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12VDC electricity first. 120VAC electricity follows.

This starts with the basics then gradually gets more advanced, with
more extensive tests and interpretations. Some topics are mentioned
several times, usually with more details and explanation, sometimes for
emphasis. Even experienced RVers should start with the basics -- there
are a lot of misconceptions when it comes to batteries.

THE BASICS

First things first. A 12-volt battery is not a 12-volt battery. Twelve volts is
just @ nominal, convenient term used to distinguish one battery from
another. A fully-charged 12-volt battery, allowed to "rest" for a few hours
(or days) with no load being drawn from it (or charge going to it), will
balance out its charge and measure about 12.6 volts between terminals.

When a battery reads only 12 volts under the above conditions, it's almost
fully depleted. Actually, if a battery's resting voltage is only 12.0 to 12.1 it
means only 20 to 25% of its useful energy remains. It's either a goner or it
has been deep cycled, and a battery can only be deep-cycled a limited
number of times before it is indeed dead.

12-volt batteries supply useful energy only through a limited range --
from over 14 volts (when fully charged and unrested) down to 10.5 volts
in use/under load (when lights dim, pumps groan and TV pictures get
small). No 12-volt battery will remain at over 14 volts for more than
seconds unless it's being charged. The lowest limit is 10.5 volts (used in
testing) and obviously unsatisfactory in practical use. Experienced RVers
try to use no more than 20% to 50% of the energy available in a battery
before recharging. That means they never let resting voltage get below
12.5. They never use more than 50% before recharging (resting volts of
12.3) except in an emergency. They know that, if resting voltage ever
reaches 12.1, they have deep-discharged one cycle and that a battery is
good for only so many cycles (from as low as 20 in an automotive battery
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to 180 in a golf cart battery, with the typical RV/marine battery good for
no more than 30).

RESTING VOLTAGE--IMPORTANT TO UNDERSTAND

Resting voltage causes some confusion, although it shouldn't. It means
with no charging and nothing drawing electricity. No night lights, clocks
(to include microwave), radio or TV memories (some have circuits that
remain "on" even with the unit turned "off" to recall preset channels, etc.
-- so-called "phantom loads."). And don't forget the LP gas detector/auto
shut-off —- a real energy user. No reefer on (the "brain" in a three-way
uses 12 volts even when running on AC). Needless to say, testing voltage
this way can be a real pain in the ass. You need to do it, though, so you
can find the phantom loads and hidden users that will haunt you later. If
you're just interested in checking the battery, there is an EZier way to do
it: If you have two or more house batteries, disconnect one of them and
charge it fully with a reliable manual charger. The other(s) will run your RV
while the disconnected one "rests.”" Overnight is OK. A day or two is better.
Then check the resting battery's voltage, reconnect it and repeat the test
on another one. You only need to make this test once or twice a year —-
it's a good time to clean your batteries and connections as well. (More
later on converters, manual chargers, meters and correct voltage.)

MANAGEMENT

You need to know what you can get out of your battery without dropping
it below an acceptable voltage, but it's not a daily exercise. Done a time or
two (or three) with notes taken, you'll soon know how many hours you can
run lights, TV, etc., before recharging is needed. This is how experienced
RVers calculate how many days they can rally or park in the boonies before
cranking up a smelly generator. It's a mix of conservation, intelligent
charging and battery care.

It's best to practice the below test while you're on an electrical hookup so
you can recharge faster when finished:

e Switch reefer to LP and turn off unnecessary 12V appliances.

e Fully charge battery(s).

e Record the time.

e Shut off converter or battery charger (or unplug your RV if it's a
cheapo with no way to switch it off).
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e Run off 12 volts for 24 hours (or some convenient time) using
appliances and lights as you would normally.

e Occasionally check a digital volt meter (see later) and record time
when meter drops to each % Of Charge setting on chart (later in this
poop sheet). Don't, though, go below the 50% level in this test.

e Simultaneously record the appliances you have running and how
many minutes they run (that's each appliance, including number and
type of lights, if you really want to do this right).

e When you reach the voltage that approximates 50% Of Charge (on
chart later in this sheet), turn your battery charger back on. You now
know how long you can run the house, in "normal" use, without
charging, before chancing a "deep cycle." Do some simple math
(below) to refine this and calculate where you can conserve electrical
use to extend your time.

NOTE: When measuring above, when the battery is under load, but not
being charged, volt meter will read lower than actual battery state. For
example: If TV and lights are on, the meter might read 12.4. Don't panic.
Turn heavy loads like those off. Watch meter. If batteries aren't
substandard, it will increase volt reading then stabilize. That's the point
where you take your reading. (An easy, quick way to observe this is to
watch the meter while you run enough water to make the pump start.
You'll see a drastic drop in voltage. Shut water off. When pump stops you'll
see meter reading start to creep back up.)

SOME SIMPLE MATH -- Either before or after the 8-step test above you
need to calculate the amp hours you use:

Quick way: After the test above you found you could run (x) hours of
lights, (y) hours of TV, (z) hours of etc., before reaching the point where
you were about to deep-discharge the battery.

Proper way: Highly recommended that you do this at least once.

