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Maintenance & Restoration: Your Aircraft Vacuum System

Vacuum pump failures are considered commonplace, and it's hard to imagine flying in instrument conditions without some form of backup attitude system. 
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t’s hard to get pilots to agree on much, but ask 10 instrument pilots what the least reliable part of their aircraft is and you’re likely to get the same answer from each of them: the vacuum pump. Vacuum pump failures are considered commonplace, and it’s hard to imagine flying in instrument conditions without some form of backup attitude system. Unfortunately, vacuum pump manufacturers haven’t exactly been running to the defense of their products. In 2000, Parker Hannifin began a series of annual mailings to aircraft owners concerning the reliability of its Airborne line of vacuum pumps. These notices included such confidence-building phrases as “air pump life cannot be accurately predicted” and “air pumps can fail without warning,” as well as the ever-popular “a backup pneumatic power source for the air-driven gyros, or a backup electric attitude gyro instrument, must be installed in all aircraft that fly IFR.” Fortunately, the reality about vacuum pump performance is not nearly as bad as you may have been led to believe. In fact, the combination of newer pump technologies and proper maintenance can make your aircraft’s vacuum system as reliable as any other system on the aircraft. It just takes a solid understanding of how the system works, how it fails, and what you can do to increase its reliability.



Vacuum System Basics Vacuum systems evolved early in aviation, as soon as there was a need to power gyroscopic instruments for navigation. The mechanical gyro could be kept spinning at a 84
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constant rate by pulling air over a rotor vane inside the gyro. This also allowed for placing more than one gyro in series to utilize a single air source for all gyro power in the aircraft. Using a vacuum rather than a positive pressure flow made it easy to regulate the pressure and provide for clean intake air through a filter inside the aircraft. It was an eloquent solution in a time before today’s modern electric motor technology. At the time, the simplest source for this vacuum was an external venturi. Today, a number of aircraft still employ



Fortunately, the reality about vacuum pump performance is not nearly as bad as you may have been led to believe.



venturis as a vacuum source. Venturis have a number of drawbacks, including limited power, aerodynamic drag, and susceptibility to icing. Therefore, the vacuum pump was the next logical evolution in vacuum system design. By using a pump as a source of airflow, higher power capabilities could be achieved. In addition, both the inlet and outlet pressure for the pumps could be used for multiple tasks. While the intake side of the pump was plumbed to the gyros of the aircraft, the exhaust side could be plumbed for use as a pressure source to inflate de-icing boots. Pressure systems also exist that power the gyros from the pressure side of the pump, but this is less common. A typical vacuum system consists of an intake filter, followed by a pressure regulator and a vacuum gauge.



Specialty tools are necessary for reaching the nuts on the vacuum pump, especially the dreaded “hidden” nut (located on other side of pump).



Next, the air flows through the gyroscopic instruments and, finally, to the vacuum pump. On most single-engine aircraft, the pump outlet simply exhausts the pressure side into the engine cowl. However, on twin aircraft with de-icing boots, two vacuum pumps are combined to provide a redundant vacuum source, while one of the pumps includes an additional regulator and a series of valves to direct the exhaust air for use to inflate the boots. Two types of vacuum pumps emerged to provide the power for the system: wet pumps and dry pumps. Wet pumps were the first to arrive on the scene. They were very reliable, but they were heavy, and problems controlling the oil in the exhaust pump made dry pumps more desirable.



Dry pumps Today, dry pumps are the standard for powering most aircraft gyro systems. While dry pumps are a lighter and simpler form of vacuum power than wet pumps, they are relatively fragile and can be a weak link in a very critical aircraft navigation system. Dry vacuum pumps consist of an elliptical chamber, within which a circular rotor spins that has floating vanes to seal against the sides of the chamber. The vanes ride up and down in their slots, following the contour of the pump chamber, pulling air out of the intake ports and pushing it out of the exhaust ports. In most pumps, both the rotor and vanes are made from a self-lubricating carbon material.



Newer vacuum pumps such as this Tempest pump have many design improvements that increase pump reliability.



How Pumps Fail Contrary to what you may have heard, dry vacuum pumps don’t spontaneously fail. Extreme wear, contamination, overheating, or mishandling cause almost every pump failure. The housing, carbon rotor, and vanes are produced EAA Sport Aviation
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maintenance & restoration be installed on the engine. In addition, ham-fisted mechanics can doom a pump to an early failure when using a vise on the pump to remove or install fittings. Finally, overworking and overheating both can cause failures. In most cases, this kind of damage is the result of problems in other parts of the vacuum system. Faulty regulators and de-icing components, as well as kinked hoses and fittings, place an extreme workload on the pump. This causes excessive backpressure, which leads to flank wear and, ultimately, vane failure.



