Alternating current positioning motors can be used as transmitters when arranged as shown in Figure 15.27. Both rotors are supplied from the same supply source. The stators are star wound and when the two rotor positions coincide there is no current flow since the e.m.f.s of both are equal and opposite. When the measured variable causes a change in
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the transmitter rotor position, the two e.m.f.s will be out of balance. A current will flow and the receiver rotor will turn until it aligns with the transmitter. The receiver rotor movement will provide a display of the measured variable.

An electrical device can also be used as a transmitter (Figure 15.28). The measured variable acts on one end of a pivoted beam causing a change in a magnetic circuit. The change in the magnetic circuit results in a change in output current from the oscillator amplifier, and the oscillator output current operates an electromagnet so that it produces a negative feedback force which opposes the measured variable change. An equilibrium position results and provides an output signal.

Hydraulic
The telemotor of a hydraulically actuated steering gear is one example of a hydraulic transmitter. A complete description of the unit and its operation is given in Chapter 12.
Controller action
The transmitted output signal is received by the controller which must then undertake some corrective action. There will however be various time lags or delays occurring during first the measuring and then the transmission of a signal indicating a change. A delay will also occur in the action of the controller. These delays produce what is known as the transfer function of the unit or item, that is, the relationship between the output and input signals.

The control system is designed to maintain some output value at a constant desired value, and a knowledge of the various lags or delays in the system is necessary in order to achieve the desired control. The controller must therefore rapidiv compensate for these system variations and ensure a steady output as near to the desired value as practicable.

Two-step or on-off
In this. the simplest of controller actions, two extreme positions of the controller are possible, either on or off. If the controller were, for example, a valve it would be either open or closed. A heating system is considered with the control valve regulating the supply of heating steam. The controller action and system response is shown in Figure 15.29. As the measured value rises above its desired value the valve will close. System lags will result in a continuing temperature rise which eventually peaks and then falls below the desired value. The valve will then open
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again and the temperature will cease to fall and will rise again. This form of control is acceptable where a considerable deviation from the desired value is allowed.

Continuous action
Proportional action
This is a form of continuous control where any change in controller output is proportional to the deviation between the controlled condition

and the desired value. The prdportioruz! band is me amount by which me input signal value must change to move the correcting unit between its extreme positions. The desired value is usually located at the centre of the proportional band. Offset is a sustained deviation as a result of a load change in the process. It is an inherent characteristic of proportional control action. Consider, for example, a proportional controller operating a feedwaier valve supplying a boiler drum. If the sieam demand, i.e. load. increases then the drum level vvili fall. When the level has dropped the feedwaier valve will open. An equilibrium position will be reached when the feedwater valve has opened enough to match the new sieam demand. The drum level, however, will have fallen to a new value below the desired value, i.e. offset. See Figure 15.30.

Integral action
This type of controller action is used in conjunction with proportional control in order to remove offset. Integral or reset action occurs when the controller output varies at a rate proportional to the deviation
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between the desired value and the measured value. The integral action of a controller can usually be varied to achieve the required response in a particular system.
Derivative action
Where a plant or system has long time delays between changes in the measured value and their correction, derivative action mav be applied. i nis u-iil be in addition to proportional and Integra! action. Derivative or rate action is where the output signal change is proportional to the rate of change of deviation. A considerable corrective action can therefore take place for a small deviation which occurs suddenly. Derivative action can also be adjusted within the controller.
Multiple-term controllers
The various controller actions in response to a process change are shown in Figure 15.31. The improvement in response associated with the addition of integral and derivative action can clearly be seen. Reference is o.ten made to the number of terms of a controller. This means the various actions: proportional (P). integral (I), and derivative (D). A three-term controller would therefore mean P+I+D, and two-term usually P+I. A controller may be arranged to provide either split range or cascade control, depending upon the arrangements in the control system. These two types of control are described in the section dealing with control systems.
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Controllers
The controller may be located close to the variable measuring point and thus operate without the use of a transmitter. It may however be located in a remote control room and receive a signal from a transmitter and relay, as mentioned earlier. The controller is required to maintain some svstem variable at a desired value regardless of load changes. It mav also indicate the system variable and enable the desired value to be changed. Over a short range about the desired value the controller will generate a signal to operate the actuating mechanism of the correcting unit. This control signal may include proportional, integral and derivative actions, as already described. Where all three are used it may be known as a 'three-term' controller.

A pneumatic three-term controller is shown in Figure 15.32. Any variation between desired and measured values will result in a movement of the flapper and change in the output pressure. If the
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derivative action valve is open and the integral action valve closed, then only proportional control occurs. It can be seen that as the P.apper moves towards the nozzle a pressure build-up will occur which will increase the output pressure signal and also move the bellows so that the flapper is moved away from the nozzle. This is then a negative feedback which is proportional to the flapper or measured value movement. When the integral action valve is opened, anv change in output signal pressure will affect the integral action bellows which will oppose the feedback bellows movement. Varving the opening of the integral action valve will alter the amount of Integra! action of the controller. Closing the derivative action valve any amount would introduce derivative action. This is because of the delay that would be introduced in the provision of negative feedback for a sudden variable change which would enable the output signal pressure to build up. If the measured variable were to change slowly then the proportional action would have time to build up and thus exert its effect.

An electronic three-term controller is shown in Figure 15.33. The controller output signal is subjected to the various control actions, in this
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case by electronic components and suitable circuits. Any change in the measured value will move the input potentiometer and upset the balance of the control bridge. A voltage will then be applied to the amplifier and the amplifier will provide an output signal which will result in a movement of the output potentiometer. The balancing bridge will then provide a voltage to the amplifier which equals that from the control bridge. The amplifier output signal will then cease.

The output potentiometer movement is proportional to the deviation between potentiometer positions, and movement will continue while the deviation remains. Integral and derivative actions are obtained by the resistances and capacitors in the circuit. With the integral capacitor fitted while a deviation exists there will be a current through resistance R as a result of the voltage across it. This current flow will charge the integral capacitor and thus reduce the voltage across R. The output potentio​meter must therefore continue moving until no deviation exists. No offset can occur as it would if only proportional action took place. Derivative action occurs as a result of current flow through the derivative resistor which also charges the derivative capacitor. This current flow occurs only while the balancing bridge voltage is changing, but a larger voltage is required because of the derivative capacitor. The derivative action thus results in a faster return to the equilibrium position, as would be expected. The output potentiometer is moved by a motor which also provides movement for a valve or other correcting unit in the controlled process.

Correcting unit
The controller output signal is fed to the correcting unit which then alters some variable in order to return the system to its desired value. 1 his correcting unit may be a valve, a motor, a damper or louvre for a tan or an electric contactor. Most marine control applications will involve the actuation or operation of valves in order to regulate liquid flow.

Pneumatic control valve
A typical pneumatic control valve is shown in Figure 15.34. It can be considered as made up of two parts-the actuator and the valve. In the arrangement shown a flexible diaphragm forms a pressure tight chamber m the upper half of the actuator and the controller signal is fed m. Movement of the diaphragm results in a movement of the valve spindle and the valve. The diaphragm movement is opposed by a spring

and is usually arranged so that the variation of controller output corresponds to full travel of the valve.

hr^ ^lve ^ody ls ^""^d t0 f" into the particular pipeline and houses the valve and seat assembly. Valve operation may be direct acting

where increasing pressure on the diaphragm closes the valve. A reverse acting valve opens as pressure on the diaphragm increases. The diaphragm movement is opposed by a spring which will dose or open

the 'valve ln    evem ofair supplv failure ^P^^S "P0" the -acwn of
The valve disc or plug mav be single or double seated and have anv of a^anetv of shapes. The various shapes and tvoes are chosen according

Sid H uTfl^w00     required and the relationshiP between valve wt
A^non-adjustable gland arrangement is usual. Inverted V-ring packing is used to minimise the friction a^mst the moving spindle.

eff"   ^ .to.ach•eve accura^ valve disc positioning and overcome the ette.ts offncuon and unbalanced forces a valve positioner mav be used. 1 he operating principle is shown in Figure 15.35. The controller signal acts on a bellows whicn wili move the flapper m relation to the no^le. this movement will alter the air pressure on the diaphragm which is applied via an orifice from a constant pressure supplv The diaphragm movement will move the valve spindle and also the flapper. In

2o T ^osltion wi11 be set up when the valve dlsc "correctly po itioned. This arrangement enables the use of a separate power

source to actuate the valve.
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Actuator operation
The control signal to a correcting unit may be pneumatic, electric or hydraulic. The actuating power may also be any one of these three and not necessarily the same as the control medium.

Electrical control signals are usually of small voltage or current values which are unable to effect actuator movement. Pneumatic or hydraulic power would then be used for actuator operation.

A separate pneumatic power supply may be used even when the control signal is pneumatic, as described in the previous section.

Hvdraulic actuator power is used where large or out of balance forces occur or when the correcting unit is of large dimensions itself. Hvdraulic control with separate hvdraulic actuation is a feature of some tvpes of steering gear. as mentioned in Chapter 12.

Control systems Boiler water level

A modern high-pressure, high-temperature waterrube boiler holds a small quantity of water and produces large quantities of steam. Very careful control of the drum water level is therefore necessary. The reactions of steam and water in the drum are complicated and require a control system based on a number of measured elements.

When a boiler is operating the water level in the gauge glass reads higher than when the boiler is shut down. This is because of the presence of steam bubbles in the water, a situation which is accepted in normal practice. If however there occurs a sudden increase in steam demand from the boiler the pressure in the drum will fall. Some of the water present in the drum at the higher pressure will now 'flash off and become steam. These bubbles of steam will cause the drum level to rise. The reduced mass of water in the drum will also result in more steam being produced, which will further raise the water level. This effect is known as 'swell'. A level control system which used only level as a measuring element would close in the feed control valve—when it should be opening it.

When the boiler load returns to normal the drum pressure will rise and steam bubble formation will reduce, causing a fall in water level. Incoming colder feed water will further reduce steam bubble formation and what is known as 'shrinkage' of the drum level will occur.
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The problems associated with swell and shrinkage are removed by the use of a second measuring element, 'steam flow'. A third element, 'feed water flow', is added to avoid problems that would occur if the feed water pressure were to vary.