1. Record actual minutes any given appliance was running.

2. Convert to Amp Hours as follows: 2a) Read label on appliance for amp
draw. Can't find it? Look for Watts or VA (same thing for our
purposes). Watts = Volts x Amps, so 60W = 12V x Aand 60 + 12 =5
amps. (If this doesn't make sense you didn't pay attention in school.)
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3. Whatever, your appliance draws 5 Amps. If it was running an hour,
that's 5 AH (Amp Hours) because AH = Amps x Time (in hours). And if
it didn't run an even hour? Then use minutes + by minutes in an hour
(e.g., 60 minutes + 60 minutes [the minutes in an hour] =1, so if the
appliance was on 12 minutes and it was drawing 5 amps, then AH = 5
x 12/60 or 1AH (or 5 amps for 1 hr 15 min =5 x 75/60 = 6.25AH).

TIPS: Almost any appliance will have a label or the same info in its
booklet. The circuit boards on some reefers, water heaters and furnaces
use 12 volts also. It's only a small amount, but should be considered
because it's being consumed 24 hours a day and the total can add up. (On
the other hand, the 12 volt fan on a furnace uses an enormous amount of
electricity —— don't miss that one.) Doing it the proper way allows you to
predict in advance how many Amp Hours you'll use. Don't be alarmed if
your 105AH battery, when voltage indicates it's at 50% of capacity, has
given you a lot less than the 50AH you expect. Most batteries are seriously
overrated by the manufacturer, seldom yielding 80% of their stated rating.
(See more on battery capacity later.)

CHARGING VOLTAGE

Charging voltage is different. Some more basics: If you read articles on
how electricity flows, you see comparisons as to how water flows. This is
okay up to a point, but water also flows by gravity. Electricity doesn't, it
has to be "pushed” (just as water has to sometimes be pumped).

You have to have more "juice" at one end of a wire than you need at the
output or electricity won't flow. The wire you pump electricity through and
the connections in the lines resist the flow. You have to overpower it.
Similarly, batteries have an inherent resistance to take a charge because of
their chemical makeup. It's like "making a blivet" (a blivet is 10 pounds of
poop in a 5 pound bag). You have to force more electricity into a battery
than it would like to accept or it won't be fully charged. To charge a
standard 12-volt battery, you have to bring it up to above 14 volts
(amount varies with the type of battery).

The typical wet-cell battery (a tub of lead plates in a mixture of sulfuric
acid and water) needs to be charged up to about 14.+ volts in order to
adequately distribute those funny little things called electrons through the
plates. Once that's done, the battery can rest. As it does, the electrons
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distribute themselves and eventually balance out at 12.6 volts (more or
less, depending on the type battery and its condition). This is your starting
point. Doesn't sound like much, does it?

MORE AMPS AND VOLTS

| mentioned earlier that you should only draw a battery down to about
12.3 volts before recharging. Obviously, there's more to it than that.
Amperes are the measure of actual power available. They're usually
converted to amp(ere) hours (AH). Think of it as the amount of (nominal)
12-volt power you can draw out of a battery for a certain amount of time.
It's not just three-tenths of a volt. It's 12 (nominal) volts for a certain
amount of time. The three-tenths stuff is nothing more than a difference
in measurement -- like the difference between three-fourths of a tank of
gas and a half tank.

Look at voltage as two things: First, a force that pushes electrons --
Second, as a handy measurement.

Look at amperes as two things: First, a quantity of energy (like you would
a gallon of gas) -- Second, as a handy measurement. From a (nominal
again, don't forget) 12-volt tub of energy, you can extract just so many
amperes of power.

Keep in mind that the laws of physics prevent you from getting more out
of something than you put into it! Keep in mind that waste (those wires,
battery contents and such) prevents you from taking out as much as you
put in. Keep in mind that you're going to have to put in about 10% more
electrical power than you use (high school physics). A battery bank is like
a "money" bank or checking account —- if you repeatedly take more out
than you put in, you'll eventually be in trouble.

MORE ON CHARGING

Not all batteries are the same. Standard wet-cell batteries can be charged
to 14.+ volts (usually 14.3 but depends on the manufacturer). Gel-cell
batteries and other sealed batteries should never be charged to more than
about 14.1 volts (again, may vary depending on manufacturer). And these
figures only pertain when the charger will be disconnected as those levels
are reached (as with a generator, solar system, portable charger, or engine
alternator). As the volts drop (usually down to about 12.6 to 13.3),
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charging begins again, either manually or through an automatic regulator.
Note also: The maximum charging voltage quoted for gels by the
manufacturer is as a sustained voltage, not an intermittent one. That
means brief over-voltages before a regulator shuts off are OK.

Sustained charging, where the batteries are "floated" at a constant charge
(as in the RV converter or with an automatic portable charger) should not
be done at more than 13.8 volts (and 13.65 makes batteries last longer).
It's supposed to keep the batteries "up" to a reasonable level without
undercharging or overcharging them (the assumption being you'll "top
them off" by driving). Unfortunately, many cheap chargers and RV
converters don't regulate very well. Overcharging destroys batteries
quickly. Undercharging destroys batteries too, but more subtly as the
battery stratifies and will no longer maintain a charge. In effect, the 100
amp/hour RV battery becomes a 10 amp/hour battery after consistent
undercharge. It will read full voltage, but as soon as a small load is placed
on it, it drops to nothing. RVers who remain plugged into commercial
power for long periods often never know this has happened until they
unplug, because the converter's transformer also supplies power directly
to the RV circuits while it's charging the battery -- or trying to. (More
later.)

