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Maintenance & Restoration: Charging Ahead

Within this system, the battery has two main jobs. This first is to act as ... Check the security of all battery hold-down hardware and straps, and replace such when ... 
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maintenance & restoration Charging Ahead



An electrifying look at batter y problems ROBER T N. R OS SIE R



M



any pilots don’t pay enough attention to the airplane’s battery, at least not until the starter won’t crank. Neglect and mistreatment often conspire against the battery, causing countless problems. But the more we know about the battery and the electrical system, the more likely we are to give it the attention it needs.



Battery Biology 101 The standard lead-acid battery common to most light general aviation aircraft is a powerful chemical energy storage system, more compact than its automotive counterpart and designed to operate in a rigorous environment of rapidly changing temperatures, pressures, and altitudes. Inside its plastic casing are banks of closely spaced lead plates bathed in a solution of sulfuric acid and water, with vented caps and two external electrical connectors forming the interface with the outside world. Within the battery, electrical energy is stored as chemical energy. To create electricity, lead dioxide from the positive plates and lead from the negative plates react with sulfuric acid to form lead sulfate, water, and electrical energy. The energy flows in the form of electrons from the negative terminal through the load (electric motor, lights, radios, etc.) back to the positive terminal of the battery. In essence, the sulfur is stripped out of the sulfuric acid and is bonded to the plate, leaving the electrolyte a slightly weaker acid. As the battery is charged, the process is reversed. The electrical energy drives a chemical reaction that converts lead sulfate and water back to lead, lead oxide, and a more potent sulfuric acid. 100
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Battery ratings tell us how a battery can perform. The most common ratings we deal with are voltage, amperehour rating, and emergency capacity. Typical aircraft batteries are either 12- or 24-volt devices. The total amount of energy is measured in ampere-hours, with amperes (amps) representing the flow of electrical energy or current. In simple terms, the amp-hour rating of a battery tells how much current it can provide over a period of time when properly charged. For example, a 40 amp-hour battery can theoretically produce 40 amps for an hour, 20 amps for two hours, or 10 amps for four hours. Perhaps more important is the “30-minute emergency capacity.” This is the amount of electrical energy the battery can deliver in a 30-minute period. It’s a reasonable number



While a slow-turning starter is a sign of trouble, keeping an eye on the electrical gauges in the cockpit can also alert us to problems before they become serious. to use for emergency planning purposes. Of course, this only applies to a fully charged battery. Measuring the specific gravity of the electrolyte in a battery can give us a good idea of its charge status. A high specific gravity means the acid is strong, and thus the battery has a high level of potential chemical energy. A low specific gravity means the acid is weak, and thus the potential chemical energy is low. While the chemical state of the electrolyte might indicate the charge of the battery, it doesn’t necessarily tell us how much electrical energy it can produce.



The Electrical System The battery is an integral part of an aircraft electrical system, the primary components of which include the alternator (or generator), voltage regulator, circuit breakers, fuses, switches and wires, and the various electrical components that we hope to power, such as motors, lights, and electronics. The heart of the electrical system is the alternator, which creates electrical power and is sized to meet the electrical demands of the various installed components. The voltage regulator controls the voltage output of the alternator to prevent high voltages that can cause damage to electrical components—including the battery. A system of wires delivers the electrical energy to the various components, using circuit breakers to protect against excessive current and switches to control the operation of the components. Within this system, the battery has two main jobs. This first is to act as a reservoir of electrical energy to start the engine. The second is to provide emergency power in the event of an alternator failure or excessive electrical loads. The battery also provides a means to power up the aircraft electrical system while on the ground before the engine is started. Usually the battery is only needed for a brief period to power the starter. Once the engine is running, the alternator output quickly recharges the battery. There may be rare occasions when the battery is called upon to help meet brief or intermittent demands in flight. And when the alternator or generator suffers a problem, we count on the battery to power the electrical system—at least for a while. The battery can’t meet the normal electrical demand of the aircraft indefinitely, but if we curb the current flow, it can keep the critical circuits and components functioning long enough to reach safety.



Taking a Toll Over time, the ability of the battery to undergo its internal chemical reactions and provide its rated power diminishes. One reason for this is a process called sulfation, in which sulfate ions in the electrolyte become more strongly bonded to the lead plates, and sometimes form sulfur crystals. Eventually, no amount of charging will break these bonds, and the capacity of the battery is reduced. Chronic undercharging of the battery is a primary cause of sulfation; however, exposing the battery plates to air will also cause this. Another factor that degrades battery performance is called “shedding,” a process where material is actually lost from the lead plate. This is typically caused by excessive charging rates—charging the battery too quickly or with excessive charging amperage—and can have other negative effects as well. Too high a charging amperage causes excessive heat, which tends to boil off the electrolyte, spilling the acid in places it should not go and leaving the plates exposed to air when the charging ceases and the battery



