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Inspection)

Lesson 14: Charging Area Safety Protocols (PPE. Ventilation, Fire Prevention)

Lesson 15: Charger Compatibility and Technology (Voltage/Amperage Settings,
Smart Features)

Lesson 16: Optimal Watering Practices (Timing, Frequencuy, Volume)
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Lesson 18: Identifuing Battery Wear and Aging (Sulfation, Runtime Changes, Visible
Damage)

Lesson 19: Monitoring Battery Performance (State of Charge, Load Testing, Trend
Analysis)

Lesson 20: Establishing Maintenance Accountability (Roles, Checklists, Logs)




Forklift Battery and Charger Maintenance
Course Reference

This reference document outlines the comprehensive content for a 20-lesson course (10
classroom lessons and 10 practical lessons) on forklift battery and charger maintenance. It
is structured in two main sections - one focusing on theoretical classroom instruction and
the other on hands-on practical training. All guidance is aligned with OSHA regulations,
ANSI/ITSDF B56 standards, and manufacturer recommendations. Short paragraphs, clear
headings, bullet points, and visual aids are used to enhance readability. All maintenance
technicians using this guide should already have a general understanding of batteries,
chargers, and forklifts.

Battery Maintenance — Classroom Instruction

The first ten lessons provide classroom instruction on forklift battery basics, safety, and
maintenance theory. These lessons build foundational knowledge of battery types, how
they work, proper care procedures, and applicable safety and compliance standards.

Lesson 1: Battery Types and Construction

Lead-Acid Forklift Battery

N Figure: Cross-section of a lead-acid
Positive plate . , .
(cathode) forklift battery, showing multiple

. cells with positive/negative plates,
(“i,i%‘;‘}e'g’ plate separators, and electrolyte. Each
forklift battery is a heavy-duty
traction battery made of several
electrochemical cells connected in
series to provide the required
voltage (e.g. 6 cells for ~12V, 12 cells
for 24V, 18 cells for 36V, etc.). The
typical construction includes
lead-based plates (grids coated with active material) as the electrodes, immersed in an
electrolyte of sulfuric acid and water inside a durable case jungheinrich-profishop.co.uk
jungheinrich-profishop.co.uk. Key components of each cell are:

Electrolyte

Separators

Electrolyte




e Positive plate (cathode): usually lead dioxide (PbO,) on a grid (releases electrons
during discharge) jungheinrich-profishop.co.uk.

¢ Negative plate (anode): sponge lead (absorbs electrons during discharge)
jungheinrich-profishop.co.uk.

e Separators: insulating material between plates to prevent short circuits while
allowing ionic flow jungheinrich-profishop.co.uk.

e Electrolyte: diluted sulfuric acid solution that chemically reacts with the plates to
store and release energy.

Battery Types: The most common forklift batteries are flooded lead-acid (wet cell)
batteries, which require regular maintenance (water replenishment, cleaning, etc.). There
are also maintenance-free types like sealed AGM or gel lead-acid batteries and modern
lithium-ion packs. Standard flooded lead-acid batteries dominate due to their
cost-effectiveness and the added benefit of heavy weight for counterbalancing the
forklift. Newer alternatives such as lithium-ion (often lithium iron phosphate chemistry) are
gaining popularity because they are sealed units that require no watering or equalization
toyotaforklift.com. Lithium-ion batteries have built-in management systems and different
charging needs, but they eliminate many routine maintenance tasks (no electrolyte to top
off, no gassing) toyotaforklift.com. Other less common types include nickel-cadmium
(Ni-Cd) industrial batteries or thin-plate pure lead (TPPL), which may appear in specialty
applications toyotaforklift.com. Each battery type has unique construction and
maintenance requirements, so always consult the manufacturer’s documentation for
specifics.




Lesson 2: Electrolyte Chemistry and How Batteries Store Energy

Lead-Acid Cell

Forklift batteries store energy
via reversible chemical
reactions. In a charged
lead-acid cell, the positive
plate is lead dioxide and the
negative plate is porous lead.

Positive Plate Negative Plate

_During Discharge
Sulfuric Acid
mixed Water

PBO, + Pb+ 2 H,SO4 +— 2 PbSO,+ 2H,0

— External Circuit ) . )
o Ro=efin Batiery The electrolyte is sulfuric acid
[l} 4 mixed with water. During
DC Charger During Charging d|SCh°rge’ a chemical
2PbSO4+ 2H,0 «—— PbO,+Pb +2H,S0, reaction produces lead sulfate

on both plates and the sulfuric
acid is consumed, making the

electrolyte more water-rich (acid density drops) jungheinrich-profishop.co.uk. This reaction
releases electrons that flow through the external circuit to power the forklift. When the
battery is charged by a DC charger, the process reverses: lead sulfate is converted back
into lead and lead dioxide, and sulfate ions return to the electrolyte, increasing the acid
concentration jungheinrich-profishop.co.ukjungheinrich-profishop.co.uk. This
electrochemical cycle is how batteries store and release energy.

Electrolyte Specific Gravity: The concentration of sulfuric acid in the electrolyte
(measured by specific gravity) indicates the state of charge. A fully charged forklift
battery typically has a specific gravity around 1.285 (check manufacturer specs for
exact values) logisnextamericas.com. As the battery discharges, specific gravity
drops (acid becomes diluted), and it rises again on recharge as acid is regenerated.
Technicians use hydrometers to measure this for diagnosing charge level and cell
health (more on this in later lessons).

Gassing and Water Loss: In the late stages of charging, excess energy causes
electrolysis of water in the electrolyte, breaking it into hydrogen and oxygen gas
na.bhsl.com. This “gassing” is normal for flooded lead-acid batteries, but it leads to
water loss over time (and the hydrogen gas creates an explosion hazard if not
ventilated - see safety lessons). Because water breaks down during charging,
batteries need periodic watering to replenish the lost water and keep the acid level
above the plates na.bhsl.comna.bhsl.com. Never add acid to a battery except to
replace what was spilled - only water is added for maintenance, since the acid
remains in the battery unless spilled. As a rule: pour acid into water, never water
into acid, if mixing (though in normal forklift battery service you are only adding




water, not mixing acid) (osha.gov).

Heat and Chemical Reactions: Battery charging and discharging generate heat.
Chemical reactions proceed faster at higher temperatures, but excessive heat
(>45°C/113°F) can damage the battery and accelerate internal corrosion
logisnextamericas.comlogisnextamericas.com. Conversely, cold temperatures
reduce available capacity and slow charging. Batteries are ideally used near room
temperature (~25°C) for optimal chemical performance. Every 10°C above 25°C can
cut battery life by about 50% due to accelerated chemistrylogisnextamericas.com.
This chemistry underpins why proper charging (to avoid overheat) and cooling
periods are important in forklift battery care.

Lesson 3: Charging Principles and Stages

Charging a forklift battery correctly is critical for maximizing its life. Lead-acid batteries
generally follow a multi-stage charging cycle:

1.

2.

Bulk (Constant Current) Charge: The charger supplies a high steady current
initially, raising the battery voltage. This restores about 80% of the battery’s charge.

Absorption (Constant Voltage) Charge: The charger holds a set voltage while the
current gradually tapers off. This top-charges the battery close to 100%.

Finishing/Float Charge: Some chargers then trickle or reduce to a low rate to
maintain full charge without overcharging. In an industrial setting, float is often
used if the battery remains on charge after reaching full, to keep it topped off.

Equalization (Periodic Overcharge): About once a week (or per manufacturer’s
recommendation), a deliberate overcharge is applied to “equalize” the cells
foxtronpowersolutions.com. Equalization reverses mild sulfation and balances all
cells by ensuring weaker cells catch up in charge logisnextamericas.com. This stage
causes extra gassing and heat, so it’s done sparingly under controlled conditions
(usually with a charger’s equalize setting) foxtronpowersolutions.com.




Charging Best Practices:

e Depth of Discharge (DoD): Recharge the battery after an 8-hour shift or when
~80% discharged (meaning 20% charge remaining) logisnextamericas.com.
Running a battery down beyond 80% DoD (the “red zone™) is strongly discouraged
- over-discharging beyond the manufacturer’s recommendations can cause
permanent damage and greatly shorten battery life logisnextamericas.com. Many
forklifts have a battery discharge indicator that shows when the battery hits the
20% level (usually the point at which the lift will alert or reduce performance).
Heeding this indicator is crucial. Do not continue using a battery just because it
still moves the truck - stop and charge it (osha.gov). Over-discharging can lead to
excessive sulfation and internal damage.

e Complete Charge Cycle: Once you begin charging, allow the battery to charge
fully to 100% before use. Cutting a charge cycle short or habitually
opportunity-charging (charging in short bursts when not needed) can lead to
partial state of charge cycling, which promotes sulfation logisnextamericas.com
na.bhsl.com. OSHA and manufacturers emphasize not to under-charge or
over-charge batteries; both extremes harm battery health (osha.gov). Fully
charging each day also resets the battery’s chemical state and ensures maximum
runtime.

e Charge/Rest Ratios: A typical recommended duty cycle is 8 hours usage, 8 hours
charging, 4+ hours cooling batterybuilders.com. After a full charge, batteries should
cool down (for a few hours if possible) before being put back into heavy service,
because charging heat can temporarily elevate the temperature. A hot battery
(above ~115°F/46°C) should not be used or charged further until it cools
batterybuilders.com. If a battery feels hot to touch or exceeds ~50°C, it indicates
either overcharging or possibly a failing cell.

e Avoiding Opportunity Charging: While modern fast chargers and lithium batteries
permit opportunity charging (charging during lunch breaks, etc.), for lead-acid
batteries it’s generally advised to avoid mid-shift charges unless absolutely
necessary na.bhsl.com. Each charge cycle, even partial, counts toward the
battery’s cycle life. Frequent shallow charging can prematurely use up cycle life
and also cause imbalance in the battery if not regularly equalized na.bhsl.com.

e Charger Settings: Ensure the charger is set to the correct battery type (if it has
modes for flooded, AGM, gel, lithium, etc.), correct voltage, and appropriate charge
rate for the battery’s amp-hour capacity. Never charge a battery with a charger
of the wrong voltage - e.g., don’t put a 36V battery on a 48V charger - this can



cause severe overcharging and battery failure fluxpower.com. Modern “smart”
chargers often auto-detect or are designed for specific systems to prevent this
mistake.

Equalization Charges: Equalize a flooded lead-acid battery roughly once per week or
every 5-10 charge cycles foxtronpowersolutions.com (manufacturer guidelines may vary).
This controlled overcharge helps break up sulfate crystals on plates and rebalances
electrolyte chemistry, preventing stratification (where acid becomes more concentrated
at the bottom) foxtronpowersolutions.com logisnextamericas.com. Equalizing extends
battery life but should be done under supervision: use the charger’s equalize function and
follow the specified time or automatic cutoff. Only trained personnel should perform
equalization, as it intentionally pushes the battery beyond normal full charge - generating
extra heat and gas. Always water the battery after equalization, not before, as the
process may expand electrolyte levels.

Lesson 4: Battery Maintenance Schedules and Lifespan

Forklift Battery Lifespan and

Maintenance Summary Expected Lifespan: With proper care,
industrial forklift batteries typically last about
Expected Lifespan: 1,500-2,000 charge/discharge cycles, or

« 1,500 -2.000 charge cycles (about 5 years of daily use)
with proper care

« Lifespan shortens with poor maintenance or heavy use
(2-3 years orless)

roughly 5 years of daily use na.bhsl.com. This
lifespan can vary based on usage intensity

Maintenance Schedule:

Daily:

« Inspect battery for loose connections, corrosion, damage,
vent caps, and electrolyte level

» Wipe off acid residue

o Check battery during OSHA-mandated forklift pre-shift
inspections. Report any issues

Weekly:

o Water flooded batteries after 5-10 charges or weekly

 Perform equalization charges if needed

o Clean acid or corrosion buildup

o Log weekly checks in a battery maintenance log

Quarterly (or Every 75 Cycles):
« Record all cell gravities and voltages to track health trends
« Inspect and secure the battery restraint system

(per OSHA requirements)

Lifespan Management

« Batteries lose runtime after about 3+ years

o Plan to replace batteries around the 5-year mark
o Use battery rotation (spares) to prolong fleet life

(multi-shift operations will rack up cycles
faster) and maintenance quality. A
well-maintained battery can sometimes
exceed this, while poor maintenance can
cause a battery to fail in as little as 2-3 years
or even sooner in extreme cases.

Maintenance Schedule: It is crucial to
implement a routine maintenance schedule,
combining daily, weekly, and monthly tasks:

e Daily (Every Use): Before or after each
shift, inspect the battery. Check for any loose
connections, corrosion on terminals, or
damage to cables. Ensure vent caps are in
place and no cells have unusually low

electrolyte (plates exposed). Wipe off any acid residue on the top of the battery.



Operators are required by OSHA to perform daily pre-shift inspections of forklifts,
which includes checking the battery on electric trucks (osha.gov). A sample daily
checklist includes verifying battery water/electrolyte level and charge status
(osha.gov). Operators should report any issues (like acid smell, leaks, or low water)
to maintenance.

Weekly: Water the battery on a regular schedule (if using flooded cells) - typically
once a week or after ~5 to 10 charging cycles na.bhsl.com. Many manufacturers
recommend a weekly watering (this is covered in detail in practical lessons). Also,
equalize the battery weekly (if applicable) as noted above. Some facilities schedule
“Battery Maintenance Day” weekly to water all batteries and perform equalization
charges as needed foxtronpowersolutions.com. Clean the battery top if you see
any acid accumulation or corrosion starting (even a simple wipe with a damp,
neutralizing cloth - see cleaning lesson for procedure). Weekly checks should be
documented in a battery service log.

Monthly: Perform a deeper inspection and maintenance. This may include a
thorough cleaning of the battery exterior, checking specific gravity of all cells with
a hydrometer after a full charge (to identify any weak cells)
logisnextamericas.com, and measuring individual cell voltages under load. Tighten
any loose battery cable connections (with insulated tools). Also, verify the charger’s
settings or condition (make sure it’s delivering proper voltage/amperage). For busy
operations, some of these tasks might be done bi-weekly instead. Monthly
maintenance helps catch issues early, and many battery warranties require proof
of regular maintenance logisnextamericas.com.

Quarterly/Every 75 cycles: Some manufacturers like Battery Builders Inc. (BBI)
advise recording a full set of electrolyte specific gravity readings and cell
voltages at least quarterly or every 75 cycles batterybuilders.com. This provides
data to trend battery health over time. On a quarterly basis, also check the
battery’s restraint system and compartment (in the forklift) - ensure the battery is
secure and the hold-downs or brackets are intact (OSHA requires batteries be
properly secured in the truck) (osha.gov).

Lifespan Management: As a battery ages (3+ years of service), expect its
performance to decline. Runtime will gradually shorten even with good care. At a
certain point (e.g., when it can no longer support a full work shift or fails a
load-test), the battery should be reconditioned or replaced. It’s wise to budget for
replacements around the 5-year mark for a hard-working battery fleet. Rotating
batteries (if spares are available) can extend overall fleet life - giving batteries rest



and maintenance time.

Sticking to a planned maintenance program is not just for longevity but also safety.
OSHA notes that implementing a proper battery maintenance program both increases
battery life and helps protect employees, as battery failure could lead to forklift
breakdowns and accidents (osha.gov). In summary, treat the battery like critical
equipment: follow the schedule, keep records, and don’t “run it till it dies” without
maintenance.

Lesson 5: Battery Safety (Handling Acids, PPE, Emergency Procedures)

CHARGING AREA

@ WEAR PPE

KEEP THE AREA

VENTILATED

TURN THE CHARGER
OFF BEFORE
CONNECTING or

DISCONNECTING

IF TH ’S A SPILL
OR HYDROGEN ALARM,

FOLL EMERGENCY
PROTOCOLS

IF THERE’S A SPILL OR
HYDROGEN ALARM, FOLLOW
EMERGENCY PROTOCOLS

Forklift batteries present significant hazards - they are
heavy, filled with acid, and can emit explosive gas.
Strict safety procedures must be followed whenever
servicing batteries. Key safety considerations include
chemical hazards (sulfuric acid), electrical hazards,
heavy equipment handling, and fire/explosion
prevention.