EQUALIZING

Sometimes an equalizing charge can correct the above situation. BUT,
don't ever try to equalize a really sealed wet battery or gel-celled or
AGM battery! You've got to be really careful when doing this! The battery
is going to "gas" (bubbles in the cells, hydrogen gas escaping). It shouldn't
be violent, spewing acid an over the place, just gentle to rapid bubbling
but it requires caution. It's usually done by hooking up a manual charger,
then bringing the voltage up to 14.1 or 14.3 and, instead of stopping as
usual, keeping it there, at about a 5-amp charge, for three to six hours
(until voltage reaches 14.5 to 15). Do this with the caps off of a standard
battery so you can see what's going on. About three hours is usually
normal for one of these equalizing charges.

Follow safety precautions, use safety goggles, plenty of ventilation, etc. If
it works, you lucked out. If not, buy a new battery (as you should have in
the first place).
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Some battery people recommend equalizing in this manner every three
months (or after 5 deep cycles). | think the wear and tear on a 12V battery
from equalizing this often does more damage than it's worth.

Batteries held at 13.8 or so for long periods get lazy and like it there. They
need some "equalizing" also. Not as drastic as above, fortunately. If you
drive occasionally, your engine alternator should do it (assuming the
regulator is set properly). So will a solar electric system or a good,
well-regulated independent battery charger. If nothing else, use the
manual charger once in a while when parked and plugged in, but just
bring volts up to 14.+ (whatever's appropriate) and stop there.

Six volt heavy-duty batteries (like golf carts, etc.) differ. Their heavy plates
and other construction features allow periodic equalizing. | recommend
the same 5 amp charge rate, for three to six hours (until voltage reaches a
maximum of 16.5) every six months or so. It varies, with some people
doing it monthly (which might mean another problem).

CHARGE/DISCHARGE RATE

You'll see references in battery books to the proper charge rate. C/10,
C/20, etc. Sometimes it can be confusing. What you need to know is that it
means the "time" it takes to fully charge a "dead" battery at a certain amp
rate. For example: A 105AH battery will fully recharge (from dead) in
about 10 hours at about 10 amps of charge (C/10) or about 20 hours at 5
amps of charge (C/20). Faster charge rates, like C/5 or C/8 shouldn't be
used with most batteries because the high amperage required for such a
fast charge damages the battery. C/5 on a dead 105AH battery requires
pounding in over twenty amps. (This is sufficient reason to stay away from
fast-chargers in service stations where a gigantic amount of amps are
pummeling your battery when they "charge" (destroy) it in 20 minutes.
And when you buy a battery off the shelf, don't let the guy "put it on a
charger for just a few minutes" or it will be damaged before you ever use
it.

Now, for real life: You'll seldom be charging a "dead" battery. The C/20
rate of 5 amps will charge your partially discharged battery just fine in a
lot less than 20 hours. And, since your typical RV converter only puts out a
low amp charge anyhow (only 3 or 4 or so), you're about at the safe C/20
rate all the time. If you're in a hurry, plug in your manual charger as well
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and just keep an eye on things.

TROUBLESHOOTING AND TESTING

Don't just replace batteries and keep on trucking! Find out what went
wrong first. Is the converter working? Voltage too high? Too low? Is it
connected to the battery? Fuse blown? Wire broken? Contacts cruddy? Kill
switch on motor home on or off (whichever is appropriate —- and the
wrong position a common fault among motor homers)? How many times
have you deep-cycled? Short in the system? Been hooked up a long time?
Automotive regulator/alternator OK? (More later.)

Measuring, metering, testing and troubleshooting require only a few tools
and basic knowledge. Much of it is common sense, requiring no tools. Do
not ever depend on the red/yellow/green idiot meter installed in most
RV's. Get a digital meter. You need a digital meter to accurately read
battery voltage to tenths of a volt. You should have an Analog (needle
face) meter also. You can't tell the difference between battery voltages
with an analog with great accuracy, but they are better in some ways
(because it's easier to see rapid changes) than digital meters for reading
fluctuations. (Much more later.)

Get a 12-volt troubleshooting light/test lamp from any auto store cheap
or make your own. (Meters will indicate voltage even if there's only one
strand left in a wire. Test lamps won't light if there's not enough wire to
carry the load.)

Get a decent hydrometer if you have wet-cell batteries and can remove the
caps. Don't get a cheapie with colored, floating balls. Learn how to read a
hydrometer. (See more later.)

