Battery Charging

Charging batteries from the alternator

As energy is removed from batteries, it stands to reason that this energy must be replaced.  There are several ways to accomplish this.  But before looking at ways of re-charging batteries, we must look at how much energy we need to replace the energy used from the battery.

The capacity of a battery is measured in Amp Hours (Ah).  In simple terms this means that if you remove, say, 10 Amps in the space of an hour, you have removed 10Ah, 10 Amps in 2 hours, 20Ah, and so on.  However this only applies at a certain rate of discharge, expressed in Ah over a number of hours, represented by C.  C10 is the most common measurement, that is a battery of 120Ah, discharged over 10 hours will give 120Ah, or 12Amps per hour.  If it is discharged faster than 10 hours, you will get less Ah from it, slower than 10 hours you will get more energy. 

 This measurement may seem fairly irrelevant, but beware, it is used by some sales people to make the battery appear "bigger" than it is, by using C50 or even C100.  

You will also need to allow for energy lost as heat when re-charging batteries, this can be up to 25%.  Therefore the amount of energy (Watts) you need to replace is equal to the amount of energy removed.  Taking a typical cruising yacht, you will use about 50 Watts per hour, 1200 Watts per day, (1200/12Volts) = 100Ah.  Add in the 25% lost through heat, gives 125Ah.

Charging using the alternator

Your average boat engine has a 60Amp alternator fitted.  That is, under ideal conditions, it will output 60Amps @ 6000RPM, alternator speed.  Assuming a typical pulley/belt ratio of 2.5:1, this means that the engine would need to be run at 2400RPM to get the full 60Amps.  This is never going to happen, unless you are pushing through heavy seas for hours on end.  

The output of the alternator assumes "ideal conditions".  When the boat builder bought the engine from the engine manufacturer, it came complete with an automotive alternator.  That is, this is the same alternator with in-built regulator that is in your car.  In a car, it is fitted beside the battery, with short cable runs, at the same temperature as the battery (even with the bonnet closed there is a lot of airflow) and was only ever intended to top up the battery after starting the engine and run a few lights, radio, heated rear screen and so on.  It was never intended to re-charge deeply discharged deep cycle batteries, and in its standard form, it cannot.  Typically, the output from an alternator with the engine at 2000RPM will be about 30 Amps. This is because the internal regulator is "machine sensed", that is, the regulator controls the output of the alternator with reference to the voltage on the output terminal of the alternator.  In a car, this is fine, as this voltage is almost the same as the voltage at the battery terminal, in a boat, it is never the same, due to longer cable runs, undersized cables and high temperatures in the engine compartment.   The regulator needs to sense the voltage at the batteries not at the alternator.

Even if the regulator could sense the voltage at the batteries, it would still only be a fixed voltage battery charger.  Fixed voltage battery chargers attempt to maintain the voltage at 14.4 volts, which is sufficient for charging a car battery.  Deep cycle batteries need three-stage charging, bulk, absorption and float.  The first two stages are the most important when charging over a short engine run period, such as when blue water cruising.  The three stage charging system will be dealt with in a later newsletter.

Engine Run Times

This means that the engine will need to be run for more than 4 hours per day to recharge the batteries.  On most boats, this is unacceptable, it means running the engine at fast idle, with no load on it.  This damages large diesel engines, it is not what they are designed to do.  

There are two ways to overcome this problem, fit an external regulator to control the existing alternator or fit a larger alternator with an external regulator.

External Regulator

Taking the external regulator route first, what does this achieve and how does it do it.  An external regulator monitors what is happening with the voltages at the batteries, rather than what is happening at the alternator.  It also changes the alternator from a simple charging device to a three stage battery charger, that is, bulk, absorption and float stages.  This is the only way to properly and fully charge deep cycle batteries.  It is important that this regulator can also sense the battery temperature.  Cold batteries require a higher voltage than warm ones to charge properly, warm batteries require a lower charging voltage to prevent gassing.  

Fitting an external alternator regulator is a fairly straight forward operation, although it does necessitate removal of the alternator and getting access to one of the brushes. A control wire is soldered to this brush, another wire is run to an ignition controlled source to power up the controller, temperature and voltage sense wires are also run to the battery.   These devices are readily available, the Adverc brand being probably the best known and most reliable.  

Larger Alternator

Replacing the existing alternator with a marine alternator and external regulator is the best route to go, particularly if the condition of the original alternator is suspect or unknown.  The Balmar marine alternator is probably one of the better known of these, in my view it is the best in the market and is specified on board the US Coast Guard motor lifeboats.  Some of the American high end yachts are now being fitted with these as standard.  

Using an external regulator should change engine run times on a typical cruising yacht from about four hours to about one and a half hours.  As an added benefit, additional load is placed on the engine, as already noted, diesel engines do not take kindly to being run at fast idle with no loads for long periods .

In the next issue, we will be looking at shore power, wind generators and solar panels.

If you have any suggestions on further topics of relevance to electricity and sailors, let me know at paul@marineelectrics.ie 

