 

that the blue lamp is lit when the temperature device is between 0-25oC. 

 

Figure 3 - Shows the program between 0-25oC 

 

Figure 4 - Shows the HMI Screen between 0-25oC 
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Figures 5 and 6 shows the program when the temperature device is between 26-50 oC. It can be seen 

that the green lamp is lit when the temperature device is between 26-50 oC. 

 

Figure 5 - Shows the program between 26-50 oC 

 

Figure 6 - Shows the HMI Screen between 26-50 oC 
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Figures 7 and 8 shows the program when the temperature device is between 51-70 oC. It can be seen 

that the yellow lamp is lit when the temperature device is between 51-70 oC. 

 

Figure 7 - Shows the program between 51-70 oC 

 

Figure 8 - Shows the HMI Screen between 51-70 oC 
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Figures 9 and 10 shows the program when the temperature device is between 71-100oC. It can be 

seen that the all lamps are lit and the sounder is on when the temperature device is between this 

temperature range. 

 

Figure 9 - Shows the program between 71-100 oC alarms OFF 

 

Figure 10 - Shows the HMI Screen between 71-100 oC alarms OFF 
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Figures 11 and 12 shows the program when the temperature device is between 71-100oC. It can be 

seen that the all lamps are lit and the sounder is on when the temperature device is between this 

temperature range. 

 

Figure 11 - Shows the program between 71-100 oC alarms ON 

 

Figure 12 - Shows the HMI Screen between 71-100 oC alarms ON 
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Figures 13 and 14 shows the program when the temperature device has been accepted and is 

between 71-100 oC. It can be seen that the all lamps are lit and the sounder has been accepted and is 

off when the temperature device is between this temperature range and has been accepted.  

 

Figure 13 - Shows the program between 71-100 oC when accepted 

 

Figure 14 - Shows the HMI Screen between 71-100 oC when accepted 
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Figures 15 and 16 shows the program when the lamp test button has been pressed. It can be seen 

that all lamps are lit and the sounder is on which is correct. 

 

Figure 15 - Shows the program lamp test 

 

Figure 16 - Shows the HMI lamp test 
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Task 5 – Programming Problems 

Task 5. 
Figure 18 shows the ladder logic for the lift system. As seen in figure 18 the movement of the lift to 
each level can be seen in lines 0, 6, 12, 18, 24, 30. The motor up and down logic can be seen in lines 
36 (motor up) and 40 (motor down). The level indication lamps are found on lines 44 (level 2 
indication lamp), 50 (level 1 indication lamp) and 56 (level 3 indication lamp). The door lock and door 
lock timer are found on lines 68 and 73, these are logic specified for the door lock function and timer 
whilst the timer latch is found on line 62. The solenoid door latch is found on line 77 which latches 
the door and allows the lift function to take place and the open door lamp is found on line 79 which 
indicates that the door has been opened. 
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Figure 17 - Shows the Ladder Logic for the Lift System 
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