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INTRODUCTION
The purpose of this guide is to give you an overview of how you could
holistically deliver a range of units from Cambridge Technicals in
Engineering Level 3 (Automation, Systems and Control pathway) in
conjunction with Siemens PLC.
Link to qualification: http://www.ocr.org.uk/qualifications/cambridgetechnicals-engineering-level-3-certificate-extended-certificate-foundationdiploma-diploma-05822-05825/
The intention is for learners to undertake investigation, analysis, design,
programming, verification and maintenance planning tasks relevant to
automation control. Learners will be able to develop and demonstrate these in
the context of developing automation control for a scale model wind turbine.
The project approach has been developed in partnership with Siemens PLC,
and is supported by Siemens resources.
When delivering any qualification it is always useful to be able to look at the full
range of units selected and consider how they are or could be linked together
– a holistic approach.
A holistic approach will provide you with a structured plan to teach the learners
how a range of topics work together across a number of units, providing them
with some understanding of how skills and knowledge link together in a
working environment.

A PROJECT APPROACH TO DELIVERY – WIND TURBINE CONTROL

3

CAMBRIDGE TECHNICALS IN ENGINEERING

THIS PROJECT APPROACH ENABLES THE DELIVERY AND FACILITATION OF LEARNING OF
THE FOLLOWING UNITS:
Unit

LO
LO1 Understand control system theory in engineering
LO2 Understand the implementation of control in automated systems

Unit 14 Automation control and robotics

LO3 Understand sensors and actuators used in automation control systems
LO4 Know about industrial network systems
LO5 Know about maintenance in automation control systems
LO6 Understand the application of robotics in automation control systems
LO1 Understand the mechanical elements of control systems

Unit 15

Electrical, mechanical, hydraulic and
pneumatic control

LO2 Understand the electrical elements of control systems
LO3 Understand simple hydraulic systems
LO4 Understand simple pneumatic systems
LO1 Understand programming techniques

A PROJECT APPROACH TO DELIVERY – WIND TURBINE CONTROL

Unit 16 Systems and programming

LO2 Be able to program embedded devices in a system
LO3 Be able to program Programmable Logic Controllers (PLCs)
LO4 Understand commercial testing and validation strategies
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The intention is that the learners will be taught a range of knowledge and skills within
each of the units and then carry out relevant review activities at various stages. Each of the
review activities (once successfully completed by the learner) will provide all the required
underpinning knowledge for their final assessment.
The practice review activities within the modules must not be used for final assessment
purposes of Cambridge Technicals in Engineering.
Model assignments for each of the mandatory internally assessment units (Units 5, 6, 9, 10, 14,
15, 16, 17, 18, 19) for Cambridge Technicals in Engineering Level 3 units can be found at
http://www.ocr.org.uk/qualifications/cambridge-technicals-engineering-level-3-certificateextended-certificate-foundation-diploma-diploma-05822-05825/
It is assumed that the learners will be given the opportunity to carry out activities that will
enable them to practice the skills they have learned within each module prior to being given
final assessment activities.
When considering a holistic approach to delivery and learning it is important to consider the
overall objectives. In this guide the objectives are to:
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•

Deliver three units of Cambridge Technicals in Engineering Level 3.

•

Structure a programme of learning and reviews which is exciting and engaging for
learners.

•

Provide learners with an overview of how the knowledge and skills gained in one unit,
support the knowledge and skills used within other units.

