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Common types

ÅAlkaline (Typical AA or 9 volt type)

ÅNiCd/NiMh

ÅLithium

ÅLead Acid

ïFlooded/SLA/AGM/Gel



Lead Acid Batteries

ÅTypes

ïFlooded (Typical car battery)

ÅStarting

ÅDeep cycle

ïAGM (Absorbed Glass Mat)

ïGel cell



Construction

ÅBattery made of (6) 2.0 volt cells

ÅPositive terminal Lead Dioxide

ÅNegative terminal Porous Lead

ÅElectrolyte is ~6 molar Sulfuric acid and water



Construction



Construction

ÅStarting battery

ïMany more plates, much thinner

ÅProvides much more surface area for more current

ïEasily damaged by heavy discharge

ÅPlates warp 

ïDelivers very high current for very short period



Construction

ÅDeep cycle

ïFewer plates, much thicker

ÅLess surface area means less current

ïResists warping, can be discharged much farther

ïDelivers lower current for longer period



The discharge / charge process

ÅA little bit of chemistry

ÅChanges that happen inside

ïWhy these are important to understand!



Discharge

ïConnection of an electrical load allows electrons to flow 
from negative to positive terminals
ïThis reduces the charge and the voltages at the electrodes
ïThe 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
ïAs the battery is discharged, the electrodes become 

coated with lead sulfateand the acid electrolyte becomes 
weaker



Discharge



Charge

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

ÅThis increases the charge and the voltages at the electrodes
ÅThe chemical reactions are driven in the reverse direction, 

converting electrical energy into stored chemical energy
ÅAs the battery is charged, the lead sulfate coating on the 

electrodes is removed, and the acid electrolyte becomes 
stronger



Charge



State of charge

ÅState of charge can be determined by terminal 
voltage
ïThere are caveats, internal impedance, other tests

ÅTerminal voltage should be measured 1 hour 
after removal from charger (at rest)
ÅTerminal voltage should be measured with no 

load



State of charge



Killing your batteries

ÅOver discharging 
ïBeyond 20% for starting battery
ïBeyond 50% for deep cycle
ïLeaving a battery discharged

ÅSulfate on plates becomes harder over time
ï Insulates plate so that chemical reaction cannot continue

ïFreezing
ÅHappens more easily at discharge due to electrolyte being mostly water

ïOver Charging
ÅElectrolysis of water
ÅBoiling out



Killing your batteries

ÅA word on discharge
ïTypical lead acid will lose 5% of charge per month at 

rest

ïSelf discharge rate increases with temperature
ÅApproximately doubles for each 18 degrees F

ïBattery needs to be replaced if 30% of charge is lost in 
first 24 hours at rest



Understanding Capacity

ÅMeasured in Amp/Hours
ï!ŎŎƻƳǇŀƴƛŜŘ ōȅ ά/έ ǊŀǘƛƴƎ

Åάм/έ ƛǎ Ŏƻƴǎǘŀƴǘ ŎǳǊǊŜƴǘ ŘǊŀǿ ƭŜǾŜƭ ǘƘŀǘ ǿƛƭƭ ŘƛǎŎƘŀǊƎŜ 
battery from full to empty in 1 hour
ïMore typically found on Lithium batteries, but nearly all 
ŎƘŜƳƛǎǘǊƛŜǎ ƘŀǾŜ ŀ ǇǳōƭƛǎƘŜŘ ά/έ ǊŀǘƛƴƎΦ

Å!ƭǘƘƻǳƎƘ !ƳǇκIƻǳǊ ƛǎ ŀŎǘǳŀƭ ŎŀǇŀŎƛǘȅΣ ά/έ ƛǎ ǘȅǇƛŎŀƭƭȅ 
used to describe max charge and/or discharge rate



Understanding Capacity

ÅAutomotive batteries are usually listed in RC

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

To convert to a more useful Amp/Hour:

ÅMultiply RC by 60 (convert to seconds)

ÅMultiply by length of time in RC (which is 25)
ïThis gives you Coulombs of Charge

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



Understanding Capacity

ÅExample ςInterstate SRM-27

ÅRC = 160

Å160 * 60 = 9600 (seconds)

Å9600 * 25 = 240,000 (Coulombs)

Å240,000 / 3600 =  66.6 AmpHour



Understanding Capacity

Åάм/έ ƛǎ м ƘƻǳǊ ŘƛǎŎƘŀǊƎŜΣ  ǎƻ άн/έ ǿƻǳƭŘ ōŜ 
the current draw to discharge entirely in 30 
ƳƛƴǳǘŜǎΣ ǿƘƛƭŜ άлΦр/έ ǿƻǳƭŘ ōŜ ŀ н ƘƻǳǊ 
ŘƛǎŎƘŀǊƎŜ ŎǳǊǊŜƴǘ ǊŀǘŜ όŜǘŎΧύ

