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.0 volt cells
Lead Dioxide
Inal Porous Lead
te Is ~6 molar Sulfuric acid and water
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Negative
electrode:
Porous
lead

Electrolyte: Sulfuric acid, 6 molar

Positive
electrode:
Lead-dioxide
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xS, much thinner
ch more surface area for more current

Jamaged by heavy discharge

ates warp
Delivers very high current for very short period
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uch thicker
e area means less current

nvarping, can be discharged much farther
vers lower current for longer period
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are important to understand!
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Discharge

I Connection of an electrical load allows electrons to flow
from negative to positive terminals

I This reduces the charge and the voltages at the electrodes

I The chemical reactions are able to proceed, generating
new electrons and generating the power that is converted
to electrical form to drive the external electrical load

I As the battery Is discharged, the electrodes become
coated withlead sulfateand the acid electrolyte becomes
weaker
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Charge

A Connection of an electrical power source forces electrons
to flow from positive to negative terminals

A This increases the charge and the voltages at the electrode

A The chemical reactions are driven in the reverse direction,
converting electrical energy into stored chemical energy

A As the battery Is charged, thead sulfatecoating on the
electrodes Is removed, and the acid electrolyte becomes
stronger
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State of charge

A State of charge can be determined by terminal
voltage

I There are caveats, internal impedance, other tests

A Terminal voltage should be measured 1 hour
after removal from charger (at rest)

A Terminal voltage should be measured with no
load



State of charge:
Depth of discharge:

Electrolyte concentration:

Electrolyte specific gravity:

No-load voltage:

(specific battery types may vary)

Fully
Charged

100%
0%

~6 molar
~1.3
12.7 'V

Completely
Discharged

0%
100%

~2 molar
~1.1
117N
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becomes harder over time
plate so that chemical reaction cannot continue

pens more easily at discharge due to electrolyte being mostly water
Charging

A Electrolysis of water

A Boiling out
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Killing your batteries

A A word on discharge

I Typical lead acid will lose 5% of charge per month at
rest
I Self discharge rate increases with temperature
A Approximately doubles for each 18 degrees F

| Battery needs to be replaced if 30% of charge is lost ir
first 24 hours at rest
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Understanding Capacity

A Measured in Amp/Hours
i1 O02YLI YASR o0& &/ & NYOAyS3
Aam/ ¢ Aa O2yaitlyid OdzZNNBY I
battery from full to empty in 1 hour

I More_typically found on Lithium batteries, but nearly all
OKSYAaUNAKRSAa KI @S | Lldzof Aak

Al f GK2dzaK ! YLXKI 2dzNJ A& | O
used to describe max charge and/or discharge rate
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A Automotive batteries are usually listed in RC

I Reserve capacity (Time battery can run at 25 amps without
dropping below 10.5 volts)

To convert to a more useful Amp/Hour:

A Multiply RC by 60 (convert to seconds)
A Multiply by length of time in RC (which is 25)

I This gives you Coulombs of Charge

A Divide this by 3600 (Number of Coulombs in an Amp Hour)
» RC *60 /25 = CC / 360@AmpHour



MARINE/RV

DEEP CYCLE
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Understanding Capacity

Aam/ € Aa M K2dzNJ RAaOKI
the current draw to discharge entirely in 30
YAYdzi SaZ 6KAETS anop/ ¢
RAAOKI NHS OdzZNNBY G NI (

A Peukertdaw ¢ removes some capacity




For a one-ampere discharge rate, Peukert's law is often stated as:
)
where:

Cp is the capacity at a one-ampere discharge rate. which must be expressed in Ah.
[ is the actual discharge current (i.e. current drawn from a load).
t is the actual time to discharge the battery, which must be expressed in h.

The capacity at a one-ampere discharge rate is not usually given for practical cells. It is useful to reformulate the law to a known capacity and discharge rate:

C k
t=H(zg)

where:

H is the rated discharge time. in (hours).

(s the rated capacity at that discharge rate, in (Ampere-hours).
[ is the actual discharge current, in (Amps).

k is the Peukert constant, (dimensionless).

t is the actual time to discharge the battery, in (hours).

1.2
Using the above example, if the battery has a Peukert constant of 1.2 and it is discharged at a rate of 10 amperes, it would be fully discharged in time 2[}<i which is approximately 8.7 hours. It would therefore dispense
10-20

only 87 ampere hours rather than 100.
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Nominal capacity: A-hrs @ 25°C to 1.75 V/cell

36 A-hr 45 A-hr 46 A-hr 49 A-hr 56 A-hr
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Understanding CapaciySidetrack

A Why do you care?

I Amp/hr capacity is important in calculating how
long your battery will run your equipment.

I So how do you figure out what you need?
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Understanding CapaciySidetrack

A Simple calculation.
I Measure transceiver TX current draw
I Measure RX current draw

I Estimate time TX vs. RX

Alf you are NOT a net control, 80% RX and 20% TX goot
rule of thumb

Alf you ARE a net control, 8D is a better number
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Understanding CapaciySidetrack

A If your transceiver draws 12 amps on transmit and 1 amp on
receive, you need (if not NCS) 12 amps * 12 minutes (20% of an
hour) and 1 amp * 48 minutes (80% of an hour) = 192 Amp/minutes
or (divide by 60) 3.2 Amp/hours.

A If you operate for an 8 hour shift, take 3.2 Amp/hours * 8 hours =
25.6 Amp/hours.

