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	Lesson 1: Automated system design
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the architecture and uses of computer automated and robotic systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1 
Designing automation systems
	Range: Systems architecture, process, inputs and outputs, energy source, measurement system, controller, feedback loops, naming variables in automation systems, controlled variable, manipulated variable, measurement variable, disturbance variable, error, set-point controller output, mathematical modelling of system components, significance, uses, concept of transfer functions.
Desribe the component parts of an automated system – a block diagram can be used to demonstrate interconnection and system layout, with each block described in detail.
Emphasise how a variable is used to represent a physical quantity but is actually a signal, either digital or analogue, that represents the value.

Show the relationship between controlled variables, manipulated variables and the effect of disturbance variables on system control. Describe how a mathematical model can be produced using these variables and process gain, and how this can be used as a transfer function.
Opportunity for applied learning
Individual task: Learners should describe in detail each block in a system provided by you.
Individual task: Learners should identify the controlled variable, manipulated variable and any potential disturbance variables in a range of systems provided by you, eg an electric oven or a cruise control system.
Individual task: Learners are to produce a transfer function for a simple system by inserting the correct variable into gaps left in an incomplete transfer function.
	Books

McKerrow, P. – Introduction to Robotics (Addison Wesley, 1991) 
ISBN 9780201182408

McNamee, W.L. and Schuler, C.A. – Modern Industrial Electronics (Glencoe, 1993)

ISBN 9780071136631
Websites
http://goo.gl/yCv9PM


	Lesson 2: Physical construction of robots
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the architecture and uses of computer automated and robotic systems


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.2 
Physical construction
	Range: Physical construction of a robotic system, jointed manipulator, end effector, controller, programming unit, movements and joints in robotic systems, arm sweep, shoulder swivel, elbow extension, X plane (width movement), Y plane (height movement), Z plane (depth movement), roll, pitch, yaw, prismatic, revolute, symbols for prismatic and revolute joints, six degrees of freedom, wrist design features, three revolute degrees of freedom, accuracy of end effecter manipulation, robotic arms, Cartesian, cylindrical, polar, jointed arm, SCARA (selective compliance assembly robot arm), partial spherical (pendulum), multiple joint (spline), choosing end effectors, vacuum, stepper motor driven, specialist design.
Describe the difference between the common preconception of a robot and the practical applications of robotic systems. 
Define the important components of a robot such as manipulators and end effectors.
Describe how a robot can reach a given point in 3D space, emphasising the difficulty in following certain paths of movement with some jointing configurations. 
Compare and contrast different end effectors and their effectiveness for different tasks. (If time allows, you could look at human skeletal structure prior to investigating robotic arms).
Opportunity for applied learning
Group activity: Learners are to produce a drawing of a robot to perform the role of a housekeeper. Encourage imaginative design referencing popular culture.
Individual activity: Using two rods joined in the centre and fixed at one end, learners should attempt to draw a straight line.
Group activity: Learners are to select suitable end effectors for a range of tasks such as welding, painting or moving car doors.

	Books

McKerrow, P. – Introduction to Robotics (Addison Wesley, 1991) 
ISBN 9780201182408

McNamee, W.L. and Schuler, C.A. – Modern Industrial Electronics (Glencoe, 1993)

ISBN 9780071136631
Websites

http://goo.gl/yCv9PM


	Lesson 3: How robotic systems are implemented
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the architecture and uses of computer automated and robotic systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.3 Implementing robotic systems
	Range: Robot classification, programmable manipulator, pick and place, loading and unloading, production characteristic responses for simple control and robotic systems, input/output, effect of variables, design and implementation of a robotic system, planning, personnel involved, application, feasibility review, development, task, part presentation, handling equipment, process machines, quality control process, mock-up and testing, commissioning, de-bugging, trial runs, quality control checks, installation, pilot production runs, parallel running with manual cells, final implementation.
Describe the classifications of robots, expanding on concepts such as autonomous robots, teleoperators, and so on.
Recap and expand on control system application to autonomous and semi-autonomous robots. How is feedback used to stabilise robot operation?
Describe the design process and how it is applied to designing robotic systems. Detail each part of the process, and stress the importance of following each step, especially in an industrial setting.
Opportunity for applied learning
Case study / industrial visit: Arrange a visit to a site to study robotic system implementation. Small groups can then present on their findings.
Individual task: Learners should map out the design process for a given robotic installation, detailing who would be involved in each stage. Examples could be a paint-spraying robot in a car factory, or a stock delivery system in a wholesalers’.
	Books

