
TITLE		MEC 3/4 MARINE ENGINEERING SCIENCE 1


LEARNING ELEMENTS

MATHEMATICS

1. Arithmetic

2. Algebra

3. Graphs

4. Trigonometry

5. Geometry

6. Mensuration

ELECTROTECHNOLOGY 

Nature of Electricity

8	Electric Currents

9	Electric Circuits

10	Resistance 

11	EMF

12	Secondary Cells

13	Magnetic Field 

14	Electromagnetic Induction 

15	Measuring Instruments and Measurements 


MATHEMATICS

Elements and Performance Criteria

Element 1

1. Arithmetic

Performance Criteria

1.1 Defines numerator and denominator of a fraction.

1.2	Defines vulgar fractions, mixed number and improper fraction. 

1.3	Uses common denominator in addition and subtraction of fractions. 

1.4	Multiplies fractions.

1.5	Divides fractions. 

1.6	Uses cancellation to reduce fractions. 

1.7	Applies cancellation to manipulation of fractions. 

1.8	Simplifies fractions involving the use of brackets.

1.9	Solves problems involving fractions. 

1.10	Defines decimal fractions. 

1.11	Converts vulgar fractions to decimal fractions. 

1.12	Converts decimal fractions to vulgar fractions. 

1.13	Add and subtracts decimal fractions. 

1.14	Multiplies and divides decimal fractions. 

1.15	Identifies a recurring decimal fraction. 

1.16	Rounds off a decimal fraction to a specified number of places. 

1.17	States a decimal number correct to a specified number of significant figures. 

1.18	Converts vulgar fractions and decimal fractions to percentages. 

1.19	Expresses "gain" as a percentage.

1.20	Expresses "decrease" as a percentage. 

1.21	Expresses “error" as a percentage . 

1.22	States that a ratio is a comparison of quantity magnitudes. 

1.23	States that proportion is an equation of ratios. 

1.24	Solves problems on ratio and proportion. 

1.25	Defines logarithm. 

1.26	Uses the log definition to put numbers in power form (ie 10x if given log 10x) . 

1.27	Defines the parts of a log viz; characteristic and mantissa, and their properties ie 	positive and/or negative. 

1.28 Expresses numbers in standard form and so finds the characteristic. 

1.29 Obtains logarithm of a number from tables or calculator. 

1.30 Obtains antilogarithm from tables or calculator or slide rule indicating the position of the 	decimal point from the characteristic. 

1.31 Applies logarithms to multiplication and to division of numbers. 

1.32 Evaluates a number raised to a positive integral power using logarithms. 

1.33 Evaluates square or cube root of a number using logarithms. 

1.34 Evaluates a string of figures raised to different powers or roots. 


Element 2

2. Algebra

Performance Criteria

2.1 States that arithmetic operations can be carried out by generalising and employing letters to represent quantities. 

2.2 Add algebraic quantities, both positive and negative. 

2.3 Subtracts algebraic quantities, both positive and negative. 

2.4 Identifies the effect of plus or minus signs in front of a bracketed quantity or quantities. 

2.5 Identifies the effect of the plus and minus signs in the multiplication and division of quantities. 

2.6 Defines the "power" and the "index" of a quantity. 

2.7 States the laws of indices for multiplication and division of numbers. 

2.8 Defines a fractional index of a quantity power. 

2.9 Defines a negative index of a quantity power. 

2.10 Defines the zero index of a quantity power.

2.11 States the "Law of Distribution".

2.12 Adds and subtracts algebraic fractions using common denominator. 

2.13 Multiplies binomial factors. 

2.14 Divides quadratic function by linear factor. 

2.15 Identifies a statement of equality as an equation. 

2.16 Solves simple algebraic equations. 

2.17 States the axioms: 
		(a} If equal quantities be added to two quantities that are already equal, the 		result will be equal. 
		(b} If equal quantities be subtracted from two quantities that are already equal, 		the remainders will be equal. 
(c} Equal quantities when multiplied or divided by the same quantity, will give results that are equal. 

2.18 Solves problems involving transposition of formulae.

2.19 Identifies direct variation. 

2.20 Identifies inverse variation. 

2.21  Identifies the constant of variation. 

2.22 Forms linear equations consistent with data provided in a question. 


Element 3

3. Graphs

Performance Criteria

3.1 Defines co-ordinate, axes and origin. 

3.2 States on which axes the dependent and independent variable are plotted. 

3.3 Plots ordered pairs on graph paper having been given or having calculated x and y values. 

3.4 Joins the points with a straight line, or smooth curve, depending upon the graph or position of the plotting points. 

3.5 States that the equation of a straight line is of the form y = ax + b. 

3.6 States that for a straight line graph, the constant b in the equation of the graph y = ax + b is the intercept of the graph on the y axis ie where x = 0 and that the constant “a” is the slope (gradient) of the graph. 