MAINTENANCE

Maintenance is all-important. Crud on top of a battery provides a path
between poles. It's a "short." One most people never notice, but it uses
energy constantly.You don't need to slop baking soda all over. Often just a
spray 'n wipe with household cleaner is all that's needed.

e Corrosion will build up. Some-times you can't even see it. Take
contacts apart and clean them. (Now is when you might use baking
soda, but don't let it get in the cells.) Done once or twice a year, it's

11/18/08 12:46 PM



Batteries —— and Other Electric Stuff by phred http://www.phrannie.org/battery.html

9 of 49

fast and easy.

e Before putting things back together, coat all surfaces (thinly) with
silicone dielectric grease. That's before, not after. You won't
accomplish a thing by smearing grease on top of corrosion.

e Never use red battery spray. It just makes things worse. The
red/green felt, noncorrosive washers are okay.

e Label or color-code cable and wire ends. Make a diagram. If you
don't, you'll just hook things up wrong. (More on maintenance later.)

MORE DETAILS ON BATTERIES (MOSTLY GEL CELLS and AGM)

Much of the same material applies: All batteries need to be maintained. All
batteries need to be kept charged -- but not overcharged or
undercharged. All need clean connections and good, stout cable and wire
of the proper size. No battery should be routinely deep-cycled. Of most
importance, charging needs to be well regulated.

And here's where the difference between gels, AGMs and regular, wet-cell
batteries starts to show up seriously.

e Wet cell (flooded) batteries: Suspended plates, usually with some
form of separators (so plates don't touch each other) are immersed in
liquid electrolyte. These may be charged, just as a starter battery,
which makes things a lot simpler.

e Gel batteries: Plates are suspended in a thick gelled electrolyte that
insures stability and eliminates voids or "air pockets" at the plates.
The best gels are those by "East Penn Mfg." (under "SeaGel," Prevailer"
and other labels -- but the East Penn name will appear somewhere).
Competitors are lite weights. Gels are seldom charged to more than
14.1 volts initial (bulk) charge and 13.8 (13.65 is better) as a "float"
charge (see later).

e AGM (Absorbed Glass Mat) batteries: A dense fiber matting between
the plates and a liquid electrolyte provide
similar features to gel batteries but are much more rugged since they
were designed for use in aircraft and rough terrain vehicles. The best
AGMs are those made by "Concorde" (usually under the "Lifeline" label
but Concorde will appear somewhere). AGMs (like gels) are very
sensitive to overcharge. 14.38 volts is recommended for the initial
(bulk) charge and 13.38 as a "float" charge.
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Pros and Cons:

Standard, old-timey flooded batteries are cheap (initially). They'll do the
job (golf carts or similar better than RV/Marine stuff). See remarks
elsewhere. They will vent gas and fluid, but it can be replenished with
distilled water. They require a /ot of care.

Gells and AGMs can do a better job and last longer, BUT also require
special care. They're rather expensive initially (but my six gels are in their
tenth year, as good as new, and the cost nets out to less than standard
batteries). However, they are very carefully charged and that requires an
expensive charger/regulator. Gels and AGMs don't need a lot of
maintenance and cleaning (other than a quick spray and wipe from a
household cleaner) UNLESS you do something stupid and overcharge
them. They won't spill acid, are very shock resistant, don't pass gas (pun
intended) unless seriously overcharged, have a VERY low self-discharge
rate (nice when the RV is in storage) and have a very long cycle life.

I've used golf cart batteries, reqular batteries and gels. As I'll repeat with
more detail elsewhere, golf carts and similar batteries are, all things
considered, the best solution. Were | to have to replace my batteries today
(they're in the living compartment in a small RV), I'd go with AGM. In a
bigger RV, I'd go with golf cart or fork lift batteries.

You should never charge a gel battery to more than 14.1 volts (or to more
than the voltage specified by the manufacturer) before the regulator shuts
off the charger except for very brief periods. Then, as a battery is "floated"
(kept on the charger with a charge applied to keep it up to a reasonable
level), it should never exceed 13.8 volts (better, for long life is a maximum
of 13.65 volts). Again, though, you don't float the battery permanently.
You occasionally bring it up to 14.+ (this is EZ with a solar regulator or
better quality battery charger that will perform regulating tasks frequently
and automatically. (more later.) AGMs are charged similarly, just with
different voltages.

Actually, you'd be foolish to keep (float) any battery at a sustained charge
of over 14 volts. You'd just wear it out prematurely and it would be
spewing acid all the time, making a mess. But with a regular, wet-cell
battery with removable caps, you can add water and clean up the
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corrosion. With a gel, or any other (really) sealed battery, you can't add
water. All you can do is watch the battery deteriorate.

Gel batteries and AGMs do have caps, but don't ever try to remove them.
First, you'll violate the warranty. Second, you'll contaminate the inside.
When it dies early, the dealer/factory will know you did this and will void
the warranty. Also, if you overcharge a gel or AGM battery, the factory can
detect that, too. Again, no more warranty. Gel and AGM batteries are
expensive. Retailing at about $300 each in the Group 27 size, they are
available for less than $175 plus freight from many alternative energy
dealers. The best info source is SKP Noel Kirkby at "RV Solar Electric". He
can refer you to a good dealer (www.rvsolarelectric.com). Check also with
Back Woods Solar (www.backwoodssolar.com) and West Marine
(www.westmarine.com). No matter what price, these are not $55 pieces of
RV junk you get at a discount store and return for almost full credit
because you screwed up.