McKerrow, P. – Introduction to Robotics (Addison Wesley, 1991) 
ISBN 9780201182408

McNamee, W.L. and Schuler, C.A. – Modern Industrial Electronics (Glencoe, 1993)

ISBN 9780071136631

Websites

http://goo.gl/yCv9PM


	Lesson 4: Physical constraints of robotic systems
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the architecture and uses of computer automated and robotic systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.3 Implementing robotic systems
	Range: Physical layouts for robotic systems: radial layout, in-line track mounted, in-line fixed; robot / automation safety considerations, hazards in the vicinity of a robotic system, categories B, 1, 2, 3 and 4 systems, operator training, operator competence, emergencies.
Compare and contrast the different physical layouts for a robotic system. For instance, why is it advantageous for an assembly-line robot to be in-line track mounted?

Describe some of the potential hazards posed by robotic systems, such as anything in its operating paths being at risk.
Opportunity for applied learning
Discussion: Learners are to research and present in small groups on the type of layout best suited to a particular task. (Tasks to be set by you.)
Case study: Learners should look at a case study that illustrates potential hazards posed by robotic systems, then give a presentation on the risks posed and how best to manage them. The robotic system is to be provided by you.

	Books

McKerrow, P. – Introduction to Robotics (Addison Wesley, 1991) 
ISBN 9780201182408

McNamee, W.L. and Schuler, C.A. – Modern Industrial Electronics (Glencoe, 1993)

ISBN 9780071136631
Websites

http://goo.gl/yCv9PM)


	Lesson 5: The benefits and implications of robotic systems
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the architecture and uses of computer automated and robotic systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.4 
Benefits and implications
	Range: Benefits: increased productivity, improved quality, increased efficiency, improved safety, convenience, power assistance, repeatability, accuracy, speed, use in hazardous areas; Implications: effect on jobs; Costs: capital, variable, maintenance, upgrade, available space, loss of production due to failures, costs, safety.
Outline the benefits to industry of robotic systems. A case study can be used to give real value to implementing a system. 
Define the benefits that can be expected from a robotic system, and emphasise that some benefits do not have a monetary value attached, but improve the quality of the end product.

Outline the implications to industry of robotic systems. A case study can be used to give the real cost of implementing a system. What effect can be felt on company morale?

Outline the costs associated with the breakdown of a single robot on a production line, and what measures can be taken to work around any potential breaks in production.
Opportunity for applied learning
Case study: Outline the pros and cons of implementing a robotic system for the production of a product. Learners are to work in groups and decide on the feasibility of implementation and present their findings. Good examples may be one group studying changing a manual line for a robotic line, as opposed to setting up a manual line versus a robotic line for a new product.

	Books

McKerrow, P. – Introduction to Robotics (Addison Wesley, 1991) 
ISBN 9780201182408

McNamee, W.L. and Schuler, C.A. – Modern Industrial Electronics (Glencoe, 1993)

ISBN 9780071136631
Websites

http://goo.gl/yCv9PM


	Lesson 6: Control system types
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the operation of various types of control systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.1 

Difference between control system types
	Range: Regulatory / following, numerical / servo / sequential.
Describe the basic control system types as defined in the range.
Compare and contrast different control system types, ie regulatory system brings control value back and employs feedback, servo control responds directly to a change in the set-point.
Select suitable control methods for different systems, outlining reasons for selection. Systems could include air-conditioning, climate control, a microwave oven and an electric fan oven.
Opportunity for applied learning
Group task: Small groups are to select a suitable control method for a range of systems.  The systems should differ from those already described, but some could be similar to help the learners build confidence. Learners could be invited to share relevant experience of control systems here if suitable.

