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Use a hydrometer to check the
specific gravity of your lead-acid
batteries.

Do not add water to discharged
batteries. Electrolyte is absorbed when
batteries are discharged. If you add
water at this time and then recharge
the battery, electrolyte will overflow and
make a mess.

Do not tighten or remove cables while
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charging or discharging. Any spark
around batteries can cause a hydrogen
one of slexplosion inside, and ruin
the cells, and you.

With proper care, lead-acid batteries
will have a long service life and work
very well in almost any power system.
With poor treatment lead-acid battery
life will be very short.

A S B Gigan (b ey 38 Sl oY g0
i tid 4 el JANa paguugd) el B s
- ehiyig Ay )

pbira & (ala ) saaa b jUay dadd Baa Jghai
O GaSallyg L 1l alaiay) i 4,38 el ghia
c Bl o3 alll) B cuwdy Ciaall alaiaY)

iy el pall s

Battery state-of-charge (SOC) can be
measured by an amp-hour meter,
voltage or by specific gravity. Some
care and knowledge is required to
interpret state - of- charge from voltage
or specific gravity readings. We recom-
mend amp-hour meters for all systems
with batteries.

Measuring Battery State-of-Charge
Battery voltage will vary for the same
state-of- charge depending on whether
the battery is being charged or
discharged, and what the current flow
is in relation to the size of the battery.
The chart below will give you an idea of
state-of-charge for various battery
conditions in flooded cell lead-acid
batteries. Voltage varies with
temperature. While charging, a lower
temperature will increase battery
voltage. Full charge voltage on a 12
volt battery is 0.9 volts higher at 32°F
than at 70°F. While discharging, a
higher temperature will increase battery
voltage. There is little temperature
effect while a battery is standing. (This
information courtesy of Ralph Heisy,
Bogart Engineering.)
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Nominal Battery Voltage

Battery Condition @ 77°F 12V 24\ 48V
Battery during equalization charge Over 15 Over 30 Over 60
Battery near full charge while charging 14410 28810 57.6 1o
15.0 30.0 60.0
Battery near full discharge while 12.3 to 246to 49.2 to
charging 13.2 26.4 52.8
o 12.4 1o 248 to 49.6 to
Battery fully charged with light load 12.7 o5 4 50.8
. 11.510 23.0to
Battery fully charged with heavy load 125 25 0 46.0 to 50
No charge or discharge for 6 hours -
100% charged 12.7 254 50.8
No charge or discharge for 6 hours -
80% charged 12.5 25 50
No charge or discharge for 6 hours -
60% charged 12.2 24.4 48.8
No charge or discharge for 6 hours -
40% charged 11.9 23.8 47.6
No charge or discharge for 6 hours -
20% charged 11.6 23.2 46.4
No charge or dlspharge for 6 hours - 11.4 22 8 456
Fully discharged
Battery near full discharge while 10.2 to 204 to 40.8 to
discharging 11.2 22.4 44.8
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A hydrometer is very accurate at
measuring battery state-of-charge if
you measure the electrolyte near the
plates. Unfortunately, you can only
measure the electrolyte at the top of
the battery. When a battery is being
charged or discharged, a chemical
reaction takes place at the border
between the lead plates and the
electrolyte. During charging, the
electrolyte changes from water to
sulfuric acid. The acid becomes
stronger and the specific gravity rises
as the battery charges. Near the end of
the charging cycle gas bubbles rising
through the acid stirs the fluid to mix it.
It takes several hours for the electrolyte
to mix so that you get an accurate
reading at the top of the battery.
Always try to take readings after a

period of no charge or discharge.

Hydrometer Readings
The chart below shows battery state-of-
charge at various specific gravities.
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State of Charge Specific Gravity
100% Charged 1.265
75% Charged 1.239
50% Charged 1.2
25% Charged 1.17
Fully Discharged 1.1




Battery Sizing Worksheet
Use this worksheet to determine what
size battery is required for your system.
Battery size is measured in amp-hours.
This is a measure of battery capacity.
Battery voltage is determined by the
number of “cells” in series. All lead-
acid battery cells have a nominal
output of 2 volts. Actual cell voltage
varies from about 1.7 volts at full
discharge to 2.4 volts at full charge. 12
volt lead-acid batteries are made of 6
separate cells in one case. 6 volt
batteries are made of 3 cells in one
case. Putting battery cells in parallel
increases amp-hour capacity, but does
not change voltage.
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The circuit furnishes an initial charge
voltage of 2.5 Volt-per-cell at 25°C to
rapidly charge a Lead-Acid battery.

The charging current decreases as the
battery charges, and when the current
drops to about 180mA, the charging
circuit reduces the output voltage to 2.35
Volt-per-cell, floating the battery in a fully
charged state. This lower voltage
prevents the battery from overcharging,
which would shorten its life. The
LM301A (U3) compares the voltage drop
across R1 with an 18-mV reference set
by R2. The comparator's output controls
the voltage regulator, forcing it to
produce the lower float voltage when the
battey-charging current passing trhought
R1 drops below 180mA. The 150mV
difference between the charge and float
voltages is set by the ratio of R10 and
R12. The red and green Led's show this
state of the circuit.

At points A and B you would see
approximately 18mV depending on the
types of components used. At point C
there is a current flow of approximately
2.3 milli-amps, again, depending on your
choice of components and ofcourse the
input voltage at 'Vin' of the LM350
regulator.

Led1 is a red led, and for Led2 you can
also use a yellow or red one. Make sure
that C1 is at least twice the input
voltage. C2 is a small ceramic type. Vin
is at least 18-20volt max about 30V.
Switch S1 is a toggle or slide (ON-ON)
switch of your choice. The regular on-off
type will not work.
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This circuit is not recommended for . 3
. ookl e s -
GELL-TYPE batteries since it draws to S O 8 S i W GELL-TYPE

much current
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