Element 4

4. Trigonometry

Performance Criteria

4.1 Expresses acute angles in degrees and radians and states the relationship between degrees and radians. 

4.2 Defines acute, right, obtuse and reflex angles. 

4.3 Defines complementary an9ies and supplementary angles.

4.4 Defines sine, cosine, tangent, and the relationship between them. 

4.5 Obtains numerical values of sine, cosine, tangent for any angle between 0 and 90° from tables, calculator or slide rule. 

4.6 Obtains angle, given numerical value of its sine, cosine or tangent from tables, calculator or slide rule. 

4.7 States Pythagoras's Theorem. 

4.8 Solves problems using Pythagoras's Theorem. 

4.9 Solves right-angled triangles given two facts about the triangle. 


Element 5

5. Geometry

Performance Criteria

5.1 States that a triangle has three sides and three angles and that the latter add up to 180°. 

5.2  States that a right angle triangle has one angle of 90º. 

5.3 States that an equilateral triangle has all angles equal and all sides equal. 

5.4 States that an isosceles triangle has two sides equal and two angles equal. 

5.5 States that a scalene triangle has no equal sides or angles. 

5.6 Constructs a triangle to scale given: (a) all sides; (b) two sides and an included angle; (c) one side and two angles. 

5.7 Bisects a line and an angle, and erects a perpendicular to a line. 

5.8 States that similar triangles have equal angles. 

5.9 States that congruent triangles have equal angles and equal sides. 

5.10 Defines radius, diameter, circumference, arc, sector, chord, segment of a circle. 

5.11 States that a circle contains 360°. 

5.12 States that a tangent to the circle at a given point is perpendicular to the radius at that point. 


Element 6

6. Mensuration

Performance Criteria

6.1 States the area of a triangle and deduces the area given: (a) the base and the vertical height, (b) two sides and the included angle.

6.2 Deduces the area of a parallelogram. 

6.3 Determines the mean height of a figure from measurement of area and length. 

6.4 States the area of a circle in terms of radius/diameter and deduces the area of an annulus.

6.5 Defines the Mid-Ordinate Rule and determines the area of a figure using the Mid-Ordinate Rule. 

6.6 Deduces the surface area of' a cylinder, pyramid and cone. 

6.7 States the surface area of a sphere. 

6.8 Deduces the volume of a cylinder. 

6.9 States the volume of a pyramid, cone and sphere. 

6.10 Solves problems in mensuration relating to 6.7 and 6.9. 

6.11 Determines the mass of a solid using volume and density. 

6.12 Determines the ratios of masses and volumes of similar solids. 


ELECTROTECHNOLOGY

Element 7

7 	Nature of Electricity.

Performance Criteria

	Describes the structure of the atom and defines electron, proton and neutron. 

	Describes the shells of electrons in the atom and the detachment of a loosely held 	electron by some influence. 

	States that the free movement of electrons gives a current of electricity. 

	States that, for unidirectional continuous current, free electrons must be available in all 	parts of a circuit. 

	Defines the terms "conductor" and "insulator" and gives three examples of each. 

	States that all conductors offer some resistance to the flow of electric current. 

	Names secondary cells and generators, as sources of electricity. 

	Uses preferred symbols appropriate for the representation of sources, cells and 	resistors, and switches in an electric circuit. 


Element 8

8 	Identifies the three main effects of an electric current. 

Performance Criteria

	States examples of an electric current being used for its magnetic effect. 

	States examples of an electric current being used for its chemical effect. 

	States examples of an electric current being used for its heating effect. 

	Identifies the effect being made use of in given specific cases. Example 	electromagnet, electroplating, electric fire, fuse. 


Element 9

9 	Solves problems associated with simple electrical circuits. 

Performance Criteria

	States that the SI unit for current is the ampere. ]

	States that one ampere is one coulomb per second, that a coulomb is the unit for 	quantity of electricity and that a coulomb is composed of a specific and very large 	number of electrons. 

	Explains how a current flows due to the existence of a potential difference between two 	points in an electrical conductor. 

	Defines potential difference and states that the unit is the volt. 

	Defines electromotive force and states that the unit is the volt. 

	States that watts equals volts multiplied by amperes. 

	States Ohms Law in terms of the proportionality of current to potential difference. 

	States that this constant of proportionality for a particular resistor is called the 	resistance and 	that the unit of resistance is the ohm. 

	Solves simple problems using Ohm's Law. 