ÅPeukertslaw ςremoves some capacity



Understanding Capacity



Understanding Capacity

ÅEasier rule of thumb

ï80% of rated Amp/hr



Understanding Capacity

ÅBatteries will not deliver as much energy at 
ƘƛƎƘŜǊ ά/έ ǊŀǘŜǎΦ  

ÅLead acid often rated at C/10



Understanding Capacity - Sidetrack

ÅWhy do you care?

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

ïSo how do you figure out what you need?



Understanding Capacity - Sidetrack

ÅSimple calculation.
ïMeasure transceiver TX current draw

ïMeasure RX current draw

ïEstimate time TX vs. RX
ÅIf you are NOT a net control, 80% RX and 20% TX good 

rule of thumb

ÅIf you ARE a net control, 50-50 is a better number



Understanding Capacity - Sidetrack

Å 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.

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

Å Peukertslaw says use 80% of capacity so you need 30.7 amp hour 
battery
ïLŦ ȅƻǳ ŎŀƭŎǳƭŀǘŜ ŜǾŜǊȅǘƘƛƴƎ ƻƴ άIƛƎƘέ ǇƻǿŜǊΣ ȅƻǳΩƭƭ ōŜ ŎƻǾŜǊŜŘ ŦƻǊ ȅƻǳǊ 

shift using any power level.  



Charging

ÅSeveral types of chargers out there

ïBulk charger (Typical charger, might even include 
άCƭƻŀǘέ  hŦǘŜƴ ƳŀǊƪŜŘ ŀǎ ά!ǳǘƻƳŀǘƛŎέύ

ï3 State charger

ïDesulfator



Charging

Å3 state charging is imperative to maintaining 
lead acid battery health.

ïBulk charge (Charges to 80%)

ïAbsorption charge (Charges last 20%)

ïFloat/Maintain (Keeps battery at 100%)



Charging

ÅBulk charge:
ïCharges to 80% (Constant current, voltage is 

measured)
ïSmart chargers will start at a low fixed current, then 

step to a larger current so as not to damage a very 
heavily discharged battery.
ïCharger watches terminal voltage of battery to 

determine level of charge



Charging

ÅAbsorption charge:

ïCharges from 80% to 100%

ïIs much slower rate of charge than bulk

ïConstant voltage (often high, up to 15+ volts)

ÅCaution: Never use a charger over 15 volts with Gel chem!

ïMeasures current to determine battery charge level



Charging

ÅFloat/Final/Maintenance charge:
ïCurrent 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)

ïDelivers ONLY as much charge as battery requires
ÅCharger must be capable of delivering ZERO amps.



Charging

ÅBattery charge rate/capacity will change based 
on temperature

ïHigh quality chargers will temperature 
compensate.



Charging - Desulfation

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

Å Desulfatingchargers will pulse DC, or output low current AC for small 
ǇŜǊƛƻŘǎ ƻŦ ǘƛƳŜ ǘƻ άƪƴƻŎƪ ƻŦŦέ ǘƘŜ ǎǳƭŦŀǘŜΦ

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

Å {ƻƳŜ άǎƳŀǊǘέ ŎƘŀǊƎŜǊǎ ǿƛƭƭ Řƻ ǘƘƛǎ ƻŎŎŀǎƛƻƴŀƭƭȅ Ƨǳǎǘ ǘƻ ƪŜŜǇ ŀƴȅ ǎǳƭŦŀǘŜ 
from building.

Å Lǎ ƴƻǘ ŀƴ άŜƴŘ ŀƭƭέ ǎƻƭǳǘƛƻƴΣ ƻƴƭȅ ǿƻǊƪǎ ƻƴ ƭƛƎƘǘ sulfation.
ï Physically shaking a battery being desulfatedcan accelerate

Å Better answer is to take good care of your battery and not left it sulfate!!!



Chargers

ÅChargers I have experience with:

ïA&A Engineering
ïNOCO
ïNpower
ïOptima
ïBattery minder
ïBattery tender
ïAnything based on UC2906 by Unitrode



Chargers



Chargers



Chargers



Chargers



Lead Acid Batteries ςIn Summary

ÅYŜŜǇ ȅƻǳǊ ōŀǘǘŜǊƛŜǎ ƻƴ ŀ άǎƳŀǊǘέ о ǎǘŀƎŜ 
charger at all times

ÅUse them once in a while

ÅIf possible, load test them once a year

ïWill they produce what you think they will?