	Books

Dorf, R.C. and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102
Websites

http://www.pacontrol.com/



	Lesson 7: Control system classification
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the operation of various types of control systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.2 

Classification of control systems
	Range: Set-point changes: infrequent change – regulatory system, frequently changed – following system; Processing: process control, continuous system, batch system; Part manufacturing; Machine control: numerical control systems, robotic control systems; Category of controller or control: programmable logic controller (PLC), PC (SCADA), event-sequenced control, time-sequenced control.
Describe the essential elements that define a control system, such as how it responds to change and its response time.
Define continuous and batch systems and how they are implemented in industry. Relate the system type to the controller type.
Compare and contrast PLC with SCADA systems. Case studies should be used to emphasise the different applications of the two systems.
Opportunity for applied learning
Discussion: Define control systems and their common applications. Use learners’ industrial knowledge if possible. If not, more examples could be suggested such as air-conditioning versus climate control.
Group task: Learners are to research and select PLC or SCADA systems for given industrial tasks, then present their findings to the group for assessment and discussion.

	Books

Dorf, R.C. and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102

Websites

http://www.pacontrol.com/



	Lesson 8: Digital and analogue control systems
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the operation of various types of control systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.3 

Operation of digital and analogue motion control systems
	Range: Digital motion control system: set-point, gain, output signal, feedback devices, actuator types, error codes; Analogue motion control system: voltage rectification, DC bus, chopping circuit, output section.
Compare and contrast digital and analogue motion control systems. Describe the accuracy of analogue systems and the ease of use of digital systems.
Describe the implementation of a generic digital motion control system and what considerations there are in selecting a system.  

Describe the implementation of a generic analogue control system and what considerations there are when selecting a system.
Opportunity for applied learning
Case study: Learners are to work in small groups and select and specify a motion control system for a given application. Learners are then to compile a short report and present their findings to the rest of the group.

	Books

Dorf, R.C. and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102

Websites

http://www.pacontrol.com/



	Lesson 9: Motion control systems functions
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the operation of various types of control systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.4 

Functions in a motion control system   
	Range: Functions: frequency / speed, speed / torque, switching frequency / noise.
Define the fundamental functions of a control system.
Define the relationship between some fundamental functions, stressing the link between the two and the control over this a system designer has. For instance, what are the speed / torque characteristics of various drive systems?
Explain how cost is often an overriding factor when selecting system components.
Opportunity for applied learning
Group task: Suggested equipment from previous weeks is to be analysed with regard to the functions covered in the lesson. The group are to present on whether, when the new considerations are factored in, the selected equipment is still the best choice – and discuss why.

	Books

Dorf, R.C. and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102

Websites

http://www.pacontrol.com/



	Lesson 10: Robotic systems power choices
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use robotic drive systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.1 
Power for robotic systems
	Range: Hydraulic: production of compressed hydraulic power, how it is used, limitations, safety considerations; Pneumatic: production of pneumatic power, how it is used, limitations, safety considerations; Electrical: type of electrical supply (voltage, frequency, source), how it is used, limitations, safety considerations.
Compare and contrast hydraulic and pneumatic power with regard to energy available, cost and size of implementation. A simple example could be the braking systems implemented in vehicles. Describe how hydraulic power can be produced in an industrial setting. List common applications of hydraulic power. Describe what the limitations of hydraulic power are. Describe the main safety concerns when using hydraulic power.

Describe how pneumatic power can be produced in an industrial setting. List common applications of pneumatic power. Describe what the limitations of pneumatic power are. Describe the main safety concerns when using pneumatic power. Compare and contrast the use of pneumatic / hydraulic power and the use of electricity to drive systems. 

Describe how and why three-phase power is common in industry and the advantages it has over single phase. Describe the safety concerns when using electricity, especially the high voltages associated with industrial system.
Opportunity for applied learning
Research and presentation: Small groups are to research and present on the advantages and disadvantages of using hydraulic, pneumatic and electrical power to supply some given applications. Applications could include an injection moulding machine, a steel press and a large CNC operated saw.
	Books

McKerrow, P. – Introduction to Robotics (Addison Wesley, 1991) 
ISBN 9780201182408

McNamee, W.L. and Schuler, C.A. – Modern Industrial Electronics (Glencoe, 1993)

ISBN 9780071136631
Turner, I.C. – The Engineering Applications of Pneumatics and Hydraulics (Edward Arnold, 1995) 
ISBN 9780415502887



	Lesson 11: Configuration, operation and systems
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use robotic drive systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.2 
Configuration and operation