9.10	Describes a series circuit as one which provides only one path for the flow of current 	through the circuit. 

9.11 Describes a parallel circuit as one which provides alternative paths for the flow of 	current 	through the circuit. 

9.12 States that the current is the same in all parts of a series circuit. 

9.13 States that the sum of the voltages in an external series circuit is equal to the total 	applied 	voltage. 

9.14 Shows that for resistors connected in series the equivalent resistance is given by 
	R = R1 + R2 + R3……… 

9.15 Solves simple problems involving up to three resistors connected in series, including 	the use 	of Ohm's Law. 

9.16 States that the sum of the current in resistors connected in parallel is equal to the 	current 	flowing into the parallel network. 

9.17  States that the potential difference (voltage) is the same across resistors in parallel. 

9.18 Shows that for resistors connected in parallel the equivalent resistance is given by 
	1 = 1 + 1 + 1. 
	R    R1   R2   R3

9.19 Solves simple problems involving up to three resistors connected in parallel by use of 	Ohm's Law. 

9.20	States 'that power dissipated in a given conductor is the product of a potential 	difference and 	the current. 

9.21 Uses Ohm's Law to show that P = I2R or V2
            R

9.22 Calculates the power dissipated in simple circuits.
 

Element 10

10 	Solves problems involving resistance variation with temperature and resistivity. 

Performance Criteria

10.1 States the effect of temperature increase on the resistance of metals, carbon, 	electrolytes and 	insulation.

10.2 Defines the temperature coefficient of resistance. 

10.3 Solves simple problems involving the temperature coefficient of resistance. 

10.4 Defines resistivity. 

10.5 Solves simple problems involving resistivity. 


Element 11

11 	Is aware of the concepts of e.m.f. and internal resistance. 

Performance Criteria

11.1 Describes the potential difference (voltage) of a source on no load as the e.m.f. 

11.2 Defines internal resistance. 

11.3 Explains the effect of load current on terminal p.d. and hence determines internal 	resistance. 


Element 12

12 	Secondary Cells 

Performance Criteria

12.1 Explains difference between primary and secondary cells. 

12.2 Describes the chemical changes during the charging and discharging of a simple lead-	cell. 

12.3 Describes how, using a high resistance voltmeter, the e.m.f. of charged lead-acid cells 	is measured: (a) singly; (b) in series; (c) in parallel.

12.4 Explains the effects of load current on terminal p.d. and hence determines internal 	resistance of cells. 

12.5 Labels, given diagram, the mains parts of: (a) lead-acid cells; (b) alkaline cells. 

12.6 States that the capacity of a cell is measured in ampere hours. 


Element 13

13 	The Magnetic Field

Performance Criteria

13.1 Defines the terms flux, flux density, m.m.f., and magnetizing force. 

13.2 Recognises the effects of ferromagnetic materials on flux density. 

13.3 States the units of B, H, m.m.f. 


Element 14

14 	Electromagnetic Induction

Performance Criteria

14.1 States Lenz's Law. 

14.2 States Faraday's Laws of electromagnetic induction.

14.3 Explains the motor principle in terms of the interaction between two magnetic fields. 

14.4 Explains the function of the commutator. 

14.5 Recognises from the formula F = BIL, the linear relationship between F and the other 	terms. 

14.6 Explains the generator principle in terms of Faraday’s Laws and Lenz's Law. 

14.7 Recognises the linear relationship between E and the other terms from the formulae E 	= BLv. 

14.8 Describes production of an induced e.m.f. due to a -change in magnetic field. 


Element 15

15 	Measuring Instruments and Measurements

Performance Criteria

15.1 Describes with the aid of given diagrams, the principles of operation of: 
(a) moving iron; 
(b) moving coil instruments. 