A three element control system is shown in Figure 15.36. The measured variables or elements are 'steam flow', "drum level' and 'feed water flow'. Since in a balanced situation steam flow must equal feed flow, these two signals are compared in a differential relay. The relay output is fed to a two-term controller and comparator into which the measured drum level signal is also fed. Anv deviation between the desired and actual drum level and any deviation between feed and steam flow will result in controller action to adjust the feed water control valve. The drum level will then be returned to its correct position.

A sudden increase in steam demand would result in a deviation signal from the differential relay and an output signal to open the feed water control valve. The swell effect would therefore not influence the correct operation of the control system. For a reduction in steam demand, an output signal to close the feedwater control valve would result, thus avoiding shrinkage effects. Any change in feed water pressure would result in feed water control valve movement to correct the change before the drum level was affected.

Exhaust steam pressure control
Exhaust steam for various auxiliary services may be controlled at constant pressure by appropriate operation of a surplus steam (dump) valve or a make-up steam valve. A single controller can be used to operate one valve or the other in what is known as 'split range control'.

The control arrangement is shown in Figure 15.37. The steam pressure in the auxiliary range is measured bv a pressure transmitter.
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This signal is fed to the controller where it is d   )ared with the desired value. The two-term controller will provide an output signal which is fed to both control valves. Each valve is operated by a different range of pressure with a 'dead band' between the ranges so that only one valve is ever open at a time. The arrangement is shown in Figure 15.37. Thus if the auxiliary range pressure is high the dump valve opens to release steam. If the pressure is low the make-up valve opens to admit steam.

This split range control principle can be applied to a number of valves if the controller output range is split appropriately.

Steam temperature control
Steam temperature control of high pressure superheated steam is necessary to avoid damage to the metals used in a steam turbine.

One method of control is shown in Figure 15.38. Steam from the primary superheater may be directed to a boiler drum attemperator where its temperature will be reduced. This steam will then be further heated in the secondary superheater. The steam temperature leaving the secondary superheater is measured and transmitted to a three-term
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controller which also acts as a comparator. Any deviation from the desired value will result in a signal to a summing relay. The other signal to the relay is from a steam flow measuring element The relay output signal provides control of the coupled attemperator inlet and bypass valves. As a result the steam flow is proportioned between the attemperator and the straight through line. This two-element control system can adequately deal with changing conditions. If, for example, the steam demand suddenly increased a fall in steam temperature might occur. The steam flow element will however detect the load change and adjust the amount of steam attemperated to maintain the correct steam temperature.

Boiler combustion control
The essential requirement for a combustion control system is to correctly proportion the quantities of air and fuel being burnt. This will ensure complete combustion, a minimum of excess air and acceptable exhaust gases. The control system must therefore measure the flow rates of fuel oil and air in order to correctly regulate their proportions.

A combustion control system capable of accepting rapid load changes is shown in Figure 15.39. Two control elements are used, 'steam flow' and 'steam pressure'. The steam pressure signal is fed to a two-term controller and is compared with the desired value. Any deviation results in a signal to the summing relay.

The steam flow signal is also fed into the summing relay. The summing relay which may add or subtract the input signals provides an output which represents the fuel input requirements of the boiler. This output becomes a variable desired value signal to the two-term controllers in the fuel control and combustion air control loops. A high or low signal selector is present to ensure that when a load change occurs the combustion air flow is always in excess of the fuel requirements. This prevents poor combustion and black smokey exhaust: gases. If the master signal is for an increase in steam flow, then when it is fed to the low-signal selector it is blocked since it is the higher input value. When the master signal is input to the high signal selector it passes through as the higher input. This master signal now acts as a variable desired value for the combustion air sub-loop and brings about an increased air flow. When the increased air flow is established its measured value is now the higher input to the low signal selector. The master signal will now pass through to bring about the increased fuel supply to the boiler via the fuel supply sub-loop. The air supply for an increase in load is therefore established before the increase in fuel supply occurs. The required air to fuel ratio is set in the ratio r^lav in rhp air f\r>w c.woi n»«.c
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Cooling water temperature control
Accurate control of diesel engine cooling water temperature is a requirement for efficient operation. This can be achieved by a single controller under steady load conditions, but because of the fluctuating situation during manoeuvring a more complex system is required.
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The control system shown in Figure 15.40 uses a combination of cascade and split range control. Cascade control is where the output from a master controller is used to automatically adjust the desired value of a slave controller. The master controller obtains an outlet temperature reading from the engine which is compared with a desired value. Any deviation acts to adjust the desired value of the slave controller. The slave controller also receives a signal from the water inlet temperature sensor which it compares with its latest desired value. Any deviation results in a signa! to two control valves arranged for split range control. If the cooling water temperature is high, the sea water valve is opened to admit more cooling water to the cooler. If the cooling water temperature is low, then the sea water valve will be closed in. If the sea water valve is fully closed, then the steam inlet valve to the water heater wil! be opened to heat the water. Both master and slave controllers will be identical instruments and will be two-term (P+I) in action.

Another method of temperature control involves the use of only a single measuring element (Figure 15.41). A three-way valve is provided in the cooling water line to enable bypassing of the cooler. The cooler is provided with a full flow of sea water which is not controlled by the -system. A temperature sensing element on the water outlet provides a signal to a two-term controller (P+I). The controller is provided with a desired value and any deviation between it and the signal will result in an output to the three-way control valve. If the measured temperature is low, more water will be bypassed and its temperature will therefore increase. If the measured temperature is high, then less water will be bypassed, more will be cooled and the temperature will fall. A simple

•
[image: image15.png]Ej Header
tank

o

1 ‘ Desired value
Controller Pump
Cooling water
Temperature contro! valve
transmitter
3 way
valve Y
Main
engine
Ses water Sea water
iniet outlet

Figure 15.41 Cooling water temperature control




system such as this can be used only after careful analysis of the plant conditions and the correct sizing of equipment fitted.
Centralised control
The automatic control concept, correctly developed, results in the centralising of control and supervisory functions. All ships have some degree of automation and instrumentation which is centred around a console. Modern installations have machinery control rooms where the monitoring of control functions takes place. The use of a separate room in the machinery space enables careful climate control of the space for the dual benefit of the instruments and the engineer.

Control consoles are usually arranged with the more important controls and instrumentation located centrally and within easy reach. The display panels often make use of mimic diagrams. These are line diagrams of pipe systems or items of equipment which include miniature alarm lights or operating buttons for the relevant point or item in the system. A high-temperature alarm at, for instance, a particular cylinder exhaust would display at the appropriate place on the mimic diagram of the engine. Valves shown on mimic diagrams would be provided with an indication of their open or closed position, pumps would have a running light lit if operating, etc. The grouping of the controllers and instrumentation for the various systems previously described enables them to become pan of the complete control system for the ship.

The ultimate goal in the centralised control room concept will be to perform and monitor every possible operation remotely from this location. This will inevitably result in a vast amount of information reaching the control room, more than the engineer supervisor might reasonably be expected to continuously observe. It is therefore usual to incorporate data recording and alarm systems in control rooms. The alarm system enables the monitoring of certain measured variables over a set period and the readings obtained are compared with some reference or desired value. Where a fault condition is located, i.e. a measured value different from the desired value, audible and visual alarms are given-and a print-out of the fault and the time of occurrence is produced. Data recording or data logging is the production of measured variable information either automatically at set intervals or on demand. A diagrammatic layout of a data logging and alarm monitoring system is shown in Figure 15.42.

Unattended machinery spaces
The sophistication of modern control systems and the reliability of the equipment used have resulted in machinery spaces remaining un​attended for long periods. In order to ensure the safety of the ship and

its equipment during UMS operation certain essential requirements must be met:

1. Bridge control. A control system to operate the main machinery must be provided on the bridge. Instrumentation providing certain basic information must be provided.

2. Machinery control room. A centralised control room must be provided with the equipment to operate all main and auxiliary machinery easily accessible.

3. Alarm and fire protection. An alarm system is required which must be comprehensive in coverage of the equipment and able to provide warnings in the control room, the machinery space, the accommoda​tion and on the bridge. A fire detection and alarm system which operates rapidly must also be provided throughout the machinery

. space, and a fire control point must be provided outside the machinery space with facilities for control of emergency equipment.

4. Emergency power. Automatic provision of electrical power to meet the varying load requirements. A means of providing emergency electrical ..power and essential lighting must be provided. This is usually met by the automatic start up of a standby generator.

Bridge control
Equipment operation from the machinery control room will be by a trained engineer. The various preparatory steps and logical timed sequence of events which an engineer will undertake cannot be expected to occur when equipment is operated from the bridge. Bridge control must therefore have built into the system appropriate circuits to provide the correct timing, logic and sequence. There must also be protection devices and safety interlocks built into the system.

A bridge control system for a steam turbine main propulsion engine is shown in Figure 15.43. Control of the main engine may be from the bridge control unit or the machinery control room. The programming and timing unit ensures that the correct logical sequence of events occurs over the appropriate period. Typical operations would include the raising of steam in the boiler, the circulating of lubricating oil through the turbine and the opening of steam drains from the turbine.
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The timing of certain events, such as the opening and closing of steam valves, must be carefully controlled to avoid dangerous conditions occurring or to allow other system adjustments to occur. Protection and safety circuits or interlocks would be input to the programming and timing unit to stop its action if, for example, the turning gear was still engaged or the lubricating oil pressure was low. The ahead/astern selector would direct signals to the appropriate valve controller resulting in valve actuation and steam supply. When manoeuvring some switching arrangement would ensure that the astern guardian valve was open, bled steam was shut off, etc. If the turbine were stopped it would automatically receive blasts of steam at limed intervals to prevent rotor distortion. A feedback signal of shaft speed would ensure correct speed without action from the main control station.
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A bridge control system for a slow-speed diesel main engine is shown in Figure 15.44. Control may be from either station with the operating signal passing to a programming and timing unit. Various safety interlocks will be input signals to prevent engine starting or to shut down the engine if a fault occurred. The programming unit signal would then pass to the camshaft positioner to ensure the correct directional location. A logic device would receive the signal next and arrange for the supply of starting air to turn the engine. A signal passing through the governor
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would supply fuel to the engine to start and continue operation. A feedback signal of engine speed would shut off the starting air and also enable [he governor to control engine speed. Engine speed would also be provided as an instrument reading at both control stations.