So why bother with them? If they're expensive and so sensitive? Because
they do a superior job in some cases. Venting to outside air isn't needed.
(They can vent gas and fluid if you seriously overcharge them or do
something catastrophically stupid.) Moot point, because you will take
pains to never overcharge them anyway (won't you?). You can keep them
inside the RV (or in a basement compartment). They stay clean and need
very little service (other than a spray'nwipe with household cleaner and an
occasional check for tight connections) and, more importantly, will be
temperature consistent (more later). Piling a bunch of batteries on the
tongue of a trailer or directly behind the grill of a Class "A" motor home is
not a good idea. you just overweigh the front of the thing and end up with
a wallowing vehicle. The back bumper is also bad for the same reasons,
plus more, as you overweigh and flex the frame and create leaks (if you
don't break the frame, hitch or the vehicle skin). These battery mounting
schemes also lead to ultra-hot and ultra-cold temperatures.

TEMPERATURE

Temperature is important when charging any kind of batteries. A really hot
battery (EZ to achieve if they're sitting out in a cheap, plastic box) will
overcharge well before the voltages listed earlier. Keeping batteries
"indoors" helps keep them at about an ideal temperature (of about 68 to
77°F). Actually, high temperature only becomes a real problem when the

11 of 49 11/18/08 12:46 PM



Batteries —— and Other Electric Stuff by phred http://www.phrannie.org/battery.html

battery is being "floated." A 13.8 volt float can easily become a 14+
a-whole-bunch float at 90°. Temp can also be a winter problem as
batteries try to freeze and their amp hour capacity is reduced by over 30%.

MORE ON REGULATING CHARGE

There are only a few RV converter/combination battery chargers that are
worth having. Most do an absolutely lousy job and you haven't the faintest
idea what wild voltage (or lack of) is going to your batteries. Some
converter/chargers do work. Check yours no matter what kind of battery
you use. With the thing operating, and the battery reasonably-well
charged, and not much more load on the battery than the TV antenna
amplifier and reefer brain (RV reefers with a circuit board use 12 volts all
the time, just to operate the board), put a digital volt meter across the
"house" battery terminals. Leave it there awhile and see if it's holding the
batteries to around 13.8 volts. (Or is it charging them up to something
ridiculous?) (Or is it charging at all?) Some, even fewer, RVs use a separate
battery charger (not as part of a converter). Generally, these are pretty
good (and expensive). But check them the same way. It's not at all
uncommon to find stock RV battery chargers floating batteries at 14.3
volts or higher. The best chargers regulate in two, three or four stages.
First, anytime there's sufficient demand, they full charge to 14.+ volts
(adjustable by you). Second, they revert to a "float" charge of about 13.8
(which in good chargers is adjustable again). Some have a third,
"equalizing" stage, automatic or manual, that should also be adjustable.
(There are some four-stage chargers also.)

If you want to use gel or AGM batteries, you must have a good, reliable,
user-adjustable regulator and charger. The best way to charge batteries is
with a solar electric system. (Again, check first and last with "RV Solar
Electric" above.) A solar system (if it has a user-adjustable regulator) will
let you set the charge cut-off at desired volts. Usually, anytime the solar
system achieves that, it will cut off and drop to about 13.1 volts before
resuming (some solar regs will back off to a float voltage). This gives the
batteries a "rest" and keeps them from overcharging. (And, of course, at
night, solar systems don't do anything, so there's a good rest, too.) For a
backup, you can use a generator or commercial power. Make sure your
generator (if it has a direct DC 12 volt charging outlet) is set to regulate at
proper volts! If it just charges through your converter, you'll have checked
that above, but recheck it with the generator running. Do the same with an
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independent charger. Many others are available. Check with "West
Marine." Huge catalog that has page-after-page of comparison info and
tips. If you're going to buy a big inverter anyway, consider those with a
battery charger option. For $220 additional (or included at no cost), you
get a user-adjustable charger that would cost over $400 as a stand-alone.
(See my Source List and Inverter poop sheets.)

AUTOMOTIVE CHARGERS

How about the automotive charger when you're driving? Same drill. Most
automotive chargers (alternator and voltage regulator) are factory set for
cut off at 14.3 to 14.7 volts. There are user-adjustable, automotive
regulators. If you can't easily find one, check "Ample Power," "West
Marine" or, best of all, "Wrangler Power Products" (see Sources).
Wrangler is especially easy to work with and most knowledgeable. Ford
products use external regulators, which makes it easier (and cheaper).
Some (like GM) and others use internal regulators (built into the
alternator). That's not too swell an idea anyway, they get too hot and wear
out. In those cases, you can get a special alternator and external regulator.
(Wrangler knows just what will work.) It can get expensive, but most RVs
need a better alternator anyway.

CABLES AND CONNECTIONS

Tying the system together is important. No point spending a lot of money
on batteries and chargers and wiring it up with skimpy junk. Large battery
cables can be found in good auto stores like Big A that carry things for
trucks and West Marine that carries things for boats. Best is to get cables
from Wrangler (www.wranglernw.com) custom-made to your lengths with
terminals that match your vehicle. Smaller wiring is also important. You
can get it locally, but get the right size. Pay attention to terminal ends and
splices. Don't use the cheap clamp-on stuff that RV shops use.