15.2	Explains the needs for shunts and multipliers to extend the range of a basic electrical 	indicating instrument. 





























TITLE 		MEC 3 – MARINE ENGINEERING SCIENCE 2


LEARNING ELEMENTS

HEAT ENGINES 

1. Heat Energy

2	Solids, liquids and gases

3	Gas Laws

4 Combustion

5	Internal combustion engines

6	Refrigeration

APPLIED MECHANICS

7 Units

8	Kinematics

9	Dynamics

10	Statics

11	Friction

12	Machines

13	Strength of materials

14	Fluids at rest

15	Transverse Stability


HEAT ENGINES

Elements and Performance Criteria
‘
Element 1

1.	Solves problems involving mass, specific heat capacity and temperature change.
 
Performance Criteria

1.1 Describes fuels as sources of energy. 

1.2 States that heat being a form of energy, the unit for quantity of heat is the joule. 

1.3 State that temperature differential decides the direction of transfer of heat energy. 

1.4 Distinguishes between temperature and heat energy. 

1.5 Defines the fixed points on the Celsius scale of temperature. 

1.6 Defines a change in enthalpy without change of state (ie sensible heat) . 

1.7 Defines specific heat capacity. 

1.8 States that a unit of specific heat capacity is the kJ/kg K.. 

1.9 Solves simple problems associated with mass, specific heat capacity and temperature change. 

1.10 Defines conduction, convection and radiation. 

1.11 Gives one example in each case of the transfer of heat energy by each of the processes given in 1.10 

1.12 Discusses the use of insulation to conserve fuel in a heating installation. 

Element 2

2.	Appreciates the effects of heat energy supplied to solids, liquids and gases. 

Performance Criteria

2.1 	Discusses expansion and contraction of solids and liquids and the practical application of thermal expansion and. contraction. 

2.2 	Derives the relationship between temperature and the increase of linear dimensions of 	solids and volumetric dimensions of liquids. 

2.3 	Defines coefficient of linear expansion. 

2.4 	Derives coefficients of superficial and cubical expansions 

2.5 	Distinguishes between real and apparent expansion of a liquid. 

2.6 	Solves problems relating change of temperature and change of dimensions of solids and 	liquids. 

2.7 	Defines specific heat capacity without reference to constant volume or constant pressure. 

2.8 	Solves problems involving heat and cooling of solids and liquids, relating heat energy and 	temperature. 

2.9 	Describes how changes of state occur without change in temperature. 

2.10 	Defines boiling and freezing points. 

2.11 	Defines specific enthalpy of fusion and specific enthalpy of evaporation. 

2.11.A Solves problems involving mixtures of solids and liquids, liquids and liquids, liquids and vapours. 

2.11.B Describes the following temperature measuring devices: (a) a liquid in glass thermometer; (b) thermocouple; (c) pyrometer. 


Element 3

3. Gas Laws

Performance Criteria

3.1 	Defines an ideal or perfect gas. 

3.2 	Defines Boyle's Law. 

3.3 	Defines Charles' Law. 

3.4 	Derives absolute zero temperature and relays Kelvin scale to the Celsius scale of 	temperature.

3.5 	Derives the combination of  PV = C.
   T

3.6  	States that gas laws in the forms pV = mRT when R is the specific gas constant. 

3.7 	Defines the units of R. 

3.8 	States the meaning of standard temperature pressure (STP) and normal temperature pressure 	(NTP). 

3.9 	 Solves problems involving pressure, volume, temperature and mass. 


Element 4

4. Combustion

Performance Criteria

4.1 	Defines a fuel and the types of fuels available.

4.2  	Defines combustion. 

4.3 	Gives the chemical symbols of the elements and compounds associated with combustion. 

4.4 	Gives meanings of suffix and prefix numbers applied to chemical symbols. 

4.5 	Develops combustion equations for hydrogen, carbon, sulphur. 

4.6 	Defines higher and lower calorific values of a fuel. 

4.7 	Determines combustion analysis by mass. 

4.8 	Determines theoretical or stoichiometric air requirements for complete combustion of a fuel 	by mass.

4.9  	Defines excess air supply. 

4.10 	Discusses the effect of excess and inadequate air supply in relation to boilers and internal 	combustion engines. 


Element 5

5. Internal combustion engines.

Performance Criteria

5.1 	Defines the following engine power:
(a) indicated power;
(b) brake power; 
(c) friction power; 
(d) cooling water power;
(e) exhaust power. 

5.2 	Determines mean effective pressure from an indicator card. 

5.3 	Derives formula for indicated power in relation to single acting engines operating on two 	and four stroke cycles. 

5.4 	Defines indicated and brake mean effective pressures. 

5.5 	Defines specific fuel consumption. 

5.6 	Defines the following engine efficiencies: (a) mechanical efficiency; (b) indicated thermal 	efficiency; (c) brake thermal efficiency. 

5.7 	Solves problems involving two stroke and four stroke IC engines. 


Element 6

6. Refrigeration

Performance Criteria

6.1 	States the properties of a refrigerant.

6.2 	Describes the basic refrigerant circuit for a compression type domestic refrigeration plant. 

6.3 	States the condition of the refrigerant at the various points in the circuit. 


APPLIED MECHANICS

Element 7

7 Know fundamental and derived metric units. 

Performance Criteria

States the fundamental units of length, mass and time in S.I. 

States the values of the prefixes: pico, nano, micro, milli, centi, kilo, mega, giga and tera. 

Defines density and its units. 

Defines relative density. 

