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SOW LEVEL 3 (Technical) Cert/Dip/Ext Dip in Engineering (1145-30/31/32)



	Lesson 1: Marine vessels
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand the basic principles of marine construction

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1 
Materials used in marine construction
Topic 1.2 
Drawings and specifications used in marine engineering

	The aims of this unit are to give learners a good overview of the marine engineering industry, and enable them to see how the engineering principles learned in previous lessons are applied in the manufacture and maintenance of marine vessels.  
Group visits to establishments where marine engineering takes place are strongly advised, as are links with employers and visiting speakers on the subject. 
This lesson sets the scene for the whole unit. Learners should gain a broad understanding of what is produced by the marine manufacturing companies, and also the work that is required to maintain vessels.
Opportunity for applied learning 
Group research: This is an opportunity for learners to research the information and compile a dossier of vessel types, from small pleasure boats to ocean-going passenger and cargo ships. Examples used should be representative of the type of vessel and its use. 
Learners could work in teams of two or three, each team focusing on a particular part of the industry, such as pleasure boats, ocean-going tankers, passenger carriers, etc, then learners can start to look at vessel specifications and what they mean. It might be interesting for learners to find out the meaning and origin of at least a few of the terms they come across.
Discussion: Learners need to get to grips early on with the basics of how different types of vessels are laid out, and why. How are they powered? Where is the fuel stored, how are the passengers and cargo loaded and off-loaded?
	




	Lesson 2: Marine vessel operators
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand the basic principles of marine construction



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.3 Construction techniques
Topic 1.5 Fittings and components
	Learners need to build up a picture of the rules that govern the operation of ships and boats, who operates them and how. Learners should appreciate that many of the small boats, including working ones such as fishing vessels, are privately owned and operated.  
Also learners should be aware of the main categories of ship owners / operators, such as vehicle / passenger ferries, bulk carriers, container ships, cruise liners, military vessels and specialist vessels. Learners should also be aware of the inclusion of offshore oil and gas rigs in the list of maritime vessels.  
Marine engineers carry out some very specialised survey and maintenance work on these rigs. There is a wealth of information available, and the concept of focused teamwork combining to produce the whole picture is sensible.
The system of licenced personnel operating vessels needs to be understood, along with the distinction between the requirements for the different sizes of vessels, including pleasure craft. As for commercial vessels, learners need to understand the basic crew hierarchy and requirements for training and licensing. It would be helpful if learners understand where marine engineers fit into the system.
The subject of maritime law is such a complex one that learners will only have time to list the basic principles – what various vessels are allowed to do, and what they are not allowed to do. Important aspects for learners to investigate are:
· the classification societies, including particularly Lloyd’s of London – what they are and what their function is
· maritime law – how it is made up and how it is enforced
· flags of convenience – why they exist and what effect that has on the safety and other aspects of the operation of marine vessels
· the regulation of ship design, manufacture and maintenance so that maritime operations are as safe as possible
· prevention of pollution of the seas, waterways and their shores – a large area of responsibility for the marine engineer.
Opportunity for applied learning
Individual research: Learners should, by the end of the lesson, with some private study / research, have built up a good picture of the industry in which the subject of the next lesson – the marine engineer – has to live and work.

	Websites
http://goo.gl/Xiv4fi




	Lesson 3: The role of the marine engineer
	Suggested Teaching Time: 1 hour

	Learning Outcome: Understand the basic principles of marine construction

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.4 
Ancillary equipment and systems used on a boat

	The purpose of this lesson is for learners to discover the broad range of work that a marine engineer can do. This can be divided into a number of areas:
· design (naval architect – civil and military)
· ship and boat building
· maintenance (eg engineering officer, skilled technician, mechanic)
· consultancy
· regulation and investigation.
Opportunity for applied learning 
Individual research: Learners can research the broad range of work a marine engineer can do from the list above. Technically the term ‘marine engineering’ refers to someone with a further education certificate or higher qualification in engineering, working in a responsible engineering position in the marine industry. However, learners should also research the other jobs in a typical engineering team to get the whole picture.  
This lesson is only recommended for one hour, since at this stage of the unit learners may only have a limited view of what marine engineering is about. As learners progress through the unit, they will be able to flesh out their knowledge of what the engineering staff members do in the different areas of marine engineering. The recommended websites are essentially careers advisory, and hopefully will generate some long-term interest. There are many other reference sites available.
	Websites
http://goo.gl/qhhEHd
http://goo.gl/cMX1lL
http://goo.gl/THKQ51
http://goo.gl/77T47W