Personal Protective Equipment (PPE): Always wear
appropriate PPE when working on batteries
(osha.gov). This includes:

e Eye/Face Protection: Chemical splash goggles
together with a face shield are recommended when
checking electrolyte or handling acid (osha.gov). Acid
can cause severe eye injury, so never assume regular
safety glasses alone are enough - use goggles or add

a face shield for full protection.

Gloves: Acid-resistant gloves (rubber or neoprene) to protect hands from
electrolyte (osha.gov). Ensure they are intact (no holes) and long enough to cover

the wrist.

Body Protection: An acid-resistant apron or coat to protect your torso and legs
from splashes (osha.gov). Also, wear long sleeves and long pants under the apron.

Footwear: Safety boots or shoes with acid-resistant material. Many facilities
require steel-toe boots anyway, but make sure they are rated for chemical



resistance if possible (osha.gov).

Wearing PPE is non-negotiable when handling battery fluids. Even if just adding water,
splashes can occur. Note: employees who wear contact lenses must still wear chemical
splash goggles - contacts can trap acid against the eye in the event of a splash,
worsening injuries (osha.gov).

Acid Handling and Spill Response: Sulfuric acid in batteries is highly corrosive. When
checking or filling cells, work carefully to avoid acid contact. Never lean directly over
open battery cells - do not risk acid fumes or droplets hitting your face. If acid splashes
on skin or eyes, immediate response is critical:

e Eye Exposure: Flush eyes at an eyewash station immediately for a minimum of 15
minutes continuously (osha.gov). Hold eyelids open and roll eyes to ensure
thorough flushing. After 15 min of flushing, get medical attention immediately
(osha.gov). Every battery charging/service area must have a plumbed eyewash
station (or eyewash hose) within quick reach per OSHA 29 CFR 1910.151(c)
(osha.gov). Ensure you know its location and that it’s tested regularly.

e Skin Exposure: Remove any clothing contaminated with acid (it can continue to
burn through fabric to skin) and flush the skin with water for at least 15 minutes
(osha.gov). Do not rub; just rinse thoroughly. Seek medical attention if there are
any signs of burn or if irritation persists (osha.gov).

e Ingestion: Although unlikely in maintenance, if someone accidentally ingested acid
and is conscious, have them rinse their mouth and drink water or milk - do not
induce vomiting (osha.gov). This is a medical emergency; call 911. (Refer to the
Safety Data Sheet for batteries for specific first aid steps).

Facilities should have a documented Emergency Procedure for Acid Splash incidents and
all techs should be trained in it (osha.gov). Quick response (flush with water) can
significantly reduce injury severity.

Heavy Lifting and Handling: Forklift batteries often weigh between 1,000-4,000 lbs.
Handling them requires mechanical assistance (overhead hoist, lifting beam, transfer cart,
etc.). Only trained personnel should change or move batteries (osha.gov). Safety points:

e Use proper battery lifting equipment (lifting beam, insulated hoist hooks, or
dedicated battery cart) - never use improvised methods or just manpower for
heavy batteries (osha.gov). OSHA mandates using a properly designed lifting beam



if an overhead hoist is used; don’t use a chain with two hooks as it can distort the
battery case (osha.gov).

e Secure the forklift and battery: When removing or inserting a battery, the forklift
must be turned off, parking brake applied, and forks lowered. The truck should be
stable (chocked if necessary) (osha.gov). The battery itself should be secured once
installed - check that hold-down brackets or clamps are tightened (this is part of
daily inspection) (osha.gov).

e Keep a safe distance and clear area when a battery is in mid-air. The weight is
substantial and can crush body parts if dropped or swung. Only the operator of the
lifting device should be near; others stay back.

Electrical Safety: Batteries can deliver very high currents. Avoid any short-circuit:

e Remove all metallic jewelry (rings, watches, necklaces) before working on batteries
(osha.gov). A metal ring shorting across terminals can heat up and cause severe
burns in seconds.

e Use insulated tools. If using a wrench on terminal bolts, ensure it has insulation or
at least be extremely cautious not to contact other terminals or the metal case.

e Never place tools or metal objects on top of a battery foxtronpowersolutions.com.
A wrench or bolt touching both a positive and negative post (or cell connector) can
short the circuit and cause sparks, fire, or battery explosion.

e When connecting a charger, attach the charger clamps or connector properly -
positive to positive, negative to negative - and make sure the charger is turned
off while connecting or disconnecting (osha.gov). This prevents arcing at the
moment of connection. Many chargers have an SB-type connector; ensure the
forklift and charger are off before plugging or unplugging to avoid live arcs.

Fire and Explosion Hazards: Near the end of charge, lead-acid batteries emit hydrogen
gas which is flammable. In concentrated amounts (above 4% in qir) hydrogen can explode
with a tiny spark. Safety measures:

e Ventilation: Always charge in a well-ventilated area to disperse hydrogen. Never
charge in a sealed room or near ceilings with trapped air pockets. OSHA requires
adequate ventilation for charging areas to prevent accumulation of explosive gas



(osha.gov).

e No Ignition Sources: Smoking is absolutely prohibited in battery charging or
maintenance areas (osha.gov). Post “No Smoking” signs. Likewise, keep open
flames, sparks, or any electrical arc sources far away (osha.gov). This includes
grinding, cutting, or even unplugging a charger incorrectly. Use only spark-proof
flashlights if peering into cells. Install “No open flames or sparks” signage as
required (osha.gov).

e Fire Extinguishers: Have the proper fire extinguisher nearby. A CO, or dry chemical
extinguisher is suitable for electrical/battery fires. (OSHA and NFPA require
extinguishers in areas where flammable hazards exist; many companies station a
Type B/C fire extinguisher in the battery room) ssents.com. Also consider a smoke
detector in large battery rooms for early warning ssents.com.

e Battery Charging Covers: Keep battery compartment or covers open during
charging to allow heat and gas to dissipate (osha.gov). Ensure vent caps on cells
are functioning (they allow gas out but limit acid spray) (osha.gov). If a vent cap is
clogged or malfunctioning, replace it - otherwise pressure can build in the cell.

Additional Safety Equipment: OSHA regulations (29 CFR 1910.178(g)) mandate that
battery charging areas have facilities for flushing spilled electrolyte (e.g., an acid
neutralization station or spill kit), an eyewash station, and protection for charging
equipment from damage (osha.gov). Maintain a spill kit with acid-neutralizing chemicals
(like baking soda), acid-resistant gloves, disposable aprons, and absorbent materials. In
case of an acid spill on the floor or battery, neutralize it (pour baking soda on the acid
until fizzing stops) and then clean up the residue. Dispose of acid waste properly (see
environmental section).

All personnel involved in battery maintenance should be trained in these safety
procedures and emergency responses (osha.gov). Regular safety briefings and drills (e.g.,
eyewash drill) are advisable. By following PPE requirements, handling guidelines, and
being prepared for emergencies, the risks associated with forklift batteries can be
managed to an acceptable level, keeping technicians safe.



Lesson 6: Environmental Considerations (Disposal, Spills, Recycling)

Forklift batteries contain
lead and acid, both of which
are environmentally
hazardous if not handled
correctly. Maintenance
technicians must be aware of
regulations and best
practices for spill control,
waste disposal, and
recycling to avoid
environmental
contamination and legal
penalties.

Spill Control: Even with precautions, acid spills can occur (from overfilling, tipping a cell, or
a cracked case). All battery service areas should have materials to neutralize and clean
up acid spills (osha.gov). Baking soda (sodium bicarbonate) or similar commercial
neutralizer should be readily available. When a spill happens:

e Put on PPE (acid-resistant gloves, goggles, etc.) if not already wearing it.

e Contain the spill - use absorbent pads or barriers to prevent it from spreading,
especially to any drains.

e Neutralize by sprinkling baking soda on the acid. The baking soda will fizz as it
neutralizes the sulfuric acid. Apply until fizzing stops and the mixture is pH neutral
(test kits or pH paper can confirm).

e Scoop or absorb the neutralized residue into a suitable container. Do not wash it
down a drain - this is likely illegal as it can harm water systems
foxtronpowersolutions.com. Instead, treat it as hazardous waste unless testing
shows it’s neutral and non-hazardous. Follow your facility’s hazardous material
disposal plan or local regulations for disposal of acid waste.

Wastewater from Battery Washing: When batteries are cleaned (washed) with water and
baking soda, the rinse water will contain acidic residue and lead particles. This wastewater
must not be dumped untreated. It should be collected (e.g., using a portable containment



or a drain connected to a neutralization system). Many large operations use a designated
battery washing station with a built-in sump to capture and neutralize runoff. Follow EPA
and local environmental guidelines for disposing of this wastewater
foxtronpowersolutions.com. Often it needs to be neutralized and filtered for lead before
entering any sewer system. Consult your environmental manager for the correct
procedure; improper disposal can result in heavy fines. (In the U.S,, used battery acid and
contaminated rinse water may fall under RCRA hazardous waste rules if not recycled.)

Battery Disposal and Recycling: Forklift batteries are highly recyclable. Lead-acid
batteries in particular are one of the most recycled products - over 98% of the lead can
be reclaimed and the plastic cases are also recycled. Do not throw old batteries in the
trash or scrap heap. In fact, under EPA regulations spent lead-acid batteries are classified
as hazardous waste unless they are sent for recycling (osha.gov). Practically, this means
you should always send depleted batteries to a proper recycling facility or back to the
manufacturer. Most battery suppliers will take back old batteries for recycling when you
purchase a new one (often there is a core charge or exchange). Always handle spent
batteries as if they still contain acid (because they do) - keep them upright, caps on, and
avoid cracking them. Mark them as “For Recycle - Used Battery.” Store used batteries on
an acid-resistant pallet or surface, and protect them from rain if stored outside, to
prevent lead/acid runoff.

OSHA and environmental agencies require proper disposal records. Your company should
document when and where each battery was sent for recycling. Never drain the acid out
to dispose of a battery - leave that to the recycler who has the equipment to safely
reclaim acid and lead. It’s both unsafe and illegal to pour battery acid down any drain or
on the ground.

Environmental Regulations: Be aware of regulations like EPA’s Title 40 CFR for hazardous
waste and any state-specific rules. Many places require businesses to register if they store
a certain number of large batteries, due to the volume of lead/acid. Spill Prevention:
Large battery charging areas might need a spill containment plan (SPCC) if oil/acid
volumes are high. Air Quality: Ensure ventilation fans for battery rooms exhaust hydrogen
outdoors; while hydrogen isn’t a pollutant per se, the process of charging might be subject
to local codes.

Recycling Benefits: Emphasize to technicians that recycling batteries is not just a
regulatory hoop - it significantly reduces environmental impact. Lead mining and refining
is energy-intensive, so recycling existing lead from batteries saves resources. Sulfuric acid
can be reclaimed or neutralized and converted to useful products. By following recycling
protocols, forklift operations contribute to a circular economy and avoid contributing to
hazardous waste problems.



In summary, always treat electrolyte and old batteries with environmental caution:

e Contain and neutralize any acid spills immediately.

e Collect and properly dispose of any acid-contaminated materials (per hazmat
rules).

e Recycle batteries through authorized channels; never abandon or trash them (they
are considered hazardous waste if not recycled) (osha.gov).

e Document these actions as required (for safety audits or environmental
inspections).

This ensures compliance with OSHA, EPA, and DOT (for transporting batteries)
requirements and protects both the environment and your company from liabilities.
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Forklift Battery Environmental Safety Checklist

@ Spill Control

O PPE worn (gloves, goggles) when handling spills.

O Contain spills immediately (absorbent pads, barriers).

O Neutralize spills with baking soda until fizzing stops and pH is neutral.
O Collect and dispose of neutralized material as hazardous waste.

O Never wash spills down a drain.

O0agad
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) Wastewater Management

Collect rinse water from battery washing.

Neutralize and filter wastewater before disposal.
Use designated battery wash stations if available.
Follow EPA/local guidelines for wastewater disposal.

Battery Disposal and Recycling

Store used batteries upright, caps on, labeled “For Recycle — Used Battery."
Protect stored batteries from rain and ground runoff.

Send spent batteries to an authorized recycler (never trash or abandon).
Document all battery recycling actions (dates, recycler info).

) Regulatory Compliance

Follow EPA Title 40 CFR and local/state hazardous waste rules.
Maintain required spill prevention plans (SPCC) if large battery volume
stored.

Ensure battery room ventilation systems exhaust hydrogen safely.

Recycling Benefits Reminder

Communicate to staff: Recycling batteries conserves resources and reduces
environmental damage.



Lesson 7: Battery Failure Modes and Diagnostics

BATTERY FAILURE
MODES & DIAGNOSTICS

DRY-OUT
(LOW ELECTROLYTE LEVELS)

SULFATION Plates exposed

White sulfate crystals | above e_I;a_ctronFe,
on the plates, reduced ow specific gravity

capacity

CELL SHORT
(SUDDEN CELL FAILURE)

CELL SHORT CORROSION
(SUDDEN CELL FAILURE) Corrosion around cell caps.
Cell with zero or low low voltage in affected cell

voltage, rapid heating 9

Even with good maintenance, forklift batteries eventually wear out. Understanding
common failure modes and how to diagnose them helps technicians take preventive
action or decide when a battery must be repaired or retired. Here are typical lead-acid
battery failure modes and how to detect them:

e Sulfation: This is the build-up of lead sulfate crystals on the plates, which occurs
when a battery is left in a discharged state for too long or continually



undercharged. Sulfation makes it harder for the battery to accept or deliver charge
(it increases internal resistance and reduces capacity). Diagnosis: A sulfated
battery will have persistently low specific gravity readings even after full charge
(e.g., cells stuck at a much lower SG than 1.285) and reduced runtime. Visually,
sulfation can sometimes be observed as a white crystalline deposit on plates or as
a powdery residue around cell caps or intercell connectors
foxtronpowersolutions.com. (In the lab or with some battery analyzers, increased
internal resistance is a telltale sign of sulfation.) Mild sulfation can sometimes be
corrected with equalization charges, but severe sulfation is usually irreversible
logisnextamericas.com.

Plate Corrosion and Shedding: Over the life of the battery, the positive plates
gradually corrode (the grid corrodes and active material flakes off). This is
accelerated by high temperatures and overcharging. Shedding of active material
collects as sediment at the bottom of cells. Eventually, sediment can short out the
plates from the bottom or the positive grid can break down, causing sudden
capacity loss in that cell. Diagnosis: This is hard to directly see without teardown,
but symptoms include one cell with much lower voltage or SG than the rest, even
after charge. If a cell’s voltage drops quickly under load while others hold, it may
indicate internal damage from corrosion. If you have cell access, shining a light
might show accumulated brown/gray sludge at the bottom (sediment). There’s no
fix for advanced plate corrosion - the cell or battery must be replaced.

Dry-Out (Low Electrolyte Levels): If maintenance is neglected and water isn’t
added, the electrolyte level drops exposing the upper portion of plates to air.
Exposed plates will immediately sulfate and can even warp from heat. This causes
permanent loss of capacity on those parts of the plates. Diagnosis: Obvious by
inspection - plates visible above the liquid line. The affected cell will likely have very
low specific gravity (because acid concentrates in the remaining liquid) and
reduced capacity. If caught early, filling with water will prevent further damage but
the portions that went dry are probably permanently damaged. The battery may
show decent voltage right after charge but will have reduced amp-hour capacity.

Overwatering/Acid Loss: The opposite scenario: overfilling can cause acid to
overflow during charging (a “boil-over”). When acid spills out, the cell loses some of
its sulfuric acid, effectively reducing its capacity and altering acid concentration.
Repeated boil-overs will make the battery acid-starved. Diagnosis: Signs include
corrosion and “acid salts” around the top of the battery, a history of needing to
clean acid residue, and consistently low specific gravity readings (because acid has
been lost and replaced with just water). A capacity test will show reduced
performance. In some cases, a technician can measure acid SG and, under



guidance from the manufacturer, carefully add acid to correct severe acid loss -
but generally this is done by specialists. Prevent boil-overs by proper filling
practices (covered in watering lessons).

