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Pat Manley was a long-time contributor to the magazine Practical Boat Owner and regularly featured in their Ask the Experts pages. He also wrote a number of successful books for Fernhurst Books: Simple Boat Maintenance, Diesels Afloat, Practical Navigation for the Modern Boat Owner, Electrics Companion, Diesel Companion and Radar Companion.


His books, articles and the numerous RYA courses he ran inspired thousands of sailors with practical advice that meant that they could understand and repair their boats.


Pat passed away in September 2016.


This left Fernhurst Books with the problem of finding someone to update Pat’s work when the time came and nowhere was this going to be more necessary in the ever-changing world of boat electrics.


We are delighted that Oliver Ballam has updated this work.


OLIVER BALLAM
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Oliver Ballam was brought up in Suffolk on the banks of the River Deben and the river was his natural playground on the various family boats. His passion for boating and studying electronics at school have combined to create his career.


After school he taught sailing in the Med, which also involved considerable boat maintenance with minimal tools or equipment. On his return to the UK, he helped a friend build and race a Mini Transat yacht. Amongst other things this involved installing the electrical system which led to other electrical work around the boatyard, which led to the formation of Seapower Marine Electronics. Seapower is now one of the East Coast’s leading marine electronics and electrical companies, based at Suffolk Yacht Harbour in Levington and providing sales installation and repair services to yacht owners and crew.












INTRODUCTION





Pat had a friend whose boat’s appetite for amps was minimal. He had a small solar panel, but where he kept his boat, the sun set at 10am, even in the summer. He had a small wind charger, but the mooring was so sheltered it rarely turned. He had an engine, but it had no generator. He had a battery, but he took it home to charge. Peter had a cabin lamp, navigation lights and basic instruments and he wanted no more. These days Peter is a rarity.


Whether power or sail, today’s boats need quite a lot of electricity, be it low voltage DC or mains voltage AC. To the majority of yachtsmen, electricity is a bit of a closed book, and we hope that it’s those people who will find this book useful.


Essential Boat Electrics is not intended to be very theoretical, quite the reverse. Where a formula might be useful, we’ll give it. Where a bit of theory is likely to help understanding, we’ll give that too. In the main, it’s a matter of simple words and pictures, as we find that when talking to other yachtsmen, that’s what they want.


To many sailors, electrics is a black art. Essential Boat Electrics is intended to help remove the fog of mysticism from the subject. To the purist, we may use terms that they disagree with. Someone said about Electrics Companion that you can’t ‘consume’ electric power! The correspondent may have been technically correct, but it’s an expression understood by all, so that’s what we use.


However, a word of warning – if you don’t understand AC power, leave AC circuits strictly alone.


Each chapter covers a specific range of topics. This is a bit of a problem when setting their order, as we often had to write about a topic not yet covered, no matter in which order they were arranged. So, where necessary, we tell you where to look for that bit of information.


We cannot stress too much that you should make a wiring diagram of any modifications you make. You won’t find the professional doing that, but if you’re going to keep track of things, please do take the time to make one. It doesn’t have to be pretty, all it needs to do is to tell the story.


It’s also very easy to procrastinate and say, ‘Oh! I’ll tidy it all up later.’ It works OK and so you put off the evil day that you make it all neat and secure. As soon as you know it works, finish it off properly there and then, or it won’t get done.


That’s the preaching finished, so get on and use Essential Boat Electrics to help you do all those electrical jobs that you wished you had the knowledge to do.












CONTENTS





1. The Basics


2. The Tools


3. Multimeters


4. Batteries


5. Electrical Supply


6. Switches & Relays


7. Connections


8. Wiring


9. Circuits


10. Electric Motors & Alternators


11. Navigation Instruments


12. Anodes


13. Soldering


14. Power Consumption


Appendices


Useful Tables


Useful Formulae


Acknowledgements












CHAPTER 1


THE BASICS





To carry out most electrical work on your boat you really need very little theory. All you are ever likely to need is covered here, but in the main, all you need to know is:


■ How big a fuse needs to be


■ How much power an item uses


■ How thick a wire should be


■ How long you can run something from your battery


The following formulae will allow you to calculate what you need to know.


