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maintenance & restoration Prop Talk Putting power into motion JEFF SIMO N



I



t is the most critical airfoil on your aircraft. It routinely cruises at airspeeds in excess of 500 mph. It operates under enormous stress, pulling, spinning, and flexing. And it does all this while being slowly eroded by sand, rain, and the occasional small rock. When was the last time you really paid attention to your propeller? Pilots want the best performance the aircraft can provide. They wash it, wax it, and keep the oil off the belly in an effort to help the aircraft slip through the air with the greatest of ease. But if the power of the engine is not efficiently converted into thrust, all that effort has been in vain. A propeller is best thought of as an airfoil, because that is exactly what it is. It generates thrust in exactly the same way wings generate lift: Bernoulli’s principle. As the operator of this spinning wing, you can control two things: the airspeed of the wing and the angle of attack. This is how you manipulate the amount of thrust the propeller provides. If you have a constant-speed propeller, you have direct control of the angle of attack and the airspeed of the propeller while you are flying. With a fixed-pitch propeller, your in-flight control is limited to the airspeed. With either type of propeller, it is still the airfoil that is doing the lion’s share of the work. This is why aircraft manufacturers experiment with many different propellers before selecting just the right one.



the backside of the propeller that faces the aircraft. The face and leading edge take the brunt of the wear and damage incurred by normal operation. Other terms, such as leading edge, chord, thickness, and so on are identified in the same way as on a wing. The blade angle is measured against the plane of the propeller hub, but is most often described by the “pitch” of the propeller. Propeller pitch is the theoretical distance that the propeller would travel in one rotation without any efficiency loss. It is measured at a point three-fourths of the way from the hub to the propeller tip. Imagine the propeller angle at this point screwing forward through a solid substance and you’ve got the concept of pitch. Every propeller is made up of a number of blades, each one with its own designation. Even a fixed-pitch propeller has a No. 1 blade and a No. 2 blade. It is critical that all blades are balanced against each other and have the same length and pitch. The propeller’s model designation conveys both its size and design. For example, a common Sensenich propeller model is the 74DM6-0-60. In this designation, “74” is the basic propeller diameter (74 inches), “D” represents the blade design (airfoil, chord, etc.), “M6” denotes the hub configuration (how many bolts, etc.), “-0-“ means that 0 inches have been cut off from the basic diameter, and “-60” is the pitch in inches at the three-fourths radius station. Designers carefully orchestrate the combination of blade pitch, length, and airfoil in order to produce the best performance for a particular aircraft. But as the years go by, the propeller is affected by wear just as any other part of the airplane is. The prop “wears” through erosion, overstressing,



Unfortunately, few owners know their propeller’s TBO–or even the total hours on their propellers.



Propeller Basics Knowing the terminology will make it easier to understand and evaluate propeller issues. First of all, the blade “face” is 118
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and damage. As the aircraft owner, it is your job to ensure that your propeller remains both safe and efficient. The efficiency and performance of a propeller is greatly affected by its condition. A rough leading edge or blade face can add significant drag and greatly reduce overall performance.



Every preflight checklist should include a careful inspection of the propeller. Nicks and dings from rock strikes are easy to see and should be dressed carefully by a mechanic. Without proper inspection and repair, it’s impossible to tell how extensive the damage might be. Even small nicks are important to dress out in a timely manner. Nicks represent a stress point in the propeller that, in severe cases, can progress to a complete propeller failure in ﬂight. And throwing a propeller blade can unbalance the engine enough to
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Propeller Maintenance



Every propeller blade must be carefully evaluated, dimensionally checked, and inspected for cracks.
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cause the engine to depart the airframe, rendering the aircraft uncontrollable. Repairing propeller damage is not legal preventive maintenance on a certified aircraft, but you may do some basic work if you are supervised by a licensed mechanic. If you own an experimental aircraft, you can do the work yourself, but it still pays to get advice from an expert. After all, you can remove metal from a propeller, but you can’t put it back. The rule of thumb for dressing out minor propeller damage is to dress out the repair 10 times the depth of the damage. For example, if you have to file down 1/8 inch to get to the bottom of a ding, you must dress out the repair 5/8 inch on either side of the center of the ding for a total repair span of 1-1/4 inches. This practice smoothes out the repaired area, blends it with the rest of the propeller, and removes any chance of a stress riser. Maintenance on the hubs of constant-speed propellers is far more complex and, other than routine lubrication, should only be performed by a propeller-maintenance facility. Lubrication of the propeller hub keeps the mechanism operating smoothly, and changing the grease will help eliminate contaminants that can cause corrosion. However, it must be done according to the manufacturer’s exact instructions and only with the specified grease. Regular oil changes are also very important in aircraft with constantspeed props. Because engine oil is the medium for controlling propeller pitch, ensuring that the oil is clean will reduce the chance that the propeller and governor will have problems caused by sludge or water contamination. Wooden propellers are truly works of art and should be treated as such. They should be inspected regularly for damage and delamination. The varnish coating serves a critical role in protecting the propeller from moisture damage and should be carefully maintained. In addition, the compressible nature of wood requires that the torque on the propeller bolts be checked regularly. If 120
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moisture enters the wood, it can swell and then become loose after drying out. Typically, propeller torque should be checked 25 hours after installation and every 50 hours thereafter.



