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Lead-Acid Battery Fundamentals



Trojan Flooded Battery Construction

Anti-flame propagation
vents

Proprietary Maxguard®
separator

Robust grid design
Alpha Plus™ paste

Trademark maroon color
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How A Deep Cycle Lead Acid Battery Works

Discharge
PbO, + Pb + 2H,S0, - 2PbSO, + 2H,0

-

Charge

Positive Negative Electrolyte Lead Sulfate Water
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Types of Lead Acid Batteries

Lead Acid
Non-Spillable
Flooded Vi
» Excess acid * Acid - starved
* Vented » Sealed (valve regulated)
Maintenance Maintenance Gel Absorbed Glass
Free Mat (AGM)
 Lead Calcium  Lead Antimony  Lead Calcium * Lead Calcium
* Deep Cycle 50%  Deep Cycle 80% * Immobilized  High current
* 100 - 300 Cycles + 300 - 1000 Cycles Electrolyte capable

» Deep Cycle 80% » Mid-Cycling
*200 -500 Cycles
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VRLA (sealed) Constructions

 Valve Regulated Lead Acid (VRLA) batteries

— Sealed batteries will not leak electrolyte even if the container is
cracked (spill proof/leak proof)

o 2 Types: AGM & Gel

— Absorbed Glass Mat (AGM)

* Inert fiberglass sponge, highly porous, sandwiched between the
positive and negative plates

* 90-95% saturated with acid electrolyte
— Gel
» Contains a micro porous separator
* Acid electrolyte that has been mixed with silica to form a gel

— Both use lead-calcium alloys and high purity materials
e Both constructions arerecombinant’

— Sealed pressure relief valves force the recombination of oxygen
and hydrogen back into water during recharge

— Recombination is 99% efficient, so almost no water is lost

— While the pressure valves keep the container slightly pressurized
(1-3 psi), the batteries may vent gas during excessive recharge or
shorting

Gel
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VRLA - Advantages/Disadvantages

Advantages (vs. Flooded)

* Maintenance free (except for periodic
cleaning)

 Low self-discharge (temperature
dependent)

« Sealed batteries — cannot spill or leak
acid

« Shock and vibration resistant (higher
cell compression)

 Low temperature tolerant (less
electrolyte volume to freeze or expand)

Disadvantages (vs. Flooded)

Higher initial cost (purity of materials,
manufacturing process)

Lower capacity than Flooded (wet)
cells (more weight per Ah)

Water cannot be replaced

AGM - Pros
* Low internal resistance (higher discharge current,
higher charging efficiency)

*  High initial capacity
*  High power applications

AGM - Cons

*  Requires accurate charging regulation
. Prone to stratification

*  Shorter cycle life

*  Susceptible to thermal runaway

Gel

Gel

- Pros

Reduced stratification
Better thermal properties
Longer cycle life

— Cons

Requires accurate charging regulation
Slightly higher cost than AGM

Higher internal resistance

Low power applications
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Voltage Terms

* Voltage/Electromotive Force (Volts,V,E): The
electrical pressure driving electrons through a conductor.
(Pressure)

e Open Circuit Voltage (OCV): The voltage of a battery in
the absence of a charge or discharge current.

 Voltage Under Load (VUL): The voltage of a battery in
the presence of a discharge current.

 End of Discharge Voltage (EODV): The voltage of a
battery at the end of discharge while under load.

 End of Charge Voltage (EOCV): The voltage of a
battery at the end of charge while still on charge.
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Specific Gravity

o Specific Gravity (SG): The density (mass/volume) of
the liquid (electrolyte) relative to water, at the same
temperature. The density of water is 1.

Example: 1.277 kg/l =1.277
1.000 kg/l

o 1.277 is referred to as twelve -seventy-seven” acid

 The difference between 1.277 and 1.270 is referred to as
7 points”
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Open Circuit Voltage and Specific Gravity

Open Circuit Voltage =~ Specific Gravity

Open Circuit Voltage/Cell ° Specific Gravity/Cell + 0.845

Open Circuit Voltage =~ State of Charge (SoC)

Specific Gravity =~ State of Charge (SoC)
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OCV and SG vs. State of Charge

Open Circuit Voltage (OCV): Measurement made after
voltage stabilizes (no load)
Percentage Specific Open Circuit Voltage
Charge Gravity Cell 6V 8V 12V 24V 36V 48V 2V
100 1.277 2122 | 637 | 849 | 1273 | 2546 | 3820 | 50.93 | 76.4
90 1.258 2103 | 631 | 841 | 1262 | 2524 | 37.85 | 5047 | 75.7
80 1.238 2.083 | 625 | 833 | 1250 | 2500 | 3749 | 49.99 | 75.0
70 1.217 2062 | 619 | 825 | 1237 | 2474 | 3712 | 4949 | 742
60 1.195 204 | 612 | 816 | 1224 | 2448 | 3672 | 4896 | 734
50 1.172 2.017 | 605 | 807 | 1210 | 2420 | 3631 | 4841 | 726
40 1.148 1.993 | 598 | 797 | 11.96 | 2392 | 3587 | 47.83 | 717
30 1.124 1.969 | 591 | 7.88 | 11.81 | 2363 | 3544 | 47.26 | 709
20 1.098 1.943 | 583 | 7.77 | 1166 | 2332 | 3497 | 4663 | 69.9
10 1.073 1.918 | 575 | 7.67 | 1151 | 23.02 | 3452 | 46.03 | 69.0
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Stratification

Specific gravity gradient that may result from
Ineffective overcharging.

1.080

Normal
Specific Gravity = 1.277
(Fully Charged)

1.400
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