DEFINITIONS & FORMULAE


Resistance


Resistance (R) is a measure of how difficult it is for electricity to flow through a wire or component. It’s measured in ohms (Ω) using a resistance meter, normally found on a multimeter.


The higher the number, the more difficult it is for electricity to pass. Insulators have extremely high resistance and an open circuit has infinite resistance. An open circuit is like a switch turned off.


The lower the number, the easier it is for electricity to pass. A short circuit has no resistance at all, and an extremely large current can flow. A short circuit is like a switch turned on.


There are several things worth noting about resistance:


■ The longer the wire, the greater its resistance.


■ The thinner the wire the greater its resistance.


■ Badly made or corroded electrical connections have high resistance.


■ Resistance causes voltage loss along a wire.


■ Voltage loss can be reduced by shortening the wire or by using a thicker wire.


■ High resistance causes heat.


■ Voltage loss in a long wire run should not exceed 3%. On many boats the loss is as much as 10%, and this gives dim lights and wastes power. On components such as electric motors, this voltage loss can cause premature failure of the motor.


Yachtsmen may occasionally need to calculate the effect of several resistances, so we’ll cover this as well, just in case.


The resistance of several components connected in series is the sum of their individual resistances. The same current flows through all of them. The system voltage acts over the complete string of components.
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The resistance of components connected in parallel is a little more complex and is found by:
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R = 1 ÷ (1/R1 + 1/R2 + 1/R3, etc.)




For only two resistances this is simplified to:
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R = R1 × R2 ÷ (R1 + R2)




Voltage


Voltage drives the current through the wire. It’s measured in volts (V) using a voltmeter. It’s a bit like the pressure pushing the electricity to flow.


For a particular piece of wire, a large voltage will drive a large current and a low voltage will drive a small current. For our uses, mains voltage is either 230 volts (Europe) or 110 volts (USA) and boat voltage is either 12 volts or 24 volts, depending on the boat.


Current


Current is the flow of electricity through the wire. It’s a measure of the number of electrons flowing per second, but we don’t stand there counting electrons. It’s measured in amps (A) using an ammeter but, just to be confusing, most formulae use I to indicate current. So, a current (I) has a value (A) amps.


For example:


■ 12-volt electronic instruments consume about 250 milliamps (mA) — that’s 250 onethousandths of an amp, i.e. ¼ amp


■ 12-volt fridges or radar consume about 4 amps each


■ A 230-volt mains electric kettle consumes about 8.7 amps


■ The mains connector to the shore power will handle 16 amps


There’s a constant relationship between the voltage, current and resistance in any component and this relationship is called Ohm’s Law. Ohm’s Law tells us that the voltage, current and resistance are linked. Thus, if we know two quantities, we can work out the third.


V = I x R


(Volts = Amps x Resistance)


By rearrangement we can also say:


I = V ÷ R


R = V ÷ I


Power


Power is the amount of electricity being taken at any one instant of time by a component. It’s measured in watts (W) and is calculated by multiplying the voltage by the current.


P = V x I


(Power = Volts x Amps)


For example:


■ A mains electric kettle might be 2,000 watts (2 kilowatts):


230 volts × 8.7 amps = 2,001 watts


■ A 12-volt fridge might be 48 watts:


12 volts × 4 amps = 48 watts


In the UK most marina 230-volt shore-power connections are 16A which allow us to use about 3,700W (3.7 kilowatts) without causing a trip:


230 volts x 16 amps = 3,680 watts


If you had a 12-volt shore connection rather than the 230-volt / 16-amp mains connector, the connection cable would be handling 3,700 ÷ 12 = 308 amps and you’d need a very hefty cable:


3,700 watts ÷ 12 volts = 308 amps


That’s why we use high voltage for transmission cables.


ELECTRICAL CONSUMPTION


What we store in our batteries, or what we pay the electricity company for, is the amount of power for however long we are using it.


A light switched on for a short time costs us less than if we leave it on for a long time. Our navigation lights running all night will deplete our batteries much more than if they’re on for only a couple of hours of evening sailing.


For mains electricity this quantity is normally expressed in ‘units’ or kilowatt hours — the power of the item multiplied by the number of hours for which we are using it.


