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ABBREVIATIONS AND ACRONYMS





  A ampere




  ABYC American Boat and Yacht Council




  AC alternating current




  AGM absorbent glass mat




  Ah amp-hour




  AWG American Wire Gauge




  BMEA British Marine Electronics Association




  BMS battery management system




  CCA cold cranking amps




  CSA cross-sectional area




  DC direct current




  DVSR digital voltage sensing relay




  EMF electromotive force




  FLA flooded lead acid




  IP ingress protection




  ISO International Organization for Standardization




  LED light-emitting diode




  MCA marine cranking amps




  MPPT maximum power point tracker




  NiCad nickel–cadmium




  NiFe nickel–iron




  Ω ohm




  PSOC partial state of charge




  PVC polyvinyl chloride




  PWM pulse width modulated




  RCD European Recreational Craft Directive




  RFI radio frequency interference




  rpm revolutions per minute




  SCR silicon-controlled rectifier




  SG specific gravity




  SOC state of charge




  TSR tip-speed ratio




  V volt




  VRLA valve-regulated lead-acid




  W watt











  
INTRODUCTION





  The majority of electrical power problems arise from improper battery selection along with deficient battery charging. Battery bank capacities are either seriously underrated with resultant power shortages or overrated so that the charging system cannot properly recharge them. The result is a premature failure of the batteries due to sulfation in flooded lead-acid batteries. Initially, it is essential that all the equipment on board be listed along with power consumption ratings. The holistic approach is where the battery bank is selected to supply a calculated load and then a battery charging source is used to properly restore charge levels. Over the years, battery technology has continually evolved, and we have come a long way from the traditional flooded lead-acid battery to the lithium-ion battery technologies available today. Additionally, we have developments in carbon foam batteries, and there are other major developments in graphene technologies and solid-state batteries. Technology marches on in this space and will enhance boat electrical power systems.
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  ELECTRICAL STANDARDS FOR BOATS




  ABOUT ELECTRICAL STANDARDS




  Batteries and charging systems should be installed, as far as is practicable, to comply with one of the principal standards or recommendations in use, and most standards are similar. Rules often appear complex, can be difficult to interpret, are not written in plain language, and assume considerable electrical knowledge. Standards should be seen as the minimum or base level for installation, and it is quite prudent to exceed requirements. The rules and regulations must encompass a wide variety of boat types and configurations, and there is no such thing as a perfect fit, so rules must be viewed in context with any particular boat.




  
BOAT WIRING REGULATIONS—UNITED STATES AND CANADA




  American Boat and Yacht Council (ABYC). E-11 AC and DC Electrical Systems on Boats (2021). This standard addresses the design, construction, and installation of alternating current (AC) electrical systems up to 300VAC and direct current (DC) electrical systems up to 60VDC on boats. Visit https://abycinc.org.




  There are many complementary ABYC recommendations relating to batteries and charging. These include E-10 Storage Batteries, E-13 Lithium-Ion Batteries, and A-31 Battery Chargers and Converters.




  The United States Coast Guard. Title 33, CFR 183, Subpart 1. These contain mandatory requirements for electrical systems on boats. Electrical systems are specifically 33 CFR 183.401-460.




  NFPA 302, Fire Protection Standard for Pleasure and Commercial Motor Craft, 2020 Edition. This standard is approved by the American National Standards Institute and is applicable to motorboat installations.




  Transport Canada TP1332 E—Construction Standards for Small Vessels. Section 8: Electrical Systems. This is a comprehensive set of standards for pleasure vessels under Canadian jurisdiction.




  
BOAT WIRING REGULATIONS—UNITED KINGDOM AND EUROPE




  European Recreational Craft Directive (RCD). These standards include the following International Organization for Standardization (ISO) standards: ISO 13297: Small Craft—Electrical Systems—Alternating and Direct Current Installations, 2020. The standard specifies the requirements for the design, construction, and installation of the following types of DC and AC electrical systems, installed on small craft either individually or in combination:




  (a) extra-low-voltage DC electrical systems that operate at nominal potentials of 50VDC or less;




   (b) single-phase AC systems that operate at a nominal voltage not exceeding 250VAC.




  The standard excludes DC electric propulsion systems and so on, which are covered by ISO 16315. It excludes any conductor that is part of an outboard engine assembly. Electrical Installations in Ships—Part 507: Pleasure Craft (ISO 13297-1).




  BMEA (British Marine Electronics Association) Code of Practice for Electrical and Electronic Installations in Small Craft, Fifth Edition (2013). These recommendations are used by members of the BMEA in the United Kingdom. They are essentially based on enhanced RCD and ISO requirements and are for sailing and powerboats up to 24m in length.




  
BOAT WIRING REGULATIONS—AUSTRALIA AND NEW ZEALAND




  Australian/New Zealand Standard Electrical installations—Marinas and Recreational Boats Part 2: Recreational Boats Installations. AS/NZS 3004.2:2014. This standard derived elements from (a) IEC 60092-507: Ed.1.0 (2000), Electrical Installations in Ships, Part 507: Pleasure Craft; (b) ISO 10133, Small Craft—Electrical Systems—Extra-Low-Voltage DC Installations; (c) ISO 13297, Small Craft—Electrical Systems—Alternating Current Installations; and (d) American Boat and Yacht Council (ABYC), E-11—AC and DC Electrical Systems on Boats.
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  BASIC ELECTRICAL PRINCIPLES




  The Greeks discovered electricity around 500 BC, when static electrical charges were raised on the surface of amber. The word “electric” is from the Greek meaning “to be like amber.” There have been many later discoveries as various scientists developed these first principles. There are some basic electrical principles that need to be understood if a battery and battery charging system are to be designed, installed, and maintained.