Solves simple problems relating to mass, volume and density of solids. 

States that a litre is 1 x 10-3 m³.


Element 8

8 Solves problems involving distance, time, velocity and acceleration. 

Performance Criteria

Defines speed. 

Calculates average speed from given time and distance data. 

States the difference between speed and velocity and between distance and displacement. 

Plots straight line distance time graphs.

Calculates the gradient of such graphs and interprets the slope as speed. 

Defines acceleration. 

Plots straight line velocity time graphs. 

Calculates the gradient of such graphs and interprets the slope as acceleration. 

Solves problems using the equation distance = average speed x time. 

Calculates distance from the area under velocity/time graphs. 

Defines the radian. 

Converts revolutions and/or parts of a revolution to radians and vice versa. 

Converts a given angular velocity in rev/min to rad/s and vice versa. 

Solves simple problems involving distance, time, linear velocity, angle turned, uniform linear acceleration, using appropriate diagrams. 


Element 9

9 Solves problems involving mass, force, acceleration, area and pressure. Solves problems involving work, energy and power. 

Performance Criteria

Defines force. 

Defines momentum as the product of mass and velocity. 

States that the formula F = ma is a mathematical representation of Newton's Law that force is proportional to the rate of change of momentum. 

Uses the formula in 9.3 to define the newton as the unit of force. 

Solves simple problems involving force, mass and acceleration. 

States that gravitational force exists and leads to free fall acceleration. 

States that the average acceleration due to gravity is approximately 9.81 m/s2. 

States that the weight is the effect of gravity on a mass, and that the weight of one kilogram mass is approximately 9.81 N. 

Defines intensity of pressure as force per unit area. 

States that the fundamental derived unit of pressure is the newton per square metre and is called the pascal. 

States that there is a pressure due to the atmosphere. 

Defines the bar as 105 pascals (105 N/m2) . 

States that absolute pressure equals gauge pressure plus atmospheric pressure. 

Solves simple problems involving force, area and pressure. 

Defines work done in terms of force and distance moved.

Defines the joule. 

Defines torque. 

Defines work done in terms of torque and angle turned. 

Draw graphs of force/distance and torque/angle turned and relates the area under the graph to work done.

Describes energy as a capacity to do work. 

Gives examples of energy conversion devices. 

States the law of conservation of energy. 

Defines efficiency in terms of energy input and energy output. 

States that power is the rate of doing work or the rate of transfer of energy. 

States that the watt is the unit of power. 

Solves simple problems involving work, energy and power. 


Element 10

10 Solves problems associated with the turning effect of a force. 

Performance Criteria

Defines stable, Unstable and neutral equilibrium. 

Defines the moment of a force about a Point. 

States the principle of moments. 

Defines centroid of a lamina and centre of area. 

Sketches the Position of the centroid of a symmetrical lamina such as a rectangle. 

Defines centroid of a mass and refers to the centre of gravity of a mass. 

Solves simple problems on levers; shafts, cantilevers and simply supported beams involving concentrated or uniformly distributed loads. 

Defines a scalar quantity.

Defines a vector quantity.

States that a force is a vector quantity. 

Resolves a force into horizontal and vertical components, deduces that V = F Sine …. and 
	H = F Cos … values of …. being restricted to the first quadrant . 

Deduces the resultant of two forces meeting at a point.

States that the components of the resultant are the separate sums of the components of the two forces. 

States the theorem of the parallelogram of forces. 

Solves simple problems involving two forces meeting at a point. 

Defines static equilibrium. 

States that three co-planar forces in equilibrium must meet at a point or act parallel to each other. 

States the theorem of the triangle of forces. 

Solves simple problems involving the triangle of forces with the aid of Bow's notation. 


Element 11. 

11 Friction

Performance Criteria

Defines a friction force. 

States the laws of dry friction. 

Distinguishes between "static" and "dynamic" friction. 

Derives the Coefficient of Friction. 

Applies the laws of friction to movement in a horizontal plane. 

Describes the effect of lubricating two surfaces in contact.


Element 12

12 Machines 

Performance Criteria

Defines a machine as a device/for changing the magnitude and line of action of a force. 

Defines force ratio (Mechanical Advantage).

Defines a movement ratio (Velocity Ratio). 

Determines efficiency in terms of MA and VR. 

Derives the Linear Law applicable to a machine E = aW + c. 

Explains why the machine efficiency cannot reach 100%.

Describes with the aid of sketches the construction of: 
the differential wheel and axle; 
the Weston differential pulley block;
the screwjack;
the crabwinch; 
the worm and Worm wheel; 
rope-pulley block system. 