A bridge control system for a controllable-pitch propeller is shown in Figure 15.45. The propeller pitch and engine speed are usually controlled by a single lever (combinator). The control lever signal passes via the selector to the engine governor and the pilch-operating actuator. Pitch and engine speed signals will be fed back and displayed at both control stations. The load control unil ensures a constant load on the engine bv varying propeller pilch as external conditions change. The input signals are from the fuel pump setting and actual engine speed. The output signal is supplied as a feedback 10 the pitch controller.

The steering gear is. of course, bridge controlled and is arranged for automatic or manual control. A typical automatic or auto pilot system is shown in Figure 15.46. A three-term controller provides the output signal where a course deviation exists and will bring about a rudder movement. The various system parts are shown in terms of their system functions and the particular item of equipment involved. The feedback loop between the rudder and the amplifier (variable delivery pump) results in no pumping action when equilibrium exists in the system. External forces can act on the ship or the rudder to cause a change in the

ship's actual course resulting in a feedback to the controller and subsequent corrective action. The controller action must be correctly adjusted for the particular external conditions to ensure that excessive rudder movement does not occur.

Electrical supply control
The automatic provision of electrical power to meet varying load demands can be achieved by performing the following functions automatically:

1. Prime mover start up.

2. Synchronising of incoming machine with bus-bars.

3. Load sharing between alternators.

4. Safety and operational checks on power supply and equipment in operation.

5. Unloading, stopping and returning to standby of surplus machines.

6. Preferential tripping of non-essential loads under emergency conditions and their reinstating when acceptable.

A logic flow diagram for such a system is given in Figure 15.47. Each of three machines is considered able to supply 250 kW. A loading in excess of this will result in the start up and synchronising of another
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machine, -should the load fall to a value where a running machine is unnecessary it will be unloaded, stopped and returned to the standby condition. If the system should overload through some fault, such as a machine not starting, an alarm will be given and preferential tripping will occur of non-essential loads. Should the system totally fail the emergency alternator will start up and supply essential services and lighting through its switchboard.

.Chapter 16-
Engineering materials
A knowledge of the properties of a material is essential to every engineer. This enables suitable material choice for a particular application, appropriate design of the components or parts, and their protection, where necessary, from corrosion or damage.

Material properties
The behaviour of a metal under various conditions of loading is often described by the use of certain terms:

Tensile strength. This is the main single criterion with reference to metals. It is a measure of the material's ability to withstand the loads upon it in service. Terms such as 'stress', 'strain', 'ultimate tensile strength', 'yield stress' and 'proof stress' are all different methods of quantifying the tensile strength of the material.

Ductility. This is the ability of a material to undergo permanent change in shape without rupture or loss of strength. Brittleness. A material that is liable to fracture rather than deform when absorbing energy (such as impact) is said to be brittle. Strong materials may also be brittle.

Malleability. A material that can be shaped by beating or rolling is said to be malleable. A similar property 10 ductility. —^a-tfari^Tbe-abilrty te-deform permanently when load is applied.——— Elasticity. The ability to return to the original shape or size after having been deformed or loaded.

Toughness. A combination of strength and the ability to absorb energy or deform plastically. A condition between brittleness and softness. Hardness. A material's ability to resist plastic deformation usually by indentation.

Testing of materials
Various tests are performed on materials in order to quantify their properties and determine their suitability for various engineering

applications. For measurement purposes a number of terms are used, with 'stress' and 'strain' being the most common. Stress, or more correctly 'intensity of stress', is the force acting on a unit area of the material. Strain is the deforming of a material due to stress. When a force is applied to a material which tends to shorten or compress it, the stress is termed 'compressive stress'. When the force applied tends to lengthen the material it is termed 'tensile stress'. When the force tends to cause the various parts of the material to slide over one another the stress is termed 'shear stress'.

Tensile test

A tensile test measures a material's strength and ductility. A specially shaped specimen of standard size is gripped in the jaws of a testing machine, and a load gradually applied to draw the ends of the specimen apart such that it is subject to tensile stress. The original test length of the specimen, Li, is known and for each applied load the new length. La, can be measured. The specimen will be found to have extended by some small amount, Lg-L,. This deformation, expressed as

extension original length

is known as the linear strain.

Additional loading of the specimen will produce results which show a uniform increase of extension until the yield point is reached. Up to the yield point or elastic limit, the removal of load would have resulted in the specimen returning to its original size. The stress and strain values for various loads can be shown on a graph as in Figure 16.1. If testing
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continues beyond the yield point the specimen will 'neck' or reduce in cross sectfon. The load values divided by the original cross section would give the shape shown. The highest stress value is known as the "ultimate tensile stress' (UTS) of the material. Within the elastic limit, stress is proportional to strain, and therefore

Stress ——— = constant

strain

This constant is known as the 'modulus of elasticity' (E) of the material. The yield stress is the value of stress at the yield point Where a clearly defined yield point is not obtained, a proof stress value is given. This is obtained by drawing a line parallel to the stress—strain line at a value of strain, usually 0.1%. The intersection of the two lines is considered the proof stress (Figure 16.2).
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A 'factor of safety' is often specified for materials where this
is the ratio of ultimate tensile strength to wording srre';'., and is abmy«i a vabie_ greater than unity.

r             r     r                   UTS

factor of safely =————————

working stress

Impact test
This test measures the energy absorbed by a material when it is fractured. There are a number of impact tests available; the Charpy vee-notch test is usually specified. The test specimen is a square section
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bar with a vee-notch cut in the centre of one face. The specimen is mounted horizontally with the notch axis vertical (Figure 16.3). The test involves the specimen being struck opposite the notch and fractured. A
^^ ^r hammer on the end t^a swinging pendulum provides the blow which breaks the specimen. The energy absorbed by the material in fracturing is measured by the machine.
Hardness test
The hardness test measures a material's resistance to indentation. A hardened steel ball or a diamond point is pressed onto the material surface for a given time with a given load. The hardness number is a function of the load and the area of the indentation. The value may be
given as a Bnnell number or Vickers Pyramid number, depending upon the machine used.
Creep test
Creep is the slow plastic deformation of a material under a constant stress. The test uses a specimen similar to that for a tensile test. A constant load is applied and the temperature is maintained constant. Accurate measurements of the increase in length are taken often over very long pfriod&Jbc test is^repeated forvarious^oads-and the material-tested at what will be its temperature in sen-ice. Creep rate and limiting stress values can thus be found.
Fatigue test
Fatigue failure results from a repeatedly applied fluctuating stress which may be a lower value than the tensile strength of the material. A specially shaped specimen is gripped at one end and rotated by a fast revolving electric motor. The free end has a load suspended from it and a ball race is fitted fo prevent the load from turning. The specimen, as it turns, is therefore subjected to an alternating tensile and compressive stress. The
stress reversals are counted and the machine is'   i until the specimen breaks. The load and the number of reversals are noted and the procedure repeated. The results will provide a limiting fatigue stress or fatigue limit for the material.

Bend test
The bend test determines the ductility of a material. A piece of material is bent through 180° around a former. No cracks should appear on the

material surface.

Non-destructive testing
A number of tests are available that do not damage the material under test and can therefore be used on the finished item if required. These tests are mainly examinations of the material to ensure that it is defect free and they do not, as such, measure properties.

Various penetrant liquids can be used to detect surface cracks. The penetrant liquid will be chosen for its ability to enter the smallest of cracks and remain there. A means of detecting the penetrant is then required which may be an ultra-violet light where a fluorescent penetrant is used. Alternatively a red dye penetrani may be used and after the surface is wiped clean, a while developer is applied.

Radiography, the use of X-rays or "y-rays to darken a photographic plate, can be used to detect internal flaws in materials. The shadow image produced will show any variations in material density, gas or solid inclusions, etc.

Ultrasonic testing is the use of high-frequency sound waves which reflect from the far side of the material. The reflected waves can be displayed on a cathode ray oscilloscope. Anv defects will also result in reflected waves. The defect can be detected in size and location within the material.

Iron and steel production
Iron and steel are the most widely used materials and a knowledge of their manufacture and properties is very useful.

Making iron is the first stage in the production of steel. Iron ores are first prepared by crushing, screening and roasting with limestone and coke. The ore is thus concentrated and prepared for the blast furnace. A mixture of ore, coke and limestone is used to fill the blast furnace. Within the furnace an intense heat is generated as a result of the coke burning. Biases of air entering the furnace towards the base assist in this

burning process. The iron ore is reduced to iron and falls to the base of the furnace, becoming molten as it falls. Various impurities, such as carbon, silicon, manganese and sulphur, are absorbed by the iron as it descends. A slag of various materials, combined with the limestone, forms on top of the iron. The slag is tapped or drawn off from the furnace as it collects. The molten iron may be tapped and run into moulds to make bars of pig iron. Alternatively it may be transferred while molten to a steel manufacturing process.

Various processes are used in the manufacture of steel, such as the open hearth process, the oxygen or basic oxygen process and the electric furnace process. The terms 'acid' or 'basic' are often used with-reference to steels. These terms refer to the production process and the type of furnace lining, e.g. an alkaline or basic lining is used to make basic steel. The choice of furnace lining is decided by the raw materials used in the manufacture of the steel. In all the steel producing processes the hot molten steel is exposed to air or oxygen which oxidises the impurities to refine the pig iron into high-quality steel.

Steels produced in the above processes will all contain an excess of oxygen which will affect the material quality. Several finishing treatments are used in the final steel casting. Rimmed steel has little or no oxygen removing treatment, and the central core of the solidified ingot is therefore a mass of blow holes. Hot rolling of the ingot usually welds up most of these holes. Killed steel is produced by adding aluminium or silicon before the molten steel is poured. The oxygen forms oxides with this material and a superior quality steel compared with rimmed steel is produced. Vacuum degassed steels result from reducing the atmospheric pressure while the steel is molten. This reduces the oxygen content and a fmai deoxidation can be achieved with small additions of silicon or aluminium.