Cell Short or Open (Sudden Cell Failure): Sometimes a battery cell fails outright -
either a separator fails causing a short between plates or a connector breaks
(open circuit). A shorted cell will have near zero volts and can heat up during
charge. An open (like a broken internal weld or connector) will cause that cell to not
take any charge (voltage won’t rise). Diagnosis: If one cell’s voltage reads 0-1V
(when others are ~2V), it’s likely internally shorted. If it reads oddly high or low or
doesn’t change during charge, something is broken internally. In a 36V battery, a
failed cell will manifest as the battery only charging to ~34V and performance
dropping drastically. Individual bad cells can sometimes be replaced by battery
service companies if the battery is relatively young.

Thermal Runaway: This is more of a risk in sealed or gel batteries or lithium
batteries, but even flooded lead-acid can have a milder form of thermal issues. If a
cell is bad and starts drawing excessive current during charge, it can heat up more,
which makes it accept more current, leading to a vicious cycle. In lead-acid this
usually results in boiling electrolyte and potential melt-down of that cell. Diagnosis:
Unusual and rapid temperature rise in a battery during charge beyond normal
warmness. Use an infrared thermometer to scan cells; if one cell is significantly
hotter than the rest, it’s a red flag. Stop charging if a battery is heating
uncontrollably foxtronpowersolutions.com.

Diagnostic Tools and Methods:

Voltmeter/Multimeter: Measure the voltage of each cell (should be ~2.12V fully
charged open-circuit). During discharge under load, each cell should stay above
~1.7V (depending on load). A noticeably low cell indicates a problem.

Hydrometer: Measures electrolyte specific gravity in each cell. As noted, healthy
charged cells ~1.270-1.285 SG. If one cell is, say, 1.200 when others are 1.280, that cell
has a problem (sulfation or acid loss) foxtronpowersolutions.com
logisnextamericas.com. Also, if all cells are consistently low SG even after full
charge, the battery might be undercharged or has lost acid (check maintenance
records). Hydrometer testing is a primary diagnostic for lead-acid batteries.

Load Testing: Apply a controlled load (there are battery load testers or use the
forklift itself lifting a load) for a set period and observe voltage drop. A healthy



battery will maintain voltage; a weak battery’s voltage will plunge quickly or a bad
cell will cause an obvious drop. For example, perform a 1-minute voltage test under
a heavy load and see if any cell or the whole battery drops below expected levels.

e Visual Inspection: Look for swelling or bulging of the battery case or individual
cells - this can occur from over-discharge or freezing of electrolyte (a frozen
battery is ruined as it often cracks plates/case). Cracks in the case or leaking seals
are also failure points (and safety hazards).

e Sulfation Indicators: White powder around inter-cell connectors or the battery top
(not to be confused with dried electrolyte which is more crystalline). The white
powder bridging cells with a red arrow in an image is often sulfate deposits
foxtronpowersolutions.com. If you see that, the battery likely has chronic sulfation
issues due to poor charging.

e Impedance Testers: Some service techs use electronic testers that measure
internal resistance or conductance of cells to gauge health. Higher resistance
indicates deterioration or sulfation.

e Battery Management System (BMS) Data: For lithium-ion batteries or any battery
with a monitoring system, diagnostic information can include cycle count, max/min
cell voltages, temperature logs, etc. Use these to identify if any parameter is out of
spec.

Failure Mode Effects: It is important to connect the dots between maintenance and
failures. For instance, improper maintenance leads to many of the above failure modes:

e Neglecting watering -> dry-out -> sulfation/heat -> shortened life.
e Inadequate charging or no equalizing -> sulfation/stratification -> capacity loss.
e Over-discharging frequently -> excessive sulfation and plate damage.

e Not cleaning -> corrosion buildup can cause current leakage between cells
(self-discharge) or even short when moist, plus it can eat away at connectors/tray.

e Using impure water -> mineral deposits on plates (like calcium sulfate) -> capacity
loss.



So diagnosing a failure should always prompt asking: what maintenance lapse
might have contributed? This can prevent repeating the issue on new batteries.

By learning to recognize these failure signs, technicians can take corrective action early.
For example, if you detect sulfation starting (via SG readings), you can increase equalize
frequency or ensure full charges to try reversing it. If one cell is failing, you might replace
that cell (if feasible) before it drags down the whole battery or strand a forklift mid-shift.
Proactive diagnostics save money and downtime.

Lesson 8: Effects of Improper Maintenance

This lesson underscores why proper
maintenance is vital by examining
the negative consequences of
neglect or incorrect practices.
Forklift batteries are expensive
(often tens of thousands of dollars)
and critical for operations -
improper maintenance can
dramatically shorten their life and
even create dangerous situations.
Here are some outcomes of bad
maintenance:

Greatly Reduced Lifespan: As noted, a battery that should last 5 years might only
last 2 years if abused. For example, consistently discharging beyond 80% or letting
a battery sit in a discharged state will lead to hard sulfation that permanently
reduces capacity logisnextamericas.com. Over time, such a battery might only hold
half its intended charge. According to OSHA guidance, over-discharging batteries
or continuing to use them when very low can “shorten battery life considerably.”
(osha.gov). Similarly, over-charging (often due to using the wrong charger setting
or equalizing too frequently) can corrode the plates and halve the battery’s
service life by heat damage and excessive positive grid corrosion
logisnextamericas.com.

Reduced Capacity and Runtime: Improper watering is a prime cause of lost
capacity. Under-watering - allowing electrolyte to go low - exposes active material
to air, which irreversibly damages those portions of the plates na.bhsl.com. The



battery will never regain that lost capacity. If operators notice the forklift “doesn’t
last through the shift” or runtime is significantly decreased, maintenance lapses
like low water or sulfation are often the culprit. Over-watering leading to boil-overs
means loss of acid; even a single acid overflow can reduce total capacity by ~5%
na.bhsl.com. That might not sound huge, but repeated incidents add up, and losing
5-10% capacity could mean the difference between finishing a shift or not,
impacting productivity. In short, neglecting proper watering schedule and levels will
lower the cycle time between charges, decreasing the forklift’s effectiveness
toyotaforklift.com.

Safety Hazards: Improper maintenance can compromise safety. For instance, if
vent caps are clogged because the battery was never cleaned, hydrogen gas
might not vent properly during charging, increasing risk of an explosion. If
corrosion is allowed to build up, it can eat through battery cables or connectors,
possibly causing them to fail (imagine a heavy spark or electrical short when a
cable breaks loose). A badly maintained battery could even lead to a fire: excessive
corrosion and dirt can create an electrical ground path causing heating, or spilled
acid can ignite flammable materials. Also, an over-discharged battery can lead to a
forklift stalling in an unsafe location (like in the middle of an aisle or, worse, while
lifting a load). OSHA notes that battery failure (often due to poor upkeep) can lead
to forklift breakdowns and accidents involving operators or other personnel
(osha.gov).

Higher Costs and Downtime: From a business perspective, improper maintenance
increases costs:

o Early battery replacements: You might be buying new batteries years
earlier than planned. (A large forklift battery can cost as much as a small
car, so this is a major expense.)

o Downtime: A poorly maintained battery might not make it through a shift,
requiring mid-shift change-outs or charging, which disrupts operations
toyotaforklift.com. If a battery dies unexpectedly, the forklift is down until
fixed or replaced.

o Repairs: Corroded connectors, burnt cables, or damaged chargers (yes,
using an incorrect battery-to-charger match can blow fuses or electronics in
the charger) all incur repair costs. For example, not topping up water can
cause overheating that warps plates - essentially irreparable, requiring a
cell replacement or new battery.
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Energy inefficiency: Sulfated or poorly equalized batteries are less efficient;
they draw more energy to charge and deliver less, wasting electricity and
increasing charging time.

Warranty voids: Manufacturers often require proof of maintenance. If you
can’t show logs of watering or equalizing, a premature failure may not be
covered under warranty.

e Specific Scenarios of Improper Maintenance:

(@]

Using Tap Water: If a technician uses regular tap water instead of distilled,
mineral deposits (like calcium, iron, magnesium) will accumulate on the
battery plates. These deposits can neutralize acid locally and add
resistance, leading to capacity loss and hotspots on plates. Over time, this
accelerates sulfation and self-discharge. The battery might show
symptoms of sulfation even if charging was fine, simply due to water
impurities. In areas with very hard water, a few gallons of tap water could
severely shorten battery life. This is why all manuals insist on distilled or
deionized water (more on water quality in practical lessons)
toyotaforklift.com. Using impure water is an example of a small mistake with
big consequences.

Skipping Equalization: If equalize charges are never done, acid
stratification occurs - heavier acid settles at the bottom of cells, lighter
water at top. The lower portions of plates run in stronger acid and corrode
faster, while upper portions sulfate from being in weaker acid. The result is a
battery that loses capacity unevenly. Some cells may start to fail earlier. It
also fools hydrometer readings if you only measure the top of the
electrolyte (it might read okay while bottom is very acid-rich). Thus, a
battery that never gets equalized may die early due to preventable
sulfation/stratification issues. Conversely, over-equalizing (too often or too
long) can be harmful as well - it overheats cells and vents excessive water
and acid.

Improper Charging Practices: Consistently interrupting charge cycles (never
fully charging) leads to “memory” effect-like symptoms in lead-acid -
actually a form of cumulative sulfation. The battery may never reach full
capacity because sulfate is left on plates. Also, opportunity charging
without a plan can mean the battery is always hot and never gets the
cool/rest period - accelerating positive grid corrosion. As another example,
leaving a battery deeply discharged for days (say over a weekend) will



allow hard sulfation to set in that no amount of equalizing can fix. So both
charging too often and not charging timely have their pitfalls.

o Neglecting to Clean: A dirty battery top can lead to current leakage across
the grime (especially if moist from acid mist). This means the battery can
self-discharge faster. It can also cause tracking that might drain one cell
more than others. Additionally, corrosion on terminals increases electrical
resistance; the forklift might experience voltage drops under load, affecting
performance (like dimmer lights, slower lift). If left long enough, corrosion
could completely sever a connector - leading to a sudden forklift shutdown
or difficulty charging (as charger can’t sense proper voltage). Corrosion also
can harm the charger cables if the connector contacts corrode. OSHA and
industry best practices always include keeping batteries clean and dry
batterybuilders.com for these reasons.

In summary, poor maintenance is a compounding problem: it not only hurts the battery in
the moment, but the effects build on each other. A sulfated battery runs hotter; running
hot causes more water loss and corrosion; that causes more damage, and so on. A quote
from a Toyota forklift guide summarizes it well: “Improper water levels can lower battery
life and reduce the cycle time between charges, decreasing your forklift’s effectiveness
while increasing energy and maintenance costs.”toyotaforklift.com In essence, you pay
more to get less work out of a poorly maintained battery.

By understanding these effects, technicians should be motivated to follow proper
maintenance procedures. It’s a classic case of “pay now or pay (much more) later.” Every
time you skip a weekly watering or forget PPE and spill acid, know that it’s hurting safety,
the environment, and the bottom line. Good maintenance isn’t just recommended - it’s
essential to avoid all these negative outcomes.



Lesson 9: Charger Technology and Compatibility

CHARGER TECHNOLOGY AND COMPATIBILITY

Not all battery
T chargers are

Li-lon ® created equal.

MODE o

Using the right

charger, with the
correct settings, is
crucial for battery
longevity and
safety. This lesson
FLOODED covers the types
of charger
technologies, their
MATCH THE CHARGER TO THE BATTERY features. and how
to ensure
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between a charger and a forklift battery.

Charger Types: There are three common categories of industrial battery chargers
fluxpower.com:

Ferroresonant Chargers (Conventional): Older technology using a ferroresonant
transformer. They are robust and simple, but relatively heavy and less efficient.
They often have simpler control (maybe an analog timer or tapering charge). They
provide a reliable charge but may overcharge if not set correctly. These were
common in the past and many are still in use.

SCR (Silicon-Controlled Rectifier) Chargers: Also an older type using SCRs to
regulate charge. They are similar in efficiency to ferroresonant, typically larger and
produce more heat. They can be quite durable and handle power fluctuations well,
but again, not as efficient.

High-Frequency (HF) Chargers: Newer technology that uses advanced electronics
to convert AC to DC at a high frequency. These chargers are smaller, lighter, and
more energy-efficient than ferro or SCR units michaelsenergy.com fluxpower.com.
HF chargers have precise control over the charge curve and often come with
microprocessor controls that can adjust charge rates dynamically and even collect
data. They typically have higher power factor and efficiency (up to ~90% efficient,




saving energy )michaelsenergy.com. They tend to be more expensive up-front, but
improve battery performance and longevity by charging more optimally
fluxpower.com. In fact, many jurisdictions or companies are phasing out older
chargers in favor of HF for energy savings and better battery care fluxpower.com.

Smart Charger Features: Modern chargers (often HF) come with features like:

e Auto-sensing of battery voltage and adjusting accordingly (within a range).

e Multiple charge profiles for different battery types (you might set it to Flooded,
AGM, Gel, or lithium mode depending on battery).

e Equalization mode that can be scheduled or manually started to give that weekly
overcharge.

e Temperature compensation: a sensor either on the charger or attached to the
battery that adjusts charge voltage based on battery temperature (important for
cold charging or very hot environments to avoid under/over charge)
logisnextamericas.com.

e Diagnostic displays or connectivity: showing charge progress, battery state of
health, or logging cycles. Some can even connect to fleet management systems.

e Opportunity charge or fast charge modes: delivering higher currents in short
bursts (if the battery is designed for it) for multi-shift operations.

It’s important for technicians to know the type of chargers in their facility and the
features they offer. The charger’s manual is as important as the battery’s manual in
maintenance.

Compatibility Factors: When pairing a battery and charger, consider:

e Battery Chemistry: As mentioned, chargers are designed for specific chemistries.
For example, a lithium-ion battery requires a charger programmed for lithium’s
charge curve; a standard lead-acid charger could overcharge or fail to
communicate with the BMS of a lithium battery fluxpower.com. Never assume a
charger works for all types - check the charger specs. Flooded vs. sealed lead-acid
also differ (sealed batteries usually need lower finish charge rates to avoid
overpressure since they don’t vent easily).




e Voltage: The charger’s output voltage must match the battery’s nominal voltage
(within the design range). Using a wrong voltage is dangerous and damaging
fluxpower.com. Chargers and batteries in forklift world are often color-coded by
connector to prevent mismatch (e.g., 24V systems might use a blue SB connector,
36V gray, 48V red, etc., depending on company standards). Always verify: a 36V
battery goes with a 36V charger.

e Capacity (Amp-Hours) and Charge Rate: Chargers are rated in output current
(amps) and have a recommended battery capacity range. For instance, a charger
might be rated for 600-900 Ah batteries. Using it on a smaller battery could
overcharge (too high current relative to capacity), and on a much larger battery
might undercharge or overheat the charger. Follow manufacturer
recommendations to pair charger size to battery AH. Typically, a 8-hour charge
rate is about 1/7 to 1/5 of the battery’s amp-hour capacity (i.e., a 700 Ah battery
might use a 100-140 A charger to charge in ~8 hours).

e Settings and Profile: Ensure the charger is set to the correct profile for the battery.
For example, many chargers have switches or software settings for battery type
(flooded, AGM, etc.), AH rating, or number of cells. During installation or
maintenance, double-check these settings. A mismatched profile can lead to
chronic under-charge (reducing capacity) or over-charge (causing overheating and
water loss). If a charger is moved to a different battery, update its settings
accordingly.

e Charger Condition: Compatibility also means making sure the charger itself is in
good working order - a faulty charger can ruin a battery. Regularly inspect the DC
cables and connectors (replace if cracked or burned), check that cooling fans in the
charger are working, and that the charger’s voltage/current output is within spec.
For example, OSHA notes that if a battery has sealed vents, do not charge it at a
rate greater than 25 amps (osha.gov) - meaning for certain batteries, using a
too-powerful charger can be harmful. This also implies you should ensure any
charger current limits are appropriately set.