•

Provides the learners with an opportunity to consider how they would use their social and
communication skills holistically within the working environment.
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A WORD ABOUT SIEMENS
As a leading global engineering and technology services company, Siemens provides
innovative solutions to the world’s major challenges. In the UK we have a significant
presence with 13 manufacturing sites and more than 25 major offices employing over
13,730. The skills and aspirations of young people leaving the UK education system and
entering the world of work is therefore of vital importance to our business.
Siemens will recruit and train hundreds of apprentices and graduate trainees over the next
few years across nine business sectors. Ensuring the calibre and experience of these young
people is a challenge we do not face alone; research indicates that engineering companies
will need 1.86 million people with engineering skills between 2010 and 2020. These statistics
mean that the UK needs to double the numbers of engineering-related apprentices and
graduates coming out of colleges and universities to fill the recruitment pipeline.
We were therefore delighted to be approached by OCR to partner them in helping to
address the skills gap through this unique project. The Project provides students with an
opportunity to engage in a series of learning tasks that facilitate vocational/applied learning
and helps them to experience not only academic rigor but the technical ability needed for
today’s roles.
The Wind Turbine Control Project Approach, gives students the chance of quality academic
study combined with real world activity, a grounding which equips students earlier with
skills, experience, and enthusiasm to join a workforce and make a real contribution.
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The materials are adapted from a range of over 35 unique and engaging curriculumlinked schemes of work, lesson plans, worksheets and practical activities developed by
educationalists and based on ground-breaking projects and technologies Siemens is
engaged with in the UK and around the world. These resources are available from the
Siemens Education website www.siemens.co.uk/education.
This partnership with OCR, The Curiosity Project and Siemens Education are all initiatives that
Siemens is engaged in which we believe will help to support the needs of students and the
education sector to provide a talent pool of highly-skilled young people.
Brenda Yearsley
UK School & Education Development Manager
Siemens plc
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SIEMENS AND OCR
OCR and Siemens both recognise that project approach learning encourages students to
think differently about how to apply their knowledge of science, technology engineering and
mathematics to ‘real life’ challenges through projects.
We both strive to promote independent thinking and problem solving through our work and
are committed to bringing exciting education into the classroom.

Challenging projects such as Siemens support the technical content of qualifications such as
Cambridge Technical in Engineering and contextualised learning makes the experience ‘real’ and
relevant.
The modules taught in classrooms provide teachers with a structured plan to demonstrate how
a range of topics work together across the syllabus, providing student with an understanding of
how skills and knowledge could link together in a working environment.
Furthermore it gives students the opportunity to interact with a wide range of practitioners with
specialisms in different disciplines within a particular sector which should inspire learners to
formulate career plans.
More information and resources on our Cambridge Technicals are available at http://www.ocr.
org.uk/qualifications/by-type/cambridge-technicals/
A PROJECT APPROACH TO DELIVERY – WIND TURBINE CONTROL
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ABOUT THE MODULES AND ACTIVITIES
The guide is divided into four modules which may be sub-divided or combined according
to the teaching time available.
The tables below show where each of the modules in this project provides delivery
approaches and learning opportunities to ensure a thorough review of skills and
understanding, prior to final assessment and evidencing by the learner.

Please note that should assessment be presented in a similar holistic way, learners must be
able to present clearly mapped evidence for each of the centre-assessed units (Unit 14, Unit
15, and/or Unit 16).

BY UNIT/LEARNING OUTCOME (LO)
LO1

LO2

LO3

LO4

LO5

LO6

Module 1 Activity 1

Module 1 Activity 5

Module 1 Activity 2, 3

Module 3 Activity 4

Module 4 Activity 1 to 4

NA*

Module 2 Activity 5

Module 2 Activity 1, 5

Module 2 Activity 1, 2

Module 3 Activity 6

Module 3 Activity 1, 5

Module 3 Activity 1, 2

Unit 15

Module 1 Activity 4

Module 1 Activity 2, 3

NA*

NA*

Unit 16

Module 2 Activity 2, 3

Module 2 Activity 1, 2, 3

Module 3 Activity 1, 2, 3

Module 1 Activity 2, 3

Module 3 Activity 2, 3

Module 4 Activity 1, 2, 3

Module 4 Activity 2

Module 2 Activity 4

Unit 14

Module 3 Activity 5
A PROJECT APPROACH TO DELIVERY – WIND TURBINE CONTROL

NA*. Note, this Project Approach does not support:
Unit 14 LO6
Unit 15 LO3, LO4
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BY MODULE
Module 1