For example:


■ A 2kW electric fire switched on for 2 hours would use 4 kilowatt hours:


2kW × 2 hours = 4kW hours


For low-voltage DC circuits, as found on boats, we express it a little differently: the number of hours it’s switched on multiplied by the amps flowing. For example:


■ Our 12-volt radar, consuming 4 amps and running for 8 hours consumes 32 amp hours:


4 amps × 8 hours = 32 amp hours


■ Therefore, a 100-amp-hour battery would have had 32 amp hours removed from it by having the radar switched on for 8 hours


We may need to be able to estimate the electrical consumption of a component but know only its wattage and voltage.


Take a 12-volt, 25-watt navigation light bulb, for instance:


■ 25 watts supplied by 12 volts draws just over 2 amps:


25 watts ÷ 12 volts = 2.08 amps


■ That bulb, switched on for 8 hours, consumes just under 17 amp hours of electricity:


2.08 amps x 8 hours = 16.64 amp hours


BATTERY CAPACITY


The voltage of a battery gives no indication of how much electricity it can store. We might connect a 12-volt, 25-watt bulb to a battery and need to know how long the battery would power the light. We’ll talk more about batteries in chapter 4, but from our amperage formula we can deduce that the current flowing through our bulb is:


25 watts ÷ 12 volts = 2 amps


If the bulb stayed illuminated for 48 hours before the battery was flat, we would call that battery a 96-amp-hour battery:


2 amps x 48 hours = 96 amp hours


If we ran four bulbs at the same time, the battery would last only a quarter of the time (12 hours):


4 x 2 amps x 12 hours = 96 amp hours


So, the capacity of a battery (to store electricity) is measured in amp hours. It’s not quite as simple as that, as the amp hours capacity will vary according to the value of the current taken, but the principle holds good. As the battery ages, its capacity will fall, and when the capacity falls too much, it’s time to replace the battery.


But that’s enough about batteries for now (for more, see Chapter 4: Batteries).



SERIES & PARALLEL



Connecting In Series


If we join components in line, holding hands as it were, we call this a series connection.


For this type of connection:


■ The same current passes through all the components


■ The system voltage is applied across all of them together, so none experience the full system voltage
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Connected in series




Connecting In Parallel


If you hold everyone else’s left hand with your left hand and everyone holds everyone else’s right hand, you will all be joined in parallel.




[image: Illustration]


Connected in parallel




The Differences Between Connecting In Series & Parallel


Generally, we needn’t get too excited about this, unless we are joining a couple of batteries together:


■ Join two 12-volt, 100-amp-hour batteries in series and you get ONE 24-volt, 100-amp-hour battery:
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2 batteries connected in series: twice the volts, the same capacity




■ Join the same two 12-volt, 100-amp-hour batteries together in parallel and you get ONE 12-volt, 200-amp-hour battery:
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2 batteries connected in parallel: the same volts, twice the capacity




Bulbs in the same circuit need to be joined together in parallel.
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Bulbs connected in parallel: the bulb voltage is the same as the supply voltage




Join two 12-volt bulbs in series in a 12-volt circuit and they will be pretty dim! But if you find a couple of 6-volt bulbs and need to use them in your 12-volt system, join them in series and they’ll work fine.
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Bulbs connected in series: the bulb voltage is half the supply voltage




If you need formulae to work out more complex circuits, you’ll find them in the appendix.












CHAPTER 2


THE TOOLS





If you are going to carry out any basic electrical repairs, installation or troubleshooting, a suitable electrical tool kit is needed. For convenience, it’s probably a good idea to keep this separate from your normal tool kit.


Installing instruments may also require some additional tools, such as hole-saws to cut mounting holes in instrument panels and an electric drill and drill bits.