Advanced Concepts: Some facilities have multi-voltage or multi-chemistry chargers that
can charge different batteries. These are convenient, but only if used properly - often the
user must select the correct mode for the battery each time or use an ID tag system.
There are also opportunity fast chargers that deliberately charge at higher rates
(possibly 2C or more) during short windows (like lunch breaks) so batteries can be
“boosted” to get through extra shifts. These require batteries rated for fast charge (often



with more cooling or electrolyte circulation). Using a fast charger on a battery not rated
for it can cause excessive heat.

Connecting/Disconnecting: Compatibility isn’t just electrical - it’s procedural:

e Always turn off the charger before connecting or disconnecting to a battery
(osha.gov). Live disconnects cause arcing that can damage connectors and
electronics (and ignite hydrogen).

e Ensure the connectors lock securely. A loose connection can cause heat and arcing.

e If multiple chargers are in one areaq, label them by voltage or truck number to avoid
Mmix-ups.

e After charging, verify the charger indicated a full charge (most have a green light
or display). If it stopped early or showed an error, there may be a compatibility or
battery issue that needs troubleshooting.

In summary, using the right charger in the right way is just as important as caring for the
battery itself. A high-quality, properly set charger will optimize battery performance and
life, whereas a poor or mismatched charger can lead to shorter battery life, reduced
runtime, and even safety issues fluxpower.comfluxpower.com. Oliver Stanbury, a battery
charging expert, noted: “Using the right charger will optimize the performance of your
battery and vehicle... a poorly matched or low-quality charger can lead to shorter battery
life, reduced run time per charge, overheating or undercharging, and costly downtime.
fluxpower.comfluxpower.com - which captures the essence of why charger compatibility
is critical.

Technicians should be fluent in the charger technology their operation uses and always
ensure battery + charger = proper match. This means checking chemistry, voltage,
capacity, and settings every time a charger or battery is introduced. When in doubt,
consult charger manuals or manufacturers for guidance.



Lesson 10: Documentation and Compliance Requirements
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Forklift battery maintenance doesn’t
happen in a vacuum - it must comply
with OSHA/ANSI standards and be
properly documented. This final
classroom lesson covers the
administrative and compliance side:
record-keeping, checklists, training, and
regulatory requirements to ensure a
safe and compliant battery maintenance
program.

OSHA Regulations (29 CFR 1910.178 and
others): OSHA’s Powered Industrial
Truck standard contains specific
requirements for battery handling and
maintenance. Compliance is not optional
- OSHA inspectors can and do audit
battery charging areas for required
measures. Key requirements include:

e Only designated, trained
personnel are allowed to maintain or
change batteries ssents.com. This means

employers must train employees (and authorize them) for battery care tasks.

e Battery charging must occur in designated areas equipped with proper ventilation,
eyewash stations, and fire protection (osha.gov). OSHA 1910.178(g9)(2) specifically
requires facilities for flushing spilled electrolyte, fire protection, and ventilation in
charging areas (osha.gov). Inspectors will check for an accessible eyewash station
(within ~10 seconds travel) where batteries are serviced (osha.gov). If maintenance
(like adding acid) is done, a safety shower might be needed too.

e No smoking or ignition sources in charging areas (OSHA 1910.178(g)(10) & (g)(11))
(osha.gov) - there should be signage (“Danger: Battery Charging Area - No
Smoking or Open Flame™) and enforcement of this rule.



e Protection of chargers: Charging installations must be protected from damage by
trucks (1910.178(g)(2)) - e.g., wheel stops or bollards so forklifts don’t run into
chargers ssents.com.

e Neutralizing agents: OSHA expects baking soda or an equivalent neutralizer to be
available for acid spills (osha.gov) (and personal protective equipment for handling
spills).

e Connecting/Disconnecting power: OSHA 1910.178(g)(8) and (g)(9) cover proper
positioning of trucks (brakes applied) and having vent caps open during charge
(osha.gov). Standard (g)(12) requires removing metal jewelry and keeping tools
away from uncovered batteries to prevent short circuits (osha.gov).

e PPE Provision: OSHA’s general PPE standard (1910.132) and the forklift standard
require employers to provide face shields, aprons, and rubber gloves for workers
handling battery acid ssents.com. During an OSHA inspection, they will check if
appropriate PPE is readily available in the battery area (and in good condition).

e Eyewash exception: An OSHA interpretation noted an exception that if employees
are only checking water levels or adding water (i.e., tasks not likely to result in
major acid exposure), a plumbed eyewash may not be strictly required ssents.com.
However, this is tricky - since even adding water can splash acid residue, most
companies do install eyewash stations regardless. Always err on safety side.

ANSI/ITSDF B56 Standards: ANSI B56.1 (Safety Standard for Low Lift and High Lift Trucks)
echoes many OSHA rules and adds industry consensus practices. For instance, ANSI B56.1
requires that industrial truck operators be trained in vehicle inspection and maintenance
(which includes checking the battery) (osha.gov). It also stipulates that maintenance and
inspections be performed per the manufacturer’s instructions and that trucks be kept in
safe working order. While ANSI standards themselves aren’t law, OSHA often references
them and they represent best practices. Maintaining batteries per these standards (e.g.,
securing batteries, using proper equipment) can be cited under OSHA’s General Duty
Clause if not followed. Also, ANSI B56.1 emphasizes record-keeping of maintenance and
any modifications. Regular maintenance ensures compliance with ANSI safety
requirements and helps prove that the employer is taking all reasonable measures for
safety redway-tech.com.

Training and Authorization Records: OSHA 1910.178(l) mandates forklift operator training,
which includes knowledge of battery maintenance and refueling where applicable



(osha.gov). Ensure that all technicians and operators who handle batteries have
documented training on:

e Proper battery handling and charging procedures.
e PPE usage and emergency procedures (eyewash, spill cleanup).

e The hazards of batteries (as covered in safety lessons).

Keep training records (date, content, attendees). OSHA can ask for proof that employees
who water batteries, for example, were trained to do so safely. Lesson plans, attendance
sheets, and even quizzes can go in a training file.

Maintenance Logs and Checklists: It’s highly recommended (and often required by
company policy or insurance) to keep a battery maintenance log for each battery or for
the fleet. This log should record:

e Watering dates (and any observations like amount of water added if unusual).
e Equalization charges performed (date/time).

e Specific gravity readings (if taken periodically).

e Any repairs or cell replacements done.

e Cleaning dates.

e Load test or performance test results.

e Additionally, any time a battery was found low on water or had an issue, note what
was done.

Many forklift manufacturers include sample log sheets in their manuals, or advise tracking
these items redway-tech.com. For example, a log entry might read: “Week 10: Battery #F12
- equalized and watered, all cell SG ~1.280 post-charge. Cleaned terminals, minor corrosion
removed.” Keeping such records not only helps ensure tasks aren’t missed, but also
creates an audit trail for warranty and OSHA compliance redway-tech.com. If a battery
fails early, you have evidence that you did everything by the book (which can support a
warranty claim). Likewise, OSHA inspectors are impressed (and reassured) when they see
organized maintenance records; it demonstrates a safety-conscious culture.




Use checklists for routine inspections. OSHA even provides sample daily checklists for
electric forklifts that include checking battery water and charge level (osha.gov).
Customize these to your operation. For example, a daily operator checklist might have
the operator check “Battery securely in place, no leaks, connector undamaged, meter
indicates charged” and sign off each shift. A weekly maintenance checklist for the battery
room might include “Monday: water all batteries, record SG of pilot cells, inspect chargers”.
Having formal checklists ensures accountability - someone is assigned to do it and signs
their name.

Accountability and Roles: Establish clearly who is responsible for each aspect of battery

care:

Forklift Operators: Typically responsible for day-to-day checks and notifying
issues. They should do basic things like plugging in the charger at end of shift,
checking the indicator, and not abusing the battery (following proper discharge
limits).

Battery Room Attendant or Maintenance Technician: In larger operations with
battery swapping, a dedicated attendant might water and change batteries. In
smaller, the maintenance technician or supervisor takes that role. They handle the
weekly watering, equalization, cleaning, and minor repairs.

Supervisors/Managers: Oversee that schedules are followed and logs are kept.
They should also ensure spare batteries are maintained (often forgotten) and
rotate batteries in use if applicable so all get equal use. Management must also
ensure compliance items are in place: e.g., have they installed that eyewash
station? Is the ventilation working? Are PPE and spill kits stocked?

Some companies implement a sign-off sheet at the battery charging station - e.g., after
watering, the technician initials a chart on the wall for each battery. Regular audits of
these records by a supervisor help keep everyone honest and on schedule.

Accident and Maintenance Incident Reporting: If there is ever an incident (acid spill,
someone exposed, battery dropped, etc.), report it according to company policy. OSHA
requires that certain injuries be recorded and serious ones reported. Even a near-miss (like
a charger overheated and started to smoke) should be investigated and documented to
prevent recurrence.

Manufacturer Manuals and Warranty Compliance: Always consult the battery and
charger manuals for any specific maintenance steps or intervals. Following the
manufacturer’s maintenance schedule is often a condition of warranty. For example, some



battery warranties require monthly specific gravity readings or annual equalization logs. If
something goes wrong and there is no record that you performed the required
maintenance, the warranty could be void. Thus, documentation protects your investment.

Summary of Key Compliance To-Dos:

e Maintain accurate records of battery maintenance (watering, inspections, etc.)
logisnextamericas.com. This is both for internal tracking and demonstrating
compliance logisnextamericas.com.

e Ensure OSHA requirements for the charging area and procedures are met - this
includes infrastructure (eyewash, ventilation), training, PPE, and safe work
practices. Non-compliance can result in hefty fines and unsafe work conditions.

e Adhere to ANSI/Manufacturer guidelines - these often represent the state of the
art in safety beyond OSHA minimums. For instance, ANSI might suggest using
insulated tools; a manufacturer manual might insist on monthly cleaning to
maintain warranty logisnextamericas.com - all good practices to follow.

e Implement a system of checklists and scheduled maintenance with assigned
responsibilities. Each task (daily inspect, weekly water, monthly clean) should have
someone’s name on it.

e Keep all safety data sheets (SDS) for the battery electrolyte accessible in the
battery room as required by OSHA’s Hazard Communication standard. Employees
should know the hazards (which we’ve covered) and first aid from those SDSs as
well.

By staying organized and diligent with documentation and compliance, you not only avoid
regulatory trouble but also create a safer, more efficient workplace. In the end, “what gets
measured gets managed” - the very act of logging maintenance tends to improve the
care being given. An example statistic: companies that strictly adhered to documented
maintenance schedules reduced forklift battery downtime by 42% according to one
industry study redway-tech.com. So this is not mere paperwork - it has real operational
benefits.

With these ten classroom lessons, technicians will have a strong theoretical foundation in
forklift battery and charger maintenance. Next, the practical training lessons will build on
this knowledge with hands-on skills and procedures.



Battery and Charger Practical Training

The following ten lessons are practical, hands-on training modules. They correspond to
real-world tasks technicians will perform in maintaining forklift batteries and chargers.
Each lesson should be delivered in a workshop or battery room environment where
students can practice the techniques under supervision. Safety precautions must be
strictly followed during all practical exercises (full PPE, etc.). Visual demonstrations of tools
and procedures are highly encouraged.

Lesson 11: Battery Watering Methods (Manual vs. Automated)

Proper watering of flooded lead-acid batteries is one of the most frequent and important
maintenance tasks. In this practical lesson, trainees will learn different watering methods
- from manual filling to using specialized equipment - and practice each method on
training batteries.

Overview of Watering: As covered in theory, forklift batteries must be watered to replace
water lost during charging. The goal is to keep electrolyte covering the plates without
overfilling. Watering is always done after the battery is fully charged (and cooled, if
possible) toyotaforklift.com.

Method 1: Manual Watering (Pitcher or Jug): This is the simplest method, using a plastic
pitcher or squeeze bottle to pour distilled water into each cell by hand.

e Procedure: Open each vent cap one by one (set caps aside or use the cap holder if
present). Visually inspect inside - if the tops of the internal splash plate or
separators are just submerged, that’s typically the correct level (about 1/2 inch
above the plates). Slowly pour water into the cell until the electrolyte just covers the
separators or reaches the recommended level indicator (some batteries have a
plastic ring or ledge indicating fill level). Do not overfill. Leave some space for
expansion during the next charge toyotaforklift.com.

e Practice: Trainees should practice judging the right fill level. Often using a flashlight
to look inside helps. One tip is to fill until you see the slightest bit of liquid in the vent
well or touching the bottom of the fill tube if there is one - that usually means the
cell is at proper level.

e Pros/Cons: Manual watering requires no special tools, but it’s time-consuming and
prone to inconsistencies. There’s a risk of splashing or overfilling if not careful. It’s
practical for a small number of batteries or if other tools fail.



Method 2: Watering Gun (Cell Filler Gun): A battery watering gun is a handheld device
that attaches to a water supply (often a hose from a distilled water reservoir or deionizer
system). It has an automatic shutoff valve that stops water flow when the cell reaches the
correct level.

Procedure: Attach the watering gun’s quick-connect to the water supply. The gun
has an adjustable tip depth - ensure it’s set so that when inserted, it fills to the
proper level (usually the tip rests on the cell’s splash plate). Insert the nozzle into
the cell opening, pull the trigger to start water flow. The gun will fill the cell and
auvtomatically cut off when the electrolyte reaches the tip (backpressure triggers
the shutoff) blog.braueronline.com. You will hear or feel a click or the flow will
visibly stop, indicating that cell is done blog.braueronline.com. Move to the next cell
and repeat.

Practice: Trainees will use a watering gun on a battery rack. They should adjust the
fill depth if needed and get a feel for the shutoff action. Emphasize that they should
still watch for any anomalies (if a cell is very low, sometimes two trigger pulls might
be needed, etc.). Also show how to keep the gun’s nozzle clean - rinse it after use,
store it capped to avoid dirt that could clog the valve.

Pros/Cons: Watering guns significantly speed up the process and prevent
overfilling because of the automatic shutoff forklifttrainingsystems.com. They
reduce exposure (less leaning over open cells). However, they require a pressurized
water source (gravity feed or small pump) and the shutoff mechanisms can wear -
they should be inspected periodically. Guns are ideal for medium-sized fleets.

Figure: Technician using a single-point watering hose with flow
indicator (red “X” device) to fill all cells of a forklift battery
safely and evenly.

Method 3: Single-Point Watering System: Many modern
forklift batteries are equipped with a single-point watering
(SPW) system - a network of small tubing and special caps on
each cell, linked to a single coupling. This allows all cells to be
filled from one connection simultaneously.

e Components: Each cell has a valve that opens at low
electrolyte level and closes when the cell is full. All valves are connected with tubing



to a common quick-connect coupling. Often there is a flow indicator (a visual
spinner or float) inline that shows when water is flowing and stops spinning when all
valves have closed (meaning all cells are full).

Procedure: Connect a water supply hose (with the appropriate pressure regulator
attached) to the battery’s quick-connect. Ensure the water source is on and within
the pressure range (typically ~15-30 psi, not too high). Water will flow into all cells

that need it. The flow indicator will spin while water is going in, and when all cells

reach proper level, the valves shut and the indicator stops blog.braueronline.com.
Disconnect the hose and replace the dust cap on the battery coupling.

Practice: Trainees will operate a single-point system on a training battery or demo
rig. They should observe the indicator spinning. We may simulate a low-water
battery to see how it works. Also discuss the importance of the pressure regulator -
too high pressure can damage the float valves, too low might not overcome the
valves at all. Show how to visually inspect the system (check tubes for kinks, ensure
all caps are properly seated).

Pros/Cons: Single-point systems dramatically save time and increase safety,
especially for large battery fleets forklifttrainingsystems.com. They prevent
over-filling and missing cells since all are filled evenly forklifttrainingsystems.com.
They also mean techs don’t have to open individual caps, reducing acid exposure.
The investment in an SPW system pays off in labor savings and more consistent
maintenance. Downsides include initial cost and the need to maintain the system
(occasionally a valve might stick or a tube might get dislodged - these need
checking during regular service).