Topic 3.3 Transmission systems
	Range: Operation and applications; Robotic control systems: control element, actuator, transmission element, load, sensor, feedback, comparator; Robotic drive systems: pneumatic cylinder, single acting, double acting, hydraulic cylinder, rotary actuator, pneumatic, hydraulic, electro-mechanical solenoid, spool valve, stepper motor; Transmission systems – gears: spur, helical, straight bevel, spiral bevel, worm, rack and pinion, ball and roller screws, pulley drives and tendons, linkages, bearings.
Describe common robotic control system components such as the control element, actuator, etc. Detail how these individual components work together to make a full system.
Describe common robotic drive systems such as pneumatic cylinders, hydraulic cylinders, solenoids, etc. Compare and contrast the different basic types, recapping the previous session’s work.

Describe briefly the different power transmission and linkage systems. Explain how power is transferred from the drive system to the actuators.
Opportunity for applied learning
Practical activity: Learners can build and test simple drive and transmission systems. The kits suggested can be used, or any mechanical drive systems available may be studied. Learners should then report on the systems studied, detailing such considerations as ease of build, ease of maintenance and complexity.
	Books
McKerrow, P. – Introduction to Robotics (Addison Wesley, 1991) 
ISBN 9780201182408

McNamee, W.L. and Schuler, C.A. – Modern Industrial Electronics (Glencoe, 1993)

ISBN 9780071136631

Turner, I.C. – The Engineering Applications of Pneumatics and Hydraulics (Edward Arnold, 1995) 
ISBN 9780415502887
Websites
http://goo.gl/l2ReO6


	Lesson 12: Actuator types and applications
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use robotic drive systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.4 
Using robotic actuators
	Range: Learners should be given the time and facilities to experiment with different types of actuator in a particular control system. They should also be able to choose and justify appropriate actuators for specific applications and present the results in the form of a technical report.    

Note: For reasons of availability it may not be possible to access all three types of actuator, so learners should have access to at least one actuator type, preferably two; however, reports should include the results of personal research on the application, operation and performance of all three types of actuator.  

Actuators: pneumatic, hydraulic, electric, reasons for choice.
Look at a practical-based system, where learners should be introduced to various actuators and their uses. If facilities allow, the session should involve hands-on use of actuators. If no equipment is available, a visit to a local company with the intention of studying actuators in use should be arranged.
Opportunity for applied learning
Practical activity: A laboratory session using robotic actuators and reporting on their characteristics; learners are to work in groups. Conclusions on the different actuators are to be presented to the group.
Practical activity: If no equipment is readily accessible, arrange a visit to a company using robotic actuators. Conclusions on the different actuators observed in use are to be presented to the group by small groups of learners.
	Books

McKerrow, P. – Introduction to Robotics (Addison Wesley, 1991) 
ISBN 9780201182408

McNamee, W.L. and Schuler, C.A. – Modern Industrial Electronics (Glencoe, 1993)

ISBN 9780071136631

Turner, I.C. – The Engineering Applications of Pneumatics and Hydraulics (Edward Arnold, 1995) 
ISBN 9780415502887



	Lesson 13: Programming tools and methods
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply basic robotic control and programming


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.1 

Programming tools for robotic systems

Topic 4.2 

Online and offline programming
	Range: Programming tools: control pendants, software, simulation; Online programming: axis limit control, point to point, contouring, line tracking; Offline programming: safety, 3D visualisation of a robot arm, need for computing ability, specialist programming language, absolute and incremental co-ordinates, troubleshooting, planning, communication between CAD and CAM systems (computer-aided drawing / computer-aided manufacture).
Describe the different methods of programming a robotic system.  
Describe how a control pendant can be used to directly program a system in place. Describe the concerns over how an unauthorised user could alter a programme when a pendant is used.

Compare and contrast a range of different robot programming languages and the associated software. Explain fragmentation arising from proprietary languages and systems.

Describe how a simulation package can be used to help the programmer and prevent damage to expensive machinery.

Compare and contrast different methods of robot control. For instance, describe how axis limit control can be implemented easily and cheaply using switches at extremes of motion, and describe how point-to-point control gives a user more control over the robot.

Describe the process of offline programming. Demonstrate what needs to be taken into consideration, such as safety concerns. Demonstrate how 3D visualisation can help the programmer ensure that the programme is correct and safe.  