	Lesson 4: Use of wood in boat construction
	Suggested Teaching Time: 3 hours

	Learning Outcome: Identify techniques to repair hulls and boat structure



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.1
Templates, moulds and jig for the repair of boats
	The purpose of this learning outcome is to give learners an insight into boat and shipbuilding methods based on three of the principle materials in modern day use. 
Wood has been used to build boats for many thousands of years and it would be useful for learners to think about why wood has been and is still used in boat building today. A visit to a suitable boatyard that uses traditional methods to build wooden boats would be an ideal way for learners to absorb the methods and the materials. 
Learners should be able to see that the basic frame of a boat – keel, ribs etc – needs to be stiff, impact resistant and long lasting, hence the use of hardwoods for this purpose. Learners should be aware of the regulations governing the supply of wood, particularly hard woods.
In terms of their use, wooden materials should be divided up into hardwoods, softwoods and composites (marine ply sheeting and other wood laminates).
Learners should study the main characteristics of each of these categories, including typical species, strength, durability, resistance to rot, and typical uses on a boat.
Learners should first learn to identify the basic parts of a typical wooden boat of reasonable size, and to describe their purpose on the boat. They should also look at some of the detail of the basic construction methods: carvel, clinker, strip planking, sheet plywood (including ‘stitch and glue’) and cold moulding.
Learners should be able to sketch and describe the main features of each, highlighting the main methods, tools and equipment used for each and some of their advantages and disadvantages, eg:
· ease of construction – skill level required, time and effort required
· periodic maintenance required
· performance
· durability.
Fixing devices should be studied, divided into broad categories:
· traditional, such as copper nails, tree nails, etc.
· modern, such as galvanised screws, adhesive and resin systems.
Opportunity for applied learning
Site visit: One approach that could be taken here, particularly following a visit to a boatyard, is planning the building of a wooden boat and identifying tools and equipment needed at each stage. 
Waterproofing and rot protection: Learners should be familiar with both traditional and modern methods of protecting a carefully constructed and expensive wooden hull.  For instance the use of boiled linseed oil, pitch and caulking, as well as epoxy resin systems, varnishes and paints. Included in this should be the use of sacrificial anodes to protect metal equipment such as propellers and fixings below the water line.
Testing hulls using a model basin: Scale models of hulls are subjected to sea conditions at all speeds and manoeuvres within their performance envelopes. There are many articles and videos available online. Learners should note the technical sophistication of the test rigs and their contribution to design.
	Websites
http://goo.gl/Gvqxq6 
http://goo.gl/cXIWMl
http://goo.gl/y4x2zK 
http://goo.gl/d4XfWU




	Lesson 5: Use of metals in ship and boat construction
	Suggested Teaching Time: 4 hours