Unit

LO

Unit 14

LO1 Activity 1

Unit 15

Module 3

Unit 14

LO1 Activity 6
LO2 Activity 1, 5

LO3 Activity 2, 3

LO3 Activity 1, 2

LO1 Activity 4

Unit 16

LO4 Activity 2, 3

Unit 14

LO1 Activity 5
LO2 Activity 1, 5
LO3 Activity 1, 2

Unit 16

LO

LO2 Activity 5

LO4 Activity 4

LO2 Activity 2, 3
Module 2

Unit

LO1 Activity 2

Unit 16

LO1 Activity 2, 3
LO3 Activity 1, 2, 3
LO4 Activity 5

Module 4

Unit 14

LO4 Activity 1 to 4

Unit 16

LO2 Activity 1, 2, 3
LO3 Activity 2

LO2 Activity 1
LO4 Activity 4
A PROJECT APPROACH TO DELIVERY – WIND TURBINE CONTROL

Where possible this Project Approach would benefit from practical experiments and
activities, with the intention that learners produce a working model wind turbine
with control system.
Please note that this Project Approach should not be used directly for assessment
purposes. It is intended to support the teaching and learning of the units
specified.
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ASSESSMENT OF UNITS
This project provides opportunities to produce additional and separate evidence to meet the assessment requirements of Unit 14, 15, and 16.
This is summarised in the table above which indicates how each Module and Activity provides an opportunity for additional and separate evidence for each unit. Completion of the modules
does not guarantee all criteria have been met; this is entirely dependent on the quality of the evidence produced.
This Project Approach should be read in conjunction with the published grading criteria in the Unit documents.

A PROJECT APPROACH TO DELIVERY – WIND TURBINE CONTROL
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DELIVERING THE PROJECT HOLISTICALLY
This Project Approach provides a direct opportunity to deliver the following units in the
Automation, Systems and Control pathway holistically:
Unit 14 Automation control and robotics
Unit 15 Electrical, mechanical, hydraulic and pneumatic control
Unit 16 Systems and programming
It also provides opportunities to include further units into its synoptic delivery including, but
not limited to:
Unit 1 Mathematics for engineering
Unit 2 Science for engineering
Unit 3 Principles of mechanical engineering
Unit 4 Principles of electrical and electronic engineering
Unit 22 Engineering and the environment
Examples of how these further units might be related to this Project Approach are included in
the Opportunities for holistic delivery of other units section .

A PROJECT APPROACH TO DELIVERY – WIND TURBINE CONTROL
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THE PROJECT BRIEF

The learner version of the Project Brief is available from: http://www.ocr.org.uk/
qualifications/cambridge-technicals-engineering-level-3-certificate-extended-certificatefoundation-diploma-diploma-05822-05825/

In order to do this, they will need to:
•

Investigate suitable control theory.

Wind turbines typically use turbine blades that capture wind energy causing then to spin –
converting wind into electricity using a generator and suitable electronics. Wind turbines
are controlled and maintained using computerised automated control systems.

•

Investigate and apply the required mechanical and electrical elements.

•

Analyse and apply sensors and actuators.

•

Apply interfacing of sensors and actuators to a control system.

•

Develop, program, evaluate and test a control system using an embedded device.

•

Develop, program, evaluate and test a control system using a Programmable Logic
Controller (PLC).

Siemens is a leading designer, manufacturer, installer and maintainer of renewable energy
generation solutions, including on-shore and off-shore wind turbines.
A PROJECT APPROACH TO DELIVERY – WIND TURBINE CONTROL

Optimum performance from the wind turbine is achieved when the pitch of the turbine
blades is adjusted to match the speed to the wind, and the blades are turned to face into
the wind direction.
Siemens require an investigation to be carried out in order to develop a new range of wind
turbines. These are to use automated control systems to optimise their operation and
performance, and need to be easily maintainable.
The investigation can be achieved through the construction of a scale model of a wind
turbine to include developing a suitable control system solution. The scale model can be
used to evaluate the performance of the automated control system, and to ensure that the
system is maintainable.
Learners tasks are to:
•

Investigate existing wind turbine control technology

•

Produce a practical solution to build a model wind turbine with associated control
system

They should also:
•

investigate and evaluate industrial networking, Human Machine Interfaces (HMI) and
expert systems

•

develop a maintenance strategy for the model wind turbine

This work can be undertaken as an individual or within a team. If working within a team
learners are expected to contribute to each of the areas (and be able to evidence this
contribution) in order to gain the experience and knowledge required to successfully
complete the Cambridge Technicals Engineering Level 3 (Automation, Systems and Control
pathway) units.
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MODULE 1
DESIGNING AND BUILDING THE WIND
TURBINE HARDWARE
The delivery begins with Unit 14 (LO1, LO2 and LO3) and Unit 15 (LO1 and LO2).
Before learners can begin the design and construction of the hardware for their model wind
turbine, and programming of the controller they first need to have a good understanding of:
•

control system theory, and how it might be applied to the wind turbine model

•

how control is implemented in automated control systems

•

how sensors and actuators are used in automated control systems

•

mechanical and electrical elements that can be used to achieve control functions.