Determines the Velocity Ratio for the machines specified in l2.7. 

Solves problems related to simple lifting machines. 


Element 13

13 Strength of Materials

Performance Criteria

Recognises tensile, compressive and shear force. 

Defines stress as the load carried by unit area. 

Solves simple problems involving direct- stress. 

Defines strain as change in dimension per unit original dimension. 

Calculates simple problems involving direct strain. 

Draws graphs of force/extension and stress/strain for an elastic material. 

States Hooke's Law. 

Defines Young's Modulus. 

Sketches a complete load/extension diagram for a low carbon steel. 

Describes the form of stress/strain graphs for brittle and ductile materials. 

Defines the terms: ductility, brittleness, hardness, limit of proportionality, elastic limit, yield stress. 

Defines Factor of Safety and relates it to the Ultimate Tensile Stress, Ultimate Compression Stress and working stress. 

Solves problems involving stress, strain and Factor of Safety. 

Defines shear stress. 

Defines shear strain. 

Defines ultimate shear strength. 

Solves simple problems involving shear. 


Element 14

14 Fluids at Rest .

Performance Criteria

Understands that the pressure at a point in a liquid is equal to pgh and is independent of area. 

Determines the thrust exerted on horizontally and vertically immersed surface. 

Solves simple problems involving pressure and thrust due to liquid depth with liquid on one side only. 

States the Principle of Archimedes and applies this principle to the equilibrium of floating bodies of simple geometrical form. 


Element 15

15 Transverse Stability (box shape only).

Performance Criteria
 
Understands the term "centre of gravity", "centre of buoyancy" and metacentre as applied to a box shaped vessel. 

States that it is usual to measure the vertical position of the centre of gravity of the ship above the keel and this is denoted by kg. 

States that the height of the centre of gravity of an item on the ship above the keel is denoted by Kg. 

Solves simple problems involving addition of mass to the ship. 

Solves simple problems involving transverse movement of masses across the deck using the given formula 
		GM =   m x d
			Δ ton…












TITLE		MEC 3/4 -  ENGINEERING KNOWLEDGE - GENERAL


LEARNING ELEMENTS

General

1. Fire Prevention

2. Fire Detection

3. Portable and Fixed Fire Extinguishing Systems

4. Fire Prevention Safety Devices

5. Dangers of Oil and Gas Leakage

6. Dangers of Confines Spaces

7. Procedures to be adopted when entering confined spaces

8. Safe working practices aboard ship

9. Materials

10. Steam, Fuels, Lubricants, Chemicals and Gases used aboard ship.

11. Auxiliary Machinery

12. Ship Systems

13. Combustion

14. Ship Construction

15. Vessel Stability

16. Principles of Operation and Safety Features of Steering Gears

17. Pollution

18. AC Switchboards and Electrical Distribution

19. Operation of Generators in Parallel

20. Motor Starters

21. Shore Power Supply

22. Emergency Power Supply

23. Oral Examination


Element 1

Fire Prevention

Performance Criteria

Demonstrate an understanding of the need for good house keeping.  

Show an awareness of the causes of spontaneous combustion, and the dangers of 	welding, gas cutting, grinding, handling of fuels and lubricating oils and dangers of 	smoking.  

Describe the care required with electrical equipment and appliances.


Element 2

Fire Detection

Performance Criteria

Demonstrate a basic knowledge of common types of fire detection equipment, and 	the appropriate response to an alarm.


Element 3

Portable and Fixed Fire Extinguishing Systems

Performance Criteria

Show an understanding of:

(a) the operation and usage of the correct appliance for a given set of circumstances

(b) the principles of operation of common portable extinguishers.  (CO2, Dry Powder, Mechanical Foam, fixed fire systems – CO2, flooding system, foam systems, hydrant system, emergency fire pump, and water drench system.


Element 4

Fire Prevention Safety Devices

Performance Criteria

Describe the construction and state the importance of vent pipe gauzes, overflow 	tank and alarm, quick closing valves, sounding pipe cocks and remote trips.


Element 5

	Dangers of Oil and Gas Leakage


Performance Criteria

Show an awareness of the dangers of oil leaking under pressure.

Show an awareness of the dangers of petroleum, welding, refrigerant and 	extinguishing gases and their effects on the human body.


Element 6

Dangers of Confined Spaces

Performance Criteria

Show an awareness of the possibility of oxygen depletion and/or toxic or flammable 	gases 	in duct keels, cofferdams, fuel tanks and water ballast tanks.


Element 7

Procedures to be adopted when entering confined spaces.

Performance Criteria

Describe the preparation of void spaces and tanks for entry.  State the precautions 	that must be exercised when entering void spaces and tanks.