	Learning Outcome: Identify techniques to repair hulls and boat structure



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.2 
Cut shape materials


	Learners will have studied the common metals used in building structures such as buildings and bridges; there is little different in the structure of a large steel hulled ship. A brief look at historical ship building (20th century) would be useful to illustrate the problems of using inferior steels and riveting hulls together. The result was ships that had stress cracks propagating from the rivets; indeed some wartime US Liberty ships simply broke in half and sank in bad weather. This led to the development and use of ABS (American Bureau of Shipping) steels in ships, and a change from riveting to welding as the preferred construction method.  
Other materials that should be explored are:
· aluminium alloys 
· use of zinc for anodes used as sacrificial plates 
· materials used for propellers, such as bronze, brass, etc
· copper cladding (particularly for wooden boats in particular marine environments). 
Learners should build up an overview of the various boat and ship types. They should be able to analyse a basic ship structure and describe how it gets its stiffness, strength and a certain amount of flexibility. Compartment requirements (such as container decks, tanks, bulk cargo holds, vehicle decks, passenger accommodation, etc) and the way they are incorporated into a ship’s design should be studied as an overview.
The following aspects of boat and ship construction should be covered:
· naval architecture – the discipline if ship and boat design, which should be researched as a career as well as a manufacturing function
· advanced technology, particularly the use of robotics to automate tasks such as welding, which are difficult to carry out consistently over long periods
· prefabrication of superstructures and hull sections
· welding techniques used in steel and aluminium fabrication
· fire in aluminium alloy ships
· where riveting is still used – basic heavy riveting techniques
· fitting-out processes – an overview of the kind of equipment and systems that need to be installed in a newly completed hull
· a brief overview of modern project management techniques, particularly those used in the Korean and Japanese shipyards, which produce very large, high-quality ships in very short build times
· protective coatings – preparation (etching, shot blasting, etc) above and below the waterline, application of paints and anti-fouling coatings
· placement of anti-corrosion plates.
Opportunity for applied learning
Site visit: A brief visit to a shipyard would be useful to illustrate the problems of using inferior steels and riveting hulls together.
	Websites
www.forshipbuilding.com
www.ship-technology.com
http://goo.gl/AK3e0k 
http://goo.gl/iA5K2s 
http://goo.gl/qqpjM5
http://goo.gl/kcC81S





	Lesson 6: Composite materials in boats and ships
	Suggested Teaching Time: 4 hours

	Learning Outcome:  Identify techniques to repair hulls and boat structure



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.3 
Assemble and finish boat structure
Topic 2.4
Assemble and finish deck structure

	Learners should be familiar with the properties and marine uses of composite materials, eg:
· glass reinforced polymer (GRP)
· fibre reinforced polymer (FRP)
· Kevlar
· carbon fibre reinforced composites (CFRP)
· honeycomb sandwich
· foam sandwich
Learners should be able to discuss, using some basic strength, density and stiffness data, their relative merits compared with steel and aluminium. This should include their potential to catch fire and sustain combustion.
Learners should already be familiar with the following production methods:
· wet lay-up
· pre-preg
· vacuum bagging
· wet
· dry
· epoxy foam composites.
Learners should be familiar with at least the following tools and PPE:
· safety equipment 
· PPE 
· fume and dust extraction
· moulds for hull components
· equipment for preparing and laying fibre matting
· vacuum bag and equipment
· chop gun
· trimming and finishing tools.
Surface finishes, particularly gel coats should be familiar to learners. Learners should be able to discuss the purpose of gel coat finishes and their limitations, together with ways that the life of coatings can be extended in service. 
Opportunity for applied learning
Discussion / individual research: Learners should spend time on discussion about materials and methods, as well as fact-finding research on this subject through individual research of the suggested resources.
At the end of this lesson, learners should be able to discuss the technical process of manufacturing boats and ships from composite materials, the engineering challenges and the merits and demerits of composites against wood, steel and aluminium.
	Websites 
http://goo.gl/IiVMAz
http://goo.gl/kiKkUp
http://goo.gl/MNfgyE
http://goo.gl/WfidZc




	Lesson 7: Planning inspection and repairs
	Suggested Teaching Time: 3 hours

	Learning Outcome: Determine reinstatement requirements when servicing, repairing and maintaining boats



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.1 
Establish reinstatement requirements