Compare and contrast absolute and incremental co-ordinate systems.

Describe a simple troubleshooting procedure for a program.

Describe the advantage of being able to translate directly from a CAD drawing to a set of commands to drive a robot. Outline how automating this process can lead to a reduction in errors.
Opportunity for applied learning
Research: Small groups can research and present their findings on the following methods of robot control: axis limit control, point to point, contouring, line tracking.
Case study: Individuals or small groups can investigate a case study and carry out a simple debugging exercise. It may be easier to keep the debugging at the flow-chart stage to avoid the need to learn a programming language.

	Books

McKerrow, P. – Introduction to Robotics (Addison Wesley, 1991) 
ISBN 9780201182408

McNamee, W.L. and Schuler, C.A. – Modern Industrial Electronics (Glencoe, 1993)

ISBN 9780071136631
Website
http://www.plcs.net/
http://www.plcprogramming.org/



	Lesson 14: Programme design
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply basic robotic control and programming

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.3 

Designing robot program  using flow charts and block diagrams

Topic 4.4 

Using kinematic and isometric diagrams to display robot system information  
	Range: Flow charts: symbols, labelling, inputs; Block diagrams: layout, process, sequence.
Learners should be able to explain the use of both types of diagram
Describe the implementation of flow charts to produce an algorithm for robot control. Define the symbols used, and any labelling and input conventions.
Describe the implementation of block diagrams to produce an algorithm for robot control. Define the conventions governing layout, process and sequence control.

Compare and contrast the two methods of program design with regard to ease of use and end application, etc.
Opportunity for applied learning
Written task: Individuals or small groups are to design a flow chart to design a program for a robot control. The program should be simple and involve tasks such as sorting red or blue objects into different pens / hoppers.
Written task: Individuals or small groups are to design a block diagram to design a program for a robot control. As above, the program should be simple and involve tasks such as sorting red or blue objects into different pens / hoppers.
Presentation / Report: A short presentation or report should be generated, comparing and contrasting the two programming methods. Comments should be made on ease of use and suitability for the task.
	Books

McKerrow, P. – Introduction to Robotics (Addison Wesley, 1991) 
ISBN 9780201182408

McNamee, W.L. and Schuler, C.A. – Modern Industrial Electronics (Glencoe, 1993)

ISBN 9780071136631
Websites

http://www.plcs.net/
http://www.plcprogramming.org/



	Lesson 15: Control systems, performance specs and safety implications
	               Suggested Teaching Time: 3 hours

	Learning Outcome: Apply basic robotic control and programming

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.5 

The relationship and interaction between control systems

Topic 4.6 

Performance specifications for robots

Topic 4.7 

Safety implications of combined discipline systems.
	Range: Control systems: robot, motion; Performance specifications: payload, normal and maximum, static and rated, static and dynamic, repeatability, speed, limit on certain motion, weight restrictions; Safety implications: verification of inputs, collision detection, working envelope.
Compare and contrast robot and motion control systems. Describe the levels of autonomy that can be expected from a robotic system. Explain how simpler systems can be built with motion control, at the cost of autonomy.
Define the terminology associated with performance specifications. Give examples of real values for a system, possibly one studied earlier or observed during an industrial visit.

Describe and discuss the safety implications of robotic systems. Explain what the implications of using an autonomous or semi-autonomous system on the shop floor are.  

Identify the possible implications with regard to both work force and equipment of robotic systems. Describe how safety issues can be minimised through the use of collision detection and a working envelope implemented with suitable guards and failsafes.
Opportunity for applied learning
Written task: Compile a glossary of terms regarding performance specifications. This can be compiled as taught, or as a research task.
Discussion: What are the implications of implementing robotic systems to the general workforce and to other equipment? Point out that the robot will only do what it was programmed to do and any outside disturbance will not be accounted for.
	Books

McKerrow, P. – Introduction to Robotics (Addison Wesley, 1991) 
ISBN 9780201182408

McNamee, W.L. and Schuler, C.A. – Modern Industrial Electronics (Glencoe, 1993)

ISBN 9780071136631

Websites

http://www.plcs.net/
http://www.plcprogramming.org/



	Lesson 16: PLC architecture and programming basics
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use a PLC and a PC (SCADA) to control a simple system

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.1 
PLC architecture

Topic 5.2 
PLC programming languages and methods
	Range: Architecture, control unit, programming device, input / output modules, memory, industrial standard languages, IEC 61131-3, statement list, structured text, function block.
Describe typical PLC modules with particular regard to the main control unit, input and output modules, available memory and programming methods.  
Compare and contrast PLC systems from different manufacturers, especially with regard to reliability, ease of use and cost.