BATTERY CARE BASICS



• Wear latex gloves and eye protection when performing battery maintenance, and avoid putting your face directly over an open battery vent. • Charge a new battery before installing it in the aircraft. New batteries do not have a full charge, and the aircraft charging system is likely to overcharge and damage the battery. • Avoid excessive charging rates when charging the battery, as this can overheat the battery and cause buckling of the plates. Observe a 4-amp limit, or as specified by the manufacturer. • Keep the battery charged, especially during the winter when it may be used infrequently. Use a trickle charger to maintain the battery over extended periods of non-use. • Remove the battery from the aircraft before charging it, and complete the charging in a well-ventilated area. Explosive hydrogen gas is generated in the charging process. • Maintain the proper electrolyte level by adding pure, distilled, and demineralized water. • Clean up electrolyte spills promptly using a commercially available neutralizing agent or a baking soda and water solution. • Charge the battery immediately after adding water to the electrolyte. • Never pry or hammer the battery cables from the terminals, as this can cause internal damage to the battery. • Use proper torque settings for the terminal bolts to avoid damage while ensuring a good connection. • Check the security of all battery hold-down hardware and straps, and replace such when their integrity is suspect. • Verify that the grommets for the battery leads are in good conditions. Poor or missing grommets can cause damage to the battery cable, including shorting and arcing. • Check the specific gravity of each cell with a clean hydrometer to verify the charge condition of the battery. • Remove the battery cables and clean the terminals periodically to remove corrosion and maintain integrity of the electrical connections. • When removing and replacing the battery, always disconnect the negative terminal first, and reconnect the positive lead first to reduce the chances of arcing.



cools. High temperatures can also cause the plates to buckle, causing severe internal damage. Another problem can develop when a battery is not charged at a high enough rate. During normal charging, gas bubbles rise from the plates, which mix up the electrolyte and maintain its consistency. When the charge rate is too low, no mixing occurs, and the electrolyte can become EAA Sport Aviation
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maintenance & restoration stratified. When this occurs, the lower portion of the plates is bathed in the heavier electrolyte, and the sulfation process occurs, in essence “deadening” the lower portion of the plates. Contamination of the electrolyte is another cause for battery degradation. If ordinary tap water or non-distilled water is used to replenish the battery cells, minerals from the water can coat the plates, which lessens their ability to support the necessary chemical reactions associated with charge and discharge of the battery.



The Usual Suspects When it comes to typical battery problems, a variety of minor malfunctions can result in mayhem. One common culprit behind battery problems is the voltage regulator. The charging system is essential to the health and safety of the battery. If the voltage regulator is malfunctioning or set improperly, the result can be overcharging or undercharging of the battery, and either scenario is apt to cause damage to the battery. It’s often said that 95 percent of all electrical problems are mechanical. While that statistic may be debatable, the overall concept endures. Poor mechanical connections draw power from the electrical circuit, meaning more battery power is needed to accomplish the same electrical job. A loose battery connection, for example, causes high resistance, robbing the system of power during engine start and causing slow cranking. Likewise, internal cable corrosion—particularly with When performing battery older aluminum cables— maintenance it is important to quickly converts starting wear latex gloves and clean amps into pure, wasted heat. the battery with a neutralizing Over time, moisture within solution so that it can be the cables and wires will handled safely. cause corrosion, diminishing the integrity of the circuit and reducing the amount of current that can be carried. Similarly, corroded cable connections are poor conductors of electricity, and the problem may be hidden by protective boots and sheaths at the connection. Problems that are more specific can occur right around the battery. As the battery charges, hydrogen gas and sulfuric acid vapors escape from the vents, accelerating corrosion at the battery terminals and exposed portions of the cable. Rubber boots installed over the battery terminal connections are designed to protect against environmental damage, as well as inadvertent contact with other metal surfaces. 102
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Monitoring the Situation While a slow-turning starter is a sign of trouble, keeping an eye on the electrical gauges in the cockpit can also alert us to problems before they become serious. However, not all charging system gauges tell the same story. There are two distinct varieties of ammeters: the load meter and the charge/discharge type. Aircraft designs usually incorporate only one type, so it’s important to understand which one the aircraft has, and what exactly it tells us. The load meter type typically has a “zero” indication on the left and is often marked “load meter” or “alternator amps.” It tells us the electrical load on the alternator in amperes. The more electrical components we turn on, the greater the load indicated on the meter. This type of meter is helpful when monitoring the system, as it can indicate when a situation is out of normal bounds.