Cast iron is produced by remelting pig iron under controlled conditions in a miniature tvpe of blast furnace known as a 'cupola. Variations of alloying additions may also be made. Two main types of cast iron occur—'while' and 'grey'. The colour relates to the appearance of the fractured surface. White cast iron is hard and brittle; grey is softer, readily machinable and less brittle.

Heat treatment
Heat treatment consists of heating a metal alloy to a temperature below its melting point and then cooling it in a particular manner. The result is some desired change in the material properties. Since most heat treatment is applied to steel, the various terms and types of treatment will be described with reference to steel.

Normalising. The steel is heated to a temperature of 850-950°C, depending upon its carbon content, and is then allowed to cool in air. A hard strong steel with a refined grain structure is produced. Annealing. Again the steel is heated to around 850-950°C, but it is cooled slowly, either in the furnace or an insulated space. A softer, more ductile, steel than that in the normalised condition, is produced. Hardening. The steel is heated to 850-950°C and is then rapidly cooled by quenching in oil or water. The hardest possible condition for the particular steel is thus produced and the tensile strength is increased. Tempering. This process follows the quenching of sieel and involves reheating to some temperature up to about 680°C. The higher the tempering temperature the lower the tensile properties of the material. Once tempered the metal is rapidly cooled by quenching. Controlled rolling. This is sometimes described as a thermomechanical treatment. In two-stage controlled rolling an initial rough rolling is first carried out at 950-1100°C. The first controlled rolling stage is carried out at 850-920°C. The second stage is completed at about 700-730°C. The process is designed to achieve fine grain size, improve mechanical properties and toughness, and enhance weldability.

Material forming
In the production of engineering equipment various different processes are used to produce the assortment of component parts. These forming or shaping processes can be grouped as follows:

1. Casting.
2. Forging.
3. Extruding.
4. Siniering.
5. Machining.
Casting is the use of molten metal poured into a mould of the desired shape. A wooden pattern, slightly larger in dimensions than the desired item. to allow for shrinkage, mav be used 10 form a mould in sand. Entry and exit holes, the gale and riser, are provided for the metal in the sand mould. Alternatively a permanent metal mould or "die' mav be made in two parts and used to make large quantities of the item. This method is called 'die casting'. The molten metal may be poured into the dies or forced in under pressure.

Forging involves shaping the metal when it is hot but not molten. In the manufacturing process of forging a pair of die blocks have the hot metal forced into them. This is usually achieved by placing the metal on the lower half die and forcing the top half down by a hydraulic press.

Extrusion involves the shaping of metal, usually into a rod or tube cross section, by forcing a block of material through appropriately shaped dies. Most metals must be heated before extrusion in order to reduce the extruding pressure required.

Sintering is the production of shaped parts from metal powder. A suitable metal powder mixture is placed in a die, compressed and heated to a temperature about two thirds of the material melting point. This heating process results in the powder compacting into a metal in the required shape.

Machining of one type or another is usually carried out on all metal items. This may involve planing flat surfaces, drilling holes, grinding rough edges, etc. Various equipment, such as milling machines, drilling machines, grinders, lathes, etc., will be used. Many of these machines are automatic or semi-automatic in operation and can perform a number of different operations in sequence.

Common metals and alloys
Some of the more common metals met in engineering will now be briefly described. Most metals are alloyed in order to combine the better qualities of the constituents and sometimes 10 obtain properties that none of them alone possesses. The various properties, composition and uses of some common engineering materials are given in Table 16.1.

Steel

Steel is an alloy of carbon and iron. Various other metals are alloyed to Steel in order to improve the properties, reduce the heat treatment necessary and provide uniformity in large masses of the material. Manganese is added in amounts up to about 1.8% in order to improve mechanical properties. Silicon is added in amounts varving from O.^^c 10 3.5% in order to increase strength and hardness. Nickel, when added as
.             - i
3 to 3.75% of the content, produces a finer grained material witn increased strength and erosion resistance. Chromium, when added, tends to increase grain size and cause hardness but improves resistance to erosion and corrosion. Nickel and chromium added to steel as 8% and 18% respectively produce stainless steel. Molybdenum is added in small amounts to improve strength, particularly at high temperatures. Vanadium is added in small amounts to increase strength and resistance to fatigue. Tungsten added at between 12 and 18%, together with up to 5% chromium, produces high speed steel.
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Aluminium
Aluminium is a light material which has a good resistance to atmospheric corrosion. It is usually used as an alloy with small percentages of copper, magnesium, iron, manganese, zinc, chromium and titanium. It is also used as a minor alloying element with other metals. Suitable heat treatment can significantly improve the properties of the alloy.
Copper
Copper has good electrical conductivity and is much used in electrical equipment. It has a high resistance to corrosion and also forms a number of important alloys, such as the brasses and bronzes.

Zinc
Zinc has a good resistance to atmospheric corrosion and is used as a coating for protecting steel: the process is called 'galvanising'. It is also used as a sacrificial anode material because of its position in the galvanic series. See the subsection on corrosion later in this Chapter. A number of alloys are formed using zinc.
Tin
A ductile, malleable metal that is resistant to corrosion by air or water. It is used as a coaling for steel and also in various alloys.
Titanium
A light, strong, corrosion-resistant meial which is used as the plate material in plate-type heat exchangers. It is also used as an alloying element in various special steels.
Brass
An alloy of copper and zinc with usuailv a major proportion of copper. A small amount of arsenic mav be added to prevent a form of corrosion known as 'dezincification' occurring. Other alloying metals, such as aluminium, tin and manganese, may be added to improve the properties.
Bronze
An alloy of copper and tin with superior corrosion and wear resistance to brass. Other allovinor arlrlirirwc curh oc ^-,r>mr,».» r^T.^ m-ir.—"'"-"
bronze or propeller brass. Additions of aluminium and zinc result in

aluminium bronze and gunmetal respectively.

Cupro-nickel

An alloy of copper and nickel with 20 or 30% of nickel. Good strength properties combined with a resistance to corrosion by sea or river waters make this a popular alloy. Monel metal is a particular cupro-nickel alloy with small additions of iron, manganese, silicon and carbon.

White metal

Usually a tin based alloy with amounts of lead, copper and antimony. It may also be a lead based alloy with antimony. White metal has a low coefficient of friction and is used as a lining material for bearings.

Non-metallic materials
Many non-metallic materials are in general use. Their improved properties have resulted in their replacing conventional metals for many applications. The majority are organic, being produced either synthetic​ally or from naturally occurring material.

Ceramics are being increasingly considered for marine use particular​ly where galvanic corrosion is a problem. Simered alpha silicon carbide and other silicon-based ceramics have good strength properties and are inert in sea water.

The general term 'plastic' is used to describe many of these non-metallic materials. Plastics are organic materials which can be moulded to shape under the action of heat or heat and pressure. There are two main classes, thermoplastic and thermosetting. although some more modern plastics are strictly neither. Thermoplastic materials are softened bv heat and can be formed to shape and then set by cooling. e.g. perspex. polvvinylchloride CPVC) and nvlon. Thermosetting materials are usually moulded in a healed stale, undergo a chemical change on further heating and then set hard, for example Bakelite, epoxv resins and polvesters.

Some general properties of plastic materials are good corrosion resistance, good electrical resistance and good thermal resistance; but they are unsuitable for high temperatures. To improve or alter properties, various additives or fillers are used, such as glass fibre for strength. Asbestos fibre can improve heat resistance and mica is sometimes added to reduce electrical conductivity.

Foamed plastics are formed by the liberation of gas from the actual material, which then expands 10 form a honeycomb-like s'.ructure. Such

materials have very good sound and heat insulating properties. Many plastics can be foamed to give low density materials with a variety of properties, for example, fire extinguishing. Some well known non-metallic materials are:

Asbestos

A mineral which will withstand very high temperatures and is unaffected by steam, petrol, paraffin, fuel oils and lubricants. It is used in many forms of jointing or gasket material and in various types of gland packing. It does however present a health hazard in some forms.

Cotton

A fibrous material of natural origin which is used as a backing material for rubber in rubber insertion jointing. It is also used in some types of gland packing material.

Glass reinforced plastics (GRP)

A combination of thin fibres of glass in various forms which, when mixed with a resin, will cure (set) to produce a hard material which is strong and chemically inert. It has a variety of uses for general repairs.

Lignum vitae
A hardwood which is used for stern bearing lining. It can be lubricated by sea water but is subject to some swelling

»
Nylon

A synthetic polymer which is chemically inert and resistant to erosion and impingement attack. It is used for orifice plates, valve seats and as a coating for salt water pipes.
Polytetrafluorethylene (PTFE)

A fluoropolymer which is chemically inert and resistant to heat. It has a low coefficient of friction and is widely used as a bearing material. It can be used dry and is employed in sealed bearings. Impregnated with graphite, it is used as a filling material for glands and guide ring-s.

Polyvinylchloride (PVC)                C
A vinyl plastic which is chemically inert and used in rigid form for pipework, ducts, etc. In a plasticised form it is used for sheeting, cable covering and various mouldings.

Resin
Resins are hard, brittle substances which are insoluble in water. Strictly speaking they are added to polymers prior to curing. The term 'resin' is often incorrectly used to mean any synthetic plastic. Epoxy resins are liquids which can be poured and cured at room temperatures. The cured material is unaffected by oils and sea water. It is tough, solid and durable and is used as a chocking material for engines, winches, etc.

Rubber
A tree sap which solidifies to form a rough, elastic material which is unaffected by water but is attacked by oils and steam. It is used as a jointing material for fresh and sea water pipes and also for water lubricated bearings. When combined with sulphur (vulcanized) it forms a hard material called 'ebonite' which is used for bucket rings (piston rings) in feed pumps. Synthetic rubbers such as neoprene and nitrile rubber are used where resistance to oil, mild chemicals or higher temperatures is required.