Contained within the following assessment criteria/LO(s)/units:

A PROJECT APPROACH TO DELIVERY – WIND TURBINE CONTROL

Learning Outcome

LO number

Unit number

Understand control system theory in
engineering

LO1

Unit 14

Understand the implementation of
control in automated systems

LO2

Unit 14

Understand sensors and actuators used
in automation control systems

LO3

Unit 14

Understand the mechanical elements of
control systems

LO1

Unit 15

Understand the electrical elements of
control systems

LO2

Unit 15

During the delivery of the units, the learners should carry out a range of activities to
demonstrate and check their knowledge and understanding. They should also undertake
review activities as they work through the programme of learning.
Links below to some examples of working models of wind turbines.
https://www.youtube.com/watch?v=gauz9nDBOcw&feature=em-share_video_user
https://www.youtube.com/watch?v=wyhyEc-leTw&feature=em-share_video_user
https://www.youtube.com/watch?v=MAtNkeF0VR0&feature=em-share_video_user
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PRACTICE REVIEW ACTIVITIES FOR MODULE 1
ACTIVITY 1

ACTIVITY 3

Learners could begin by investigating the generation of electricity using renewable
sources, including that generated using commercial wind turbines. They could identify
the main component parts of the wind turbine developing simple block diagram
models showing inputs, outputs, transfer function and summing points (see http://www.
sciencetechnologyaction.com/lesson/wind-turbine-technology and http://energy.gov/eere/
wind/inside-wind-turbine-0). Teachers could use resources from the Siemens website –
including ‘Blowing in the Wind’ and ‘e-Zero Island’ (http://www.siemens.co.uk/education/en/
teachers/teaching-resources/schemes-of-work-ks3.htm)

Learners could investigate actuators that will be used in the model wind turbine. These
could be used to adjust blade pitch, or to manoeuvre the turbine blades to face the wind
direction. The model wind turbine could also include some form of braking to slow or stop
the blades should the wind speed be too strong.

The Siemens Living Energy e-magazine could be used to put into context the application
of wind energy (http://www.energy.siemens.com/br/en/energy-topics/publications/livingenergy/)
The advantages and disadvantages of open and closed loop control strategies could be
explored – including measures of system performance such as time dependency and
damping.
Learners could start to develop block diagrams for the model wind turbine, which they will
modify as the project progresses. They could begin to suggest ways in which performance
of the control system can be evaluated.

ACTIVITY 2
A PROJECT APPROACH TO DELIVERY – WIND TURBINE CONTROL

Learners could investigate and evaluate a range of sensors, selecting those that will be used
in the development of the model wind turbine control system. Sensors could, for example,
be used to measure wind speed and direction, to measure rotational speed of the turbine
blades, to determine angular position of the blades, and to measure the amount of electrical
energy being produced.

ACTIVITY 4
Learners could evaluate the mechanical and electrical aspects of building a model wind
turbine. This could include the application of sensors and actuators, and how mechanisms
will be used. Learners could also consider other aspects such as balancing the rotating
masses in the system, and how they could determine power losses due to mechanical
friction. Learners could begin construction of a model wind turbine at this stage. There are
many example project ideas on the Internet including – http://www.popularmechanics.
com/science/environment/how-to/g118/make-your-own-miniature-wind-turbine/?slide=6

ACTIVITY 5
Learners could undertake an initial investigation of how control of the model wind
turbine can be achieved using an embedded control system such as a microprocessor,
Programmable Interface Controller (PIC) or Programmable Logic Controller (PLC – see
http://www.electronicshub.org/difference-between-microprocessor-and-microcontroller/.
They could compare the basic architecture and features of these devices.
The output signals produced by sensors, and the input signals required by actuators to
interface to the chosen control system could be evaluated, including Analogue to Digital
and Digital to Analogue converters (see http://www.allaboutcircuits.com/vol_4/chpt_13/1.
html).