	Learners should be aware of the main types of (reasons for) inspection: registration and continuing certification, regular maintenance, and following an accident such as collision or grounding. They should also be aware of the times when the MCA surveyor has to be told the vessel will will be out of the water.
Learners should be able to discuss the types of damage to be expected from different sources, such as: striking submerged objects, collision, poor maintenance, grounding, and manufacturing issues.
Learners will be familiar with the standard methods of inspection and test for the major material groups; they will need to have an overview of how they are used in a marine environment. Learners should also consider what inspections and tests can be done if the vessel is still in the water. Tests for consideration should include:
· non-destructive:
· visual (all)
· dye penetrant (metal)
· ultrasonic (composites and metals)
· thermography (composites)
· shearography (composites)
· X-ray (metals)
· magnetic (metals)
· tap test (composites
· pressure resistance (wood and composites)
· moisture meter (wood and composites)
· destructive:
· drilling (all)
· core (coin) sample (all) for materials testing.
Learners should understand the reasons for each of the tests, what they set out to demonstrate, and their limitations. They should also be able to discuss the various types of common damage, such as
· puncture (all)
· delamination (composites, including wood, eg ply)
· corrosion (metals)
· fracture or dis-bonding of joints and members (all)
· wood rot
· osmosis (composites).
Finally, learners should understand some of the judgements that repairers and operators have to make with regard to the management of damage and deterioration of vessels. Learners will need to understand the meaning of the three broad categories of work for the reinstatement of damage:
· repair (eg short term ‘patch’ until permanent solution available)
· refurbish (eg longer-term repair – structurally more sound – until complete replacement possible) 
· replacement (eg completely renew damaged area and components to manufacturer’s spec).
Opportunity for applied learning
Individual project: If there is time available, learners could be given a mini-project involving the planning and specification for the repair of, say, minor collision damage to a sailing dinghy. This would help to cement the process of management and decision-making in their minds.
	Websites 
http://goo.gl/tg75HW
http://goo.gl/3m6R44




	Lesson 8: Wood repairs
	Suggested Teaching Time: 3 hours

	Learning Outcome: Determine reinstatement requirements when servicing, repairing and maintaining boats

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.2 
Carrying out repairs to boat structure

	This lesson could be combined with lesson 4, carrying the theme of wooden boat construction through to a neat conclusion. In modern boat repair the use of epoxy is prudent and widespread.  So while preserving traditional design and construction values, boat builders usually take advantage of the protective and strength properties of modern materials.
For the repair phase of learning about wooden boats, it is difficult too teach the detail unless learners can see, touch, hear and smell the work in progress. So if there is an opportunity for one or more visits to a suitable boatyard, you should take it.  
Learners should concentrate on the general processes for wood repairs, including:
· commonly used tools
· methods of removing damaged or deteriorated wood
· methods of preparing the edges of the area to be repaired
· types of repair joint (eg: scarf, Dutchman, butt, sister frame (doubler))
· use of epoxy resin in wooden boat repairs
· re-sealing and caulking.
Opportunity for applied learning
Site visit / project: If it is possible to obtain a wooden hull, or part of one, learners could study the construction and practise removing and replacing wood in the structure and cladding.
	Websites
http://goo.gl/mvc6Iy





	Lesson 9: Metal hull repairs
	Suggested Teaching Time: 3 hours

	Learning Outcome: Determine reinstatement requirements when servicing, repairing and maintaining boats

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.3 
Service and maintain boats


	This lesson could be combined with lesson 5 to give a complete treatment of metal hull manufacture and repair. Although almost all modern-day metal hull vessels are welded together, there will always be a call for the skills of heavy riveting in the repair and restoration of older vessels. Items that should be covered include:
· commonly used tools
· repair of rivets, eg bobbing, Frenching, ring welding
· replacement of rivets
· caulking (specific to steel vessels)
· plate replacement: riveted, welded
· preservation, sealing and coating.
Opportunity for applied learning
Site visit: It is clearly difficult to practise any techniques due to the size and expense of materials and equipment; however, if a visit to a suitable repair facility could be arranged this would be of great benefit.

	Websites 
http://goo.gl/oS6Z6j





	Lesson 10: Composite hull repairs
	Suggested Teaching Time: 3 hours

	Learning Outcome: Determine reinstatement requirements when servicing, repairing and maintaining boats

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.3
Service and maintain boats 
	Again, this lesson could be combined with its equivalent in the manufacturing section (Lesson 6). The suggested reading gives a good insight into the methods and principles of composite repair techniques, which apply anywhere to any size of vessel. 
Areas that learners should be able to discuss are:
· difference between the structure of a repaired area and that of the original
· careful choice of repair materials
· removal of damaged material
· repair of structural members
· repair of skin
· preparation of the repair section
· support and insert the repair
· inspection and test of the repair
· finish and protection (including gel coat colour match).
Opportunity for applied learning
Site visit: It would help if there were the opportunity for learners to practise some of the simpler repair techniques so that they can better understand the issues involved. Also, a visit to a suitable boatyard to observe repair techniques would be advantageous
	Websites 
http://goo.gl/aHguZe 
http://goo.gl/GDycHR 