Method 4: Gravity Feed Tank or Water Cart: These are devices that hold a quantity of
distilled water and deliver it via a hose/nozzle, often used in conjunction with a watering
gun or separate shutoff nozzle. A gravity tank is typically mounted elevated; you attach a
hose and use a manual nozzle or gun to fill cells (gravity provides pressure). A battery
water cart is a portable tank on wheels with a pump (manual or electric) that supplies
water through a hose.

Procedure: If using a gravity tank, ensure it’s filled with distilled water. Use a hose
with either a watering gun or a spring-loaded nozzle to fill cells one by one (similar
to Method 2, but pressure from gravity). With a water cart, usually you’ll have a
small pump or bulb you squeeze to start flow. Some carts also integrate with
single-point systems - you wheel the cart over and connect it to the battery’s SPW



coupling.

o Practice: If available, demonstrate with an actual water cart. Trainees should
practice maneuvering it, connecting hoses, and any operating steps (like priming
the pump). Emphasize keeping the tank’s water pure - only refill with distilled water
and keep it covered to avoid contamination.

e Pros/Cons: These systems are great for moving around a large facility to water
multiple batteries. They reduce the need to carry heavy water containers. They still
rely on manual filling for each cell unless combined with a watering gun or SPW.
They are part of an efficient battery room setup.

After demonstrating all methods, discuss the advantages of each. For example, a small
shop with one forklift might just manually water, whereas a big warehouse with 50
batteries might rely on single-point systems and a water cart to handle them quickly.
Emphasize that no matter the method, the technician must verify all cells got water -
e.g., with SPW, do a visual check of a couple random cells occasionally to ensure the
system is working (look under a cap to see electrolyte level). With manual/gun methods,
double-check you didn’t skip a cell.

Also reinforce safety during watering:

Always wear PPE (face shield or goggles since you’re opening cells, and gloves).

e Do not smoke or have open flames while watering (charging may be happening
simultaneously, hydrogen present).

e Ensure batteries are turned off (if watering while still in forklift, the truck should be
off and preferably key removed).

e |f acid gets on skin or clothes during watering, stop and rinse immediately (then
resume with PPE corrected).

By the end of this lesson, trainees should be comfortable using at least one automated
method (gun or SPW) and understand manual filling too. They’ll know how to “fill to spill”
without actually spilling, and appreciate how the right tools can make this task safer and
faster.

Lesson 12: Water Quality Standards (Distilled vs. Tap Water)



USE IN FORKLIFT BATTERIES Using the correct water for battery

maintenance is as important as the
act of watering itself. In this practical
module, we cover water quality
standards for forklift batteries and
‘ demonstrate the effects of improper
water.
DISTILLED TAP
WATER WATER Why Water Purity Matters: When you
add water to a battery, any impurities
PURE WATER e Contains in that water become part of the
No minerals minerals electrolyte. Impurities (minerals,
e Damages metals, organic matter) can:
battery
e Contaminate the chemical

balance of the cell,

e Increase self-discharge (impurities can create unwanted electrical paths or
neutralize acid),

e Cause sediment or crystal formation on plates,

e Shorten battery life.

Manufacturers universally recommend using distilled or deionized water for batteries
toyotaforklift.com. Distilled water is water that has been boiled into vapor and
re-condensed, removing dissolved solids. Deionized water has had its mineral ions
removed through filtration/resin. In either case, the result is water with very low dissolved
mineral content.

Standards and Specifications: Ideally, water used in batteries should be neutral pH
(around 7) or slightly acidic (5-7 pH) and have extremely low mineral content
logisnextamericas.com. Many battery makers have specific limits (e.g., less than 50 ppm
total dissolved solids, less than 30 ppm hardness, no iron, no oil etc.). Mitsubishi Logisnext,
for example, advises water in the pH range 5 to 7 and within the recommended impurity
levels, explicitly stating that distilled water is preferred |logisnextamericas.com. Some
companies provide a spec sheet - for instance, “use water with <100 uS/cm conductivity”
(which correlates to low ion content).




In practice, if you use commercial distilled water or water from a battery deionizer system,
you should be within these limits. Never use well water or tap water unless it’s been
tested to meet the standards - most tap water is unsuitable due to hardness (calcium,
magnesium), chlorine, and metals picked up from pipes.

Demonstration: Show trainees two samples of water: one distilled, one tap (especially if
your local tap water is hard). Use a TDS (Total Dissolved Solids) meter or conductivity
meter if available:

e Measure the distilled water - it should read near 0 ppm (or very low conductivity).

e Measure tap water - it might read hundreds of ppm of solids (or high conductivity).
This illustrates how much "extra stuff” is in tap water that would end up in the
battery.

e Also, if possible, demonstrate pH: Distilled water often reads ~7 (neutral) or slightly
acidic due to CO, absorption, whereas some tap waters can be slightly alkaline

(e.g., pH 8).

You might also show some crystals or deposits that come from using bad water. For
instance, calcium sulfate crystals can form on plates if calcium from tap water reacts with
sulfuric acid. If you have a battery that’s been abused with tap water, open it (if safe) to
see deposits, or even show a clogged vent cap from mineral deposits.

Water Sources in Facilities:

o Bottled Distilled Water: Many small operations simply buy jugs of distilled water
from a grocery or supplier. Ensure the jug says distilled, not just filtered or “drinking
water” (which often has added minerals - not good). In class, show an example of a
correct water container.

e In-house Deionizer Systems: Larger facilities might have a water deionization unit
connected to a tap. These often have filters and ion-exchange resins to produce
battery-quality water on demand. They may have a light or meter indicating water
quality. Demonstrate if one is available: how to check its output (they usually have
a tester or indicator - e.g., a green light for good, red for replace filter). Emphasize
changing filters/resin as required, because if neglected the system could start
passing through impurities.

e Rainwater (collected properly) or RO (Reverse Osmosis) water: Occasionally
mentioned as alternatives if distilled is not available. Rainwater can be pure if air is



clean, but it can pick up pollutants - not generally recommended unless treated.
RO water is often very low in minerals, almost as good as distilled. If an RO system
is used, ensure final TDS is low and ideally polish with deionizer if needed.

Handling and Storage: However you get your pure water, keep it pure. Store distilled
water in clean plastic containers dedicated for that purpose. Don’t use metal containers
(they can leach metal ions). Keep them sealed so they don’t absorb carbon dioxide (which
can make water slightly acidic - a minor issue) or contaminants. Also, don’t top off the
deionizer tank with tap water and assume it’ll mix - always run all water through the
system.

What If Impure Water was Used: Discuss remedial steps if a battery has been watered
with bad water. Often, the best you can do is revert to pure water going forward; over
many charge cycles, the contaminated water will eventually flush out as you add more
pure water (since charging causes some water loss which you replace). In severe cases
with large mineral contamination, a corrective equalization or even electrolyte
replacement might be attempted by professionals, but that’s rare. The main lesson is
prevention: only add suitable water so you never face that problem.

Activity - Water Identification: Give trainees practice in identifying what water is
acceptable:

e Present them with various containers (perhaps unlabeled in a scenario): e.g., a jug
of distilled water, a jug of drinking water (with minerals added), a tap water
sample, etc. Have them identify which one(s) can be used for the battery and which
cannot. Ensure they read labels - “distilled” or “deionized” is the key word. “Spring
water” or “purified by reverse osmosis” might be okay if absolutely needed (RO
purified could be used if TDS is low), but “drinking water with added minerals” is
definitely not.

e |f you have pH strips or a TDS pen available for them to use, let them test each
sample and decide.

Reiterate that using the correct water is an OSHA compliance and manufacturer
compliance issue too. While OSHA doesn’t specifically mandate distilled water in the
regulation, it’s implied under proper maintenance. Some manufacturer warranties might
actually be void if analysis shows excessive contaminants (they can tell by checking
sediment in a failed battery). So, from a compliance standpoint, using anything but
distilled/deionized could be seen as not following manufacturer’s instructions (which OSHA
requires per 1910.178(q)).



By the end of this lesson, technicians should be absolutely clear: “Only pure water goes
into a battery.” When in doubt, test the water or buy known distilled. The cost of proper
water is trivial compared to the cost of a ruined battery. Keeping water pure is one of the
simplest, yet most impactful, maintenance steps they can take.

Lesson 13: Watering Tools and Equipment (Guns, Monitors, Injectors — Usage
and Inspection)

This lesson builds on the watering
methods by diving deeper into the
tools and devices used for battery
. watering. Trainees will learn how to use,
inspect, and maintain watering
— equipment like filling guns, water level
monitors, and single-point system
components.

Tea,

~

Battery Watering Gun (Review and
Inspection):

e Usage Recap: We practiced
using the watering gun in Lesson 11.
Now focus on its features: the adjustable shutoff tip, trigger, hose connection, and
any indicator it has. Some guns have a depth adjustment collar to set the fill level
blog.braveronline.com. Trainees should ensure this is set correctly for the battery
model they’re servicing (different batteries might have different plate heights).

e Inspection/Maintenance: Show how to inspect the gun before use. Check the nozzle
for any clog (if a small piece of debris is stuck, the auto shutoff may not seal
properly). Ensure the O-rings and seals in the quick-connect and trigger are in good
shape (no leaks when pressurized). After each use, it’s good to flush the gun with
clean water to prevent acid accumulation inside - demonstrate attaching it to a
supply of clean water and triggering a few times into a sink or bucket.

e Troubleshooting: What if the gun doesn’t shut off and overfills? Possibly the tip
wasn’t inserted correctly or the valve is faulty. If a gun “sticks,” stop and use visual
cues to prevent overflow, then repair or clean the gun. If the gun doesn’t dispense
water at all, check supply pressure and that the gun’s tip isn’t pushed too far
(closing the valve prematurely). Trainees should practice a scenario of adjusting



the gun’s fill level or clearing a mock clog.

Water Level Monitors (Indicator Devices): Some batteries or single-point kits include
water level indicators on each cell or for the entire battery. Common types:

o Float Indicators: A small float in the cell cap that pops up or changes color when
the cell has sufficient water. When water is low, the float might sink or show a
different color (e.g., red). We can show examples of these caps (often called “eye”
indicators).

e Electronic Sensors: Some systems have a probe in one cell that triggers a light
(often an LED on the battery) when water is low. These are wired to a small
battery-powered or self-powered indicator. For example, a blinking light on the
battery indicates it needs watering.

e Usage: Show how to interpret these - e.g,, if the indicator is red or flashing, the
battery needs water. Emphasize these are aids, not a substitute for actually
opening and checking periodically. But they help identify when watering is needed
at a glance.

e Inspection: For float indicators, ensure they move freely and are not stuck due to
debris or sulfate. For electronic ones, test them - many have a test button or you
can deliberately lower one cell’s level to see if the light comes on. Replace batteries
in the device if required per manufacturer (some are powered by the battery’s own
voltage).

e Pitfalls: Don’t rely 100% on a single float indicator - one cell’s indicator can fail.
That’s why standard practice is to check at least a few cells manually even if
indicators are present.

Injectors / Single-Point Watering (SPW) Systems: We covered operation in Lesson 11; here
we focus on maintenance of the system:

e (Components: Point out the key parts on a demo SPW system: the quick-connect
coupling, the in-line filter (some systems have a small filter to catch debris), the
flow indicator (e.g., a small spinner that spins when water flows), the tubing
network, and the cell valves (“injectors™) themselves.



Inspection Routine: Trainees should regularly inspect the SPW system when
servicing a battery:

o Look for any cracked or pinched tubing. Tubes can get pinched if the
battery cables press on them or if something caught them. A pinched tube
will prevent that cell from watering.

o Check the coupler for damage or leaks; ensure the dust cap is always on
when not in use to keep it clean.

o Check each cell valve - are they seated tightly in the cell? (Sometimes if a
cell overheats or there’s a backfire, a valve could pop out or loosen.)

o Look if any valves’ indicator floats (if visible) show the cell is full vs. needs
water (some have a little window that shows a white float if OK or black if
low).

o The pressure regulator on the supply hose (if used) should also be
inspected - these often have a mesh screen that can clog; clean it if needed.

Flushing/Cleaning: Occasionally, an SPW system should be flushed with clean water
to clear any sediment. This might be done when the battery is out of service
(ensuring you don’t overly dilute the electrolyte; typically done right after equalize
when levels are high then adjusted). Show how to disconnect the coupling and
maybe manually open one or two valves (some can be opened by twisting the cap
or using a special tool) to rinse them.

Replacing Valves: It’s useful for trainees to know how to replace a single-point
watering valve/cap if one fails. Demonstrate removing one (they usually twist out
or pull out with a firm tug if O-ring fit) and inserting a new one. Stress using only
the correct model replacement that matches that cell’s configuration (some are
low profile, some have specific shutoff levels in mm). After replacement, test it on
next watering.

General Tools:

Funnel or Filling Bottle: Even with advanced tools, sometimes a simple funnel is
needed (for example, if you need to add acid to a cell after a spill, or in an
emergency with no gun available). Show a long-neck battery funnel and how it can



help reach awkward cells.

e Hydrometer for Water: If deionizer systems have monitors, techs might test the
water’s specific gravity (pure water should be ~1.000 SG). Not commonly done, but
it’s another tool if water purity is in question.

e Personal Tools: Some techs carry a flashlight and acid-resistant towel when
watering to see levels and wipe spills. Good practice.

Safety Checks on Tools: Emphasize that any tool that contacts battery electrolyte should
be either acid-resistant or treated as contaminated:

e Use only plastic or acid-proof materials for watering tools (most are plastic or
rubber).

e After use, clean tools. For instance, rinse a funnel or the outside of a watering gun if
any acid splashed on it (wear PPE while doing so).

e Store tools properly: The watering gun hangs on a hook (not dropped on the floor
where dirt can enter), funnels in a clean container, etc. Single-point watering
connectors should be capped.

Hands-on Drill: Create a small “water maintenance kit inspection” exercise. Have a kit with
a watering gun, a sample SPW tubing with a couple of valves, an indicator cap, etc. Have
each trainee inspect the items and describe if they find any issues (e.g., “this O-ring is
broken,” “this tube is pinched closed,” “the quick-connect has corrosion on it”). Then
discuss their findings.

Documentation: Remind that the use of these tools and any issues found should be part
of maintenance logs. E.g., if an SPW valve was replaced, note it so patterns can be tracked
(if a particular battery keeps damaging valves, maybe it’s getting too hot or something).
Also, if a water system fails and a battery got dry, note that and extra checks for that
battery’s health might be needed.

At lesson’s end, trainees should feel comfortable not just using but maintaining the
watering equipment. The tools themselves require a bit of care - a clogged watering gun
or broken SPW line can be just as problematic as not watering at all. Good equipment
maintenance ensures the watering process itself remains efficient and reliable.

Lesson 14: Charging Area Safety Protocols (PPE, Ventilation, Fire Prevention)



This practical lesson occurs in the actual battery charging area (or a simulated one) to
reinforce safety protocols specific to that environment. Trainees will physically identify
safety equipment, practice setting up a safe charging station, and respond to simulated
hazards.