A useful explanation of sensors and actuators can be found at the following website –
http://www.electronics-tutorials.ws/io/io_1.html
Learners could include further sensors to measure other parameters in the control system,
such as an anemometer to measure wind speed (http://www.adafruit.com/products/1733).
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MODULE 2
CONTROLLING THE WIND TURBINE USING AN
EMBEDDED CONTROL SYSTEM
The delivery then continues through Unit 16 (LO1, LO2, and LO4) supported by elements of
Unit 14 (LO1, LO2 and LO3).
Learners could apply the following to the design, development, programming and testing of
an automated control system for the model wind turbine:
•

control system theory in order to achieve automated control

•

evaluation and application of appropriate sensors and actuators

•

interfacing of sensors and actuators to control system

•

programming techniques

•

control using an embedded device

•

test and validation of control system software.

Contained within the following assessment criteria/LO(s)/units:
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Learning Outcome

LO number

Unit number

Understand control system theory in
engineering

LO1

Unit 14

Understand the implementation of control
in automated systems

LO2

Unit 14

Understand sensors and actuators used in
automation control systems

LO3

Unit 14

Understand programming techniques

LO1

Unit 16

Be able to program embedded devices in
a system

LO2

Unit 16

Understand commercial testing and
validation strategies

LO4

Unit 16

During the delivery of the units, the learners should carry out a range of activities to
demonstrate and check their knowledge and understanding. They should also undertake
review activities as they work through the programme of learning.
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PRACTICE REVIEW ACTIVITIES FOR MODULE 2
ACTIVITY 1

ACTIVITY 4

Learners could undertake a deeper investigation and evaluation of embedded systems –
including the one chosen for the model wind turbine control problem. They could examine
the layout of the chosen system including inputs and outputs and any other special
features. They could make an initial evaluation of how the system can be interfaced to the
sensors and actuators selected for the model wind turbine, and how the system will be
programmed. Examples of embedded systems selected could be the Programme Interface
Controller (PIC) (see http://www.microchip.com/), Arduino (see http://www.arduino.cc/) or
other embedded systems such as the Raspberry PI with suitable interface (see http://www.
raspberrypi.org/).

Learners could investigate commercial test and validation strategies used in software and
system design (see http://reqtest.com/testing-blog/differences-between-different-testlevels/). These could be applied to the software (and hardware) implemented in the model
wind turbine. Testing should be performed at stages throughout software development,
and also on the completed software. Learners should test their own software and hardware
using a methodological approach (see http://www.teach-ict.com/as_a2_ict_new/ocr/
A2_G063/331_systems_cycle/testing/miniweb/pg6.htm), or could test that developed by
their peers.

ACTIVITY 2
Learners could begin to develop programming techniques in order to be able to program
the chosen embedded system for the model wind turbine. They could undertake
progressively more complex programming exercises, such as reading input sensors,
controlling actuators and performing simple control functions. They could also develop
skills at using modules and subroutines, and a systematic and methodological approach to
programming using flow charts and in-program comments.

ACTIVITY 5
Learners could evaluate the overall performance of their completed control system solution.
This could include measuring response of the system to changing wind speed and direction
which could be simulated using a desk fan. Time dependency of the system, and system
damping could also be determined, as could the energy produced by the system over a
number of wind conditions. Learners should use performance and evaluation measures to
improve their system. Performance characteristics could also be used to compare learners’
solutions, as a form of competition to see who has achieved the optimal solution.