Joining metals
Many larger items of engineering equipment are the result of combining or joining together smaller, easily produced items. Various joining methods exist, ranging from mechanical devices, such as rivets or nuts and bolts, to fusion welding of the two pans.

It is not proposed 10 discuss riveting, which no longer has any large scale marine engineering applications, nor will nuis and bolts be mentioned, since these are well known in their various forms.

Brazing and soldering are a means of joining metal items using an alloy (solder) of lower melting point than the metals 10 be joined. The liquefied solder is applied to the heated joint and forms a very thin layer of metal which is alloyed to both surfaces. On cooling the two metals are joined by the alloy layer between them.

Welding is the fusion of the two metals to be joined to produce a joint which is as strong as the metal itself. It is usual to join similar metals by

welding. To achieve the high temperature at which fusion can take place, the metal may be heated by a gas torch or an electric arc.

With gas welding, a torch burning oxygen and acetylene gas is used and rods of the parent plate material are melted to provide the metal for the joint.

An electric arc is produced between two metals in an electric circuit when they are separated by a short distance. The metal to be welded forms one electrode in the circuit and the welding rod the other. The electric arc produced creates a region of high temperature which melts and enables fusion of the metals to take place. A transformer is used to provide a low voltage and the current can be regulated depending upon the metal thickness. The electrode provides the filler material for the joint and is flux coated to exclude atmospheric gases from the fusion process.

Corrosion
Corrosion is the wasting of metals by chemical or electrochemical reactions with their surroundings. A knowledge of the various processes or situations in which corrosion occurs will enable at least a slowing down of the material wastage.

Iron and steel corrode in an attempt to return to their stable oxide form. This oxidising, or 'rusting' as it is called, will take place wherever steel is exposed to oxvgen and moisture. Unfortunately the metal oxide formed permits the reaction to continue beneath it. Some meials however produce a passive oxide film. that is, no further corrosion takes place beneath it. Aluminium and chromium are examples of metals which form passive oxide coatings. Corrosion control of this process usually involves a coating. This may be another metal, such as tin or zinc, or the use of paints or elastic coatings.

*                                                                              l       ' U.
Electrochemical corrosion usually involves two different n-ieials witn an electrolvie between them. (An electrolyte is a liquid which enables current to flow through it.) A corrosion cell or galvanic cell is said to have been set up. Cun-en'c flow occurs in the cell between the two metals since they are at different potentials. As a result of the current How through the electrolvie. metal is removed from the anode or positive electrode and the cathode or negative electrode is protected from corrosion. A corrosion cell can occur between different parts of the same metal, perhaps due to slight variations in composition, oxygen concentration, and so on. The result is usually small holes or pits and the effect is known as 'pitting corrosion'. A more serious form of this effect results in greater damage and is known as 'crevice corrosion'. The prevention of electrochemical corrosion is achieved by cathodic

protection. Pitting and crevice corrosion can be countered by a suitable choice of materials, certain copper alloys for instance.

'Erosion' is a term often associated with corrosion and is the wearing away of metal by abrasion. Sea water systems are prone to problems of this nature. Increasing water velocity can reduce pitting problems in some materials but will increase their general surface corrosion, for example copper base alloys. Water impinging on a surface can cause erosion damage and this is usually found where turbulent flow conditions occur. The water inlet tube plates of heat exchangers often suffer from this problem. Careful material selection is necessary to reduce this type of erosion.

Cathodic protection
Cathodic protection operates by providing a reverse current flow to that of the corrosive system. This can be achieved in one of two ways, either by the use of sacrificial anodes or an impressed current. The sacrificial anode method uses metals such as aluminium or zinc which form the anode of the corrosion cell in preference to other metals such as steel. The impressed current system provides an electrical potential difference from the ship's power supply system through a long lasting anode of a corrosion resistant material such as platinised titanium.

The sacrificial anode method is employed in heat exchanger water boxes where a block or plate of zinc or aluminium is fastened to the cast iron or steel. A good connection is necessary to ensure the conduct of electricity. If the anode does not corrode awav then it is not properly connected. The anode should not be painted or coated in anv wav.

The impressed current method is not normaliy used for the protection of machinery or auxiliary equipment handling sea water because of the problems of current and voltage control. It is however often used for protection of the external hull.

.Chapter 17.

Watchkeeping and equipment operation

The "round the clock' operation of a ship at sea requires a rota system of attendance in the machinery space. This has developed into a system of watchkeeping that has endured until recently. The arrival of "Un​attended Machinery Spaces' (UMS) has begun to erode this traditional practice of watchkeeping. The organisation of the Engineering Department, conventional watchkeeping and UMS practices will now be outlined.

The Engineering Department
The Chief Engineer is directly responsible to the Master for the satisfactory operation of all machinery and equipment. Apart from assuming all responsibility his role is mainly that of consultant and adviser. It is not usual for the Chief Engineer to keep a watch.

The Second Engineer is responsible for the practical upkeep of machinery and the manning of the engine room: he is in effect an

0                              0
executive officer. On some ships the Second Engineer may keep a watch.

The Third and Fourth Engineers are usually senior watchkeepers or engineers in charge of a watch. Each may have particular areas of responsibility, such as generators or boilers.

Fifth and Sixth Engineers may be referred to as such. or all below Fourth Engineer mav be classed as Junior Engineers. They will make up as additional watchkeepers, day workers on maintenance work or possibly act as Refrigeration Engineer.

Electrical Engineers may be carried on large ships or where company practice dictates. Where no specialist Electrical Engineer is carried the duty will fall on one of the engineers.

Various engine room ratings will usually form pan of the engine room complement. Donkeymen are usually senior ratings who attend the

auxiliary boiler while the ship is in port. Other   : they will direct the ratings in the maintenance and upkeep of the machinery space. A storekeeper may also be carried and on tankers a pump man is employed to maintain and operate the cargo pumps. The engine room ratings, e.g. firemen, greasers, etc., are usually employed on watches to assist the engineer in charge.

The watchkeeping system
The system of watches adopted on board ship is usually a four hour period of working with eight hours rest for the members of each watch. The three watches in any 12 hour period are usually 12—4, 4-8 and 8-12. The word 'watch' is taken as meaning the time period and also the personnel at work during that period.

The watchkeeping arrangements and the make up of the watch will be decided by the Chief Engineer. Factors to be taken into account in this matter will include the type of ship, the type of machinery and degree of automation, the qualifications and experience of the members of the watch, any special conditions such as weather, ship location, internation​al and local regulations, etc. The engineer officer in charge of the watch is the Chief Engineer's representative and is responsible for the safe and efficient operation and upkeep of all machinery affecting the safety of the ship.

Operating the watch
An engineer officer in charge, with perhaps a junior engineer assisting and one or more ratings, will form the watch. Each member of the waich should be familiar with his duties and the safety and survival equipment in the machinery space. This would include a knowledge of the fire fighting equipment with respect to location and operation, being able to distinguish the different alarms and the action required, an understand​ing of the communications svstems and how to summon help and also being aware of the escape routes from the machinery space.

At the beginning of the watch the current operational parameters and the condition of all machinery should be verified and also the log readings should correspond with those observed. The engineer officer in charge should note if there are any special orders or instructions relating to the operation of the main machinery or auxiliaries. He should determine what work is in progress and any hazards or limitations this presents. The levels of tanks containing fuel, water, slops, ballast, etc., should be noted and also the level of the various bilges. The operating mode of equipment and available standby equipment should also be noted.

At appropriate intervals inspections should be made of the main propulsion plant, auxiliary machinery and steering gear spaces. Any routine adjustments may then be made and malfunctions or breakdowns can be noted, reported and corrected. During these tours of inspection bilge levels should be noted, piping and systems observed for leaks, and local indicating instruments can be observed.

Where bilge levels are high, or the well is full, it must be pumped dry. The liquid will be pumped to an oily water separator, and only clean water is to be discharged overboard. Particular attention must be paid to the relevant oil pollution regulations both of a national and international nature, depending upon the location of the ship. Bilges should not be . pumped when in port. Oily bilges are usually emptied to a slop tank from which the oil may be reclaimed or discharged into suitable facilities when in port. The discharging of oil from a ship usually results in the engineer responsible and the master being arrested.

Bridge orders must be promptly carried out and a record of any required changes in speed and direction should be kept. When under standby or manoeuvring conditions with the machinery being manually operated the control unit or console should be continuously manned.

Certain watchkeeping duties will be necessary for the continuous operation of equipment or plant—the transferring of fuel for instance. In addition to these regular tasks other repair or maintenance tasks may be required of the watchkeeping personnel. However no tasks should be set or undertaken which will interfere with the supervisory duties relating to the main machinery and associated equipment.

During the watch a log or record will be taken of the various parameters of main and auxiliary equipment. This may be a manual operation or provided automatically on modern vessels by a data logger. A typical log book page for a slow-speed diesel driven vessel is shown in

Figure 17.1.

The hours and minutes columns are necessary since a ship, passing through time zones, may have watches of more or less than four hours^ Fuel consumption figures are used to determine the efficiency or operation, in addition to providing a check on the available bunker quantities. Lubricating oil lank levels and consumption to some extent indicate engine oil consumption. The sump level is recorded and checked that it does not rise or fall, but a gradual fall is acceptable as the engine uses some oil during operation. If the sump level were to rise tHis would indicate water leakage'into the oil and an investigation into the ' cause must be made. The engine exhaust temperatures should all read about the same to indicate an equal power production from each cylinder. The various temperature and pressure values for the cooling water and lubricating oil should be at, or near to, the manufacturer s designed values for the particular speed or fuel lever settings. Any high
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outlet temperature for cooling water would indicate a lack of supply to that point.

Various parameters for the main engine turbo-blowers are also logged. Since they are high-speed turbines the correct supply of lubricating oil is essential. The machine itself is water cooled since it is circulated by hot exhaust gases. The air cooler is used to increase the charge air density to enable a large quantity of air to enter the engine cylinder. If cooling were inadequate a lesser mass of air would be supplied to the engine, resulting in a reduced power output, inefficient combustion and black smoke.

