
Figures 
__________________________________________________________________________________ 
 

__________________________________________________________________________________ 
Marine Electrical Technology 

 xlvi 

 
Chapter 1 – Overview of a Ship’s Electrical System 

Figure 1.1 – The Marine Environment  

Figure 1.2 – Degrees of Freedom of a Ship at Sea 

Figure 1.3 – A Modern Ship’s Typical Electrical System 

Figure 1.4 – Dimensioning the Electrical Network 

Figure 1.5 – Block Diagram of a Ship’s Electrical System 

Figure 1.6 – A Typical Electrical System Diagram 

Figure 1.7 – Circuit Diagram of a Direct–on–Line Motor Starter With Local, Remote and Automatic Options 

Figure 1.8 – Wiring Diagram of the Motor Starter in Figure 1.6 

 

Chapter 2 – Electrical Safety 

Figure 2.1 – Common Circuit Faults 

Figure 2.2 – Current Paths in General 

Figure 2.3 – Nameplate for Equipment used in Hazardous Areas 

Figure 2.4 – Flameproof (Explosion proof) Enclosures 

Figure 2.5 – Pressurised Apparatus with Leakage Compensation - Enclosure without Rotating Parts 

Figure 2.6 – Pressurised Apparatus with Leakage Compensation - Rotating Electrical Machine with Internal fan 

Figure 2.7 – Pressurised Apparatus with Leakage Compensation - Rotating Electrical Machine with External Fan 

Figure 2.8 – An Intrinsically–safe Circuit 

Figure 2.9 – General Tanker Arrangement showing Hazardous Areas 

 

Chapter 3 – Distribution Systems 

Figure 3.1 – Single–Phase Two Wire Systems 

Figure 3.2 – Single–Phase Three–Wire System 

Figure 3.3 – Three–Phase Three Wire System – Delta Connected        

Figure 3.4 – Three–Phase Three Wire System – Star Connected 

Figure 3.5 – Three–Phase Four Wire System – Star Connected 

Figure 3.6 – 8–Nodes Star Network 

Figure 3.7 – Bus bar – type Network 

Figure 3.8 – Cross–linked–type (Unconstrained) Network 

 



Figures 
__________________________________________________________________________________ 
 

__________________________________________________________________________________ 
Marine Electrical Technology 

 xlvii 

Chapter 4 – Emergency Power and Shore Supply 

Figure 4.1 – An Emergency Generator 

Figure 4.2 – Emergency Power Supply System 

Figure 4.3(a) – Emergency Generator’s Manual and Automatic Flow Chart 

Figure 4.3(b) – Emergency Generator’s Routine Testing Flow Chart  

Figure 4.4 – Shore Supply Arrangement 

 

Chapter 5 – Insulated and Earthed Neutral Systems 

Figure 5.1 – Insulated Neutral System  

Figure 5.2 – Earthed Neutral System  

Figure 5.3 – Significance of Earth Faults in an Earthed Distribution System 

Figure 5.4 – Single Earth Fault in an Insulated Distribution System 

Figure 5.5 – Double Earth Fault in an Insulated Distribution System 

Figure 5.6 – High Voltage System Earthing 

Figure 5.7 – Earth Fault Indicators 

Figure 5.8 – Earth Fault Instrument 

Figure 5.9 – Monitoring of Earth Fault Current in a 3–phase Motor 

Figure 5.10 – Direct Measurement of AC Leakage at the Neutral 

Figure 5.11 – Three–phase Insulation Monitor 

Figure 5.12 – Detection and Clearance of an Earth Fault – The First Step 

Figure 5.13 – Detection and Clearance of an Earth Fault – The Second Step 

 

Chapter 6 – Alternators 

Figure 6.1 – Fleming’s Right Hand Rule 

Figure 6.2 – The Elementary Alternator 

Figure 6.3 – The Elementary Generator’s Sine Wave Output (Rotating Armature) 

Figure 6.4 – A Simple Rotating Field Alternator 

Figure 6.5 – Stator Construction 

Figure 6.6 – Cross–section of a Stator Slot and Winding 

Figure 6.7 – Bar–type Conductors 

Figure 6.8 – EMF Generation in a Rotating Field Alternator 



Figures 
__________________________________________________________________________________ 
 