	Lesson 11: Sail and person power
	Suggested Teaching Time: 1 hour

	Learning Outcome: Apply maintenance of vessel services, engines and propulsion systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.1 
Vessel service systems

	This is an introductory lesson to set the scene for subsequent lessons on marine power plants. Learners should be given a brief introduction to the development of boats, concentrating on the shapes of hulls and the two early methods of propelling them along – oars and sails
The need to propel a boat along will be quite obvious to learners, but they may not realise how technical some of the traditional methods are, particularly sail. Learning should start with the development of rowing boats, particularly the need for a streamlined shape that slips easily through the water in order not to tire the people doing the rowing. Learners should be aware that this technique was used for propelling some quite large vessels, to assist the sails when the wind was not too strong.
Learners should study in some depth the principle of operation of a sail, and its use in different directions relative to the wind. They should appreciate the limitations of sails in relation to the ability to sail at maximum speed in exactly the desired direction. They will soon realise that this is pretty much impossible most of the time, even with modern sail design. At the end of the lesson learners will clearly understand the reasons why mechanical propulsion devices such as steam were developed.
Opportunity for applied learning
Basic hydrodynamics exercises: It will be useful for learners, in all of the following lessons on propulsion, to exercise their knowledge of applied mathematics and physics in the understanding of various types of marine propulsion. Some basic hydrodynamics will allow learners to grasp the reasons why hull shapes developed as they did.
	Websites
http://goo.gl/CNVs8c 
http://goo.gl/qP9PqD




	Lesson 12: Smaller boat engines
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply maintenance of vessel services, engines and propulsion systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.2 
Carry out inspection and repair of boat systems

	This lesson covers power units installed in or on small boats. Learners should be able to discuss the following propulsion types:
·  outboard motors 
· large (eg 20hp + mounted in single or twin configuration)
· portable
· electric
· pump jet
· inboard motors
· diesel
· petrol
· electric
· pump jet
· traditional steam (eg: reciprocating engines on heritage craft).
Learners should build up a picture of the large variety of power plants available for small boats and understand their suitability for one type of craft over another. Fuel, cooling and lubrication should also be considered. Power transmission systems should be explored, as should propellers. The environmental and safety reasons for using pump jets and electric motors should be explored, as well as any maintenance implications.
	Websites
http://goo.gl/6XWWBx
http://goo.gl/WUkDcB
http://goo.gl/lGf3ka




	Lesson 13: Steam turbines
	Suggested Teaching Time: 4 hours

	Learning Outcome: Apply maintenance of vessel services, engines and propulsion systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.3
Diagnose and rectify faults in marine engine systems and components


	Learners should be aware of the basic technology, however it would be useful to quickly revise thermodynamics as it applies here, as well as the difference between an impulse turbine and a reaction turbine. Learners will need to be able to discuss the differences in efficiency between the two types of turbine, and the reasons why turbines are much preferred to reciprocating engines: they are lighter, smaller, need less maintenance and cause less vibration.
Opportunity for applied learning
Research: Learners will need to explore the old and new means of generating steam, including:
· gradually being phased out:
· coal (except bulk coal carriers which use part of their cargo as fuel)
· heavy fuel oil
· modern systems:
· nuclear
· liquid natural gas (LNG) (using part of the cargo as fuel).
In addition, means of transmitting power to the ship’s propellers should be researched, including gearboxes, propeller shafts and turbo-electric systems.  
Learners are to broadly discuss the engineering merits and demerits of each main item.
	Websites 
http://goo.gl/eVLNY2





	Lesson 14: Marine diesel engines
	Suggested Teaching Time: 4 hours

	Learning Outcome: Apply maintenance of vessel services, engines and propulsion systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.3 
Diagnose and rectify faults in marine engine systems and components 
	This lesson covers the broad subject of marine diesel engines.  
It is important that learners do not get too absorbed with the technical detail of this subject – it is vast and takes years to learn fully. The main points for learners to concentrate on are:
· how a diesel engine works
· the fuels that are used (eg light fuel oil, liquid natural gas (LNG) or both as dual-fuel)
· engine layout (typical)
· starting systems (eg compressed air, electric motor, etc)
· the type of vessel they are installed in (relative power and size of vessel)
· the installation and power transmission (gearbox, shaft, propeller)
· fuel efficiency
· environmental performance
· monitoring and maintenance.