Various miscellaneous level and temperature readings are taken of heavy oil tanks, both settling and service, sterntube bearing temperature, sea water temperature, etc. The operating diesel generators will have their exhaust temperatures, cooling water and lubricating oil tempera​tures and pressures logged in much the same way as for the main engine. Of particular importance will be the log of running hours since this will be the basis for overhauling the machinery.

Other auxiliary machinery and equipment, such as heat exchangers, fresh water generator (evaporator), boiler, air conditioning plant and refrigeration plant will also have appropriate readings taken. There will usually be summaries or daily account tables for heavy oil, diesel oil, lubricating oil and fresh water, which will be compiled at noon. Provision

is also made for remarks or important events to be noted in the log for each watch.

The completed log is used to compile a summary sheet or abstract of information which is returned to the company head office for record purposes.

The log for a medium-speed diese! driven ship wouid be fairiv similar with probably greater numbers of cylinder readings to be taken and
often more than one engine. There would also be gearbox parameters to be logged.

For a steam turbine driven vessel the main log readings will be for the boiler and the turbine. Boiler steam pressure, combustion air pressure, fuel oil temperatures, etc., will all be recorded. For the turbine the main bearing temperatures, steam pressures and temperatures, condenser vacuum, etc., must be noted. All logged values should correspond fairiv closely with the design values for the equipment.

Where situations occur in the machinery space which mav affect the speed, manoeuvrability, power supply or other essentials for the safe operation of the ship, the bridge should be informed as soon as possible. This notification should preferably be given before any changes are made to enable the bridge to take appropriate action.

The engineer in charge should notify the Chief Engineer in the event of any serious occurrence or a situation where he is unsure of the action

(
outlet temperature for cooling water would indicate a lack of supply to that point.

Various parameters for the main engine turbo-blowers are also logged. Since they are high-speed turbines the correct supply of lubricating oil is essential. The machine itself is water cooled since it is circulated by hot exhaust gases. The air cooler is used to increase the charge air density to enable a large quantity of air to enter the engine cylinder. If cooling were inadequate a lesser mass of air would be supplied to the engine, resulting in a reduced power output, inefficient combustion and black smoke.

Various miscellaneous level and temperature readings are taken of heavy oil tanks, both settling and service, stemtube bearing temperature, sea water temperature, etc. The operating diesel generators will have their exhaust temperatures, cooling water and lubricating oil tempera​tures and pressures logged in much the same way as for the main engine. Of particular importance will be the log of running hours since this will be the basis for overhauling the machinery.

Other auxiliary machinery and equipment, such as heat exchangers, fresh water generator (evaporator), boiler, air conditioning plant and refrigeration plant will also have appropriate readings taken. There will usually be summaries or daily account tables for heavy oil, diesel oil, lubricating oil and fresh water, which will be compiled at noon. Provision

is also made for remarks or important events to be noted in the log for each watch.

The completed log is used to compile a summary sheet or abstract of information which is returned to the company head office for record purposes.

The log for a medium-speed diese! driven ship wouid be fairiv similar with probably greater numbers of cylinder readings to be taken and
often more than one engine. There would also be gearbox parameters to be logged.

For a steam turbine driven vessel the main log readings will be for the boiler and the turbine. Boiler sieam pressure, combustion air pressure. fuel oil temperatures, etc., will all be recorded. For the turbine the main bearing temperatures, steam pressures and temperatures, condenser vacuum, etc., must be noted. All logged values should correspond fairiv closely with the design values for the equipment.

Where situations occur in the machinery space which mav affect the speed, manoeuvrability, power supply or other essentials for the safe operation of the ship, the bridge should be informed as soon as possible. This notification should preferably be given before any changes are made to enable the bridge to take appropriate action.

The engineer in charge should notify the Chief Engineer in the event of any serious occurrence or a situation where he is unsure of the action

to take. Examples might be, if any machinery suffers Severe damage, or a malfunction occurs which may lead to serious damage. However where immediate action is necessary to ensure safety of the ship, its machinery and crew, it must be taken by the engineer in charge.

At the completion of the watch each member should hand over to his relief, ensuring that he is competent to take over and carry out his duties effectively.

UMS operation
The machinery spaces will usually be manned at least eight hours per day. During this time the engineers will be undertaking various maintenance tasks, the duty engineer having particular responsibility for the waichkeeping duties and dealing with any alarms which may occur.

When operating unmanned anyone entering the machinery space must inform the deck officer on watch. When working, or making a tour of inspection alone, the deck officer on watch should be telephoned at agreed intervals of perhaps 15 or 30 minutes.

Where the machinery space is unattended, a duty engineer will be responsible for supervision. He will normally be one of three senior watchkeeping engineers and will work on a 24 hour on, 48 hours off rota. During his rota period he will make tours of inspection about every four hours beginning at 7 or 8 o'clock in the morning.

The tour of inspection will be similar to that for a conventional watch with due consideration being given to the unattended mode of machinery operation. Trends in parameter readings must be observed, and any instability in operating conditions must be rectified, etc. A set list or mini-log of readings mav have to be taken during the various tours. Between lours of inspection the Dutv Engineer will be on call and should be ready to investigate anv alarms relaved to his cabin or the various public rooms. The Duty Engineer should not be out of range of these alarms without appointing a relief and informing the bridge.

The main log book readings will be taken as required while on a tour of inspection. The various regular duties, such as fuel transfer, pumping of bilges, and so on. should be carried out during the daw. ork period, but it remain? the responsibility of the Duty Engineer to ensure that they ire done.

Bunkerins
0
The loading of fuel oil into a ship's tanks from a shoreside installation or bunker barge takes place about once a trip. The penalties for oil spills are large, the damage to the environment is considerable, and the ship

may well oe delayed or even arrested if this job is not properly carried out.

Bunkering is traditionally the fourth engineer's job. He will usually be assisted by at least one other engineer and one or more ratings. Most ships will have a set procedure which is to be followed or some form of general instructions which might include:

1. All scuppers are to be sealed off, i.e. plugged, to prevent any minor oil spill on deck going overboard.

2. All tank air vent containments or drip trays are to be sealed or plugged."

3. Sawdust should be available at the bunkering station and various positions around the deck.

4. All fuel tank valves should be carefullv checked before bunkering commences. The personnel involved should be quite familiar with the piping systems, tank valves, spill tanks and all tank-sounding equipment.

5. All valves on tanks which are not to be used should be closed or switched to the 'off position and effectively safeguarded against opening or operation.

6. Any manual valves in the filling lines should be proved to be open for the flow of liquid.

7. Proven, reliable tank-sounding equipment must be used to regularly check the contents of each tank. It may even be necessary to 'dip' or manually sound tanks to be certain of their contents.

8. A complete set of all lank soundings must be obtained before bunkering commences.

9. A suitable means of communication must be set up between the ship and the bunkering installation before bunkering commences.

10. On-board communication between involved personnel should be by hand radio sets or some other satisfactory means.

11. Anv tank that is filling should be identified in some way on the level indicator, possibly by a sign or marker reading 'FILLING'.

12. In the event of a spill, the Port Authorities should be informed as soon as possible to enable appropriate cleaning measures to be taken.

Periodic safety routines
In addition to watchkeeping and maintenance duties, various safety and emergency equipment must be periodically checked. As an example, the following inspections should take place at least weekly:

346   Watchkeeping and equipment operation           (       /
1. Emergency generator should be started and run for a reasonable period. Fuel oil, lubricating oil and cooling water supplies and tank levels should be checked.

2. Emergency fire pump should be run and the deck fire main operated for a reasonable period. All operating parameters should be checked.

3. Carbon dioxide cylinder storage room should be visually examined. The release box door should be opened to test the alarm and check that the machinery-space fans stop.

4. One smoke detector in each circuit should be tested to ensure operation and correct indication on the alarm panel. Aerosol test sprays are available to safely check some types of detector.

5. Fire pushbutton alarms should be tested, by operating a different one during each lest.

6. Any machinery space ventilators or skylights should be operated and greased, if necessary, to ensure smooth, rapid closing should this be necessary.

7. Fire extinguishers should be observed in their correct location and checked to ensure they are operable.

8. Fire hoses and nozzles should likewise be observed in their correct places. The nozzles should be tried on the hose coupling. Any defective hose should be replaced.

9. Any emergency batteries, e.g. for lighting or emergency generator starting, should be examined, have the acid specific gravity checked, and be topped up, as required.

10. All lifeboat engines should be run for a reasonable period. Fuel oil and lubric:ttinc' oi! levels should be checked.

11. All valves and equipment operated from the fire control poim should be checked for operation, where this is possible.

12. Any watertight doors should be opened and closed by hand and power. The guides should be checked to ensure that they are clear and unobstructed.

Appendix
The appendix is reserved for all those topics which, although very useful, do not quite fit in elsewhere. As an introduction, or a reminder, a section on SI units (Systeme International d'Unites) is given together with some conversions to the older system of Imperial units. Various engineering calculations relating to power measurement and fuel consumption are explained, together with worked examples. So that the production of manufacturing drawings of a fairly simple nature can be accomplished, an introduction to engineering drawing is provided.

SI units
The metric system of units, which is intended to provide international

unification of physical measurements and quantities, is referred to as SI

units.

There are three classes of units: base. supplementary and derived.

1 here are seven base units: length—metre (m); mass—kilogram (kg);

time—sound (s): electric current—ampere (A); temperature—kelvm

K); luminous intensity—candela (cd): and amount of substance—mole (mol). Tnere are two supplementary units: plane angle—radian (r-ad):
solid angle— steradian (sr). All remaining units used are derived from tne base units. The derived units are coherent in thai the multiplication or division of base units produces the derived unit. Examples of derived units are given in Table A.I.

Table A.I Derived units
	Chiantifi
	Unit
	

	Force
	Newion (N)
	= kg.m/s2

	Pressure
	Pascal (Pa) ••
	= N/nn'-'

	Energy, work
0. '
	Joule CJ)
	= N.m

	Power
	Wan (W)
	=^

	Frequency
	Hertz fHz) •-
	= 1/s


There are in use certain units which are(  i-SIv -t are retained because of their practical importance. Examples are: time—days, hours, minutes and speed—knots.

