The Care and Feeding of Lead-Acid Batteries
By Don Steinbach, AE6PM
Most of our portable and/or emergency radio equipment uses one of four different rechargeable battery types:
a) Lead acid
b) Nickel cadmium (NiCd)
c) Nickel metal hydride (NiMH)
d) Lithium ion (Li-ion)
Equipment that uses self-contained batteries usually use NiCd, NiMH or Li-ion batteries and include battery chargers
for them.
We frequently use lead acid batteries to power equipment in the field. They are relatively inexpensive, can provide a
lot of power, and tolerate a fair amount of abuse. Unlike the other three types, they are seldom included in portable
equipment and have no built-in or external charger. You are usually on your own to maintain lead acid batteries, with
the exception of those in your UPS. Thus, this article.
Typical lead acid battery vendor specifications include:
a) The nominal battery voltage (usually 6 or 12 volts).
b) The capacity in ampere-hours (usually averaged over 20-hours).
c) The float or maintenance charging voltage.
d) The maximum cyclic charging voltage.
e) The maximum charging current.
Sometimes the specifications are printed on the battery case. Otherwise, they can usually be found with an internet
search.
Table 1 shows the actual specification values for seven batteries that I have on hand.
Table 1
Specifications for seven typical lead-acid batteries.

Ref
#
1
2
3
4
5

6
7

Description
Smart 12-375 Absorbed Glass
Matt (AGM) Technology
EnerSys NPX-150R Sealed
Rechargeable Lead-Acid Battery
DiaMec DM12-4.2 Sealed
Rechargeable Battery
Panasonic LC-R0612P Rechargeable
Sealed Lead-Acid Battery
Power-Sonic PS-1270F1
Rechargeable Sealed Lead Acid
Battery
YUASA NP-12 Valve Regulated LeadAcid Type Rechargeable Battery
Kirkland Group 24DC Deep Cycle
Marine

Float
Charging
Voltage
13.5 – 13.8

Cyclic
Charging
Voltage

Maximum
Charging
Current
C/4 amps

13.5 – 13.8

14.4 – 15.0

10.0 amps

13.3 – 13.8

14.4 – 15.0

1.26 amps

12 amp-hr @ 20 hr rate

6.8 – 6.9

7.25 – 7.45

4.8 amps

7.0 amp-hr @ 20 hr rate

13.5 – 13.8

14.4 – 14.7

2.1 amps

2 amp-hr @ 20 hr rate
to 1.75 volts per cell
550 CCA, 700 MCA, 85
amp hours

2.275 volts
per cell

15.8

C/4

Amp-Hr Capacity
110 amp-hr @ 20 hr
rate
40 amp-hr @ 20 hr rate
to 1.75 volts per cell
4.2 amp-hr @ 20 hr rate

Lead-acid batteries are made up of 2-volt cells (driven by the chemistry). All of the batteries except #4 are nominally
12 volts and consist of 6 cells. Battery #4 is 6 volts and contains 3 cells.
All of the batteries except #7 have their electrolyte either suspended in a glass mat, or in the form of a gel, making
them spill-proof and safe to use or store in any position. Battery #7 is a flooded battery (like a typical car battery)
where the sulphuric acid electrolyte is liquid and can spill if the battery is tipped or inverted. The CCA and MCA values
for battery #7 indicate how much current the battery can provide for a brief period of time, such as cranking a starter
motor, and are meaningless in our applications.

Discharging
Note that none of the batteries (except #7) specify how much current they can provide. Rather, the current is derived
from the battery capacity which is the product of how many amperes it can supply for how many hours (amp-hrs),
usually over a 20-hour period. The battery will not deliver that many amp-hrs if it’s discharged in fewer hours.
Conversely, it will deliver more amp-hrs if discharged at a lower rate. The battery may be degraded if discharged too
deeply (i.e., discharged until the terminal voltage is less than 1.75 volts per cell, typically). Be advised that a “deep
cycle” battery such as #7 is not designed to be discharged “more deeply”, but is designed to withstand many cycles of
being discharged “deeply” (to 1.75 volts per cell, for example). The ordinary automotive battery is designed to provide
a lot of current for a short time to start the car, be barely discharged, and then be charged for a long time. It’s not
designed to be deeply discharged. The deep-cycle battery, on the other hand, is designed to provide a lesser amount
of current for a longer period of time, and be deeply discharged and recharged many times. Typical deep-cycle battery
applications include such things as powering golf carts.
Charging
Batteries need to be recharged to reverse the chemical reaction that took place while they were being used
(discharged). Electrochemical efficiency being what it is, more energy must be pumped back into the battery than was
taken out. One could monitor the energy extracted from the battery and force perhaps 125% of that back into the
battery, but we aren’t NASA so we’ll do it another way.
Here are the minimum recommended steps to charge your 12-volt lead-acid battery:
1. Begin by charging the battery from a 14.4 – 15.0 volt (the “Cyclic Charging Voltage”) source. Limit the current to
the battery specification value for the “Maximum Charging Current” or 25% of the amp-hr rating, whichever is less.
Continue charging until the battery terminal voltage reaches 14.0 volts while charging. If the battery terminal voltage
reaches 14.0 volts immediately, proceed directly to the next step.
2. Set the charger voltage to 14.9 volts (2.48 volts per cell). Continue charging until the current decreases to 0.01C
(100 mA for a 10 amp-hr battery).
3. Set the charger voltage to 13.5 – 13.8 volts (the “Float Charging Voltage”). The battery can remain connected to
the charger indefinitely, or the charger can be disconnected.
There are smart-chargers that recharge the battery following a predefined voltage/current/time profile. Some are
‘smarter’ than others, and some are simply sales hype. The three steps described above constitute the Bulk,
Absorption and Float modes of a typical smart-charger. Some chargers include a fourth mode, Equalization, where the
charger voltage is raised to 2.6 volts per cell and held there for one-half the time it took to complete step 1.
I’ve used the three-step method many times and my batteries seem to hold up well. I don’t usually leave the batteries
connected to the charger (float charging) but I check them every 3 to 6-months and run them through the three-step
charging process. I usually leave them at step 3 for 24 hours before returning them to storage.
Summary
Here are some general recommendations for lead acid battery care:
a) Do not discharge the battery to less than 1.75 volts/cell (5.25 volts for a 6-volt battery, 10.5 volts for a 12-volt
battery).
b) Observe the ”standby” or “float” voltage maximum values for long-term steady-state maintenance charging. When
held at this voltage, the battery will seek its own current level and maintain itself in a fully charged condition, per
Panasonic/Power-Sonic.
c) Never exceed the maximum charging current. Temporarily reduce the “cycle use” voltage or otherwise limit the
current if required. In the absence of any other information, limit the charging current to 25% of the battery amp-hr
capacity (e.g., 2.5 amps for a 10 amp-hr battery).

Lead-acid batteries are frequently used in the amateur radio service. A fully charged 12 volt battery like these will
have an open circuit voltage of 12.6 to 12.9 Vdc, depending on the type. The batteries should not be discharged to
less than 10.5 Vdc.