	Websites 
http://goo.gl/gc1DsQ




	
Lesson 15: Marine gas turbine engines
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply maintenance of vessel services, engines and propulsion systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.3 Diagnose and rectify faults in marine engine systems and components

	Learners need to be aware that, although marine gas turbine engines have been used for many years by a large number of the world’s navies, they have a growing number of other marine applications. Operators of ferries and other vessels have realised the many benefits that gas turbines can bring. There are weight savings, and they are also more efficient at working power (not at idle power, however), with a size limit that precludes their use in large vessels.  
Early marine gas turbines were simply aircraft engines adapted for marine use (many still are); however, increasingly they are being designed specifically for marine use, especially in fast patrol boats, large yachts and ferries. It would be a good exercise for learners to compare the power-to-weight ratios of these engines compared with similar-sized diesel and petrol engines. Learners also need to understand the effect that the cost of fuel has on the comparison between the two types of engine.
Opportunity for applied learning
Research: Learners should investigate the following aspects of marine gas turbine power:
· How a marine gas turbine engine works – it is best to start with an adapted axial-flow aero engine and then deal with centrifugal flow units.
· Applications of marine gas turbines.
· How gas turbine engines are installed.
· Significant maintenance issues compared with diesel engine.

	Websites 
http://goo.gl/4YBF37 
http://goo.gl/Qkd0on 
http://goo.gl/yW1xjm




	Lesson 16: Propellers and steering motors
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply maintenance of vessel services, engines and propulsion systems



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.3 
Diagnose and rectify faults in marine engine systems and components


	This lesson on propellers and steering motors highlights the variety of equipment that actually moves the water to make a vessel move in a particular direction at a particular speed.  
Opportunity for applied learning
Research: This is a time-consuming and complex subject; learners should research the following in overview:
Propellers:
· the basics of how a propeller works; essentially how it can convert rotational energy (torque) into forward or rearward thrust without losing too much energy
· types of propeller and their uses
· materials used in the construction of propellers, eg bronze, plastics and composite materials
· how propellers can be configured to provide efficient and controllable power transmission
· the principles of cavitation – what it is, how it happens, damage that can be caused and how it can affect the efficiency equation
· how propellers are protected from corrosion, cavitation erosion, impact with submerged objects, and fouling by floating debris
· how gearboxes and propeller shafts are arranged and how they transmit power from the engine(s)
· bearings and seals – what they do and what their maintenance requirements are.
Steering motors (thrusters) – these are the propulsion systems used to manoeuvre vessels when in port and other situations where precision steering is required. Learners should research an overview of: 
· purposes of using steering motors
· types of thruster system
· how thrusters are used.

	Websites 
http://goo.gl/TxlhNz




	Lesson 17: Electrical power systems
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the maintenance of electrical marine engineering equipment and systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.1 
Maintenance of electrical equipment and systems

	Learners will not have time to examine the detail of power generation and distribution systems; however they will be familiar with the basic principles, which should be briefly revised, covering AC-synchronous generators, transformers, three-phase power supplies, circuit protection, and safety considerations for high-voltage work.
Learners should consider the following:
· what the engineering staff’s responsibilities would be to maintain electrical power to the ship
· what the power requirements would be for various types of vessel  
· the main components of a typical system, eg generators, generator drive systems, power regulation, consumer circuits, shore-to ship supplies, emergency power, engine starting power, system monitoring and testing.
Opportunity for applied learning
Discussion: Learners should consider how they would apply the fault-finding principles they have already learned to an electrical system on a sizeable vessel.