METERS & CHECKERS


Multimeter


When troubleshooting, a multimeter is almost essential. They can measure DC and AC voltage, current, resistance and more depending on the model.
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A multimeter




A probe multimeter is less versatile (with fewer functions) but more compact and has the advantage that as one probe is the meter itself, it can be used in awkward places.
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A probe-type multimeter




Polarity Checker


If you haven’t got an onboard polarity checker installed, this is essential every time you connect to shore power. It is also essential if you are going to fit any mains sockets. Many devices are not protected from overload or potentially dangerous faults if the polarity is incorrect (see page 41).
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A polarity checker





Clamp Ammeter



Clips onto a cable to measure the current flowing through the wire. It’s not especially accurate but can measure high currents and you don’t need to make any connections. It’s especially useful for checking the output of the alternator. You just need to clip it to the alternator’s output cable.
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Clamp ammeter




Non-Contact Voltage Checker


Useful for checking if AC voltage is present in a wire or appliance without exposing live parts. Just hold the tip near the wire to be checked and it will glow and / or beep depending on the model. Also useful to double check a circuit is safely isolated before working on it.
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Non-contact voltage checker




BASIC TOOLS


Side Cutters


The best tool for cutting wire. With care, they can also be used for stripping wire, but you have to hold the handles so that they will just cut the insulation and not the wire.




[image: Illustration]


Side cutters




Wire Strippers


The only really satisfactory way to strip insulation from wire. There are various types. With some you must use the correct size ‘notch’ or you will sever some of the wire’s strands, increasing its electrical resistance and weakening the wire. Others will automatically strip just the insulation and not the conductor.
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Above: Automatic wire strippers
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Notch wire strippers





Long-Nosed Pliers



Ordinary pliers are just too blunt ended for electrical use. The long, tapered long-nosed pliers are indispensable for many electrical jobs.
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Long-nosed pliers




Hobby Knife


Used for many odd cutting jobs. You will need this for cutting insulation on heavier cable where it isn’t cost effective to purchase a bigger wire stripper. However, do be very careful not to cut through inner insulation where there’s a sheath over multi-strand insulated wire.
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Hobby knife




Screwdrivers


Many connectors have small screws, as do junction boxes and the components themselves. A range of suitably-sized screwdrivers − blade and cross-head − is essential. Include a set of small instrument screwdrivers.
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A set of screwdrivers




CRIMPING


Various Crimp Terminals


Crimping is the most versatile method of making electrical joints. The better terminals have two stages to grip both the insulation and the conductor. This improves the vibration and pull-out resistance of the terminal; it also makes a better connection because the metal of the terminal is held in contact more firmly with the metal of the conductor.
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Crimp with two stage grip (above)
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Crimp with only single grip




Crimping Tool


The only proper way to make crimped joints − the cheap crimping pliers are not good enough for making proper joints. A ratchet crimping tool is the type to use. There are different makes of crimp terminals, so it’s best to buy the crimper and the terminals from the same source if you can.
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A crimping tool





Heavy Duty Crimping



If you have to crimp up some heavy-duty terminals and don’t have the luxury of an expensive heavy-duty crimper, then you can buy a much cheaper device which can have the pressure applied either by a hammer or in a vice.
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A heavy-duty crimping tool




If you can take the wire to a vice, insert the wire into the terminal and then squeeze the crimper in the vice until the tool’s end-stops touch. Make sure you hold the wire firmly in place in the terminal as you close the vice.


If you have to use a hammer, rest the crimper on a firm surface. This is probably a two-person job: one to hold the wire and terminal and the other to do the hammering. You will need good teamwork!


SOLDERING


Mains Soldering Iron


If mains power is available, a 25-watt mains iron is an asset. If you have heavier work to do, a 100-watt iron is necessary. See Chapter 13: Soldering for technique.
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A mains soldering iron




12-Volt Soldering Iron


For use on board, when no mains power is available, a 12-volt iron will do all that a mains one will do. However, it will take 2 amps at 12 volts, so you won’t want to leave it on for long periods. These days, gas irons are more often used due to their superior power and versatility.
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A 12-volt soldering iron




Gas Soldering Iron


For jobs where electricity isn’t readily available, a gas soldering iron is a big asset. A professional one is a much better tool than its cheaper rivals, which, in my experience, suffer from rapid failure of their catalytic element. Although these ‘irons’ can have a naked flame if required, for soldering, the gas burns without a flame on a catalytic element, just as in a catalytic heater. This element heats the soldering tip. A rope-cutting heated tip and a hot air tip are often supplied as well.