ACTIVITY 3
A PROJECT APPROACH TO DELIVERY – WIND TURBINE CONTROL

Learners could continue to develop their programming skills through to developing a
complete control system program for the model wind turbine. They could produce flow
charts and well-structured programs to read sensors and control actuators to achieve the
required control functions, using suitable control theory.
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MODULE 3
CONTROLLING THE WIND TURBINE USING A
PROGRAMMABLE LOGIC CONTROLLER (PLC)
The delivery then continues through Unit 16 (LO1, LO3, and LO4) supported by elements of
Unit 14 (LO1, LO2 and LO3).
Learners could apply the following to the design, development, programming and testing of
an automated control system for the model wind turbine:
•

control system theory in order to achieve automated control

•

evaluation and application of appropriate sensors and actuators

•

interfacing of sensors and actuators to control system

•

programming techniques

•

control using a Programmable Logic Controller (PLC)

•

system control and monitoring using networks and Human Machine Interface (HMI)

•

test and validation of control system software.

Contained within the following assessment criteria/LO(s)/units:
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Learning Outcome

LO number

Unit number

Understand control system theory in
engineering

LO1

Unit 14

Understand the implementation of control
in automated systems

LO2

Unit 14

Understand sensors and actuators used in
automation control systems

LO3

Unit 14

Know about industrial network systems

LO4

Unit 14

Understand programming techniques

LO1

Unit 16

Be able to program Programmable Logic
Controllers (PLCs)

LO3

Unit 16

Understand commercial testing and
validation strategies

LO4

Unit 16

During the delivery of the units, the learners should carry out a range of activities to
demonstrate and check their knowledge and understanding. They should also undertake
review activities as they work through the programme of learning.
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PRACTICE REVIEW ACTIVITIES FOR MODULE 3
ACTIVITY 1

ACTIVITY 4

Learners could undertake a detailed investigation and evaluation of Programmable Logic
Controllers (PLCs) – including the one selected for the model wind turbine control problem.
They could explore the historic development of PLCs, including the languages by which they
are programmed – such as Ladder Logic or Siemens Logo.

Learners could investigate industrial network systems used in automated control systems.
The PLC selected to control the model wind turbine will most likely have its own network,
and this could be examined as part of a wider investigation.

The layout of the chosen system including inputs and outputs and any other special features
could be investigated – see the example at http://www.ti.com/solution/programmablelogic-controller-diagram
An initial evaluation of how the system will be interfaced to the sensors and actuators
selected for the model wind turbine, and how the system will be programmed could
be undertaken. Examples of PLCs selected could be those from Siemens or other
manufacturers (see http://w3.siemens.com/mcms/programmable-logic-controller/en/
pages/default.aspx).
The Siemens website provides a number of useful resources and support for educators
relating to automation control – see http://w3.siemens.com/mcms/sce/en/pages/default.
aspx

ACTIVITY 2

A PROJECT APPROACH TO DELIVERY – WIND TURBINE CONTROL

Learners could begin to develop programming techniques using Ladder Logic or Logo
in order to be able to program the chosen PLC for the model wind turbine. They could
undertake progressively more complex programming exercises, such as reading input
sensors, controlling actuators and performing simple control function including Boolean
operations. They should also develop skills at using counters and timers, and latching
operations. Consideration should be given to sequential cycling and execution time for
control programs. Programs should be simulated and tested, and then loaded to the
physical PLC.

ACTIVITY 5
Learners could explore test and verification strategies used to confirm the correct and
efficient operation of the programmed PLC. These could be applied to the software (and
hardware) implemented in the PLC control of the model wind turbine. Testing should
be performed at stages throughout software development, and also on the completed
software. Learners could test their own software and hardware using a methodological
approach, or could test that developed by their peers.

ACTIVITY 6
Learners could evaluate the overall performance of their completed PLC-based control
system solution. This could include measuring response of the system to changing wind
speed and direction which could be simulated using a desk fan. Time dependency of the
system, and system damping could also be determined, as could the energy produced
by the system over a number of wind conditions. Learners should use performance
and evaluation measures to improve their system. The performance of the embedded
system solution should be compared with that of the PLC-based solution. Performance
characteristics could also be used to compare learners’ solutions, as a form of competition to
see who has achieved the optimal solution.

ACTIVITY 3
Learners could continue to develop their programming skills through to developing a
complete control system program using a PLC for the model wind turbine. They could
produce well-structured Ladder Logic or Logo programs to read sensors and control
actuators to achieve the required control functions, using open or closed loop control.
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MODULE 4
MAINTENANCE OF AUTOMATED CONTROL
SYSTEMS
Delivery concludes with Unit 14 (LO4 and LO5) drawing upon knowledge developed in Unit
16 (LO2 or LO3).
Learners could conclude the project by considering the maintenance of automated control
systems, including the model wind turbine, by exploring:
•

commercial strategies used to maintain automated control systems

•

data exchange using industrial networks

•

Human Machine Interface (HMI)

•

expert systems

•

Statistical Process Control (SPC).