TEMPERATURE EFFECTS



An aircraft battery is a chemical reactor, and the chemical reaction that drives the output of the battery is significantly affected by temperature. In the summer season, a battery typically has little problem cranking up the needed current, but in the cold of winter, the chemical reaction slows, and it simply can’t provide the same rate of discharge. For a typical battery with a 100 percent capacity at 80°F, the capacity will only be 65 percent when the mercury drops to 32°F, and a meager 40 percent when the temperature straddles the zero degree mark. This has a marked effect when it comes to cold weather engine starts. To make matters worse, cold engine oil has a much greater viscosity, and thus more energy is needed to turn the engine over when cold than when warm. Another factor can play havoc with a battery in cold weather. As a battery loses its charge, and the electrolyte becomes weaker, its freezing point rises. Where the freezing point for the electrolyte of a fully charged battery is in the range of -90°F, that same battery will freeze solid at 19°F if the charge is lost. Freezing can cause internal damage to the battery, or cracking of the battery case. For these reasons, it is important to maintain a full battery charge during the winter months.



The other type of ammeter, the charge/discharge type, tells us what’s going on with the battery. A positive value indicates the alternator is generating current, while a negative value means the battery is supplying the current. Finally, some aircraft are equipped with a voltmeter that reads the battery or system voltage, and these can be a vital element in detecting problems. Before engine start, such a meter will read the battery voltage, which should be close to the rated voltage of 12 or 24 volts. Once the engine starts and the alternator is running, the voltage should jump to about 14.2 volts for a 12-volt system, or roughly 28.4 volts



for a 24-volt system. If the voltage reads above these values, or still reads the battery voltage when the alternator is operating, it’s time to have the system checked. Low battery voltage is a sure sign the battery or electrical system requires servicing.



Maintenance Matters A variety of preventive maintenance measures should be accomplished at regular intervals to ensure proper battery operation and longevity. Manufacturers generally recommend servicing the battery at intervals of 50 operating hours or every six weeks. Such servicing should include checking the electrolyte levels, verifying the specific gravity of the cells, filling the cells with distilled and de-mineralized water to the appropriate level, and recording the battery voltage before and after charge. As part of the routine inspection, check for loose battery cable connections, for indications of electrolyte spillage, and that the battery is properly secured. Guidance on battery maintenance to be completed as part of annual and 100-hour inspections are found in FAR 43 Appendix D, paragraph c(6). These regulations require only that the battery be checked for improper installation and improper charge, but it pays to dig into it.



MAINTENANCE-FREE BATTERIES



While vented lead-acid batteries are still the standard of the light aircraft market, another option available to many aircraft builders and owners is maintenance-free batteries, or recombinant gas (RG) sealed lead-acid batteries. Rather than a free liquid electrolyte, the electrolyte is absorbed in silica glass mat separators between the individual plates. A positive pressure is maintained within the cells to prevent leakage of fumes, and the oxygen and hydrogen that evolves during the charging cycle is recombined within the battery to form water. These batteries offer the advantage of not requiring routine maintenance. Generally, the first step in servicing the battery is to remove the battery box cover and disconnect the cables (negative cable first) from the battery. Next, remove the battery from the battery box and clean it with a neutralizing solution so it can be handled safely. It should be checked for any cracks or signs of bulging that would suggest internal damage. The battery posts should be cleaned and checked to see they meet or exceed the minimum diameter. Gently shake the vent caps to ensure the internal check valves are operating. While testing the specific gravity of the cells of a battery
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maintenance & restoration may tell us its charge state, it doesn’t tell us anything about how much power is available from the battery. The battery capacity or load test applies a load to the battery and then measures the amps delivered over a 30-minute period. This test verifies whether the battery can provide its rated emergency power. If the battery does not provide at least 80 percent of its rated 30-minute emergency capacity, then it should be replaced. After successfully completing the battery capacity test, it must be recharged prior to reinstallation in the aircraft.



Beyond the Battery It’s also critical to check the condition of the battery box and associated structure that keeps the battery securely attached within the airframe. As part of the inspection, look the battery boxes over carefully, removing the internal pad at the bottom of the box (if installed) to check for corrosion. Check the blocks that secure the battery, and verify the condition of the battery cable grommets. Make certain the battery box drain line is secure and that no blockages exist. Check for signs of leaks in the box itself and any resulting corrosion to structure or nearby cables. Corrosion should be removed, and if painting is desired, an acid-proof paint should be used.
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Operating Considerations A number of considerations should be kept in mind when a low battery condition develops. First, a battery should never be discharged below its 30-minute emergency capacity. While the electrical system may appear to be operating normally, an alternator failure that occurs before the battery is recharged could result in a total electrical system failure long before otherwise expected. In fact, if the battery has discharged too far, it won’t provide enough power to excite the alternator field, thus the alternator won’t work and the battery won’t recharge. If the alternator is operating, it could deliver a high enough rate of charge that causes the battery to overheat, possibly causing internal damage. The bottom line is simple: If a battery goes flat, have it removed, recharged, and tested to verify it’s in airworthy condition. Robert N. Rossier has been flying for more than 30 years. A former aerospace engineer and flight school manager in Colorado, he spent 12 years flying for a small airline/charter service in the Northeast, serving as chief pilot and check airman. He has been writing for the aviation industry for nearly 20 years and was the recipient of a 2001 Aerospace Journalist of the Year Award.
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