__________________________________________________________________________________ 
Marine Electrical Technology 

 xlviii 

Chapter 6 – Alternators (Continued) 

Figure 6.9 – A Cylindrical or Turbo Alternator 

Figure 6.10 – High Speed Salient Pole Rotor 

Figure 6.11 – Slow Speed Salient Pole Rotor 

Figure 6.12 – Conventional Shaft Generator System 

Figure 6.13 – Shaft Generator with a Static Frequency Converter 

Figure 6.14 – Large Slow–speed Main Engine with an Alternator at the Non–driving End 

Figure 6.15 – Generator Drive from the Intermediate Shaft 

Figure 6.16 – Generator Driven by Power Take–off from the Main Engine 

Figure 6.17 – Shaft Generator Supplying a High–voltage System for a Dredger 

Figure 6.18 – Three Phase Rectifier and its Associated Wave–forms 

Figure 6.19 – Power Factor Correction (Phasor Diagram) Using a Synchronous Motor 

Figure 6.20 – Phasor Diagram for an Unloaded Synchronous Motor 

Figure 6.21 – Generator Starting and ACB Closure onto a Dead Bus Bar (for a Diesel Generator) 

Figure 6.22 – Exhaust gas Turbo–generator System 

Figure 6.23 – An Electrically Coupled System 

Figure 6.24 – The Brushless Alternator’s Circuit Diagram and Sectional View  

Figure 6.25 – Brushless Alternator – Construction  

 

Chapter 7 – Direct Current Generators 

Figure 7.1 – The DC Armature, Commutator and Brush Assembly 

Figure 7.2 – DC Machine Construction 

Figure 7.3 – A Four–pole Generator 

Figure 7.4 – Armature and Commutator in a Two–Pole Machine 

Figure 7.5 – The Commutator’s Role 

Figure 7.6 – Flux Distribution in a DC Generator 

Figure 7.7 – Reduced Pole Tip Area 

Figure 7.8 – Compensating Windings 

Figure 7.9 – Interpole Principles 

Figure 7.10 – Commutation in a DC Generator 

Figure 7.11 – Series Wound Generator 



Figures 
__________________________________________________________________________________ 
 

__________________________________________________________________________________ 
Marine Electrical Technology 

 xlix 

Chapter 7 – Direct Current Generators (Continued) 

Figure 7.12 – Shunt Wound Generator 

Figure 7.13 – Shunt Generator External Characteristics 

Figure 7.14 – Compound Wound Generator 

Figure 7.15 – Compound Wound Generator – Long Shunt Type 

Figure 7.16 – Field Winding Terminal Markings 

Figure 7.17 – Compound Generator’s External Characteristics 

Figure 7.18 – Compounding Adjustment with the Diverter 

Figure 7.19 – Series Resistance Control of Shunt and Compound Wound DC Generators 

Figure 7.20 – Hand–operated Shunt–field Rheostat 

 

Chapter 8 – Automatic Voltage Regulators 

Figure 8.1 – Self–excitation System 

Figure 8.2 – PMG–excited AVR Controlled Generator 

Figure 8.3 (a) – Static Automatic Voltage Regulator 

Figure 8.3(b) – Characteristic of a Zener Diode 

Figure 8.4(a) – A Thyristor–controlled Static Excitation System 

Figure 8.4(b) – Role of the Thyristor  

Figure 8.4(c) – An Alternative Circuit of a Thyristor–controlled Static Excitation System 

Figure 8.5 – Transformer–based Static Excitation System 

Figure 8.6 – Typical Voltage Dip / Recovery Pattern for an Alternator 

Figure 8.7 – Comparison of Voltage Dip / Recovery Pattern for Different Excitation Systems 

Figure 8.8 – Variation of Excitation at Constant Voltage 

Figure 8.9   – Variation of Voltage at Constant Excitation  

Figure 8.10 – Exertion of Torque on the Rotor due to the Stator Field 

Figure 8.11 – Governor Characteristic 

Figure 8.12 – Opposition of the Stator & Rotor Fields  

Figure 8.13 – Typical Direct–feed Thyristor AVR 

Figure 8.14 – Static Excitation AVR Circuit 

Figure 8.15 – The UFRO control potentiometer sets the knee point. 