  OHM’S LAW




  This is a fundamental electrical law that was formulated by Georg Ohm and is called Ohm’s law. One volt (1V) is the electromotive force (EMF) required to move a current of 1 amp (1A) through a resistance of 1 ohm (1Ω). Ohm’s law is expressed in some very simple formulas, which are the basis of all simple electrical circuits:




  Voltage V (volts) = current (amps) multiplied by resistance (ohms)




  Current I (amps) = voltage (volts) divided by resistance




  Resistance (ohms/Ω) = voltage divided by current




  Power (watts) = voltage multiplied by current




  Current (amps) = power (watts) divided by voltage




  Example 1: A circuit has a voltage of 12V and a current of 5A; what is the resistance? R = 12/5, R = 2.4Ω.




  Example 2: A circuit has a current of 10A and a resistance of 1.5Ω; what is the voltage? V = 10 × 1.5, V = 15V.




  
WHAT IS RESISTANCE?




  Resistance is of great importance in battery and charging system circuits. Resistance is defined as the opposition to the flow of current in an electric circuit. It is defined by Ohm’s law. The unit of resistance is the ohm, and the symbol is the Greek letter omega (Ω). The basic equation for resistance equals the voltage divided by the current—that is, V/I. The ratio of a voltage through a conductor to a current flowing in it is constant and is equal to the resistance of the conductor. When current flows through a resistor, heat is generated, which is often expressed as dissipated power in watts (W). This is the basis of all heating elements. Resistance is also directly proportional to the length (L) of a conductor, with resistance varying inversely with the cross-sectional area (CSA) of the conductor. Circuit resistance is cumulative in any battery charging system, and each cable and termination connection adds to the total. The battery also has internal resistance.




  WHAT IS VOLTAGE?




  EMF is measured in volts (V). EMF can be generated by a chemical reaction, such as in an electrochemical cell or battery, or by moving a conductor in a magnetic field. The volt is the unit of electrical pressure and is the force required to cause a current to flow against a resistance. This is defined as a unit of electric potential or EMF. It is the difference of electric potential that exists between two points on a conducting wire carrying a constant current of 1A when the power dissipated between the points is 1W. Voltage at a higher potential flows to one of lower potential, positive to negative.




  
WHAT IS CURRENT?




  Current is defined as the rate of electric current flow and is the movement of electrons through a conductor in a single direction. When the voltage increases, the current also increases as long as the resistance does not change. Current is directly proportional to the voltage but inversely proportional to resistance. The unit of current is the ampere or amp (A).




  WHAT IS POWER?




  The unit of power for a DC circuit is equal to the voltage multiplied by the current. The standard unit is the watt. In a DC circuit, a source of V volts, delivering I amperes, produces P watts. When a current of x amperes passes through a resistance of x ohms, the power in watts dissipated or converted by that component is given by P = I²R. To work out current from the power or watt rating, use the formula I = P/V.




  Example: Power rating is 135W, and the voltage is 24V. I = 135/24 = 5.6A.
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  BASIC BATTERIES OVERVIEW




  WHY YOU NEED A BATTERY




  The battery is the power storage device that is used to start the engine or to power lights and accessories, such as radios, pumps, and electronics. The battery also acts as a “buffer” that absorbs the power surges and disturbances that occur during battery charging and discharging.




  ABOUT BATTERY TECHNOLOGIES




  Battery technologies have continued to evolve. The traditional flooded lead-acid battery is being rapidly displaced by more advanced and efficient battery chemistries:




  a. Lead-Acid Batteries. The flooded lead-acid battery has been used in the majority of boat installations for many years, and the principles are explained.




  b. Gel-Cell Batteries. Gel-cell batteries are widely installed on boats, and these are detailed.




  c. Absorbent Glass Mat Batteries. Absorbent glass mat batteries are used extensively on boats, and the chemistry and advantages are outlined.




  d. Carbon Foam Absorbent Glass Mat Batteries. This battery technology is offering an alternative to lithium-ion batteries.




  e. Lead Carbon Absorbent Glass Mat Batteries. This battery chemistry also offers an alternative to lithium-ion batteries.




  f. Lithium-Ion Batteries. These batteries are revolutionizing boat battery power supplies and include lithium iron phosphate types.




  g. Alkaline Batteries. These are an older technology and no longer common on boats; they include nickel–cadmium and nickel–iron types.


OEBPS/Images/frn_fig_005.jpg
A < SHerpANHousE »





OEBPS/Images/frn_fig_002.jpg





OEBPS/Images/frn_fig_004.png





OEBPS/Images/frn_fig_001.jpg
AA
HERIDAN
OUSE SECOND EDITION
v GUIDE TO
BOAT MAINTENANCE

= Panel 1
Wind Electronics

Charger

Isolator

1 start |
Battery

Starter Motor

Alt2 Argo

JOHN C. PAYNE





OEBPS/Images/frn_fig_003.jpg