Contained within the following assessment criteria/LO(s)/units:

A PROJECT APPROACH TO DELIVERY – WIND TURBINE CONTROL

Learning Outcome

LO number

Unit number

Know about industrial network systems

LO4

Unit 14

Know about maintenance in automation
control systems

LO5

Unit 14

Be able to program embedded devices in
a system

LO2

Unit 16

Be able to program Programmable Logic
Controllers (PLCs)

LO3

Unit 16

During the delivery of the units, the learners should carry out a range of activities to
demonstrate and check their knowledge and understanding. They should also undertake
review activities as they work through the programme of learning.
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PRACTICE REVIEW ACTIVITIES FOR MODULE 4
ACTIVITY 1
Maintenance is important in automated control system to ensure safe, reliable and optimum
performance. Learners could investigate maintenance strategies used in commercial automated
control systems, and possibly in wind turbines. They should develop a suitable maintenance
plan using appropriate strategies for the model wind turbine.

ACTIVITY 2
Human Machine Interface (HMI) include operator control panels, and system monitoring devices
such as LCD touch screens. These are often connected to the control system using a suitable
network interface. Learners could investigate the application of HMI in automation system
control including its role in performance monitoring and maintenance operations. They could
develop an HMI interface for the model wind turbine control system (particularly for the PLC) to
monitor system performance and provide maintenance information.
See http://w3.siemens.com/mcms/automation/en/human-machine-interface/Pages/Default.
aspx for resources relating to the Siemens HMI.

ACTIVITY 3
Learners could investigate how expert systems are used in automation control to predict and
report maintenance issues. They could focus their investigation on how expert systems are used
in wind turbine maintenance. A basic proposal for an expert system to inform maintenance for
the model wind turbine could be developed.
A PROJECT APPROACH TO DELIVERY – WIND TURBINE CONTROL

The following academic paper explaining how an expert system can be used to inform
maintenance of a wind turbine gearbox could provide a starting point - http://www.
sciencedirect.com/science/article/pii/S2211381911002189

ACTIVITY 4
Statistical Process Control (SPC) is often used in automated control systems to monitor process
parameters – see http://www.winspc.com/what-is-spc. It is a technique for ensuring that
the process is operating at its full potential. Learners could explore how SPC is applied to
commercial control systems, and how it informs system maintenance. They could perform a SPC
analysis on some aspects of the model wind turbine.
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OTHER RESOURCES
Below is a list of resources available from the OCR website which can support the delivery of this project.
http://www.ocr.org.uk/qualifications/cambridge-technicals-engineering-level-3-certificate-extended-certificate-foundation-diploma-diploma-05822-05825/
Delivery Guides

Resources Links

Delivery Guides contains suggestions for activities for lessons. There is a Delivery Guide
for each unit, structured by learning outcome so that you can see how each activity helps
learners cover the unit. We’ve also included links to other resources you might find useful

Resources Links provide a range of other resources you might find useful – videos, data sets
and other online content. As well as producing a Resources Links for each unit, we’ve also
produced a Resources Links specifically for the Project Approach.

Lesson Elements
There are three Lesson Elements for each unit. Each one is a fully worked up lesson activities
with teacher instructions and answer along with learner task sheets.