Figure 8.16 – Dip Function Potentiometer Adjustment 



Figures 
__________________________________________________________________________________ 
 

__________________________________________________________________________________ 
Marine Electrical Technology 

 l

Chapter 8 – Automatic Voltage Regulators (Continued) 

Figure 8.17 – Dwell Function 

Figure 8.18 – Effect of Droop in a Two–generator System 

Figure 8.19 – Block Diagram of a Modern AVR 

 

Chapter 9 – Panel Instrumentation 

Figure 9.1 – A Moving Coil in a Magnetic Field (No Current Flow)   

Figure 9.2 – A Moving Coil in a Magnetic Field (Current Flowing) 

Figure 9.3 – Basic Arrangement in a PMMC Meter 

Figure 9.4 – D’Arsonval Movement in a PMMC Meter 

Figure 9.5 – Power Measurement in DC Circuits (Variant 1) 

Figure 9.6 (a)– Power Measurement in DC Circuits (Variant 2) 

Figure 9.6(b) – The Magic Circle 

Figure 9.7 – Power Measurement using Instrument Transformers 

Figure 9.8 – The Basic Electrodynamometer 

Figure 9.9 – Circuit of an Electrodynamometer Wattmeter 

Figure 9.10 – Variation of Mutual Induction with Deflection 

Figure 9.11 – Power in Poly–phase Systems 

Figure 9.12 – Three Wattmeter Method in a 3–Phase – 4–Wire Circuit 

Figure 9.13 – Two Wattmeter Method – Star Connection 

Figure 9.14 – Two Wattmeter Method – Delta Connection 

Figure 9.15 – Phasor Diagram for a Star–connected Load 

Figure 9.16 – One Wattmeter Method 

Figure 9.17 – Phasor Diagram – One Wattmeter Method 

Figure 9.18 – Three–phase Two Element Wattmeter 

Figure 9.19 – Single Phase Reactive Power Meter                    

Figure 9.20 – Phasor Diagram 

Figure 9.21 – Reactive Power Measurement (3–Phase) with Two Autotransformers 

Figure 9.22 – Phasor Diagram – 3–Phase Reactive Power Measurement 

Figure 9.23 – Reactive Power Measurement with One Wattmeter 

Figure 9.24 – Phasor Diagram for Figure 9.23 



Figures 
__________________________________________________________________________________ 
 

__________________________________________________________________________________ 
Marine Electrical Technology 

 li 

Chapter 9 – Panel Instrumentation (Continued) 

Figure 9.25 – Single–phase Electrodynamometer Power Factor Meter 

Figure 9.26 – Phasor Diagram 

Figure 9.27 – A Three–phase Electrodynamometer–type Power Factor Meter      

Figure 9.28 – Phasor Diagram for Figure 9.27 

Figure 9.29 – Three–Phase Moving Iron Power Factor Meter 

Figure 9.30 – Phasor Diagram for Figure 9.29 

Figure 9.31 – Vibrating Reed Frequency Meter 

Figure 9.32 – Frequency versus Amplitude 

Figure 9.33 – Indications from Vibrating Reeds 

Figure 9.34 – Electrodynamometer–type Frequency Meter 

Figure 9.35 – Simple Weston–type Synchroscope 

Figure 9.36 – An Improved Version of the Weston Synchroscope 

Figure 9.37 – Phasor Diagrams for Different Conditions of the Bus bar and Incoming Voltages 

Figure 9.38 – Dial of a Weston Synchroscope 

Figure 9.39 – Alternative Arrangement (Circuit) in a Synchroscope 

Figure 9.40 – Dial of a Rotating–type Phase Sequence Indicator 

Figure 9.41 – Static–type Phase Sequence Indicator 

Figure 9.42 – The DC Tachometer 

Figure 9.43 – The Drag Cup Tachometer (AC) 

 

Chapter 10 – Paralleling of Alternators 

Figure 10.1(a) – The Four Basic Stages of Synchronising. 