DON'T EXPECT MIRACLES FROM GELS or AGMs!

Gels are expensive, require careful charging, monitoring with a digital
meter and protection from extreme temperatures. Most of us who use
them are pleased and sure the extra care is worth it. Those who are not
satisfied usually abused them or assumed they would work miracles.
Confusion abounds with these batteries. They are not "regular” batteries.
Amp Hour (AH) ratings of these confuse everybody. Group 27 size only
86AH when almost any RV/Marine battery is I05AH? Yes, BUT RV batteries
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are usually 25% overrated. There's more to it. There's AH and effective AH.
Gels (for example) are fully charged at a resting voltage of 12.9 to 13.1
volts instead of the usual 12.6 volts, thus start to deliver electricity from
almost 13 volts, instead of 12.6 and that equals more efficiency.
Depending on use, you can get more effective AH from gels than the
rating. This does not mean you can draw 250AH from a pair of gels in one
day with heavy loads and no recharging. Again, there's no magic or
miracles. Also, that difference in voltages means you can't just connect a
gel or AGM battery to a regular battery or to sets of golf cart batteries. Nor
should you connect regular batteries to golf cart (or similar) battery sets.
Mismatch will damage them.

TYPES OF GELS AVAILABLE

Sonnenschein (German) originated the principle and has been selling the
battery for many years. East Penn Mfg. bought U. S. rights and is
manufacturing and selling them under the DryFit Prevailer or Deka label.
These are the best gel-celled batteries you can buy at this time. Johnson
Controls (Dynasty) and Exide (among others) are trying to compete, but
their batteries are lighter and, as of now, just don't measure up as well. No
doubt all this will change.

BATTERIES TO IMPROVE?

The government's electric car mandate has already resulted in significant
improvements in battery technology. It won't be too long until these
improvements are on the market. If the batteries you have now are OK,
you might want to baby them along, as long, as you can. That means
make sure your battery charger isn't over or under charging, that you
don't deep-cycle them and you maintain them. If you need batteries, you
should investigate gels (technically, gelled electrolyte) or AGM.

6 VOLT BATTERIES

Check on 6 volt batteries also. The right 6 volt batteries, golf cart or fork
lift, connected in series-parallel to furnish 12 volts are, all things
considered, the best battery source for RVs. (More later.)

MORE DETAILS ON BATTERIES AND ASSOCIATED ELECTRIC THINGS
Giant, motive power, truly deep-cycle batteries (as used in industry) are
ideal for a fixed residence: but, with their enormous size and weight are
not practical in an RV. Similarly, a bank of 2-volt telephone-cells
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connected in series-parallel (to = 12V) can provide a super, long-life
power source. Again, though, there would be a space problem and the
weight would be well over 600 pounds.

Eliminating these power sources out of necessity, let's also eliminate
another bad choice: The typical RV arrangement of one or two
automotive-grade batteries in plastic boxes mounted on the tongue of a
trailer. Out of sight and out of mind; never serviced; corroding away in
freezing cold and broiling sun; generally two inches deep in water; green,
cruddy terminals connected to a bunch of multi-colored, go anywhere,
frequently shorted wires. The whole mess tied down with a plastic strap
and buckle that nobody can operate (so they never do), which is just as
well, maybe, because it will break.

Almost as bad is the huge, homemade plywood box that sits on the rear
bumper, has most of the same failures and interferes with weight
distribution. It puts undue stress on the frame and creates leaks in the
roof. At worst, it bends the frame and it cracks the roof and sides (just like
cargo boxes and motorcycles). You can put some weight on a bumper, but
not much. How much depends on the RV, its GVWR and its construction.
Frequent articles in RV pubs point out the need for strict weight control.
The articles do nothing more than point out the rules of basic
physics--heed those rules or destroy your RV. Note, for example, that the
further the rear end is from the wheels, the less weight you can put on the
rear end. Note also that the further the front end is from the wheels, the
weight you add to the tongue can drastically increase tongue weight. Too
much tongue weight equals a broken hitch.

If possible, RV batteries need to be in an inner compartment. (A
battery loses 30% or more of its capacity in cold weather.) Most batteries
need to be vented as well. This can cause problems when using the next
best thing to the giant batteries mentioned above--pairs, in series
parallel, of 6V fork lift or golf cart batteries. These weigh more and are
taller than standard batteries. So, when they're crammed into an existing
compartment, there's no way to service them. (Most RV battery
compartments don't allow for servicing "normal” batteries either.)

If you only need two batteries, it's not too much of a problem. You can
build a slide-out tray (that probably won't work well), ignore your batteries
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(the usual solution) or build a better compartment. You can build an
insulated battery box on the tongue or bumper for two (maximum 4), but
pay attention to what you're doing--no heavy plywood, certainly no
particle board. An aluminum frame, with aluminum flashing can make a
water-tight box that weighs little. Lining it with urethane, aluminum-
coated foam is effective and also light weight. (You'll need a plywood
bottom, covered with aluminum, vinyl or fiberglass since batteries weigh
about 60 Ibs each.) A spray of vinyl undercoating (fiberglass gel coat if you
know what you're doing) will acid proof the interior. Best is to put the
batteries inside the coach in a vented (if necessary) compartment.