Charging Area Layout: Start by touring the charging area. Point out:

e Ventilation System: Show any exhaust fans, ducts, or vents installed to remove
hydrogen gas. If there’s a hydrogen gas detector, point that out too. Explain how
proper ventilation keeps hydrogen below explosive limits (osha.gov). If possible,
test the ventilation (e.g., turn on the fan) and note noise or indicators that it’s
running.

e Designated Boundaries: Note floor markings or signs that delineate the charging
zone. There should be “No Smoking” and “Charging Station” signs visible
(osha.gov). Check that they are legible and in appropriate locations (e.g., at
entrances to the area).

e Fire Extinguisher: Locate the extinguisher for the area (ensure it’s the correct class,
usually ABC or BC). Have each trainee locate and inspect it (is it charged, tagged,
accessible?). OSHA requires a fire extinguisher in battery charging areas
ssents.com, so emphasize to always keep this area clear (no clutter blocking the
extinguisher).

e Eyewash/ Shower: Find the plumbed eyewash station or shower (osha.gov). Test
the eyewash briefly (flush out any rust) - many facilities do weekly eyewash tests;
incorporate that here. All trainees should know how to activate it (usually a push
paddle or pull handle). Remind: in case of acid splash, don’t hesitate to use it and
flush thoroughly.

e Emergency Phone or Communication: There should be a phone or intercom
nearby (or everyone carries radios/cell). Foxtron’s OSHA advice was to keep a
phone in the charging area for emergencies foxtronpowersolutions.com. Identify
how to quickly call for help if something happens (point out emergency numbers
posted, etc.).

e Lighting: Ensure adequate lighting - mention that a dimly lit battery room is a
hazard; you need to see what you’re doing (and also hydrogen gas is colorless but
might reflect light if very concentrated as a shimmer). Good lighting is also an
OSHA general requirement for work areas.



Before Charging - PPE: Just like in Lesson 5, PPE is required when handling batteries. For
normal charging (just connecting/disconnecting), at minimum wear safety glasses. If
doing any service or if the battery is at risk of bubbling over, wear a face shield, gloves,
apron (osha.gov). Trainees should suit up as if they’re about to change or charge a
battery:

Put on goggles or face shield, gloves, apron. Better to over-protect than under,
especially during training drills.

Remove personal metal jewelry (test compliance: ask if anyone still has a ring or
necklace on; have them remove it or tape it) (osha.gov).

Safe Charging Procedure (Step-by-Step Drill): Using a forklift or a training setup, walk
through the steps of connecting a battery charger safely:

1.

Position the Forklift: If the battery will be charged in the forklift, ensure the forklift
is parked correctly, brakes on, and turned off (osha.gov). The battery cover or
compartment should be opened to allow heat dissipation (osha.gov). If charging on
a bench or stand, ensure the battery is secured on the stand.

Vent Caps: Check that all battery vent caps are in place and functional (osha.gov).
If any were removed for watering, put them back before charging. (A missing cap
can let acid spray out.)

Charger Off: Verify the charger is turned off (or unplugged). This prevents arcing
when connecting (osha.gov). Many modern chargers won’t energize the DC leads
until they sense a battery, but assume older ones are live - always turn off first.

Connect Correctly: Attach the charger leads or connector to the battery - positive
to positive, negative to negative (osha.gov). In practice with forklift SB connectors,
you can’t reverse polarity due to connector design. But if using clip-on leads
(perhaps for a demonstration or a car battery style), double-check polarity. Make a
firm connection; loose connections cause heat.

Start Charger: Turn the charger on or plug it in. Confirm it starts charging
(indicator lights or ammeter shows current flowing). Listen for any unusual sounds
(a hum is normal, loud buzzing or crackling is not). Check that the charger’s settings
(if any) are appropriate (correct battery type and charge rate as per Lesson 9).



6.

7.

During Charge: While the battery charges, enforce the safety rules:

o No smoking or open flames anywhere nearby (osha.gov). Trainees should
pretend to be “safety officers” - if someone were to approach with a
cigarette (simulate), they must intervene.

o No sparks: That means do not unplug the charger under load, do not use
tools on the battery during charging, etc.

o Keep the area ventilated: ensure the fan is on or vents open. If hydrogen
detectors are present, describe what alarm looks/sounds like if high H, (we
won’t simulate actual hydrogen, but explain the response - evacuate if
alarm, turn off chargers if safe to do so, ventilate).

o If the battery gets hot or vents fluid, STOP charging
foxtronpowersolutions.com. Explain that in training: if we observed excessive
bubbling or the battery feeling very hot to touch (above ~125°F), we would
stop. Overheating indicates a problem (overcharge or bad cell). OSHA says
to turn off the charger if the battery overheats or electrolyte comes out the
vents (osha.gov).

o Charge only in the designated area. Don’t drive a forklift with an extension
cord charger still connected (tell stories if any - such accidents have ripped
connectors off and sparked fires).

Completion: When charge is done, turn off the charger first, then disconnect leads
(to avoid arcing) (osha.gov). Coil up cables - tripping hazard otherwise. Close
battery caps and covers.

Battery Changing (if applicable): If your facility swaps batteries with a hoist or cart,
demonstrate the battery changing safety too:

Use the lifting beam or designated lifting device (not a random chain) (osha.gov).

Ensure the hoist is centered, lift slowly, keep people clear. Use insulated tools if
guiding the battery.

After changing, secure the battery in the truck properly (clamps on, etc.)
(osha.gov).



Emergency Drills: Now simulate potential emergencies to test trainees:

Acid Spill Drill: “During a charge, someone knocks over a bottle of acid on the
floor” or a battery boils over and acid spills. Trainees should respond: stop charge if
needed, get the spill kit, put on additional PPE (face shield, acid apron), neutralize
the acid (osha.gov), etc. Time them on locating the baking soda and applying it
correctly.

Eye Splash Drill: “A drop of acid flicked into someone’s face while checking a
battery” - have a trainee enact guiding that person to the eyewash immediately
and flushing. Emphasize speed and doing it right (15 minutes flush) (osha.gov).

Fire/Explosion Scenario: Describe a small fire starting (maybe a charger
component ignites or a spark ignites something). Trainees should know to hit the
emergency stop if available, use the extinguisher if trained, or evacuate and call
fire department depending on severity. They should definitely know where that
extinguisher is (which we did).

Hydrogen Alarm: If the facility has an H, gas alarm, explain the evacuation
procedure. (Typically, cease all charging, ventilate, evacuate non-essential
personnel until clear.)

Maintenance of Safety Equipment: Charging area safety includes caring for the safety

gear:

Rinse and refill eyewash bottles (if portable type) according to schedule.

Ensure spill kit contents are replenished (if you used some baking soda in drill,
replace it).

Fans/vents should be checked periodically - perhaps include in weekly checklist to
test the fan.

Extinguishers should be inspected monthly (indicator in green, pin intact) and
serviced annually.

Keep the area around chargers tidy. No clutter, no tools left on batteries (fire risk +
short-circuit risk) foxtronpowersolutions.com.




To conclude, possibly have each trainee demonstrate connecting and disconnecting the
charger properly and reciting the key safety points as they do it. Evaluate them on
wearing PPE, sequence of operations, and awareness of surroundings. This hands-on
practice ensures they will remember the correct habits when working alone.

By mastering these charging area protocols, technicians not only protect themselves but
also maintain compliance with OSHA rules (which mandate basically all the things we
practiced: PPE, ventilation, no ignition, spill response, etc.). It's about creating a culture
where these safety steps are second nature.

Lesson 15: Charger Compatibility and Technology (Voltage/Amperage

Settings, Smart Features)

In this practical lesson,
trainees will interact
directly with different
battery chargers. The
goal is to ensure they
can properly set up a
charger to match a
battery, utilize any
smart features, and
recognize if a charger is
inappropriate for a
given battery. We will
use various chargers (if
available: older
ferroresonant, modern

HF, multi-voltage, etc.) to demonstrate concepts.
Charger ldentification: Start by examining the nameplate and controls of a charger:

e Have trainees read the charger’s nameplate. It lists output voltage (e.g., “Output:
36V, 130A™), what battery types or AH range it’s designed for, input power, etc.
Make sure they can identify if it’s a 24V, 36V, or 48V charger, etc.

e Check for any switches or settings. Some older chargers might have a timer dial or
an equalize switch. Newer ones might have a digital display and menu for selecting



battery type or AH.

Identify charger type: Does it mention “High Frequency” or does it weigh a ton
(likely ferroresonant)? New HF chargers may be smaller wall-mounted boxes, while
old ones are big floor units with analog gauges.

Matching Voltage: Practice matching charger to battery:

Present a forklift battery (or a mock label) and ask which charger in the room can
charge it. For example, a 48V battery must go to a 48V charger. Trainees physically
confirm by looking at connectors (maybe they are color coded) and the
nameplate.

If a battery has an SB175 blue connector and a charger has SB350 gray, they won’t
even connect - a built-in safety. Still, reinforce never to force mismatched
equipment.

Simulate a mistake: “What if someone accidentally hooked a 24V charger to a 36V
battery?” Discuss outcome: undercharge, battery never gets full, could eventually
damage charger trying to reach higher voltage. Or opposite, a 48V charger on a
36V battery - likely the charger won't initiate properly or will overcharge
dangerously. Emphasize: always verify both are the same rating before connecting
fluxpower.com.

Setting Charger Controls:

If using an older charger with a timer, demonstrate how to estimate charge time
(often older ones had to be manually set if not automatic). E.g., if battery is 50%
discharged and it’s a 100A charger on a 600Ah battery, maybe set ~4 hours - but
this is imprecise. Better to slightly under-set than grossly over-set to avoid
overcharge.

If using a modern charger interface, walk through programming it: e.g., selecting
flooded vs AGM mode. Show how to initiate an equalize (like pressing and holding a
button).

Smart Features Demo: If the charger has an info display, scroll through it. Many HF
chargers show % charge, current, maybe battery temperature if sensor attached,
and error codes. Make sure trainees can interpret the indicators (like a blinking



equalize LED means equalize in progress; a fault light means error).

Connect a battery and let them observe how the charger behaves initially (high
current bulk phase) and maybe later (tapering current). If time permits, simulate an
end-of-charge or describe it (“when battery is ~80% full, you’ll notice the current
start dropping on this ammeter™).

Compatibility Factors Drill: Provide scenarios and ask trainees if it’s okay:

“We have a 500Ah battery and a charger rated for 300-600Ah batteries at 36V - is
that compatible?” (Yes, within range).

“We only have a 48V charger available, can we charge two 24V batteries in series
with it?” (This is generally not standard practice and is dangerous if not exactly
balanced - teach to avoid jury-rigging).

“This charger is set for AGM batteries, but our battery is flooded - what happens if
we don’t change the setting?” (AGM profile typically has lower finish voltage, so a
flooded battery might get undercharged regularly - leading to sulfation. Reverse
scenario: charger on flooded setting pumping too much into an AGM could
overcharge it, drying it out).

Check if trainees recall from the theory: sealed batteries must not be charged >25A
rate unless specified (osha.gov); how would they enforce that? (Use the proper
charger with current limiting or smaller size for those battery types).

Using Advanced Chargers Across Fleets: If you have a multi-chemistry charger,
demonstrate switching modes or using codes for different battery types. For example,
some chargers detect via connector pins or a “battery ID module” what type it is. Show

any such system if present.

Charger Maintenance: A bit of maintenance relevant to compatibility:

Ensure DC cables and connectors are in good shape - a badly worn connector can
cause voltage drops and fool the charger into overcharging (it thinks battery is at
lower voltage). Trainees should inspect cables for fraying, melted insulation near
the tips (sign of overheating), or corrosion on connector contacts. Clean or replace
as needed.



e Check cooling fans and vents on chargers. A blocked or failed fan can cause a
charger to overheat and shut down or charge improperly. Clean dust out of vents -
demonstrate doing this safely (power off, use compressed air or vacuum).

e For ferroresonant chargers, listen for the “humming” sound - normal, but if it’s
extremely loud or has a grinding (if there’s a cooling fan that is failing), that
charger might need service.

e |f possible, use a voltmeter to measure the output of a charger (with no battery, it
might output a high open-circuit voltage, but with a battery attached and partly
charged, measure that the charger is outputting appropriate voltage). Ensure only
a qualified person does this to avoid shock - mostly just to illustrate that a 36V
charger might output ~40+ V in finishing stage - which is normal.

Error Handling: Simulate some common charger error:

e Connect the charger but intentionally leave a loose connection - perhaps the
charger will show a fault (because it cannot detect the battery correctly). The
trainees should recognize the fault light, check connections, and resolve it (tighten

plug).

e Simulate a power outage mid-charge - what to do? (When power returns, many
smart chargers resume where they left off; older ones on timer might not, so you’d
reset the timer).

e Show an equalize complete indication if possible, or describe how the charger
signals end of charge (e.g., green light steady = charge complete).

e Emphasize to unplug charger before doing anything if a problem - e.g., if a
charger isn’t working and they need to check fuses, always disconnect AC first.

Opportunity Charging Protocol: If your operation uses opportunity charging (charging
during short breaks), discuss how they manage it:

e Typically requires HF fast chargers and batteries that can accept it (often with
higher allowable charge rates and forced electrolyte circulation in some cases).

e The process may involve plugging in at every break. Key caution: don’t overheat
the battery. If the charger or battery indicates temperature too high, skip a charge



or let it cool.
e Opportunity charging can shorten life if misused (as taught earlier). So plan: maybe

allow partial charges but ensure a full charge and equalize at least weekly.

Hands-on: Have each trainee pair a given battery to the correct charger and actually
connect and start a charge (under supervision). Then have them safely stop the charge
and disconnect. This reinforces both safety and understanding the charger’s interface.

By the end, they should demonstrate:

e The ability to choose the right charger for a battery (by reading labels).
e Proper configuration of that charger (setting or confirming mode, etc.).
e Safe operation (connect, monitor, disconnect).

e Basic troubleshooting (checking connections, understanding indicator lights).

This ensures when they are alone in the battery room, they won’t plug the wrong things
together or ignore charger warnings. It ties the theoretical knowledge of charger types

(from Lesson 9) to real equipment handling.



Lesson 16: Optimal Watering Practices (Timing, Frequency, Volume)

This lesson is about refining the watering
process - when and how much to water for
optimal battery health, essentially putting
into practice the best practices from the
classroom. Trainees will learn to schedule
watering and gauge the correct amount of
water to add.

When to Water - Timing:

e After Full Charge: Reiterate and
practice that the correct time to water is after
charging is complete, when the battery has
cooled down (if possible) toyotaforklift.com.
To demonstrate why, if you have a battery
that was just charged, open a cell carefully
(with PPE) to show the level. If you had checked it before charge, it would have
been lower; after charge, it rises (gassing can temporarily raise the level). We won’t
actually do before/after due to time, but explain the phenomenon. If any battery
had an overfill evidence (acid on top), point out likely they added water at the
wrong time.

e Frequency: Use real or example batteries from your fleet: Have trainees check a
battery’s water level (maybe one that hasn’t been watered in a while vs one that
was watered last week). See if plates are visible or just at correct level. Discuss how
often it needed watering. The general rule “check water at least once a week if
used daily” na.bhsl.com is to be implemented. Show your site’s watering log if
available - maybe it says every Friday. Instruct trainees how to develop a schedule:

o For a single shift operation, likely once a week is enough (possibly twice in
very heavy use or hot climates). For multi-shift heavy use, maybe twice a
week.

o Emphasize regular schedule: it’s better to check and not need to add much
than to wait too long. One tip from industry: “/f you need to add water every
time you check, you’re not checking often enough.” na.bhsl.com - meaning



if every weekly check the cells are bone dry, start checking mid-week too.

Before Shifts: BHS suggests watering right before a shift, after charge and
cooling na.bhsl.com - so that batteries going into use are freshly topped. If your
operation can manage that (charging overnight, water in morning), demonstrate it
as an ideal practice.

Never During Charging: Actually simulate a temptation: say someone notices low
water while a battery is charging and wants to top it up. Have trainees respond: No,
wait until charge is done (the only exception is if plates are exposed, then add just
enough to cover plates so they don’t burn, then fully water after charge)
toyotaforklift.com.

Volume - How Much Water:

Trainees practice filling in Lesson 11. Now emphasize the correct fill level more
precisely. Typically, fill to about 1/4 to 1/2 inch below the bottom of the vent well (or
to the level indicated by the cell’s design) touotaforklift.com. Many batteries have a
lip or the split in the cell casing as a guide. Some single-point systems fill to just
below the vent.

Have trainees deliberately slightly underfill a cell and slightly overfill another (with
just water) to see the difference. They can peer in: underfilled might still have some
plate tops visible or just barely covered - caution that plates must always be
submerged. Overfilled might look like the water is almost flush with top of vent tube
- caution that during next charge, this could overflow.