Figure 10.1(b) – Diesel – driven Alternator Starting and Synchronising  

Figure 10.2 – Auto Synchronising Unit 

Figure 10.3(a) – Diesel–Driven Alternator Starting and Synchronising 

Figure 10.3(b) – Diesel–Driven Alternator Starting and Synchronising (Automatic Operation) 

Figure 10.4 – Arrangement of Synchronising Lamps 

Figure 10.5 – Phasor Rotation while Synchronising 

Figure 10.6 – Synchronising Instruments 

Figure 10.7 – Excitation Control Phasors 



Figures 
__________________________________________________________________________________ 
 

__________________________________________________________________________________ 
Marine Electrical Technology 

 lii

Chapter 10 – Paralleling of Alternators (Continued) 

Figure 10.8 – Throttle Control Phasor                  

Figure 10.9 – Throttle Control Phasor 

Figure 10.10 – Throttle Control Phasor 

Figure 10.11 – Shifting of Speed–load Characteristic 

Figure 10.12 – Load sharing of two alternators  

Figure 10.12(a) – Load Sharing Characteristics Plotted Back–to–Back 

Figure 10.13 – Load Sharing (Back to Back) 

Figure 10.14 – kVAr Load Sharing (Plot Not To Scale) 

Figure 10.15 – Torque–speed Characteristic of an Induction Machine  

Figure 10.16 – The Terminal Voltage–current Characteristic of an Induction Generator for a load with a constant 
lagging power factor 

 

Chapter 11 – Switchboards and Switchgear 

Figure 11.1 – Typical Layout of a Main Switchboard  

Figure 11.2(a) – A Main Switchboard in the Machinery Control Room 

Figure 11.2(b) – Close–up View of a Main Switchboard 

Figure 11.2(c) – A Modern Main Switchboard 

Figure 11.3 – Bus bars in a Switchboard  

Figure 11.4 – A Synchronising Panel              

Figure 11.5 – A Generator Control Panel 

Figure 11.6(a) – Sectional View of an Air Circuit Breaker 

Figure 11.6(b) – Pictorial Diagram of an Air Circuit Breaker 

Figure 11.7 – Air–break Circuit Breaker (ACB) for Alternators 

Figure 11.8(a) – Moulded Case Circuit Breakers  

Figure 11.8(b) – Sectional View of a Moulded Case Circuit Breaker 

Figure 11.9 – A Miniature Circuit Breaker (MCB) operating during a Short–circuit  

Figure 11.10 – Residual Current Circuit Breakers – 4–Pole and 2–Pole 

 

 

 

 



Figures 
__________________________________________________________________________________ 
 

__________________________________________________________________________________ 
Marine Electrical Technology 

 liii 

Chapter 12 – Starters for Miscellaneous Equipment 

Figure 12.1 – Breakaway Starting Current of Standard Motors As a Multiple of Rated Operational Current 

Figure 12.2 – Typical Starting Current Curve (as a Multiple of Rated Operating Current) As a Factor of Rotational 
Speed of Squirrel Cage Motors 

Figure 12.3 – Standard Values for Run–up Times of Standard Motors As a Function of Rated Power 

Figure 12.4 – Power and Control Circuits of a Direct–on–line Starter  

Figure 12.5 – Remote Control Circuit for a Direct–on–line Starter  

Figure 12.6 – A Direct–on–line Starter’s Circuit for a Pump  

Figure 12.7 – An Engine Room Crane’s D.O.L. Power Circuit   

Figure 12.8 – Control Circuit for the Engine Room Crane 

Figure 12.9 – Star Connections for Speed Variation 

Figure 12.10 – Delta Connections for Speed Variation 

Figure 12.11 – Variation of Current with Speed in Star and Delta–connected Windings 

Figure 12.12 – Variation of Torque with Speed in Star and Delta–connected Windings 

Figure 12.13 – A Basic Star – Delta Starter  

Figure 12.14 – Switch–over Pause too short – Short–circuit across the Arc - The Fuse is tripped and the System is 
turned off 

Figure 12.15 – Switch–over Pause too long – Shaft Speed drops off 

Figure 12.16 – Correct Wiring of Motor Phases for Clock–wise Rotation 

Figure 12.17 – Incorrect Wiring of Motor Phases – also causes Clock–wise Rotation 