	Books
Hall, D. T., Practical Marine Electrical Knowledge, 3rd edition (Witherby Seamanship International Ltd, 2014) 
ISBN 9781856096232
Websites 
http://goo.gl/w9DKdI






	Lesson 18: How ships navigate, communicate and avoid collisions
	Suggested Teaching Time: 7 hours

	Learning Outcome: Understand the maintenance of electrical marine engineering equipment and systems



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.2 
Re-commission equipment
	This lesson is primarily about a quite large and important maritime system that needs to be examined as a whole, looking at the reasons for having it, the technology that goes into it, and the marine engineer’s responsibility for its installation and maintenance. This lesson should be taught from that point of view.
The lesson should start with learners examining the extent of the maritime collision risk in crowded waters, taking, perhaps the English Channel as a typical example, since it is one of the busiest in the world. Learners should also appreciate just how big and remote the oceans are, and how difficult it would be to navigate them without radio, GPS, radar etc. to rely on. Learners should appreciate that all of the equipment and systems they will be learning about is the responsibility of the ships’ engineers – in the event of a failure at sea, they cannot just call out a field service engineer.
Learners should first investigate the common navigation systems found on maritime vessels, and should form a picture of which systems are likely to be fitted to varying types and sizes of vessel, from the basic compass, GPS and sonar in a small fishing boat to a very large tanker or aircraft carrier. Learners should be able to describe the purpose and basic function of the following navigation aids:
· compass (magnetic and gyro)
· astro-navigation (using sextant, chronometer and nautical almanac
· GPS
· inertial navigation
· navigation radar.
Having defined the extent of the need to have identification and navigation systems that will also provide identification, learners should be introduced to the legal requirements for running lights and other visual and audible recognition aids. This will lead into the following:
· radar
· RACONs and RAMARKS (for marking hazards)
· navigation radar
· automatic radar plotting
· automatic identification systems
· collision avoidance
and lead into the detail of the Global Maritime Distress Safety System.
A vital part of the GMDSS is the communication equipment is the communications system. This consists of equipment operating on a number of different frequency bands, used for different purposes and in different circumstances. While there is insufficient time for learners to absorb the fine technical detail of these systems, it is important that learners have a good overall understanding of what each system is used for and how important it is that engineers maintain them in a fully working condition. Learners should be familiar with the frequency range and basic function of the following systems, in addition to their role in the GMDSS:
· VHF and UHF for local voice communication (ship-to-ship, ship-to-shore, ship-to-aircraft)
· HF (long-range voice and data communication, often used to communicate secure voice and data with owners and clients for confidentiality)
· satellite communication:
· voice/sat-phone
· data transmission (data on ship-borne systems and cargo)
· identification.
In addition, learners should be aware of the nature and extent of on-board telephone systems, and of other vital internal communications, particularly the engine order telegraph.
Opportunity for applied learning
Sketch activity: Learners should be able to sketch a block diagram of a navigation and communication system in a typical medium-sized commercial vessel, highlighting the essential systems.

	Websites 
http://goo.gl/Tq7jQy
http://goo.gl/jfnxy0
http://goo.gl/Uynq7R
http://goo.gl/MNaN1o
http://goo.gl/bkZ61V




	Lesson 19: Ships’ mechanical systems
	Suggested Teaching Time: 4 hours

	Learning Outcome: Understand the maintenance of electrical marine engineering equipment and systems



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.2 
Re-commission equipment 
	This subject is a vast one, so only an overview is possible in the time. Learners should discover the main features of typical examples of major mechanical systems such as:
· hydraulic ramps and doors
· adjustable decks
· winches and cranes
· anchor deployment and recovery systems
· water systems
· fuel systems
· heating and ventilation
· pumps and pipework systems
· waste compaction
· steering (including automatic pilot)
· special purpose systems (civil and military)
to give a good overall view of the maintenance and repair work a marine engineer might have to deal with at sea and in port.
In order to fully understand the technologies mentioned above, learners will need to recall their previous learning on:
· electric motors
· hydraulics
· pumps
· machines.
	Websites 
http://goo.gl/Ta9gFS




	Lesson 20: Ship-board survival and emergency systems
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand the maintenance of electrical marine engineering equipment and systems