If possible, demonstrate what overfilled consequences look like: perhaps one
battery has acid stains on top and corrosion (evidence it overflowed). That
“cauliflower” corrosion is a direct result of overfilling and then charging
toyotaliftne.com.

Teach the habit: after watering, always wipe off any minor spills and ensure vent
caps are tight. If you do accidentally overfill a bit and cause a small spill, neutralize
and cleanit.

Verifying Full Watering: When done watering, do a final check: randomly open a couple
caps to ensure the levels look consistent cell to cell (assuming you used a gun or SPW).
This double-check is crucial because sometimes equipment malfunctions.



Schedule Planning Activity: Give a scenario: “We have 20 forklifts running in two shifts.
When and how often should we water?” Let trainees propose a plan:

e Maybe assign half the batteries on Wednesday and half on Sunday, etc., to stagger
work.

e Ensure each battery gets watered at least weekly. Possibly more for the ones that
run 2 shifts (since that’s equivalent to 2 cycles per day, so water need doubles the
frequency).

e Include in the plan that after watering, an equalize charge can be done - often
watering is combined with equalizing day because you charge up, equalize (which
gasses more, losing water), then water afterward.

Temperature Considerations: In a hot warehouse, more frequent watering may be
needed (batteries gas more in heat). In freezing conditions, rarely an issue since forklifts
are often indoors, but if cold, water doesn’t evaporate as fast so frequency might reduce
a bit. Share any site-specific adjustments.

Record Keeping: Show how you’d log the watering:

e e.g., Battery #3 - 10/1/2025: Added ~2 quarts water total, all cells ok.

e If a certain cell needs significantly more water than others (could indicate that cell
is overcharging or a problem), note it and monitor. Over time, logs might show a
trend like “cell 5 always low” - maybe that cell is getting hotter or its vent cap is
leaking more gas.

e Use checklists to ensure no battery is skipped. In training, maybe use a mock
checklist and have each person sign off a battery they watered.

Hands-On Drill “Find the Low Battery”: Arrange 2-3 batteries, one of which has been
deliberately left a bit low on water. Ask trainees to inspect all and identify which needs
water. They should:

e Open caps safely, look inside each cell, and conclude which battery and which cells
are low.

e Then proceed to water that battery correctly to proper level.



e This tests their judgment on level and their thoroughness in checking every cell.

Summarize Best Practices (and have trainees recite or post on wall):

e Water after charge, never before or during na.bhsl.com.

e Weekly at minimum for heavily used batteries; adjust frequency to usage (e.g.,
every 5-10 charges as guideline) na.bhsl.com.

e Cover plates at all times - if exposed, add just enough water immediately to cover,
then do full watering after charge toyotaforklift.com.

e Do not overfill - leave space for expansion
logisnextamericas.comlogisnextamericas.com.

e Use only approved water (as per Lesson 12).

e Record each watering in a log.

By practicing these optimal habits, trainees see how it prevents problems: no acid
boil-overs (if they don’t overfill and they time it right), no dry plates (if they check on
schedule), and stable performance (a well-watered battery maintains capacity). This
lesson should instill the discipline that watering is not a slapdash chore but a critical,
scheduled maintenance task with specific techniques.

Lesson 17: Battery Cleaning and Physical Maintenance (Washing, Corrosion
Control)

In this hands-on lesson, trainees will learn how to clean forklift batteries safely and
manage corrosion. A dirty battery can cause electrical leakage and corrosion can destroy
connectors, so regular cleaning is important. Trainees will actually perform a cleaning on a
training battery or a mock-up.

PPE and Prep: Cleaning involves contact with acid residues, so PPE is a must: rubber
gloves, apron, face shield or goggles. Also ensure the cleaning area is appropriate:

e |deally use a wash station or an area with a containment berm if water and
neutralizer will be used. If a dedicated battery wash station exists (with sump and
drain), demonstrate using it. If not, lay down plastic sheeting or trays to catch



runoff.

Have plenty of baking soda (sodium bicarbonate) solution ready (mixed with water,
about 1/4 cup soda per gallon water makes a useful neutralizing wash). Or use a
commercial battery cleaner spray that changes color to show acid neutralization.

Tools for Cleaning: Show tools like:

Stiff plastic bristle brushes (non-metallic to avoid shorting between terminals).
A watering can or low-pressure sprayer for applying water or cleaning solution.
Wrenches (insulated) if removing terminals for cleaning posts.

Rags or paper towels, preferably disposable since they’ll be acidic.

Petroleum jelly or terminal protectant spray for after cleaning.

Cleaning Procedure:

1.

Shut Down and Isolate: If the battery is in a truck, turn everything off, disconnect it.
If cleaning on a bench, ensure no charger connected. We don’t want any current
during cleaning.

Neutralize Top Acid Residue: Sprinkle baking soda powder on the battery top and
terminals, especially where you see white/blue/green corrosion. Or spray the
commercial neutralizer. You'll likely see fizzing where acid is present (osha.gov) -
that’s normal (acid being neutralized to salt and water).

Light Scrub: Using the brush, scrub the top of the battery, the terminals, and
around vent caps gently. This helps the neutralizing action reach the grime. Make
sure vent caps are closed tightly during this - we don’t want baking soda getting
into cells because that will neutralize the battery acid inside and ruin the battery.
(Trainees should check caps now.)

Rinse: Using a low-pressure flow of water (e.g., a hose with a gentle stream or a
watering can), rinse off the neutralized grime. Do not use high-pressure as it can
force water into the vents or push contaminants into crevices. Rinse until the water
running off is clear and no more fizzing is observed.



o Collect the runoff if possible (it contains lead/acid residue). If using a wash
station, it should handle it. If not, soak up with pads and treat as hazardous
waste.

5. Detailed Terminal Cleaning: After the initial wash, focus on terminals:

o If corrosion is heavy on terminals/connectors, you may disconnect the
cables (one at a time to avoid confusion or shorting). Using an insulated
wrench, loosen the clamp bolts and remove the connector from the post.
Clean the post and the connector contact area with a wire brush or abrasive
pad designed for batteries. (Ideally use a battery post cleaning tool - but
only if the battery is off and safe.)

o Neutralize and rinse those parts as well. Once clean shiny lead surface is
seen on posts and inside connectors, you’ve removed the corrosion.

o Reattach connectors securely (torque appropriately). This ensures good
electrical contact.

6. Dry the Battery: It’s important to dry everything - leftover moisture (even pure
water) can cause slight self-discharge if it creates a path between terminals. Use
rags to thoroughly dry the battery top and terminals. Compressed air can help
(wear safety goggles).

7. Protect: After cleaning and reassembly, apply a thin coat of protective spray or
grease on terminals and connectors. There are specialized battery terminal sprays
(usually red or yellow) that seal out air and acid, or you can apply a light coat of
petroleum jelly to the terminal batterybuilders.com. This helps prevent future
corrosion by inhibiting oxidation on the metal surfaces.

e Waste Disposal: The rinse water now contains neutralized acid and lead residues.
Do not simply pour it down a drain. In a proper wash station, it should collect in a
sump for treatment. Otherwise, soak up the runoff with absorbent pads or baking
soda and collect it in a container. This material should be disposed of as hazardous
waste or per your environmental guidelines (often sent to a recycling center or
hazardous waste facility). Always follow local regulations for battery wastewater
disposal.



Corrosion Control: After cleaning, inspect for any damage caused by prior corrosion:

Check the battery tray (the steel casing holding the cells) for rust. Neutralize any
acid on it and touch up paint if possible to prevent further rusting. Significant tray
corrosion may require repair or replacement to maintain structural integrity.

Inspect cables: corrosion can wick down inside cable insulation. Flex the cables - if
they are extremely stiff or bulging green/white corrosion near lugs, they may need
to be replaced. Clean the cable lug ends and apply the protective spray there too.

Inspect the battery connector (the big plug) - open it and check the contacts for
corrosion or pitting. Clean contacts with a contact cleaner or brush lightly if
corroded (with power disconnected!). If contacts are badly burned or corroded, the
connector should be replaced to ensure good electrical contact.

If any cell caps or vent assemblies are corroded or cracked, replace them. Ensure
vent cap holes were not clogged by residue; part of cleaning is to verify vents are
clear.

When to Clean: Typically, clean batteries at least once a month or quarter, depending
on the environment logisnextamericas.com. In dirty or high-use environments, monthly
cleaning is advised to avoid conductive grime build-up that causes faster self-discharge
and tray corrosion logisnextamericas.com. Some manufacturers even tie warranty validity
to regular cleaning logisnextamericas.com. Also, any time you notice acid on top (for
example, after a boil-over or spill), clean it up immediately - don’t wait for scheduled
cleaning.

Hands-on Practice: Each trainee should practice the above steps on a sample battery:

Neutralize (with soda solution), scrub, rinse, dry, and spray protectant.

They should demonstrate safe handling of the cleaning solution and proper
disposal of used materials (we provide baking soda buckets and rags).

Have them show the instructor the “after” condition: The battery top should be free
of corrosion (clean black surface), terminals shiny and coated, no stray metal
tools around.

By practicing, they’ll appreciate that cleaning is a manageable task if done regularly (it
takes only a short time) versus the nightmare of dealing with a battery that hasn’t been



cleaned in a year (inches of corrosion, possibly ruined cables, etc.). Emphasize that
cleanliness is critical for safety (a clean, dry battery won’t arc or catch fire as easily as a
dirty one coated in acid). In fact, dirty batteries can cause tracking currents and even fires
if a tool bridges dirty, wet surfaces.

After cleaning, the battery is safer to handle and easier to inspect. A clean battery also
makes it simpler to spot problems (like a cracked cell cover or a leaking post) that would
be hidden under grime.

Follow the motto: “Keep batteries clean, dry, and corrosion-free” batterybuilders.com. It
protects the equipment and the people working on it.




Lesson 18: Identifying Battery Wear and Aging (Sulfation, Runtime Changes,

Visible Damage)

BATTERY FAILURE
MODES & DIAGNOSTICS

SULFATION

White sulfate crystals
on the plates, reduced
capacity

CELL SHORT
(SUDDEN CELL FAILURE)

CELL SHORT
(SUDDEN CELL FAILURE)
Cell with zero or low
voltage, rapid heating

%)

why.

DRY-OUT

(LOW ELECTROLYTE LEVELS)

Plates exposed
above electrolyte,
low specific gravity

CORROSION

Corrosion around cell caps.
low voltage in affected cell

)

Over time, all batteries degrade. In
this lesson, trainees will learn to
recognize signs of battery aging
and wear - both through testing
and observation. Early
identification of problems like
sulfation or capacity loss can
prompt corrective actions (or
battery replacement) before a
failure on the job.

Sulfation Recognition: Sulfation
(lead sulfate crystal buildup on
plates) is a common aging issue,
especially if a battery has been
undercharged. Signs include:

e Extended Charging Times
or Incomplete Charging: A
sulfated battery may never reach
full specific gravity or full voltage
even after a normal charge.
Trainees can observe charging
logs - if a battery always seems to
require equalizating or still
underperforms, sulfation might be

e Low Specific Gravity in Cells: Using a hydrometer, if one or more cells have
persistently low SG (e.g., 1.200 when others are 1.270) even right after charging,
those cells likely have sulfation. As a practical exercise, trainees can take readings
from an older “suspected sulfated” battery (if available) and compare it to a

healthy one.

e Visual Sulfation: Sometimes you can actually see sulfate crystals. White powdery
residue around cell caps or on connectors may indicate evaporated electrolyte



leaving sulfate behind. More tellingly, if you open a vent cap and look at the plates
(with flashlight and PPE), sulfated plates often appear dull and gray with crystalline
deposits instead of dark sponge lead. In severe cases, white crystals might even be
visible at plate edges or between cell foxtronpowersolutions.com (as shown by the
white powder bridging cells in the earlier image). Trainees likely won’t disassemble
a battery, but knowing that white deposits = lead sulfate is key.

Hard Starting/Sluggish Performance: OSHA notes that warning signs of a weak
(often sulfated) battery include slow starting or sluggish operation and things like
dimming lights under loa (osha.gov). In forklifts, that translates to the truck slowing
down sooner than it should or the lift getting weaker near end of shift. If operators
report “this battery doesn’t last long” or the forklift’s battery indicator drops
quickly, sulfation could be reducing capacity.

Capacity Testing (Runtime Changes): One way to gauge aging is a capacity or load test:

Conduct a runtime test: fully charge a battery and then use it in a controlled way
(or apply a known load) to see how many hours or amp-hours it delivers until 80%
discharge. If a battery is rated for, say, 6 hours and now only gives 4 hours of
service, its capacity has dropped (~67% of original).

Use a load tester: Some maintenance shops have load testing devices (like a big
resistor bank) to stress a battery and see how voltage holds up. Trainees might not
have one on-site, but they can mimic a mini load test with a smaller resistor for a
short time to see if a particular cell’s voltage sags quickly.

Trend analysis: Show trainees past performance records if available. For instance,
“Battery X used to last 7.5 hours new, now after 4 years it’s 5.5 hours.” Recognizing
this trend can inform replacement scheduling. Many companies retire a battery
when capacity falls below ~80% of new.

Voltage Imbalance: In an aging battery, one or two cells often wear out faster:

In practice, measure individual cell voltages after charge and after a short
discharge. A weak cell will have a lower voltage than the rest. If, say, one cell in @
36V pack reads 1.90V under load while others are ~2.05V, that cell is likely on its last
legs (sulfated or shed material causing low capacity).

Trainees can practice measuring cell voltages with a multimeter (a safe
low-voltage task). They should note any one significantly different. Such a cell



might also charge faster and gas earlier (because it has less capacity, it “fills”
early and then overcharges while others still charging). Seeing one cell bubbling
much more aggressively during normal charge can hint it’s bad (although could
also be an equalization effect).

Physical Signs of Aging or Abuse:

e Warped or Buckled Plates: Only visible if cell is opened (which we don’t normally
do), but an indicator is if a cell consistently runs hotter or requires more water - it
might have warped plates from overheat.

e Sediment Buildup: Over years, the active material flakes off plates and collects as
sediment (“mud”) at the bottom. Eventually, it can short the bottom of the plates.
There’s no easy way for a tech to see this except noticing if a cell suddenly loses all
voltage (shorted) or cannot hold charge (self-discharging quickly). That usually
means end-of-life for that cell.

e Cracked Cell Covers or Leaks: Inspect the battery for any electrolyte leakage.
Sometimes aging or mishandling causes cracks in the plastic cell jars or around
terminals (post seal failures). Look for moist patches or corrosion streaks on sides
of the battery. Also, a sulfur smell outside of normal gassing could indicate a leak.
If found, those cells might need replacement or the battery retired (leaking acid
reduces capacity and is hazardous).

e Bulging Battery Sides: If the battery sides are bulging outwards, it can indicate
either overdischarge (plates swelled) or that the battery was frozen at some point
(expanding ice). Bulging is a sign of severe misuse or age - such a battery is
compromised. Show trainees any battery with bulging walls or cells and explain it’s
usually not repairable. This is often a scrap criteria.

e Burn Marks or Melted Posts: Over the years, high resistance connections (from
corrosion or loosening) can cause posts or connectors to overheat and melt.
Identify any post that looks melted or repaired (lead burns). That indicates a past
failure - that cell may have been stressed.

Instructor Demo: If possible, have an old “bad” battery or cell for demonstration. Show
the trainees:

e The difference in specific gravity readings between a healthy and unhealthy cell.



e Perhaps a cell that was removed or cut open to display sulfated plates or sediment
(some training centers have demo cutaways).

e Photographs of extreme sulfation or damaged plates if actual samples aren’t
available (e.g., a plate with white crust - sulfation, a plate with warped grids).

Documentation and Manufacturer Tools: Mention that some manufacturers provide
battery test sheets - e.g., measure each cell voltage and SG every 6 months to track
health. If your site does this, show past sheets. If not, encourage implementing it for critical
batteries.