An example: | use six, true gel-cell batteries. The same size as Group 27
(I05AH) RV batteries but much heavier. Venting isn't necessary (if they ever
gas, it means you've got other problems). The batteries are easy to get to,
stay clean and are temperature consistent. Wiring is simpler. "Basement”
style trailers and motor homes can easily do the same thing, with batteries
well protected but outside the living area. A further example: In my travel
trailer | had six golf cart batteries under the kitchen sink (in a vented
compartment). Easy to get to and maintain and, again, temperature
consistent as well as clean and easy to phiddle with. Get creative.

Here are two alternatives when using regular or golf cart batteries in a
tight place (neither totally successful): Some people attempt to solve the
non-access problem to batteries in a small compartment with the use of
"battery bobbers" (clear plastic caps with floats inside) that let you peer
inside and estimate water level. A help, but some bobbers stick and some
leak and sink (that's the way things work now days). There's still the
matter of not being able to use a hydrometer, though one can keep a
pretty good eye on battery performance with a digital voltmeter (if you
take the time to learn what you're doing). If the compartment is too tight,
you can peer in and get an idea of corrosion, but only with great difficulty
and with crud being spread around (and with spectacular pyrotechnics
when you short your wrist watch or ring to ground). At this point some
people buy "Hydrocaps" (not to be confused with bobbers) which cost
about $7 each, but really do reconstitute vapor and prevent loss of fluid
and gassing. Hydrocaps aren't foolproof. If the battery is seriously
overcharged and overheats, the caps can melt down and the battery burst
open. Catastrophe time!
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Back then to two choices: Put the batteries where they can be serviced
or use maintenance-free batteries. You say, "lI've heard all about those
lousy things that die in 18 months." Fact is, they weren't really lousy, just
very shallow cycle batteries. Had the manufacturer told us this (that they
shouldn't be deep cycled), that problem wouldn't have resulted. Also,
these batteries (sealed wet-cell batteries) shouldn't be overcharged much
above 14V because they will gas and fluid can't be added. No real problem
there either —- if people know it. These "wet" (fluid filled) sealed batteries
have for the most part been written off by serious RVers. Not so much
because of the shallow cycle (because in a properly sized system you'll
almost never deep-cycle your batteries anyway) and not because of the
critical voltage limit (because in a good system you'll have an adjustable
regulator that prevents overcharge), but because they aren't really
maintenance free, they are maintenance prohibitive. They are vented, they
can gas and when they do, there's nothing you can do about it except
watch them deteriorate. True gel batteries have this same fault, but
perform so well many think they're worth the extra care needed.

There are some so-called maintenance-free batteries that aren't
really sealed. You can remove the caps and add fluid. The caps do
reconstitute some of the vapors and return fluid to the cells. (Call them
maintenance friendly?) On these, the caps can be removed and fluid added
and specific gravity checked. In most cases though, the holes through the
case (when caps are removed) do not have any ridge around the edge to
prevent crud from going into the cells. Cleaning these is difficult as any
acid remover (baking soda) that gets into the cell will neutralize it. Most of
these batteries are intended as engine starting batteries. They're not
generally recommended as "house" batteries unless the RV is driven
frequently or on hook ups most of the time because they have a very few
deep cycles in them. (I had one, in the small, Group 24 size, bought in
1980 for just a few dollars. In almost constant use as a tool battery and
charged with excess energy from the solar system, it remained clean and
held a full charge after over 7 years. The secret? Maintenance and careful
charging.)

Some of the batteries I've tested: For over a year, | tested three "sets" of
batteries at the same time, using each on alternate days. 2 Sears Die
Hards, 2 Goulds ActionPac, 2 Trojan T-105 golf carts. | won't go into
detail here. Conclusion was that the Golf Carts were superior in every
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category (including cost). | wouldn't hesitate to use golf carts (or better yet
the L-16 Fork Lift batteries) again if | had enough room for the bank of six
that | need. For over two years | tested a bank of six
"StowAway/Watchman" sealed, wet cell batteries. Maintenance
prohibitive, but with careful charge regulation there was little or no
gassing and when | disposed of them, all were as good as new. | then used
a bank of 6 golf cart batteries for over 5 years. They were as good as new
when | changed RVs. | then used 2 "Delco/Voyager" maintenance-friendly
batteries. They worked and didn't cost much. They began to gradually
degrade after two years.

I have now used, for over ten years, six Sonnenschien/DryFit
Prevailer/Deka true gel-cell, sealed batteries (not sealed wet cell
batteries). They perform better than any batteries I've used. However, you
must never overcharge these batteries. They cost about $175 each at
discount and up to $300 retail. They must, therefore, be protected by an
excellent regulator and charging system (more cost). | now have another
motor home and am installing Concorde AGM batteries in it.