To express large quantities or values a system of prefixes is used. The use of a prefix implies a quantity multiplied bv some index of 10. Some of the more common prefixes are:

1000000000           = 109   = giga    =G 1000000           = 106   = mega   = M 1000           = 103   = kilo    = k 100           = 102   = hecto   = h 10           = 101   = deca    = da 0.1          = 10-' = deci    = d 0.01         = 10-2 = cend    = c 0.001        = 10-3 = milli    = m 0.000001    = 10-6 = micro   = y. 0.000000001 = 10-9 = nano   = n

Example:

10000 metres = 10 kilometres = 10km 0.001 metres == 1 millimetre = 1 mm

Note: Since kilogram is a base unit care must be taken in the use and meaning of prefixes and since only one prefix can be used then, for example, 0.000 001 kg = 1 milligram

A conversion table for some well known units is provided in Table A.2.

	Table A.2 Conversion factors

	To convert from
	(r.
	rr.uhwh'

	Length inch I'in) fool (fit mile nautical mile
	meire im' metre !m; k.iiomeirc ?km; kilometre (km)
	().()2.')4 U.3<i4h ! .609 i.852

	Volume cubic foot (t!3' gallon (gal)
	cubic metre irr.'1) litre (I)
	0.02832 4.546

	Mass pound fib) lonne
	kilogram (kg) kilogram (kg)
	0,4536 1016

	Force pound-force (Ibf) ton-force
	newton (N) kilonewion (kN)
	4.448 9.964


	C

	To convert from. \
	(0
	mullipli

	Pressure
	
	

	pound-force per square inch (Ibf/in2) atmosphere (atm) kilogram force per square centimetre (kgf/cm2)
	kilonewton per square metre (kN/m2) kilonewton per square metre (kN/m2) kilonewton per square metre (kN/m2)
	6.895 101.3 98.1

	Energy foot pound-force British Thermal Unit (BTU)
	joule (J) kilojoule (kJ)
	1.356 1.055

	Power
	
	

	horsepower (hp) metric horsepower
	kilowatt (kW) kilowatt (kW)
	0.7457 0.7355


Engineering terms
The system of measurement has been outlined with an introduction to SI units. Some of the common terms used in engineering measurement will now be described.

Mass
Mass is the quantity of matter in a bodv and is proportional to the product of volume and density. The unit is the kilogram and the abbreviation used is 'kg'. Large quantities are often expressed in tonnes (t) where 1 tonne = 103 kg.

Force
Acceleration or retardation of a mass results from an applied force. When unit mass is given unit acceleration then a unit of force has been applied. The unit of force is the newton (N,i.

force = mass x acceleration N     kg       m/s2
Masses are attracted to the earth by a gravitational force which is the product of their mass and acceleration due to gravity (g). The value of'g is 9.81 m/s-^The product of mass and 'g is known as the weight of a body and for a mass 'o»'kg would be <i> x g=9.81 oj newions.

Work
When a force applied to a body causes it to move then work has been done. When unit mass is moved unit distance then a unit of work has been done. The unit of work is the joule (J).

work = (mass x g) x distance
J            N              m
Power
This is the quantity of work done in a given time or the rate of doing work. When unit work is done in unit time then a unit of power has been used. The unit of power is the watt (W7).

mass x s x distance power = —————"———————

time

w^^L"
s

Energy
This is the stored ability to do work and is measured in units of work done, i.e. joules.

Pressure
The intensity of force cm- fores per uni: area is known as pressure. A unit of pressure exists where unit force acts on unit area. The unit of pressure is the newton per square metre and has the special name pascal (Pa).

,- ,  force   N pressure (Pa) = ——— = —^

area   m-'

Another lerm often used h\ engineers is the bar where 1 bar is equal to 105 Pa.

The datum or zero for pressure measurements must be carefullv considered. The complete absence of pressure is a vacuum and this is therefore the absolute zero of pressure measurements. However, acting upon the earth's surface at all times is what is known as 'atmospheric pressure'. The pressure gauge, which is the usual means of pressure measurement, also accepts this atmospheric pressure and considers it the zero of pressure measurements. Thus:

absolute pressure = gauge pressure + atmospheric pressure

Readings of pressure are considered to be absolute unless followed by the word 'gauge' indicating a pressure gauge value. The actual value of atmospheric pressure is usually read from a barometer in millimetres of mercury:

atmospheric pressure = mm of mercury X 13.6 x 9.81 Pa

A standard value of 1 atmosphere is often used where the actual value is unknown,

1 atmosphere = 101300 Pa = 1.013-bar

Volume
The amount of physical space occupied by a body is called volume. The unit of volume is the cubic metre (m3). Other units are also in use, such as litre (1) and cubic centimetre (cm3), i.e.

].ms= 10001 = 10000000cm3
Temperature
The degree ofhotness or coldness of a body related to some zero value is known as temperature. The Celsius scale measure in °C simpiv relates to the freezing and boiling points of water dividing the distance shown on a thermometer into 100 equal divisions. An absolute scale has been devised based on a point 273.16 kelvin (0.01°C) which is the triple point of water. At the triple poinr. the three ^ha-.es of v.-.r.er car e\i'"L i.e. ice. water and water vapour. The unit of me absolute scaie is the keivin. The unit values in the kelvin and Celsius scales are equal and the measurements of temperature are related, as follows:

x°C = (x°C + 273)K or y K = (j K - ^73)':•C

Heat
Heat is energy in motion between a svsiem and its surroundings as a consequence of a temperature difference between them. The unit, as with other forms of energy, is the joule (I).

Power measurement
The burning of fuel in an engine cylinder will result in the production of power at the outpm shaft. Some of the power proclured in the cylinder

\
will be used to drive the rotating masses 01 the engine. The power produced in the cylinder can be measured by an engine indicator mechanism as described in Chapter 2. This power is often referred to as 'indicated power'. The power output of the engine is known as 'shaft' or 'brake power'. On smaller engines it could be measured by applying a type of brake to the shaft, hence the name.

Indicated power
Typical indicator diagrams for a two-stroke and four-stroke engine are shown in Figure A. 1. The area within the diagram represents the work
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done within the measured cylinder in one cycle. The area can be measured by an instrument known as a 'planimeier' or by the use of the mid-ordinate rule. The area is then divided by the length of the diagram in order to obtain a mean height. This mean height, when multiplied by the spring scale of the indicator mechanism, gives the indicated mean effective pressure for the cylinder. The mean effective or 'average' pressure can now be used to determine the work done in the cylinder.

Work done in = mean effective x areaofpision x   length of 1 cvcle          pressure           (A)        piston stroke

(Pm)                        (L)

To obtain a measure of power it is necessary to determine the rate of doing work. i.e. multiply by the number of power strokes in one second. For a four-stroke-cycle engine this will be rev/sec — 2 and for a two-stroke-cycie engine simpiv rev/sec.

power developed in one cylinder

_ mean effective   area of      length of piston   no. of power pressure (Pm)    piston (A)   stroke (L)         strokes/sec (N)

= Pm L A N

For a multi-cylinder engine it would be necessary to multiply by the number of cylinders.

Example
An indicator diagram taken from a six cylinder, two-stroke engine is shown in Figure A.2. The spring constant for the indicator mechanism is
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65kPa mm. The engine stroke and bore are II 00 mm and 410mm respectively and ir operates at 120rev/min. What is the indicated power of the engine?

The diagram is divided into 10 equal parts and within each a mid-ordinate is positioned.

.-. mean height of diagram =   sum of mid-ordinates
number of Darts ir. diagram
3-4-5-t-7^S-Q-II-<-14-j-26-42

10 129 to" = 12.9mm

mean effective pressure, Pm = mean height of X spring

diagram      constant -.                 = 12.9 x 65 = 838.5 kPa

indicated    mean     area   length   number of
number

power of = effective X  of X  of X  power X
of

engine    pressure   piston   stroke   strokes/sec
cylinders (Pm)      (A)     (L)       (N)

= Pm L A N X number of cylinders

= 838.5 x-U00 x ll^ x ^ x 6 10s    4 x 106   60

= 1461.28 kW

Shaft power
A torsionmeter is usually used to measure the torque on the engine shaft (see Chapter 15). This torque, together with the rotational speed, will give the shaft power of the engine.

shaft power = torque in shaft

x rotational speed of shaft in radians per second

Example
The torque on an engine shaft is found to be 320 kNm when it is rotating at 110 rev/min. Determine the shaft power of the engine.

shaft power = shaft torque x 2i7 x revolutions per second
11(^ = 320 x 2r x——
60 =3686.14 kW

Mechanical efficiency
The power lost as a result of friction between the moving parts of the engine results in the difference between shaft and indicated power. The ratio of shaft power to indicated power for an engine is known as the 'mechanical efficiency'.

,   - , re -         shaft power mechanical efficiency = —————!-————

indicated power
Power utilisation
The engine shaft power is transmitted to the propeller with only minor transmission losses. The operation of the propeller results in a forward

thrust on the thrust block and the propulsion of the ship at some particular speed. The propeller efficiency is a measure of effectiveness of the power conversion by the propeller.

propeller efficiency = thrust force X ship speed shaft power
The power conversion achieved by the propeller is a result of its rotating action and the geometry of the blades. The principal geometrical feature is the pitch. This is the distance that a blade would move forward in one revolution if it did not slip with respect to the water. The pitch will vary at various points along the blade out to its tip but an average value is used in calculations. The slip of the propeller is measured as a ratio or percentage as follows:

theoretical speed or distance moved propeller slip = - ^ual speed or distance moved theoretical speed or distance moved

The theoretical speed is a product of pitch and the number of revolutions turned in a unit time. The actual speed is the ship speed. It is possible to have a negative value of slip if, for example, a strong current or wind were assisting the ship's forward motion.