Deciding on Replacement: Maintenance techs should know when a battery is beyond
maintenance:

e |f a battery cannot support operations (e.g., forklift barely runs half a shift even
after full charge and equalize), it’s effectively at end of life.

e If multiple cells are bad or one cell shorted (taking out one cell in a 18-cell battery
means a big capacity drop and imbalance), often replacing the whole battery is
wise. Sometimes individual cells can be replaced by the battery manufacturer’s
service, but by the time one fails, others may soon follow.

e |f the battery is 5+ years old and showing these wear signs, plan for a new one.
Running a severely degraded battery risks downtime and can even strain the
forklift’s electrical system (low voltage under load = higher current draw = heat in
motors).

Student Exercise: Provide a scenario: “Forklift #7’s battery used to last 6 hours, now after
4 hours it’s red-lined. You equalized it, but it still has one cell with SG 1.200 and that cell’s
voltage drops quickly. What are your recommendations?” Expected answer: that cell is
likely sulfated beyond recovery or has lost active material. We could try one more
equalize or a desulfation treatment if available, but likely the battery is near end-of-life.
Plan a replacement or cell change, and meanwhile ensure it’s charged more frequently to
limp along. This exercise tests if they connect symptoms to wear-out.

Recognizing wear and aging means technicians won’t waste effort trying to “fix” a battery
that is truly worn out. Instead, they’ll know to inform management that a replacement is
needed (osha.gov) (and perhaps get credit for proactive prevention of a surprise failure).
It also helps them allocate maintenance time - e.g., focus watering/maintenance on



still-healthy batteries, and handle the dying ones differently (marked for light duty or
backup).

Lesson 19: Monitoring Battery Performance (State of Charge, Load Testing,
Trend Analysis)

To maintain a battery fleet
effectively, technicians must
monitor performance
metrics over time. This lesson
covers the tools and
techniques to assess battery
state-of-charge, perform
load tests, and analyze
trends to predict issues or
schedule maintenance.

State of Charge (SoC) Monitoring:

e On-board Discharge Indicators: Most electric forklifts have a battery charge gauge
(discharge indicator) on the dash. Trainees should understand how it works - often
it measures voltage and lights up segments (green/yellow/red). Ensure they know:
when it hits the red zone (usually ~20% charge remaining), the battery should be
swapped or charge (industrialbatteryonline.com). As part of daily inspection, *check
that the battery discharge indicator is functioning (osha.gov) (it should reset to full
after a charge, and show discharge during use). A non-working gauge can lead to
over-discharging. Trainees can simulate a discharge (maybe turn on lights, etc,, to
see the gauge move) to verify functionality.

e Voltmeter Readings: Teach them to use a digital voltmeter to get the open-circuit
voltage of a battery as an estimate of SoC. For a 36V battery: ~38.0V might be
~100%, 36.0V ~50%, 34.0V ~20% (roughly, each cell ~2.07V full, ~1.97V half). Provide a
chart or have them measure a known charged and known discharged battery to
see difference. Emphasize this should be measured after the battery has rested
(cool down period) for accuracy.

e Hydrometer SoC Check: The gold standard for SoC of lead-acid is specific gravity.
Trainees should practice measuring SG of a pilot cell - one representative cell per
battery (often tagged by manufacturer (osha.gov). A fully charged cell ~1.280, 50%



~1.200, fully discharged ~1.150 (these vary by battery type). Logging the pilot cell SG
after charge each week can help track if the battery is fully charging. For example,
if normally 1.280 but now only hitting 1.250, something’s off (either charger or
battery capacity).

Battery Monitoring Devices: Some fleets use electronic battery monitors that log
SoC and usage (e.g., a data logger on the battery or charger). If available, show
how to read those - e.g., some chargers print reports of amp-hours in/out or have
software. Battery monitoring systems can provide trend data to managers (like
how often a battery goes below 20% or how many cycles it’'s donena.bhsl.com.
Mention that utilizing these tools can optimize battery rotation and replacement
schedules.

Load Testing and Performance Checks:

Perform a controlled load test on a battery:

o After full charge, apply a substantial load for a fixed time and observe
voltage drop. For instance, engage the forklift hydraulics continuously for 1
minute while measuring battery voltage. If voltage sags excessively (below
~1.7V per cell under heavy load), the battery may have high internal
resistance or low capacity.

o Alternatively, use a load tester (some look like a big toaster you clip on that
draws e.g. 100A for 15 seconds). Trainees can try one if available, and watch
the voltmeter: a good battery’s voltage stays relatively higher than a weak
one under the same load.

Temperature Monitoring: During use or charging, monitoring temperature is part
of performance. Use an infrared thermometer to take surface temps of each cell
after charging. If one cell is consistently hotter, it’s struggling (maybe high
resistance). Also monitor battery temperature during heavy discharge; if it heats
rapidly, internal resistance is up - a sign of aging.

Capacity Tracking: Introduce the idea of doing a quarterly full-discharge test (if
operations allow). For example, once every few months, pick a battery, run it down
in a test to measure how many hours of work it gives. If you consistently record,
you’ll see the decline. Many companies skip this due to time, but it’s the best
measure of actual capacity. If a battery only yields, say, 70% of rated capacity, it



might be time to budget for replacement.

Trend Analysis and Record-Keeping: This ties in with documentation:

e Show or simulate a maintenance log that includes periodic measurement results:
e.g., specific gravity of pilot cell, open-circuit voltage after 24h rest, runtime in
operation, etc.

e |f your facility uses software or spreadsheets to track battery metrics, demonstrate
inputting data. For example, Battery #5: “Jan - pilot SG 1.275; Apr - 1.270; Jul - 1.250
(note: trending down)”.

e Emphasize noticing trends:

o Is a certain battery requiring more frequent watering over time (could
indicate aging plates or overcharge)na.bhsl.com

o Is the equalize not bringing SG up as much as before (sulfation hardening)?

o Are recharge times increasing? A battery that used to recharge in 6 hours
now takes 8 - could be loss of efficiency.

o Have any batteries needed mid-shift charging whereas they didn’t before?

e Use these trends to make maintenance decisions: perhaps increase equalize
frequency for a sulfating battery, or rotate another battery into a heavier usage
spot if one is weakening.

Battery Management Systems (BMS) for Lithium or loT for Lead Acid: Briefly, if the fleet
has any lithium-ion batteries, they have built-in monitoring (voltage of each cell, cycle
count, temperature). Techs typically interface via an app or diagnostics tool. Ensure they
know the basics: a Li-ion BMS will usually alarm or stop discharge if a cell is low.
Monitoring that data can tell how balanced the pack is or if any cell is deteriorating. For
lead-acid, some modern solutions involve loT devices that log each charge, discharge,
water addition, etc., and upload to a system. Mention that being familiar with such systems
(if your company uses one like a battery fleet management software) is part of
performance monitoring in contemporary warehouses.

Case Study Discussion: Present a short scenario: “Over 6 months, Battery A’s readings:
Jan - runs 8h, SG 1.280; Mar - runs 7h, SG 1.275; June - runs 6h, SG 1.270 and one cell 1.250.



What do you predict by year-end? What maintenance to do?” Trainees should conclude
the battery is losing ~1h of runtime every quarter, likely due to gradual sulfation or wear.
By year-end it might be 5h or less, meaning it may need replacement in ~another year.
Maintenance now: equalize more often, ensure full charges, maybe a professional
desulfation service if available, and plan for a new battery within 1-2 years. This exercise
shows how to use trend data to forecast.

By regularly monitoring and recording key performance indicators (voltage, SG, runtime,
temperature), technicians can proactively maintain batteries and avoid sudden failures.
They’ll catch, for example, that a particular battery’s capacity is dropping and can
recommend pulling it from heavy service before it outright dies on a forklift
mid-operation. It also helps demonstrate the value of maintenance to management - data
like “we kept this battery at 85% capacity through 4 years by proper care” is powerful.

In summary, monitoring is the feedback loop of the maintenance program: it tells you if
your watering, charging, and equalizing are effective and gives early warning of problems
SO you can act - whether that’s performing a restoration equalize or scheduling a battery
for retirement.



Lesson 20: Establishing Maintenance Accountability (Roles, Checklists, Logs)

BATTERY MAINTENANCE
ACCOUNTASBILITY
€ Follow your
assigned j Lt
checklist il
Perform the
task safely
using PPE

€) Log the date,
what you did,
and any notes

O sign

—_— your
name

The final lesson ties everything together by focusing on how to organize a battery
maintenance program with clear roles, checklists, and record-keeping. Good procedures
and accountability ensure that all the best practices learned in this course are actually
implemented consistently on the job.




Defined Roles and Responsibilities: Each person interacting with forklift batteries should
know their duties. For example:

Role/Personnel Responsibilities

Forklift Operator Perform daily visual check of battery (electrolyte level, no
leaks, connector secure). Charge the battery at proper time
(don’t run into red zone), report any issues (like low water or
abnormal performance) to the maintenance department.
Ensure truck is properly plugged in after shift.

Maintenance Execute the scheduled battery maintenance: weekly watering,

Technician cleaning, terminal tightening, equalizing as needed. Use
proper PPE and follow all safety protocols during
maintenance. Perform periodic performance tests (SG
readings, load tests) and record the data. Replace or repair
faulty components (connectors, cables, vent caps) promptly.

Battery Room Swap batteries in and out of trucks safely, operate lifting
Attendant (if equipment. Monitor charging area conditions (ventilation on,
dedicated) no smoking rule enforced). Keep the battery room organized

and safe - e.g., no metal tools lying on batteries, spill kits
stocked, floors dry. Also responsible for watering all batteries
on schedule and updating log books.

Supervisor/Manager  Establish the maintenance schedule and ensure staff follow it.
Provide resources (distilled water, tools, PPE) needed for
battery care. Maintain training records - ensure each
tech/attendant is trained (osha.gov). Review maintenance
logs regularly for completeness and signs of issues. Also,
make decisions on battery rotation and replacement based
on technician reports.

(Roles can be combined in smaller operations, but all tasks must be covered.)



Discuss these roles with trainees - who in their facility does what? If it’s mostly the
technicians, emphasize cooperation with operators: operators must alert techs of any
problems and techs rely on operators not to misuse batteries.

Checklists: Use checklists to standardize tasks and make accountability visible. Examples:

e Daily Operator Checklist: OSHA provides samples - for electric trucks it includes
“Battery - check water/electrolyte level and charge (osha.gov). Trainees should
encourage their operators to actually do this. Perhaps provide a laminated daily
checklist that operators sign off each shift (which includes battery OK or not).

e Weekly Maintenance Checklist: A list of battery room tasks, e.g.:
o Monday: Battery 1-10 watering,
o Tuesday: Battery 11-20 watering,
o Wednesday: Clean 5 batteries (rotate through fleet),
o Friday: Equalize batteries per schedule, etc.

e The technician or attendant checks off each item as completed and dates it. This
checklist lives on a clipboard in the battery room for easy reference and auditing.

e Monthly/Quarterly Inspection Checklist: Include items like “Inspect cables for
wear,” “Torque test a random sampling of connections,” “Test emergency
eyewash,” “Inventory PPE and supplies.” This ensures that less frequent tasks aren’t
forgotten.

e Many companies implement a preventive maintenance (PM) form for batteries -
showing all tasks and a place for notes. If a technician finds something (e.g., “cell 3
low SG” or “cable replaced™), it’s noted on the form.

Having trainees fill out a practice checklist during class (for a dummy battery service) can
familiarize them with the process.

Maintenance Logs and Records: Good record-keeping is critical:

e Every time water is added or maintenance is done, log it. This could be in a logbook
or a digital system. Key info: date, who performed it, what was done, and any



measurements (like SG readings) or observations.

Battery history files: Keep a file (paper or electronic) for each battery. Include the
purchase date, capacity, any repairs, and all maintenance logs. This way you can
track performance over its life. It’s also useful if a warranty claim arises - you can
show the manufacturer that maintenance was performed regularly (protecting
your warranty redway-tech.com.

OSHA Compliance: OSHA may not specifically ask for battery logs, but they will
expect evidence that you’re maintaining equipment properly. Detailed logs
demonstrate compliance with OSHA 1910.178(q) (maintenance of industrial trucks)
and OSHA 1910.178(g) (battery safety) indirectly. Also, if an incident occurs, those
records prove due diligence. OSHA’s guidance indicates that a planned
maintenance program (with documentation) is part of a safe forklift operation.

(ssents.com).

Analysis: Encourage analyzing the logs periodically. For example, the supervisor
can review logs monthly to see if any battery needed water significantly more
often (flagging a possible issue) or if any were skipped. A simple chart could be
made from logs (like average SG per quarter, or watering interval per battery).

Accountability Systems:

Use a sign-off system: e.g., maintenance tech signs the log after servicing each
battery. This personal accountability ensures tasks aren’t missed. It also makes it
clear who last serviced a battery if an issue is found (not to blame, but to follow up
or retrain if needed).

Performance Metrics: The manager might set goals such as “0% batteries run dry”
or “All batteries last at least 4 years.” These can be tracked via logs. It motivates
the team to keep standards up (almost like a KPI for battery care).

Tie battery maintenance to regular facility audits. Some companies include
battery room checks in their monthly safety walk-through. If an auditor finds messy
logs or corrosion, it gets noted, prompting corrective action.

Integration with Work Orders: Some sites treat battery maintenance like work
orders in a CMMS (Computerized Maint. Management System). If so, each
scheduled watering/inspection is a recurring work order that must be closed out



with notes. Trainees should be aware of such systems if used.

Training and Refreshers: Accountability also means ensuring all personnel remain
knowledgeable:

e Schedule annual refresher training for anyone involved (OSHA requires retraining
forklift operators on battery handling if deficiencies noted - (osha.gov), and
certainly maintenance staff benefit from refreshers as technology updates).

e Post signage and reference charts in the battery room: for example, a chart of
proper watering procedure, a sign with PPE requirements, a quick-reference of
what to do if acid spill occurs. These serve as constant reminders and informal
training.

Finally, encourage a culture of care. Batteries often fail due to neglect - accountability
mechanisms fight that. Praise good performance (if a log shows all maintenance done on
time for a quarter, acknowledge the technician’s effort). Management should also be
accountable - if technicians report needed supplies or replacements, managers must act
so the program isn’t hindered.

Conclusion: By assigning clear roles, using checklists, and keeping thorough logs, a
company ensures that nothing falls through the cracks in battery maintenance. This
leads to safer operations, longer battery life, and compliance with safety standard
logisnextamericas.comredway-tech.com. Trainees should leave this course understanding
not just the technical “how-tos” but also the importance of systematic maintenance
management.




Sources:
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OSHA Powered Industrial Trucks eTool - Battery charging safety requirement
(osha.gov)

OSHA Standard 29 CFR 1910.178(g) - Battery charging areas (ventilation, PPE, no
ignition - (osha.gov)

OSHA Standard 29 CFR 1910.151(c) - Emergency eyewash/shower requirements for
corrosive exposure - (osha.gov)

ANSI/ITSDF B56.1 (2020) - Safety Standard for Forklifts (maintenance, training,
handling batteries - (osha.gov) redway-tech.com

Toyota Forklifts - Battery watering guidelines (timing and purity) -
toyotaforklift.com

Battery Manufacturer (BBI) - Maintenance checklist (no smoking, PPE, water
quality, 80% discharge rule batterybuilders.com

Mitsubishi Logisnext - Forklift battery maintenance tips (charging best practices,
watering frequency, water quality, equalizing, cleaning logisnextamericas.com

BHS Inc. - Battery watering complete guide (consequences of
over/under-watering, recommended schedule na.bhsl.com

Foxtron Power - Forklift Battery Guide (safety precautions, sulfation signs, equalize
usage foxtronpowersolutions.com

Redway Tech - Importance of manuals and logs (ANSI compliance via maintenance
logs, downtime reduction redway-tech.com

OSHA Sample Checklists - Daily operator checklist including battery check
(osha.gov)

Flux Power - Charger compatibility FAQ (importance of matching charger to
battery chemistry and voltagefluxpower.com

Michaels Energy - High-frequency vs older chargers efficiency (HF improves
charging efficiency and battery life michaelsenergy.com




14. OSHA Alliance Guidance - Importance of planned battery maintenance for safety
and compliance ssents.com