Describe the fundamental concepts of PLC programming. Describe how IEC 61131-3 provides standardisation to different programming methods to ensure safe and efficient code.

Compare and contrast graphical and structured text programming methods.
Opportunity for applied learning
Research: Learners are to research and present on a particular PLC module provided by you. The modules can be easily obtained from a manufacturer’s catalogue or website.
Written task: Learners are to produce a short report detailing the implementation of two from five different programming methods defined by IEC 61131-3. The five methods are ladder diagram, functional block diagram, structured text, instruction list and sequential function chart. They should include a conclusion regarding the advantages of an international standard governing the use of programming languages.
	Books

Bolton, W. – Programmable Logic Controllers, 5th edition (Newnes, 2009) 
ISBN 9781856177511 
Webb, J. W. – Programmable Logic Controllers: Principles and Applications, 4th edition (Prentice Hall,1995) 
ISBN 9788120323087
Websites

http://www.plcs.net/
http://www.plcprogramming.org/



	Lesson 17: Further programming and types of interface module
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use a PLC and a PC (SCADA) to control a simple system


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.2 
PLC programming languages and methods

Topic 5.3 
Interface modules
	Range: Sequential function chart, basic instructions in ladder logic, examine in open / closed, output, latched output, bit / flag instructions, timers, counters, move and logic, arithmetic and compare; Programming device communications configuration methods: upload programmes from a PLC, modify programmes both online and offline, test programmes and re-evaluate operation, use software and hardware to troubleshoot problems in a PLC based control system, document and save programmes; The characteristics and methods of configuring different types of interface module: digital I/O, analogue, remote I/O, RFID (radio frequency identification) scanning systems, bar code readers.
Describe and demonstrate a sequential function chart. Utilise the sequential function chart method to create a simple programme to control a PLC.
Define basic ladder logic instructions. Definitions should include open and closed, outputs, latched outputs, etc.

Define the methods used to write a programme to a PLC. Describe a method for uploading a programme from a PLC to a PC.

Compare and contrast online and offline programming methods.

Explain the programme development cycle: write-test-evaluate-rewrite-test until the programme performs as specified.

Describe how software can be used to simulate the operation of a programme, before uploading to hardware for full testing.  Describe the benefits of this method over using hardware only, and the cost and time savings that can be achieved.

Describe the characteristics and methods of configuring a range of interface modules.
Opportunity for applied learning
Written task: Learners are to produce a flow chart to create a programme to carry out a simple task.
Research and present: Learners are to research interface modules and select two alternatives that could carry out a given task. They should produce a short presentation on the alternatives, comparing and contrasting and selecting the best fit solution.

	Books

Bolton, W. – Programmable Logic Controllers, 5th edition (Newnes, 2009) 
ISBN 9781856177511 
Webb, J. W. – Programmable Logic Controllers: Principles and Applications, 4th edition (Prentice Hall,1995) 
ISBN 9788120323087
Websites

http://www.plcs.net/
http://www.plcprogramming.org/



	Lesson 18: PLC programming practical
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use a PLC and a PC (SCADA) to control a simple system

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.4 
Program a PLC controlled system
	Range: Perform simple operations on a PLC controlled system, eg programme a robot arm to carry out a simple task; programming using ladder logic; communications configuration; PLC programme download / upload tests; PLC programme modification; interface module configuration.
A PLC programme is to be developed using a method selected from previous sessions. The method used is to best suit available hardware and software.
A ladder language programme is to be written and then uploaded to a PLC rig and tested. This process should involve configuring a communications interface and testing the download and upload process.
The programme is to be modified and retested.
An interface module is to be implemented into the task and programmed accordingly.
Opportunity for applied learning
Written task: Learners are to develop a PLC programme in ladder language to carry out a simple task using available hardware. The task may be to move objects from one location to another.
Practical activity: The programme is to be uploaded to a PLC. This task needs to involve configuring the hardware interface to upload the programme. The programme upload should then be verified.
Written task: The programme is to be modified, for instance to sort different objects to different locations. This could be as simple as white discs in one box and black discs in another box. An interface module should be implemented to detect object type.
	Books