Some signs of propeller damage are obvious. However, other forms of damage, such as blade angle issues, tracking problems, corrosion and small cracks, are far easier to detect during an overhaul by a propeller maintenance facility. Almost every aircraft owner knows the TBO and hours on their engine. Propellers also have TBO intervals that are based on both calendar and operating times. While overhaul requirements vary by manufacturer, most constant-speed propellers should be overhauled every five years or 1,000 hours, whichever comes first. Calendar time is important because corrosion in
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Propeller Overhauls



Every propeller station has a proper width, thickness and angle.



The technician uses a highly accurate protractor to measure the blade angle at each station.



the prop hub can render a propeller unairworthy without a single hour of operation. Regular lubrication goes a long way to reducing the potential for internal corrosion, but only disassembly and inspection will ensure that the propeller is airworthy. Constant-speed propellers gener-



ally receive regular maintenance and overhauls due to the complex pitch actuation mechanisms and high cost of maintenance neglect. Fixed-pitch propellers, on the other hand, are often neglected. This neglect can be very dangerous. It may surprise you, but even fixed-pitch propellers have
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maintenance & restoration



Changing the pitch of a propeller is a delicate balance of brute force and careful measurement.



TBO requirements. Unfortunately, few owners know their propeller’s TBO—or even the total hours on their propellers. Fixed-pitch McCauley propellers should be overhauled every seven years or 2,000 hours, while Sensenich recommends propellers be overhauled after 2,000 hours of operation. All propellers, even fixed-pitch ones, should have a logbook. This is the best way to track hours, serial numbers, ADs, repairs, and routine maintenance. During a propeller overhaul, the propeller is disassembled and cleaned. All components are inspected for cracks and excessive wear. Then the propeller blades are dimensionally checked and the pitch is checked at every station along the length of the blades. The blades are inspected for cracks using a dye penetrant or other inspection technique and then ground to remove corrosion and minor damage. Finally, the blades are painted to protect against future corrosion.



Performance Modifications The most common propeller modiﬁcation is changing the pitch of a ﬁxedpitch propeller. Fixed-pitch aircraft are essentially one-gear machines. When you change the pitch, you change 122



APRIL 2006



the performance. Lowering the pitch reduces the angle of the blades and increases the speed the propeller can turn. Such a prop is generally referred to as a climb prop, because the prop is optimized for climbing at the expense of cruise speed. Increasing the pitch can increase cruise speeds, as long as the engine can handle the increased load. Not surprisingly, such a prop is called a cruise prop. It will lead to reduced climb rates and longer takeoff runs. As a rule of thumb, every inch of pitch change will reduce or increase the resulting engine rpm at the same power setting by 30-50 rpm. When changing the pitch of a propeller, there are a few things to keep in mind. First, if the aircraft is certified, only certain pitches are legal for the propeller. Second, different blade angles can introduce different vibrations. Some of these can be very damaging, so it pays to be cautious. And third, all fixed-pitch propellers have a limit to the amount that they can be bent. This limit is cumulative and is commonly limited at 8 inches. For example, if you start with a propeller pitch of 60 and increase it to 66, you can only bend the propeller pitch 2 more inches for the life of the



propeller. It doesn’t matter which way the propeller is bent; it’s the cumulative travel that matters. This is why knowing the history of a propeller is so important. If you buy a used propeller that has already been re-pitched 8 inches, you have no room left to make future changes. If you have never witnessed the re-pitching of a propeller, I encourage you to pay a visit to your local propeller shop to check it out. It’s an amazing ballet alternating between brute force and delicate measurement. First, the shop uses highly accurate protractors to measure the exact angles at every station along the propeller blades. Then they pull out a big, and I mean BIG, pry bar with a fork on the end. This 6- to 8-foot steel pry bar is positioned on the propeller blade and the technician pulls down or pushes up to twist the blade. The technician measures the new blade angles and repeats the operation as necessary. Watching this operation will give you new respect for the strength of your propeller. Changing the pitch is not easy. Another performance modification is to alter the shape of propeller tip to reduce drag and increase efficiency. Modern propeller designs include all sorts of unique tip shapes, including the bent “Q-tip” propellers and angled, airfoil tips. Companies such as AMR&D (815/338-7347) hold STCs for modifying stock propellers for increased performance. Overall, the best thing you can do to increase the performance of your propeller is to keep it in top condition. Avoid pulling the aircraft around by the propeller; that’s why tow bars were invented. Maintain it regularly. Keep the face and leading edges smooth and free of corrosion and you’ll ensure that you’re getting the best your propeller has to offer. Jeff Simon is the president of Approach Aviation, which provides educational products, tools, and supplies for aircraft owners. To learn more about aircraft ownership and maintenance, visit Approach Aviation at www.ApproachAviation. com, or call 877/564-4457.
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