Figure 12.18 – Correct Wiring of Phases for Counter–clockwise Rotation 

Figure 12.19(a) – Star–Delta Starter with Fusible Isolator (Power Circuit) 

Figure 12.19(b) – Control Circuit – Star–Delta Starter with Fusible Isolator 

Figure 12.20 – Star–delta Starter for a Seawater Pump  

Figure 12.21(a) – Comparison of Direct–on–line and Star–Delta Characteristics (Torque versus Speed) 

Figure 12.21(b) – Comparison of Direct–on–line and Star–Delta Characteristics (Current versus Speed) 

Figure 12.22(a) – Comparison of Motor Starting Characteristics (Torque versus Slip) 

Figure 12.22(b) – Comparison of Motor Starting Characteristics (Current versus Slip) 

Figure 12.23 – Autotransformer Starter  

Figure 12.24 – Starter Panel for a Slip Ring Induction Motor 

Figure 12.25 – Basic Diagram for Electronic Starter Utilizing Six Thyristors 

Figure 12.26 – Basic Diagram for Electronic Starter Utilizing Three Thyristors and Three Diodes 



Figures 
__________________________________________________________________________________ 
 

__________________________________________________________________________________ 
Marine Electrical Technology 

 liv 

Chapter 12 – Starters for Miscellaneous Equipment (Continued) 

Figure 12.27 – Effect of Ramp Time on Speed–Torque Characteristics of a Soft Starter 

Figure 12.28 – Typical Torque–Speed Characteristics for an Electronic Starter 

Figure 12.29 – Timed Voltage Ramp 

 
Chapter 13 – Fault Protection Devices 

Figure 13.1 – Protection Features of a Typical Marine Electrical System (AC) 

Figure 13.2 – Instantaneous Short–circuit Trip Mechanism (DC) 

Figure 13.3 – Overload Trip (DC) 

Figure 13.4(a) – Overload and Preferential Trips (Circuit)    

Figure 13.4(b) – Overload and Preferential Trips (Flow Chart) 

Figure 13.5 – Reverse Current Trip Mechanism (DC) 

Figure 13.6 – Under–voltage Release Mechanism (DC) 

Figure 13.7 – Overload Relay – (Inverse Definite Minimum Time Relay) 

Figure 13.8 – Resultant Inverse Time Characteristics of the IDMT Relay 

Figure 13.9 – Reverse Power Relay 

Figure 13.10 – Cartridge Fuses 

Figure 13.11 – Enclosed Fuse 

Figure 13.12 – Diazed (Bottle) Fuses 

Figure 13.13 – Neozed Fuses 

Figure 13.14 – NH Fuses 

Figure 13.15 – A High Rupturing Capacity Fuse 

Figure 13.16 – Inverse Time–Current Curve for a 30A HRC Fuse (Not to Scale) 

Figure 13.17 – Screw Caps 

Figure 13.18 – Protection Discrimination 

Figure 13.19 – Tripping Characteristic of Back–up Fuses (Crosses the OCR Characteristic at the Motor’s Starting 
Current Value) 

Figure 13.20 – Open Circuit Fault in a Motor’s Supply Circuit 

Figure 13.21 – Full–load Healthy Condition                 

Figure 13.22 – Half–load Single–phase Condition 

Figure 13.23 – Principle of Operation of a Thermal OCR on Overload 

Figure 13.24 – Differential Devices for Thermal Overload 



Figures 
__________________________________________________________________________________ 
 

__________________________________________________________________________________ 
Marine Electrical Technology 

 lv 

Chapter 13 – Fault Protection Devices 

Figure 13.25(a) – PTC Thermistor Curve (Resistance versus Temperature) 

Figure 13.25(b) – Typical Circuit Involving Thermistors for Protection  

Figure 13.25(c) – Physical Specifications 

 

Chapter 14 – Electric Cables 

Figure 14.1 – Cable Cores 

Figure 14.2 – Cable Testing 

 