Element 8

Safe Working Practices Aboard Ship

Performance Criteria

Demonstrate a knowledge of an employee’s responsibilities for health and safety in 	employment under Part 2 of the Maritime Transport Act 1994.

Demonstrate a knowledge of the safe working practices in relation to lifting 	equipment, use of welding and gas cutting equipment, working aloft.

Explain the importance of informing personnel of intentions before starting work.

Show an understanding of the need to maintain electrical equipment in good order.

Show an awareness of the circumstances leading to electrocution.

Demonstrate a knowledge of common safety devices, isolating transformers, earth 	leakage trips and double insulated tools.

Show an appreciation of the adverse effects of leakage currents from welders and 	static electricity on electronic equipment.


Element 9

Materials

Performance Criteria

Describe the constituents of basic materials: cast iron, mild steel, brass, bronze, 	stainless steel, aluminium and plastics.

Describe the basic mechanical properties of the above materials.

Show an appreciation of the possible consequences of dissimilar metals in contact in 	a marine environment with particular reference to corrosion.

Demonstrate a basic knowledge of the correct joining material for use with steam, air, 	oils and water and a knowledge of the different jointing methods : welding and 	brazing, flanging and compression unions.


Element 10

Steam, Fuels, Lubricants, Chemicals and Gases used aboard ship.

Performance Criteria

Show an appreciation of the physical effects of these products on the human being 	(scalding, burns, skin diseases and toxicity).

Show an appreciation that many products have an adverse effect on the environment 	and a 	basic understanding of methods used to prevent pollution of the sea and air.


Element 11

Auxiliary Machinery

Performance Criteria

Demonstrate the ability to describe:  the basic principles of construction and 	operation of pumps, filters, heat exchangers, condensers, compressors, purifiers, 	oily water separators, 	refrigeration systems and other auxiliary machinery used 	aboard ship.


Element 12

Ship Systems

Performance Criteria

Sketch typical line diagrams of the basic systems including bilge, ballast, cooling 	water and domestic freshwater.  

Sketch the complete fuel system from storage to engine.

Show an appreciation that line diagram symbols and colour codes vary 	internationally.


Element 13

Combustion

Performance Criteria

Demonstrate an ability to recognise the common faults in combustion in diesel engines and 	boilers and rectify them.


Element 14

Ship Construction

Performance Criteria

Demonstrate:
	- the ability to produce sketches of transverse and longitudinal sections of a ship
 	 and identify the principal parts.
	- the ability to sketch simple weathertight closures and watertight doors.

Correctly use common ship construction terminology. 

Explain the operation of common watertight closures.

Show an appreciation of the importance of internal compartmentalisation and watertight closures, and an understanding of the need for watertight integrity.

Element 15

Vessel Stability

Performance Criteria

Describe the precautions taken to ensure adequate vessel stability, with particular reference to the management of fuel, ballast and fresh water tanks, free surface effect, freeing ports and elevated purchase points.

Demonstrate an understanding of the following terms:

			- Displacement
			- Freeboard
			- Deadweight
			- List
			- Heel
			- Loll
			- Trim
			- Centre of buoyancy
			- Transverse stability
			- Equilibrium
			- Righting lever
			- Stiff and tender ships


Show a working knowledge of stability, trim and stress tables, and stress-calculating equipment.

Show an understanding of the actions to be taken in the event of partial loss of intact stability.


Element 16

Principles of Operation and Safety Features of Steering Gears, Stern Tubes, Thrust Blocks, Shafting and Ship’s Side Valves.

Performance Criteria

Demonstrate:
		- the ability to sketch and describe the operation and testing of hydraulic ram 		  or rotary vane steering gears.  (sketches to include relief valves and isolation 		  valves).
		- the ability to sketch and describe an oil filled stern tube and associated 			  equipment.
		- the ability to sketch and describe a Michel type thrust block.
		- the ability to sketch and describe the construction of typical ship side valves 		  and their attachment to the hull.

Show an appreciation of the effects on shaft alignment due to hull movement.


Element 17

Pollution

Performance Criteria

Show an appreciation of the importance of pollution control in respect of oils, smoke, refuse and sewage.


Element 18

AC Switchboards and Electrical Distribution

Performance Criteria

Describe the common instruments found on a conventional dead front switchboard including voltmeters, ohmmeters, frequency meters, circuit breakers and synchronising equipment.

Demonstrate:

- a basic knowledge of the different kinds of overload protection including fuses,                            circuit breakers and preferential trips.
	- an appreciation of the dangers of earth faults and the need to earth equipment.
	- an appreciation of the need for proper isolation and communication with others 	  	  before work is carried out.