Lead Acid Batteries ςIn Summary

ÅA quick note on load testing

ïThere are several good devices on the market to 
do this

ÅWest Mountain CBA IV

ïYou can also use a car headlight!

ÅWatch voltage closely



Lead Acid Batteries ςIn Summary



Lead Acid Batteries ςIn Summary

ÅTaking good care of your batteries with a small 
investment in charging/monitoring technology 
will save you big in the end!

ÅRemember that batteries are heavy and full of 
acid, just be careful!



Break



! ǿƘƻƭŜ ƴŜǿ ǿƻǊƭŘΧΧ

Lithium



! ǿƘƻƭŜ ƴŜǿ ǎŜǘ ƻŦ tǊƻǎ ŀƴŘ /ƻƴǎΧΦ



You may notice, this section will 
have a lot of emphasis on

SAFETY!!!



First, some basics of Lithium Ion
Lithium ions (Li+) are involved in the reactions driving the battery. Both 
electrodes in a lithium-ion cell are made of materials which can intercalate 
όŀōǎƻǊōύ ƭƛǘƘƛǳƳΦ LƴǘŜǊŎŀƭŀǘƛƻƴ ƛǎ ǿƘŜƴ ŎƘŀǊƎŜŘ ƛƻƴǎ ƻŦ ŀƴ ŜƭŜƳŜƴǘ Ŏŀƴ ōŜ ΨƘŜƭŘΩ 
inside the structure of a host material without significantly disturbing it.

In the case of a lithium-ion 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.



First, some basics of Lithium Ion
Å As the battery is charged, an oxidation reaction occurs at the cathode, 

meaning that it loses some negatively charged electrons. 

Å 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. 

Å These travel over to the anode, where they are intercalated within the 
graphite. This intercalation reaction also deposits electrons into the graphite 
ŀƴƻŘŜΣ ǘƻ ΨǘƛŜΩ ǳǇ ǘƘŜ ƭƛǘƘƛǳƳ ƛƻƴΦ



First, some basics of Lithium Ion
Å During discharge, the lithium ions are de-intercalated from the anode and 

travel back through the electrolyte to the cathode. 

Å 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.

ÅLǘΩǎ ǘƘŜ ŎƻƴƴŜŎǘƛƻƴ ƻŦ ǘƘŜ ŜȄǘŜǊƴŀƭ ǿƛǊŜ ǘƘŀǘ ŜƴŀōƭŜǎ ǘƘŜ ǊŜŀŎǘƛƻƴ ǘƻ 
proceedτwhen the electrons are free to travel, so are the positively charged 
lithium ions that will balance the movement of their negative charge.



First, some basics of Lithium Ion
Å The transfer of lithium ions between the electrodes occurs at a much higher 

voltage than in other battery types and, as they must be balanced by an 
equal amount of electrons, a single lithium-ion cell can produce a voltage of 
3.6 volts or higher, depending on the cathode materials. 

Å A typical alkaline cell produces only around 1.5 volts.



First, some basics of Lithium Ion
Å The anode is usually graphite. 

Å However, the repeated insertion of lithium ions into the standard graphite 
structure in a typical lithium-ion battery eventually breaks apart the graphite. 

Å¢Ƙƛǎ ǊŜŘǳŎŜǎ ǘƘŜ ōŀǘǘŜǊȅΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ǘƘŜ ƎǊŀǇƘƛǘŜ ŀƴƻŘŜ ǿƛƭƭ 
eventually break down, and the battery will stop working.



Some common variants
Å LiPo (Lithium Polymer) 

Å 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.

Å LiFePO4 (Lithium Iron Phosphate)
Å Higher discharge rate capable because of higher temperature coefficients. Better 

thermal stability. Longer life cycle, but faster self-discharge rate.

Å LiMn2O4 (Lithium Manganese Oxide)
Å Another variant that improves safety, but has lower capacity and shorter overall 

lifetime.

Å LiNiMnCoO2 (NMC)  (Lithium Nickel Manganese Cobalt Oxide)
Å 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.



LiPo energy density is significantly higher than other 
chemistries.

LǘΩǎ ƭƛƎƘǘŜǊΣ ǎƳŀƭƭŜǊΦ

It can discharge at far higher rates.

bƻ άƳŜƳƻǊȅέ ǇǊƻōƭŜƳǎ ŀǎ NiCd,NiMhhave.

{ƻΣ ǿƘŀǘΩǎ ǘƘŜ ŎŀǘŎƘΚ