Chapter 15 – Cable Insulation and Ingress Protection 

Figure 15.1 – Temperature versus Life Span 

Figure 15.2 – Chain Formation by Bi–functional Molecules 

Figure 15.3 – Branched Chain Polymer 

Figure 15.4 – Formation of a Three–dimensional Giant Molecule  

Figure 15.5 – Cable Glands 

Figure 15.6 – Cable Terminals 

 

Chapter 16 – Transformers 

Figure 16.1 – Basic Operation of a Transformer  

Figure 16.2 – Hollow Laminated Core of a Transformer 

Figure 16.3 – Hollow Laminated Core of a Transformer with Windings 

Figure 16.4 – Shell–type Core Construction 

Figure 16.5 – Exploded View of a Shell–type Transformer 

Figure 16.6 – Step–down Transformer 

Figure 16.7 – The Dot Convention 

Figure 16.8 – No–load Condition of a Transformer 

Figure 16.9(a) – Three–phase Lighting Transformer – 3–Wire ∆ – ∆  Connection 

Figure 16.9(b) – Simplified Circuit of the 3–Wire ∆ – ∆  Connection 

Figure 16.10(a) – ∆ – ∆  Transformers with one Unit Disconnected 

Figure 16.10(b) – Simplified Circuit – ∆ – ∆  Transformers with one Unit Disconnected 

Figure 16.11 – Three–phase Lighting Transformer – Delta–Star Connection  



Figures 
__________________________________________________________________________________ 
 

__________________________________________________________________________________ 
Marine Electrical Technology 

 lvi 

Chapter 16 – Transformers 

Figure 16.12 – The Fixed Ratio Auto–transformer 

Figure 16.13 – The Variable Ratio Auto–transformer 

Figure 16.14 (a) – Pictorial Views of Instrument Transformers 

Figure 16.14 (b) – Instrument Transformers in a Basic (Wattmeter) Circuit 

Figure 16.15 – Bar-primary Current Transformer 

 

Chapter 17 – Propulsion Systems 

Figure 17.1 – Machinery Arrangement – Conventional Propeller 

Figure 17.2 – Thruster Propulsion System 

Figure 17.3 – Machinery Arrangement in a Thruster Propulsion System 

Figure 17.4 – A Simple Ward–Leonard System  

Figure 17.5– DC Motor Driven by an Alternator 

Figure 17.6 – Control of Power to a Propulsion Motor 

Figure 17.7 – Basic Turbo–Electric Propulsion System  

Figure 17.8(a) – Basic Schematic Diagram of a Turbo–Electric Propulsion System 

Figure 17.8(b) – Phasor Diagram – Overcoming No–load Losses 

Figure 17.8(c) – Phasor Diagram from Bus–bar Point of View 

Figure 17.8(d) – Basic Two–pole, Poly–phase Synchronous Motor 

Figure 17.8(e) – Speed Torque Characteristic 

Figure 17.9 – Equipment Onboard an Offshore Emergency and Supply Vessel 

Figure 17.10 – Schematic Diagram of a Synchronous Motor–based Propulsion System 

Figure 17.11 – Schematic Diagram of a Cycloconverter–based Propulsion System 

Figure 17.12 – Frequency Change using a Cycloconverter 

Figure 17.13 – A Diesel–Electric Propulsion System on a Modern Passenger Vessel 

Figure 17.14 – The Propeller Drive with a Cycloconverter (SIMAR Drive Cyclo) 

Figure 17.15 – Propeller Drive for an Electronic Commutator (SIMAR Drive Synchro) 

Figure 17.16 – Schematic Diagram of a SIMAR Drive PWM 

Figure 17.17(a) – Side View of the SSP Propulsor 

Figure 17.17(b) – Rear View of the SSP Propulsor 

Figure 17.17(c) – Podded Propulsion System 



Figures 
__________________________________________________________________________________ 
 

__________________________________________________________________________________ 
Marine Electrical Technology 

 lvii 

Chapter 17 – Propulsion Systems (Continued) 

Figure 17.17(d) – Schematic Diagram of the Mermaid Pod Propulsor 

Figure 17.18(a) – Shaft Motor Installed in the Shaft Line 

Figure 17.18(b) – Shaft Motor Installed at the Non–drive End of a Main Engine 

Figure 17.18(c) – High–speed Shaft Motor Connected via a Gearbox At the Non-drive End of a Main Engine 