In Summary: If you have a large bus (not just a motor home that looks like
a bus), you should investigate the massive, industrial batteries. If you have
a reasonably-sized motor home or trailer, consider the fork lift (Trojan
L-16 or =) or golf cart ("Trojan" 105, 125, 145 or =) -- assuming you
have a place to put them. "Exide" and "Interstate" also manufacture good
golf cart batteries. If space is minimal, cost is no object and reliability is
important, consider the AGM batteries or true gel cell batteries.
"Sonnenschien/DryFit Prevailer/Deka" are excellent. Exide, Dynasty
(from Johnson Controls Corp.) and Interstate do make true gels at a lesser
cost, but they are not as good in my opinion. (They're trying to compete
and doing so with lighter -- thus cheaper —-—- material.) Eventually, they
will produce batteries as good as Sonnenschien (Sunshine in German).
Finally, there's the RV/Marine, so-called, deep cycle battery. They're
cheap and should last 3 to 5 years if you take care of them. (Keep in mind
that RV/Marine usually means any battery with a rope tied to it.) | do not
recommend sealed, wet-cell batteries (the disadvantages of true gels with
none of the advantages). | do not recommend automotive batteries --
ever.

CHARGING AND RATINGS
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This brings us to the rating of batteries. There is a whole bunch of
information that may or may not (and usually does not) appear on a
battery label.

CCA (Cold Cranking Amps)

A test conducted at 0°F, it measures the maximum current a battery will
produce, for only 30 seconds, down to an end voltage of only 7.2V. (Note
that maximum current is never stated.) This test is valid only in selecting
the battery to be used in starting your engine. It cannot be converted to a
figure useful in determining low amp draw over long periods as in the RV
house battery. (It has to do with the extraction of electrons from the
chemistry of the battery. You're not interested in all that.) When buying a
starting battery, as long as the CCA is equal to, or greater than, the cubic
inch size of the engine, it's big enough (except in the case of some diesels
that need two starting batteries).

AH (Ampere Hour) Rating

A given number of amps for a given number of hours (amps x hours)
down to an end point of 0.5V is used to calculate the frequently seen AH
rating. The 10.5V end point is standard, but you seldom see the actual
amps and times used to calculate it. Some manufacturers put the AH
rating on their batteries; they just don't tell you how they measured it.
Usually, though, there's a chart listing capacities in amps and time.
Multiplying these will allow comparing one brand against another. (They
use a variety of times and amp draws, but some should be the same.)

Reserve Capacity

This is a specific technical term (like CCA), but unlike CCA it can be
applied to battery ratings in a way that makes more sense. Reserve
capacity, in minutes, is the time it takes a battery to reach the 10.5V end
volts, at a 25 amp draw, at 80°F. So, if reserve capacity is (x) amps for (y)
minutes, then we can calculate Amp Hours easily. Using a typical
RV/Marine battery with a reserve capacity of 154 minutes, at 25 amps,
that equals 3,850 amp minutes or 64.2 amp hours. But, the battery is
supposed to be about a I05AH battery! And it is. But at a different amp
draw. You'll seldom have a constant 25 amp draw in an RV. More likely,
you'll have a mixture of high and low draws (microwave on for several
minutes at 80+ amps, pump at 7 amps for less than a minute, TV at 5
amps fairly constant, a few lights at 5 amps, etc.). Another major brand of
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battery, while it doesn't state "Reserve Capacity," does list on the chart
pasted to it: "25 amps/8 hours.”" That comes to 70AH, not the rated
105AH. Obviously, they used different numbers for their tests. Clearly, the
"official" figures quoted by manufacturers and the charts and typical
numbers they use are measured according to their own boundaries.

In Summary: No battery is going to give you the stated amp hour capacity.
They fudge the figures just as refrigerator manufacturers do. (A reefer's
cubic footage is calculated before they include shelves, fins, etc.) It's my
experience that batteries are only 75-80% of their rated capacity to start
with under real-world conditions). In use, a battery won't even approach
that when first installed. After a few days of use/charge/discharge it will
build up, but never more than to 80% of stated capacity. Further, AH is a
valueless figure unless they tell you how they reached it. Look for it
anyway, because at least one manufacturer has "RV/Marine" batteries with
more than one AH rating. If you know the "Brand X I05AH" battery usually
sells for so many dollars and you see "Brand X RV/Marine" on sale for an
unrealistically low price, then they may be peddling the 90 or 84AH
version. Reserve Capacity is a good figure if they state it. Amp Hour over
time charts are not fool proof, because you don't really know what the
boundaries of the test were, but they are a pretty good way to compare
one battery against another.

Deep Cycling

Let's consider something here: One does not deep cycle a battery daily as
a matter of course. If one did, then the maximum life of any battery would
equal the available number of cycles and no battery would last more than
6 to 9 months. Ideally, what you need is a battery (batteries) that will
provide the power you require without being cycled (depleted from resting
full charge) by more than 20 to 50% before being recharged. (If you have a
100AH battery and take no more than 20AH from it before recharging, it
might last longer than you will.) Unfortunately, this isn't realistic, but you
can take up to 50% from a battery before recharging and still get long life.
Simple arithmetic--how many AH used versus how many AH available will
tell you how many batteries are needed. Keep in mind that you shouldn't
expect but 80% of the manufacturer's rating. So a 105AH battery is really
about 84AH. MAX! No battery will give yo