A Peukertdaw says use 80% of capacity so you need 30.7 amp hour
battery
i LT €2dz OF f Odzft F 1S SOSNRIKAY3I 2V
shift using any power level.
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Charging

A 3 state charging is imperative to maintaining
lead acid battery health.
I Bulk charge (Charges to 80%)
I Absorption charge (Charges last 20%)
I Float/Maintain (Keeps battery at 100%)
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Charging

A Bulk charge:

I Charges to 80% (Constant current, voltage Is
measured)

I Smart chargers will start at a low fixed current, then
step to a larger current so as not to damage a very
heavily discharged battery.

I Charger watches terminal voltage of battery to
determine level of charge
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0 to 100%
2r rate of charge than bulk

oltage (often high, up to 15+ volts)
aution: Never use a charger over 15 volts with Gel chem!

Aeasures current to determine battery charge level
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Charging

A Float/Final/Maintenance charge:

I Current limited (to a very small current, typically
10 % of the bulk charge rate, if battery needs
more than that, it drops back to bulk mode and
starts over)

I Delivers ONLY as much charge as battery require:
ACharger must be capable of delivering ZERO amps.
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Charging Desulfation

As mentioned earlier, discharged batteries, or batteries left sitting at low
charge will have Sulfate built up on plates.

Desulfatingchargers will pulse DC, or output low current AC for small
LISNA2Ra&a 2F GUAYS (2 aly201 2FF¢ (K

Sulfate falls to bottom of battery, if not too thick, will recombine into
electrolyte.

{2YS aaYlINIé& OKIFINHASNR oAttt R2 UGKA

from building.

LA Y20 Yy GaSYR |ff ¢ sufffidndziA2y s 2yt
I Physically shaking a battery beidgsulfatedcan accelerate

Better answer Is to take good care of your battery and not left it sulfate!!!
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ADVANCED BATTERY CHARGING SYSTEM

CAUTION: Jmincacn manuasi before ng’:'gﬂ 1.25A
Dellran Comportion, DeLand, FL 32724 » waww halerytondor <om
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Lead Acid BatteriesIn Summary
AYSSL) €2dzNJ 6F GUGSNRSaA 2
charger at all times
A Use them once in a while

A If possible, load test them once a year
I Will they produce what you think they will?
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Lead Acid BatteriesIn Summary

A A quick note on load testing

I There are several good devices on the market to
do this

AWest Mountain CBA IV

I You can also use a car headlight!
AWatch voltage closely
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Lead Acid BatteriesIn Summary

A Taking good care of your batteries with a smal
Investment in charging/monitoring technology
will save you big in the end!

A Remember that batteries are heavy and full of
acid, just be careful!
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First, some basics of Lithium lon

Lithium ions (L) are involved in the reactions driving the battery. Both

electrodes in a lithiumon cell are made of materials which can intercalate

0l 0a2Nbu fAGKAdzY® LYGSNDFEFGA2Y A& 4K
Inside the structure of a host material without significantly disturbing it.

In the case of a lithiuAbn battery, the lithium ions are tied to an electron

within the structure of the anode. When the battery discharges, the intercalated
lithium ions are released from the anode, and then travel through the
electrolyte solution to be absorbed (intercalated) in the cathode.
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First, some basics of Lithium lon

A As the battery is charged, an oxidation reaction occurs at the cathode,
meaning that it loses some negatively charged electrons.

A To maintain the charge balance in the cathode, an equal number of some of
the positively charged intercalated lithium ions are dissolved into the
electrolyte solution.

A These travel over to the anode, where they are intercalated within the
graphite. This intercalation reaction also deposits electrons into the graphite
FYy2RSZI (2 WOGASQ dzLJ G4 KS ftAGKAdZY A2y ®
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First, some basics of Lithium lon

A During discharge, the lithium ions are-ofgercalated from the anode and
travel back through the electrolyte to the cathode.

A This also releases the electrons that were tying them to the anode, and these
flow through an external wire, providing the electric current that we used to
do work.

ALGQa (KS O2yySOitAz2y 2F (G(KS SEGSNYI f
proceed when the electrons are free to travel, so are the positively charged
lithium ions that will balance the movement of their negative charge.
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e electrodes occurs at a much higher
and, as they must be balanced by an
gle lithition cell can produce a voltage of

g on the cathode materials.

produces only around 1.5 volts.
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of lithium ions into the standard graphite

on battery eventually breaks apart the graphite.
0Sa&a UKS ol GGSNE Q& LISNF2NXYI
down, and the battery will stop working.
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Some common variants

A LiPo (Lithium Polymer)
A Your typical RC car/plane/Drone battery. Solid electrolyte makes battery slightly
safer than liquid, but often contained in soft, flexible pocket material making it
prone to puncture.

A LiFePO4 (Lithium Iron Phosphate)
A Higher discharge rate capable because of higher temperature coefficients. Better
thermal stability. Longer life cycle, but faster s#ifcharge rate.

A LiMn204 (Lithium Manganese Oxide)
A Another variant that improves safety, but has lower capacity and shorter overall
lifetime.

A LiNiMnCoO2 (NMC) (Lithium Nickel Manganese Cobalt Oxide)
A Nickel changes the game. Higher current flows (burst) are available, longer life,
and longer overall capacity is achieved. Most electric vehicle batteries are this
type. Most expensive to manufacturer.
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