Figure 17.22 – Electronic Control System type TPC 

Figure 17.23 – Indication of Thrust / Pitch and Backup Control 

Figure 17.24 – Tunnel Thruster 

Figure 17.25 – Voith–Schneider Propulsion Unit 

Figure 17.26 – The Active Rudder 

Figure 17.27 – Elements of a Dynamic Positioning System 

Figure 17.28 – The Degrees of Freedom of a Ship 

Figure 17.29 – SSBL Principles 

Figure 17.30 – Taut Wire Principle 

Figure 17.31 – The LBL System 

Figure 17.32 – The Kamewa Water Jet – S Series 

Figure 17.33 – The Kamewa Water Jet – FF Series  

Figure 17.34 –The SCHOTTEL Pump–Jet 

Figure 17.35 – The Double Stern Unit 

Figure 17.36 – The Double Bow Unit 

 
 
Chapter 18 – Steering and Stabiliser Systems 

Figure 18.1 – A Steering System’s Control Console   

Figure 18.2 – Non–follow up Control Diagram of a Rudder 

Figure 18.3 – Two–ram Electrically–controlled, Hydraulically–operated Steering System 

Figure 18.4(a) – Electronic Steering Control – Manual Mode 

Figure 18.4(b) – Electronic Steering Control – Auto–pilot Mode 

Figure 18.5 – Dual Cylinder – Twin Rudder                                                                       

Figure 18.6 – Single Cylinder – Single Rudder 

Figure 18.7 – Helm Pumps 



Figures 
__________________________________________________________________________________ 
 

__________________________________________________________________________________ 
Marine Electrical Technology 

 lviii 

Chapter 18 – Steering and Stabiliser Systems (Continued) 

Figure 18.8 – Cylinder 

Figure 18.9 – Typical System Configuration 

Figure 18.10 – Three Face Panorama Rudder Angle Indicator 

Figure 18.11 – Model 50 – Rudder Angle Indicators  

Figure 18.12 – The Lever Follow Up Controller –Model LFU 100 

Figure 18.13 – Wheel Controller – Model WFU 100 

Figure 18.14 – Motor Alarm Panel – Model MCA100 

Figure 18.15 – Local Control and Bridge Disconnect – Model LCB 101 

Figure 18.16 – Pumpsets 

Figure 18.17 – Steering Gear with Double–acting Cylinders 

Figure 18.18 – 4 Keypad Fixed Control Head Controller 

Figure 18.19 – AutoNav’s Steering Console 

Figure 18.20 – The Distribution Unit 

Figure 18.21 – The Overall Schematic Diagram 

Figure 18.22 – Anschütz Auto Steering 

Figure 18.23 – Steering Control System – NautoSteer  

Figure 18.24 – Rudder Angle Indicator and Tiller 

Figure 18.25 – FU Hand–wheel Unit                              

Figure 18.26 – FU Tiller 

Figure 18.27 – Follow–up Amplifier                               

Figure 18.28 – Feedback Unit 

Figure 18.29 – Solenoid Valve with On/Off Function 

Figure 18.30 – NFU Hand–wheel Unit  

Figure 18.31 – NFU Tiller 

Figure 18.32 – Proportional Steering By Analogue Amplifier/Main Pump 

Figure 18.33 – Steering Mode Selector Switch 

Figure 18.34 – Rudder Position Indicators 



Figures 
__________________________________________________________________________________ 
 

__________________________________________________________________________________ 
Marine Electrical Technology 

 lix 

Chapter 18 – Steering and Stabiliser Systems (Continueed) 

Figure 18.35 – Universal Signal Device 

Figure 18.36 – Override Control 

Figure 18.37 – Monitoring System 

Figure 18.38 – Emergency Controls 

Figure 18.39 – The Three–framed Gyroscope 

Figure 18.40 – Fluid–filled Flux Gate Compass 

Figure 18.41 – Rudder Position Indicators 

Figure 18.42 – Two–element Synchro Chain (Initial  Position of the Synchro Transmitter and Receiver) 