Element 19

	Operations of Generators in Parallel.

Performance Criteria

Describe the methods of synchronizing AC generators by means of a synchroscope or synchronizing lamps. The methods of sharing load between generators and cycle adjustment.


Element 20

	Motor Starters

Performance Criteria

Show an appreciation of the need to limit starting currents.


Element 21

	Shore Power Supply

Performance Criteria

Show an appreciation of the need to ensure compatibility of shore supply to ships power.


Element 22

	Emergency Power Supply

Performance Criteria

Describe the arrangements provided for emergency power supply.

List the equipment fed by the emergency power supply.

Describe the construction of lead acid and nife cells and the arrangement of the battery room.

Describe the care and maintenance required by emergency batteries.


Element 23

	Oral Examination

Performance Criteria

Preparing main and auxiliary machinery for sea. Testing plant and equipment.

Routine associated with accepting and taking over a watch

Routine duties during a watch in manned and unmanned machinery spaces at sea and in port.

Taking the log. Significance of readings

Immediate actions in the event of fire or accident.

40.6	Recognition of and emergency action taken in the event of machinery and boiler failures.

Methods of checking boiler water level and action necessary if the level is abnormal.

Operation of boiler including combustion system, feed system, coupling and changing over boilers. Recognition of boiler water contamination.

Preparing, starting, coupling and changing over alternators and generators.

Immediate action in the event of electric shock.

Routine pumping operations of fuel oil, fresh water, bilge and ballast water.

Operation of oily water separator. Pollution prevention. Oil, sewage, smoke.

Recognition and rectification of common faults in main and auxiliary machinery.

Recognition and rectification of common faults in pumps and pumping systems

23.14	Safety precautions on watch. Fire precautions, unguarded machinery, unventilated spaces, vessel in heavy seas, accidents to personnel.











TITLE		MEC 3/4 ENGINEERING KNOWLEDGE - MOTOR


LEARNING ELEMENTS

Motor

24. Principles of Diesel Engines

25. Fuel Injection Equipment

26. Fuel System

27. Engine Lubrication System

28. Engine Cooling System

29. Starting System

30. Reversing

31. Safety Devices

9	Steam plant

Element 1

1	Principles of diesel engines, constructional details and functions of main components

Performance Criteria

1.1	Show an understanding of the working cycles of two stroke and four stroke marine diesel 	engines.

Describe the construction and state the function of the following engine components: 	bedplate, crankcase, crankshaft, bearings, camshaft, connecting rod, crosshead, gudgeon 	pin, piston, piston rod, cylinder liners, cylinder head and valves.

Describe how marine diesel engines are supercharged. State the advantages of 	supercharging.


Element 2

Fuel Injection Equipment

Performance Criteria

	Sketch and describe the construction of common fuel injectors and fuel pumps.

Explain the function of a fuel injector.

	Explain how delivery from the fuel pump is varied.


Element 3

	Fuel System

Performance Criteria

Sketch the layout of a ship's fuel system from the tanks to the injectors.

Describe the operation of the system.


Element 4

Engine Lubrication System

Perfomance Criteria

Sketch the layout of a lubrication oil system for a main diesel engine.

Name all the components and state their functions.


Element 5

Engine Cooling System

Performance Criteria

	Sketch the layout of a cooling water system for a main diesel engine.

Name all components and state their functions.


Element 6

Starting Systems

Performance Criteria

	Sketch the layout of common air and electric start systems.

Describe the safety features incorporated.

State how the systems operate.


Element 7

Reversing

Performance Criteria

State how astern running of a ship is achieved using a direct reversing main engine, 	unidirectional main engine with reversing gearbox, and unidirectional main engine with 	controllable pitch propeller.

Describe how each system operates.


Element 8

Safety Devices

Performance Criteria

State the reasons for the provision of: crankcase explosion doors, bursting discs, alarms 	and cut outs, oil mist detectors, governors, over speed trips.

Show an understanding of the action to be taken in the event of engine alarms, trips or 	crankcase oil mist detectors operating.


Element 9

	Steam Plant

Performance Criteria

	Sketch the construction and describe the operation of simple tank, package and 	waste heat boilers found in motor ships.

	Describe the construction of a boiler water level gauge glass.

	Explain how the gauge is tested.

Explain the dangers of abnormally high or low water levels and the action that must be 	taken in each case.

	Demonstrate a basic understanding of the feedwater and steam distribution systems of a 	motor ship.

	Discuss the causes, effects and prevention of water hammer.

	Describe the causes, effects and detection of feedwater contamination by seawater or oil.

	Show a basic understanding of boiler water treatment