Skills Guides
We have produced a range of skills guides covering a variety of topics, including research,
communication skills, managing projects, problem solving.
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www.ocr.org.uk/i-want-to/skills-guides/
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OPPORTUNITIES FOR HOLISTIC DELIVERY OF OTHER UNITS
Examples of further units that might be integrated holistically into this Project Approach include those listed below. Examples of how they might be integrated are included.
This Project Approach may also be used to support the delivery of other units in the qualification.
Unit

LO

How the units/LOs in this table could be integrated into the teaching of this Project Approach
(Units 14, 15, 16)

Unit 1
Mathematics for engineering

LO1

Developing simple transfer functions for elements of the control system e.g. sensors and actuators

LO3

Determining angular rotation of the turbine blades, and balancing the blades

LO6

Performing an SPC calculation

LO1

Determining errors in the control system i.e. measured and actual values

LO2

Representing speed and velocity of the turbine blades using graphical methods

LO2

Calculating force, work and energy in order to determine turbine efficiency

LO4

Understand the properties and limitations of the materials used for the wind turbine construction

LO1

Calculate moments and torque in the rotating parts of the wind turbine

LO2

Determine the centre of gravity of the wind turbine blades, in order to perform balancing

LO3

Apply levers, gears or belts to the wind turbine model

LO5

Apply Newton’s Laws of Motion to the wind turbine moving parts

LO1

Calculate electrical power and energy generated by the turbine

LO3

Understand the principle of operation of any motors or generators used in the wind turbine model

LO5

Understand the use of analogue elements of the control system e.g. sensors with analogue outputs

LO6

Understand digital aspects used in the control system, including Boolean operations

LO2

Understand and compare renewable resources technologies – including wind energy

LO2

Evaluate the performance of wind energy to other sources of renewable energy generation, and generation
using finite resources

Unit 2
Science for engineering

Unit 3
Principles of mechanical engineering

Unit 4
Principles of electrical and electronic engineering
A PROJECT APPROACH TO DELIVERY – WIND TURBINE CONTROL

Unit 22
Engineering and the environment
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The small print

We’d like to know your view on the resources we produce. By
clicking on the ‘Like’ or ‘Dislike’ button you can help us to ensure
that our resources work for you. When the email template pops
up please add additional comments if you wish and then just click
‘Send’. Thank you.
If you do not currently offer this OCR qualification but would like to
do so, please complete the Expression of Interest Form which can be
found here: www.ocr.org.uk/expression-of-interest

OCR Resources: the small print
OCR’s resources are provided to support the teaching of OCR
specifications, but in no way constitute an endorsed teaching
method that is required by the Board and the decision to use
them lies with the individual teacher. Whilst every effort is made
to ensure the accuracy of the content, OCR cannot be held
responsible for any errors or omissions within these resources. We
update our resources on a regular basis, so please check the OCR
website to ensure you have the most up to date version.
© OCR 2016 – This resource may be freely copied and distributed,
as long as the OCR logo and this message remain intact and OCR is
acknowledged as the originator of this work.
OCR acknowledges the use of the following content:
Square down and Square up: alexwhite/Shutterstock.com: Front
cover, pages 3, 5, 6, 7, 11, 12 • Siemens: Page 10, Wind turbines at
sunset: sean284/Fotolia.com • Page 13, Wind turbine top open:
Tuen vam den Dries/Shutterstock.com • Page 14, Man checking
wind turbine: goodluz/Fotolia.com • Page 17, Programmable logic
controller: Croc80/Fotolia.com • Page 19, Inside of a wind turbine:
JYF/Fotolia.com • Page 20, Engineers with a tablet computer:
goodluz/Fotolia.com
Please get in touch if you want to discuss the accessibility of
resources we offer to support delivery of our qualifications:
resources.feedback@ocr.org.uk

We will inform centres about any changes to the specification. We
will also publish changes on our website. The latest version of our
specification will always be the one on our website
(www.ocr.org.uk) and this may differ from printed versions.
Copyright © OCR 2016. All rights reserved.
Copyright
OCR retains the copyright on all its publications, including the
specifications. However, registered centres for OCR are permitted to
copy material from this specification booklet for their own internal
use.

ocr.org.uk/engineering
OCR customer contact centre
Vocational qualifications
Telephone 02476 851509
Facsimile 02476 851633
Email vocational.qualifications@ocr.org.uk
OCR is part of Cambridge Assessment, a department of the University of Cambridge.
For staff training purposes and as part of our quality assurance programme your call may
be recorded or monitored. © OCR 2016 Oxford Cambridge and RSA Examinations is a
Company Limited by Guarantee. Registered in England.
Registered office 1 Hills Road, Cambridge CB1 2EU. Registered company number
3484466. OCR is an exempt charity.