Figure 18.43 – Torque Transmitter 

Figure 18.44 – A Conceptual Diagram of a Stabiliser 

Figure 18.45 – The Stabiliser and Ships on which the Gyrofin Stabiliser is fitted 

Figure 18.46 – The Bridge Control Unit 

Figure 18.47 – A Typical Gyrofin Installation 

 

Chapter 19 – Deck Machinery and Cargo Equipment                                                                                                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figures 
__________________________________________________________________________________ 
 

__________________________________________________________________________________ 
Marine Electrical Technology 

 lx 

Chapter 20 – Control of Air Compressors 

Figure 20.1 – High Pressure Non–Oil–Free Compressor System 

Figure 20.2 – Automatic Operation of a Compressor – The Basic Circuit 

Figure 20.3 – Schematic Diagram of Automatic Operation  

Figure 20.4 – Main Air Compressor Control Circuit 

Figure 20.5 – Absorption Type Air Drier 

 

Chapter 21 – Batteries and Battery Charging 

Figure 21.1(a) – Calculation of Internal Resistance 

Figure 21.1(b) – A Lead Acid Cell 

Figure 21.2 – Separators 

Figure 21.3 – Variation of Potential Difference on Charge and Discharge 

Figure 21.4 – Voltage–Time Curves 

Figure 21.5 – Variation of Capacity with Discharge Rate 

Figure 21.6 – A Nickel Cadmium Cell 

Figure 21.7 – A Sealed Nickel–Cadmium Cell 

Figure 21.8(a) Constant Current System 

Figure 21.8(b) – Constant Voltage System 

Figure 21.9 – Battery Charging with DC Supply (Battery Charged in the Figure) 

Figure 21.10 – Battery Charging from AC Supply 

Figure 21.11 – Battery Charger and Distribution Board 

Figure 21.12 – Block Diagram of the Battery Charger 

Figure 21.13 – Emergency Battery Circuit 

Figure 21.14 – Manual Voltage Regulator     

Figure 21.15 – Automatic Voltage Regulator 

 

 

 

 



Figures 
__________________________________________________________________________________ 
 

__________________________________________________________________________________ 
Marine Electrical Technology 

 lxi 

Chapter 22 – Lighting Systems 

Figure 22.1 – Ordinary Filament Lamp (General Lighting Service Lamp) 

Figure 22.2 – Linear Tungsten–Halogen Lamp – Double–ended 

Figure 22.3 – Low–pressure Mercury Fluorescent Lamp 

Figure 22.4 – Typical Glow–starter Switch Circuit 

Figure 22.5 –Transformer Quick–start Circuit 

Figure 22.6 – High Pressure Mercury Fluorescent Lamp Circuit 

Figure 22.7 – Low Pressure Sodium Vapour Lamp Circuit 

Figure 22.8 – High Pressure Sodium Vapour Lamp Circuit 

Figure 22.9 – Lamp Caps’ Shapes 

Figure 22.10 – A Basic Double Navigation Light Schematic Circuit 

Figure 22.11 – Alternative Navigation Light Circuit (circuit energised) 

Figure 22.12 – A Navigation Light Circuit (circuit de–energised) 

Figure 22.13 – Basic Emergency Lighting Circuit 

 

Chapter 23 – Miscellaneous Systems 

Figure 23.1 – E Log I Diagram 

Figure 23.2 – Sacrificial Anodes 

Figure 23.2 – Sacrificial Anode System 

Figure 23.4 – Impressed Current System  

Figure 23.5 – Impressed Current System Circuit  

Figure 23.6 – Layout of a Basic Impressed Current Cathodic Protection System 

Figure 23.7(a) – Schematic Diagram of an Impressed Current Cathodic Protection System 

Figure 23.7(b) – A Basic Magnetic Amplifier  

Figure 23.8 – Dionic Water Purity Meter 

Figure 23.9 – The Basic Salinometer 

Figure 23.10 – Heater Connections for Galley Plates  

Figure 23.11 – The Refrigeration Cycle 

 

Chapter 24 – Maintenance and Troubleshooting 

Figure 24.1 – A Portable Megger 

 


	fig13_2
	fig13_3
	fig18_12
	fig9_5
	fig9_6