They will generally have a hot exhaust, so be careful where and how it is put down so that it doesn’t burn the surface.
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A gas soldering iron





Soldering Iron Stand



You need somewhere to put the hot iron while you are using it. Some irons have a hook on the handle, so that you can hang or prop them up somewhere safe. Probably a better bet is a purpose-made stand with a heavy base that can’t tip over.
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A soldering iron stand




Gas Blowtorch


For soldering heavy items, including starter cable, a gas blowtorch, as used by plumbers, will do the job. However, they produce a lot of heat, can melt the insulation and are a fire hazard. In any case, heavy duty crimping is to be preferred.
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A gas blowtorch




Solder (Multicore Rosin)


Reels of solder are obtainable in different solder diameters and are used according to the size of the items being soldered. Multicore ‘rosin’ flux solder is the most convenient to use for electrical wiring jobs.
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Multicore solder




De-Soldering Tool


If you have to ‘unmake’ a soldered joint, getting rid of the molten solder before it cools and prevents the joint from being taken apart is a problem. A ‘vacuum’ de-soldering tool is very useful if you expect to do much ‘undoing’.
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A de-soldering tool




INSULATION


Insulation Tape


Insulation tape is useful for initial tidying up and for temporary insulation or attaching two or more wires to pull them through a void or conduit. It isn’t suitable as a permanent method of insulation, because, over time, it will become loose and sticky.
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Insulation tape





Liquid Insulation



Liquid insulation, which can be brushed on and built up to a suitable thickness, is very useful in awkward spots, especially to insulate individual connections in a small multi-wire plug and socket.
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Liquid insulation




Silicone Grease


Use silicone grease to keep moisture at bay in screwed connectors and crimp connections which have no other means of protection.
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Silicone grease




CABLING


Cable Ties


Cable ties of various sizes are used to tidy up and support wiring runs.
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Cable ties




Mouse Lines


Thin rope to use to lead cables through conduits, tubes and other places. It is a good idea to leave mouse lines in place when fitting cabling – double the length of the run so you never pull them out.


Cable Threader


A nylon push threader allows cables to be run through conduits and tubes. These are available from builders’ merchants / DIY shops.
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A cable threader




Cable Draw Rods


Fibreglass rods which screw together to allow cables or mouse lines to be passed through large gaps where the nylon cable threader would coil up or snag. Also available from builders’ merchants / DIY shops. The set usually includes a hook for hooking wires / mouse lines out, and a loop for attaching mouse lines to the end of the assembled rod.
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A draw rod set














CHAPTER 3


MULTIMETERS





Troubleshooting and maintenance of the electrical system are enhanced by the use of a multimeter. These meters can be purchased for a modest price from electronics stores and, for general use, a digital auto-range meter is probably most appropriate, although it is more expensive than a manual one. With manual-range multimeters you need to estimate what the value is before you test it.
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Manual-range multimeter (above)
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Digital auto-range multimeter (above)
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A probe-type multimeter (above)
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Analogue multimeter




A small, probe-type multimeter frees up the hands, allowing the circuit to be tested and the meter to be read simultaneously.


The meter has an internal battery and so must be switched off when not in use. If you have an analogue meter with no ‘OFF’ switch, make sure that you don’t leave it set to resistance, otherwise there will be a continuous battery drain.


Digital meters will show you on their display if the battery is low and if this symbol is lit, the readings should not be relied upon.


CHECKING CONTINUITY


In order to check if there is a good electrical path through a wire or component:


■ Set the meter to resistance (Ω) (and a low range for a manual meter).


■ Hold the probes together in contact to check for a zero reading and, depending on the meter, a ‘beep’. Analogue meters need to be ‘zeroed’ at this stage — if it can’t be zeroed, the internal battery is low.


■ Switch the circuit ‘OFF’.


■ Put the probes at each end of the wire / part to be tested. The resistance should be zero but may read several ohms depending on the length of the wire, because of its resistance.


■ If set to ‘beep’, you will get an audio warning of very low resistance for a continuity check.


■ No change to the reading after the probes are attached indicates an open circuit (i.e. a break).
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