Example
A ship on a voyage between two ports travels 2400 nautical miles in eight days. On the voyage the engine has made 820000 revolutions. The propeller pilch is 6 m. Calculate the percentage propeller slip.
theoretical distance = 820000 x 6 (1 nautical mile = 1852 metres) 1852
= 2656.59 n.miles
percentage slin = '•h6'01'"1^! distance - actual distance x 100 theoretical distance

2656.59- 2400 x 100
2656.59 = 9.66%
Power estimation
The power developed by a ship's machinery is used to overcome the ship's resistance and propel it at some speed. The power required to
propel a ship of a known displacement a>. aome speed can be approximately determined using the Admiralty coefficient method. The total resistance of a ship, Ri can be expressed as follows:

Total resistance Re = pS V"

where p is density (kg/m3)

S is wetted surface area (m2)

V is speed (knots) now   Wetted surface area x (Length)2
Displacement, A «: (Length) thus   Wetted surface area ": (Displacement, A)2'3
Most merchant ships will be slow or medium speed and the index 'n' may therefore be taken as 2. The density, p, is considered as a constant term since all ships will be in sea water. Total resistance, R^ = .d^V2 Propeller power   oc R^ x V ex ^V2 V oc A^V3
^2/3v3
or Constant = ——— P

This constant is known as the 'Admiralty coefficient'.

Example
A ship of 15000 tonnes displacement has a speed of 14 knots. If the

Admiralty Coefficient is 410, calculate the power developed
by the

machinery.

42,'3y3
Admiralty coefficient = ——— P

^2/3^.3
Power developed, P = ——— C

(IpOOO)2'3^)3 410

= 4070kW

Fuel estimation
The fuel consumption of an engine depends upon the power developed. The power estimation method described previously can therefore be

modified to provide fuel consumption values. The rate
of fuel consumption is the amount of fuel used in a unit time, e.g. tonne/day. The specific fuel consumption is the amount of fuel used in unit time to produce unit power, e.g. kg/kW hr.

since  fuel consumption oc power

^j2/3V3
where power == ————————————————

Admiralty coefficient
I.         r   1                 •      ,                    J2/3V3
then   tuel consumption/day = ———————————

r      •      fuel coefficient
or     fuel coefficient = —-————————:——-——
fuel consumption/day

Where the fuel coefficient is considered constant a number of rela​tionships can be built up to deal with changes in ship speed, displace​ment, etc.

.12/3 v 3          /12/3 V s
i.e.    fuel coefficient =     1    x——=————2—— fuel cons.^     fuel cons.,

Where 1 and 2 relate to different conditions.

fuelcons.i   ia,^ /VA3 ••   fuel cons., ~\A~J x [VJ
Considering the situation on a particular voyage or over some known distance.

fue! cons./day x number of days = voyage or distance consumption

or fuel cons./day x   -ovage distance ^ voyage or distance speed x 24          consumption

Where conditions vary on different voyages or over particular dis​tances, then:

voyage cons.^    fuel cons.^    voyage distance^   speed;
voyage cons.,    fuel cons.,    voyage distance^   speedy

and from an earlier expression

fuel cons.J   _ / A^2'3 /V^3 Fuel cons.,   = \7j  x (^J
voyage cons..,   ^displacement^3 /speed^\3 / speed, \
voyage cons.,   ^displacement, /    \speedg/ \ speedy voyage distance^

voyage distance,

This provides the general expression

voyage cons.^   ^displacement ^3 /speed^\*
voyage distance^
voyage cons.g   ^displacement^    »speedg/
voyage distance^

Example
A vessel with a displacement of 12250 tonnes burns 290 tonnes of fuel when travelling at a speed of 15 knots on a voyage of 2850 nautical miles. For a voyage of 1800 nautical miles at a speed of 13 knots and a displacement of 14200 tonnes estimate the quantity of fuel that will be burnt.

voyage cons.^   / displacement^2^ /speed^\2   voyage distance^ -———————— = ( ———————— ) x (————) x ——'•————————'

voyage cons.g   \ displacement^ /    \speedg/    voyage distance^

voyage cons., _ ^14200 \2^3 /13\2 1800
290      V12250/ x\l5^  2850

voyage cons.^ = 1.103 x 0.75 x 0.63 x 290 == 151.14 tonnes

Engineering drawing
Most engineering items defy description in words alone. To effectively communicate details of engineering equipment a drawing is usually used. Even the simplest of sketches must conform to certain rules or standards to ensure a 'language' that can be readily understood.

Some of these basic rules will now be described with the intention of enabling the production of a simple drawing for manufacturing or explanation purposes. A drawing produced as a piece of information or communication should stand alone, that is, no further explanation should be necessary. All necessary dimensions should be provided on the drawing and the materials to be used should be specified.

A drawing is made up of different types of lines, as shown in Figure A.3. The continuous thick line is used for outlining the drawing. The continuous thin line is used for dimension lines, to indicate sectioning, etc. A series of short dashes represents a hidden detail or edge and a chain dotted line is used for centre lines.

To represent a three dimensional item in two dimensions a means of projecting the different views is necessary. Two systems of projection are in use, First Angle and Third Angle. The First Angle system will be described with reference to the object shown in Figure A.4. Three views are drawn by looking at the object in the directions 1, 2 and 3. The views
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seen are then drawn out, as shown in Figure A. 5. View 1 is called the 'front elevation'. View 2 is the 'end elevation' and is located to the right of the front elevation. View 3 is the 'plan' and is positioned below the front elevation.

Sections are used to show the internal details of a part or an assembly as full lines. Section lines or hatching are used to indicate the different items which have in effect been cut. Each different item will have section lines at a different angle with 45° and 60° being most usual. Examples of

[image: image26.png]- r ; ; — v .
P Lo e P
! H ' 1 - | |
! ' |
I ! DU A T i WO
) [ ' 1 . |
i i ' i ]
1 ! 1 1 ll )
1 H 1 L 1
Front elevation End elevation
1dia |
1o

Plan

Figure A.5 First angle projection




a sec, ^ning can be seen for the internal threads shown in Figure A.8. The plane of section is always given and is shown on other views of the item.

Dimension lines are essential for the manufacture of an item. The dimension line is a thin continuous line with an arrowhead at each end and the dimension is placed above it at right angles. Where possible projection lines are used to allow the dimension line to be clear of the drawing. The projection line begins a small distance clear of the drawing outline. Leader lines are used to indicate information to the appropriate part of the drawing and an arrowhead is used at the end of the line.

Scales are used to reduce drawings to reasonable sizes while retaining the correct proportions. Standard scale reductions are 1:1; 1:2; 1:5; 1:10 etc., where for example 1:10 means one-tenth full size. The in-between scale sizes are not normally used. Special scale rules are available to simplify drawing in any one of the above scales.

Standard representations are used for common engineering items such as nuts, bolts, studs, internal and external threads, etc. These are shown in Figure A.3. The proportions used for drawing nuts and bolts should be remembered and used whenever necessary.

A final word on the subject of information is necessary. A drawing should enable the item to be manufactured or at least identified so that a replacement can be obtained. Apart from the actual drawing there should be a block of information giving the item name, any material to be used, the drawing scale, stating the projection and possibly the date and the name of the person who made the drawing.
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Figure 15.46 Automatic steering system




	Table 16.1 Material |>roprilics iinil uses

	Main ml
	Com(Mi.\iliaii
	tf.y'/o /iin,>/
Slltll
(MN/m1)
	tHtimali tfnsUt striss (MN/ni»)
	% Elongation
	Modulus of flaslicitv (MN/m«)
	UnniU hardness number
	l-'tilifiif limit (MN/m«)
	Uses

	Adinirally
	70 (ill, 2'f /.ii, 1 Sn
	170
	408
	35
	103
	100
	127
	Tul>r plalrx

	hrasii
	
	
	
	
	
	
	
	and Uibcs lor

	
	
	
	
	
	
	
	
	roiKlrnscrs

	Aluiiiiiiiilin
	Almost |>inr
	2(1
	55
	55
	73
	15
	31
	Base mclal Ibr

	
	
	
	
	
	
	
	
	lighl alloyl

	Alumumiiii
	76(:ii,:H/.n,2AI
	IW
	378
	55
	110
	75
	96
	Tube plam

	brass
	
	
	
	
	
	
	
	and tiil>cs fw

	
	
	
	
	
	
	
	
	rondensen and

	
	
	
	
	
	
	
	
	lirat cxclianRcrs

	Brass
	7U(;ii, •Ht/.ii
	US
	324
	67
	115
	65
	106
	Bearing liners

	Cauil iron
	3.25 (:, 2.2')Si,<).li.'> Mil.
	IRO
	310.
	5
	120
	200
	110
	Cylinder heads

	(srcy)
	Rrmaiiidri F>'
	
	
	
	
	
	
	and liners

	Copper
	Almost |>iiir
	4n
	216
	48
	117
	42
	117
	Base melal fur

	
	
	
	
	
	
	
	
	numerous

	
	
	
	
	
	
	
	
	alloys

	Cupro-nickel
	70 C:il, W Ni
	170
	417
	42
	152
	90
	147
	Heal exchanger

	
	
	
	
	
	
	
	
	lulws

	Gunmelal
	8H t;«i, 10 Sn, •i /ii
	ITO
	286
	18
	97
	85
	100
	Valves and

	
	
	
	
	
	
	
	
	bearing buslic:

	Moiicl nielal
	fi8Ni,^l(:ii,
	3110
	610
	28
	181
	160
	170
	Valves and

	
	Rriiiaiii(lrr Fr :iirl Mil
	
	
	
	
	
	
	puinp impellers

	PIlU'ipllor
	'II.SCii.BSn.O..^) 1'
	' 37f>
	424
	65
	III
	190
	112
	Bearings and

	bronze
	
	
	
	
	
	
	
	springs

	Stainless
	18(:r,l) Ni,().l'2<:
	170
	400
	40
	195
	180
	260
	Valves and

	sled
	Rcmaiinlri Vf
	
	
	
	
	
	
	turbine blading

	Sicel
	(>.'2'i (:. 1 Mil. 11.r> Si.
	235
	470
	22
	207
	130
	230
	Brd plates,

	
	Rrin:iiii<!rr Fr
	
	
	
	
	
	
	columns of

	
	
	
	
	
	
	
	
	engines and

	
	
	
	
	
	
	
	
	other structural

	
	
	
	
	
	
	
	
	ilems
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Figure 17.1 Typical log book page
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Figure A.3 Conventional representation