Bolton, W. – Programmable Logic Controllers, 5th edition (Newnes, 2009) 
ISBN 9781856177511 
Webb, J. W. – Programmable Logic Controllers: Principles and Applications, 4th edition (Prentice Hall,1995) 
ISBN 9788120323087
Websites

http://www.plcs.net/
http://www.plcprogramming.org/



	Lesson 19: SCADA systems and the link between PC and PLC
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use a PLC and a PC (SCADA) to control a simple system

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.5 
PC based (SCADA) systems

Topic 5.6 
Software data linking standards  

Topic 5.7 
Methods used to link real I/O to PC based applications via database objects
	Range: The main elements, features and functions of PC-based (SCADA) systems: linked animated graphics, PC control of system functions, display and logging of system errors, need for archiving of process errors, alarm functions of variable priority, display of process trends in various graphical formats; Data linking standards used to exchange data between software applications: dynamic data exchange (DDE), object linking and embedding (OLE), I/O PLC based, HMI (human machine interface) based.
Describe and define the main features, elements and functions of a PC-based SCADA system. Particular attention should be given to those characteristics defined in the range.  
Define the standards that are applied to data linking. Explain how data is passed from PC to control system.

Compare and contrast I/O-based systems that rely on PLCs at the control end and HMI systems that present telemetry data to the end user.
Opportunity for applied learning
Industrial visit: This session could be backed up by an industrial visit to a company that implements SCADA control.
Presentation: Learners should give a presentation on how SCADA is implemented by the company and the advantages and disadvantages of SCADA for the applications seen. They should present a conclusion comparing and contrasting SCADA control with direct PLC control for the given application.
	Books

Bolton, W. – Programmable Logic Controllers, 5th edition (Newnes, 2009) 
ISBN 9781856177511 
Webb, J. W. – Programmable Logic Controllers: Principles and Applications, 4th edition (Prentice Hall,1995) 
ISBN 9788120323087
Websites

http://www.plcs.net/
http://www.plcprogramming.org/



	Lesson 20: Human machine interfaces
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use a PLC and a PC (SCADA) to control a simple system


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.8 
HMI systems

Topic 5.9 
Configure control interfaces
	Range: The use of functions and features available with HMI systems: function key control, touch screen controls, communication links available with typical systems, creation of graphical objects and configuring links to PLC- and SCADA-based systems; The main features and functions of system interfaces: PC-based operator, HMI based; Configure control interfaces: SCADA or HMI, graphical interface to include control / animation / alarming / archiving / trends, data exchange link between software applications.
Describe the importance of the HMI. Explain how recent developments in technology and development processes have led to great improvements in HMI. Use common examples such as how the popularity of the iPod over other MP3 players was in a large part due to the easy-to-use HMI.
Define and describe the functions and features of the HMI system. The characteristics described should include control methods and communication links.

Outline the methods for creation of graphical objects and configuring links to PLC- and SCADA-based systems.
Describe system interfaces. Explain the importance of security so that unauthorised users cannot change important system parameters. For instance, a modern container ship makes all telemetry data available to many users, but only senior engineers can alter all system parameters.

Describe the methods used to configure control interfaces. Outline the process used to configure both SCADA and HMI systems. Define how the graphical interface can connect to equipment and present information in an easily understandable way.
Opportunity for applied learning
Individual task: Evaluate different HMI methods of displaying information for a system. A range of systems can be studied, such as car dashboards, MP3 players, ship telemetry, and control system information for a power station.
Research and presentation: Small groups can compare and contrast different control methods and communication links and present their findings.

	Books

Bolton, W. – Programmable Logic Controllers, 5th edition (Newnes, 2009) 
ISBN 9781856177511 
Webb, J. W. – Programmable Logic Controllers: Principles and Applications, 4th edition (Prentice Hall,1995) 
ISBN 9788120323087
Websites

http://www.plcs.net/
http://www.plcprogramming.org/