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.2 
Re-commission equipment 
	Survival and emergency systems on maritime vessels are one of the most failed items on mandatory inspections. This is often because:
· by definition, they aren’t in use every day
· if they are used, components often have to be replaced or overhauled, at some expense
· people don’t understand that unused equipment deteriorates over time just like everything else
· because much of a ship’s survival equipment is out on deck, it deteriorates even faster.
Learners should understand that the survival and emergency equipment aboard a vessel is absolutely key to crew and passenger survival in the event of a catastrophic incident, and it is the responsibility of the marine engineering team to ensure that, when disaster happens, the equipment will work properly. Survival and emergency systems that learners should research and understand the operation of include:
· life preservers
· lifeboat and life raft systems
· emergency beacons and radio communicators
· pyrotechnics 
· emergency escape systems
· damage control equipment such as fire pumps
· fire suppression
· life support and personal protective equipment
· emergency repair systems for hull damage
Learners should understand the importance of the mandatory inspections for vessel certification, and of the periodic maintenance procedures required to keep the systems and equipment in working order. This will need planning and proper management, particularly in large vessels carrying a lot of passengers and crew.
Opportunity for applied learning
Individual task: Learners could be asked to devise a maintenance schedule for a number of different items with differing maintenance intervals and needs.




	Websites 
http://goo.gl/hvfA62





	Lesson 21: Developing new marine technology and vessels
	Suggested Teaching Time: 2 hours

	Learning Outcome: Identify development technology for marine construction



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 6.1
Investment
Topic 6.2 
Research 
Topic 6.3 
Development
Topic 6.4
Testing

	The detail of research and development depends very much on which industry is being considered. However the financing is likely to come from similar sources and the core technologies are likely to be similar, no matter what type of vessel is being developed.  
Learners should take a brief look at how the marine industry is financed. The lesson should start with the private owner who will likely have private money, a mortgage or other loan to purchase the vessel, with maybe a small commercial income to help maintain it.
Other larger vessels could have a variety of sources such as loans, investors (both corporate and private). Learners should also research the main types of ship chartering. Note – there are subtle differences between charters and leases, and changes in tax laws in the coming two years will make the distinction more difficult to distinguish between the two. Therefore tutors should only consider charters and the main terms:
· bare boat (demise)
· contract of affreightment
· voyage charter
· time charter.
At the end of this part of the lesson learners should be able to discuss briefly some of the merits and demerits of the main types of marine financing.
Research and development has been touched on throughout the unit. Learners should be aware that there is constant development work going on to improve the efficiency, safety and capacity of commercial vessels, and the speed, comfort, durability, safety and all-round appeal of leisure craft.  Learners should first consider:
· the need for new technology
· the specifications for new technology (ie, what do we really want from the developments?)
· do we develop new technologies or do we develop our existing ones? 
· the actual demand for new technology – how much is it going to cost, and is it worth it?
Since the marine industry generally is responsible for a large amount of greenhouse gas emissions, much of this development will be about reducing those emissions and making shipping generally more efficient. Where leisure craft are concerned, it’s all about bigger, faster, more portable, cheaper and safer. 
Finally for this unit, learners should spend some time exploring the testing and commissioning procedures involved in the R&D process. Learner should concentrate on the following:
· Hydrodynamic testing – covered to an extent in Lesson 4.
· Displacement – what is displacement, how is it measured, how accurate does the measurement have to be, and how is the varying salinity of seawater catered for?
· Efficiency of loading and unloading – the most important part of any cargo ship’s visit to a port is how quickly the unloading and re-loading can be accomplished.  Some of this time is governed by the design of the vessel.
· Manoeuvrability – a very important feature for any vessel, especially for the very large and the very fast.
· [bookmark: _GoBack]Flank speed – the flat-out speed in trials; full emergency power is not normally used. This still has to be established, so how do engineers measure it?
· Economical speed – important too for the vessel’s operators, but is it measured theoretically or practically, or both?
· Safety – how safe is it to operate, is it easy to manoeuvre, do the lifeboats deploy from the davits, do the emergency doors operate as advertised?
Learners should be able to briefly describe typical development and commissioning tests and the reasons for doing them.
	Websites 
http://goo.gl/UVej4D
http://goo.gl/xmk3ka
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