Advances in Dry Pump Designs



Rotor vane wear can be easily inspected through Tempest’s Wear Indicator Port.



to extremely tight tolerances to work properly. However, carbon is very brittle, and both the vanes and rotor will crack if they jam in the pump. The most common cause of failure is excessive wear of the rotor vanes. The vanes float in a very tight tolerance slot in the rotor, and the vanes wear against the pump chamber wall as they ride up and down. Over hundreds of hours, the vanes become shorter until they reach a point where they are no longer properly supported by the rotor. Once this happens, the vanes can chatter and become “cocked” at an angle in the slot, jam, and shatter as the pump turns. The vanes can also wear in the slot, allowing play, which contributes to this problem. This is known as “flank wear” and it progresses as the vanes get shorter. Excessive pressure from either poor pressure regulation or from high-demand applications can also contribute to flank wear. The second most common form of pump failure is caused by contamination inside the pump. Pieces of rubber hose, Teflon tape, or carbon shards from a previous pump fail86
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ure can get ingested, jam the vanes, and destroy the pump. Oil is another known enemy of vacuum pumps. Oil can damage vacuum pumps in a number of ways. The most common is by destroying the drive coupling. The drive coupling connects the vacuum pump to the engine gears and is designed to shear in the event of a pump failure in order to protect the engine. The coupling has a service life of six years. However, exposure to oil through a failed Garlock seal on the engine will quickly erode the coupling and lead to an early failure. On many vacuum pumps, the coupling is exposed in the vacuum pump pad design. This makes it easy to accidentally get oil and other contaminants on the coupling when servicing or washing the engine. In addition, if the pump is not properly protected while washing the engine, oil and solvents can enter the pump through the exhaust port and induce pump failure. Mishandling continues to be a problem when installing new vacuum pumps. Just like a spark plug, a pump that has been dropped should never



There have been recent, notable improvements in vacuum pump design that promote reliability. Tempest has been one of the leaders in this area with the introduction of its Tempest Tornado line of vacuum pumps. This new design incorporates a number of features that increase reliability and make it much easier to monitor the health of the pump. The first feature, and most important, is the wear indication port (WIP). This is a port on the pump that allows a mechanic to check the wear of the rotor vanes. It’s a simple check that doesn’t require removing the pump from the engine. You simply unscrew the WIP and conduct a visual check of the remaining length of the vanes. Since vane length is directly related to the reliability of the pump, this is an easy go/no-go inspection. Next, Tempest elongated and chamfered the ports in the pump chamber to increase airflow and reduce vane stress. They also added a six-finger (vs. three), stainless-steel rotor drive and enclosed the drive shear coupling to protect it from the elements. Another company making changes to traditional pump designs is Sigma Tek. Its traditional dry pump utilizes an aluminum rotor with composite vanes. It has also recently introduced a piston-based pump design that eliminates rotor vanes.



Make Your Vacuum Pump Last Making your pump last begins with proper installation. If the previous pump has failed, it is critical to clean or replace all vacuum hoses in order to eliminate carbon pieces that could quickly destroy the new pump. All hoses should be inspected to ensure that they have no internal deterioration that could cause rubber pieces to be ingested into the pump. All filters should be replaced as well. Next, the existing Garlock oil seal should be replaced on the pump pad. Even if the seal is not leaking, it is important to replace it. These seals have a finite service life and using an old seal with a new pump is a false



There have been recent, notable improvements in vacuum pump design that promote reliability. economy. The seal can be difficult to remove, so it usually makes sense to remove the pump spacer from the engine so that the seal can be removed on the bench. Installing the new pump on the engine can be tricky. There is a single, infamous nut on the mounting flange that cannot be reached with traditional tools (I’d love to meet the original designer). Rarely have so many specialty tools and tricks been developed just to remove and install a single nut. A number of companies have developed special vacuum pump wrenches that make it possible, but not completely simple, to reach this nut. The Tempest version is especially helpful because it includes a magnet that helps prevent the nut from falling into the cowling. One note: If you do remove a magneto in order to make it easier to remove the pump, be sure to plug the open hole in the accessory case with a rag. A single nut or washer falling into the accessory case will ruin your whole week. Bob Booth of Aircraft Services of EAA Sport Aviation
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Answer: Yes you do!* * Question: Do I need one of these? Find out why at:



www.ellison-tbi.com



Carburetors You Can Bank On! Ellison Fluid Systems Inc. • 350 Airport Way • Renton, WA 98055 • 425-271-3220



New England showed me a neat trick for getting the nut started on the stud. You cannot reach this area with your hand, so you need some other way of getting it on. Begin by cutting a 1/4-inch-thin strip of electrical tape about 8 inches long. Wrap the tape around the perimeter of the nut about four to five times clockwise. Leave a “tail” of about 6 inches to hold onto. Using a right-angle pick, carefully place the nut at the end of the stud. Next, slowly pull on the tape while lightly pressing the nut against the stud with the pump body. A few turns and it’s threaded on the stud. Spin it to the base and use a pump wrench to finish the job. A final note: Never use a screwdriver or chisel and hammer to “tap” the nut and tighten it. Use the right tool for the job, period. Finally, when installing the fittings onto the pump, never put the pump body into a vise. They can usually be installed when holding the pump, or while the pump is on the engine. Never use Teflon tape. Just install the fittings hand tight and then use the box end of a wrench for no more than a single turn. Maintained properly, vacuum pumps can be a very reliable component of the aircraft. Inspect the base of the pump for oil leaks before every flight and make sure that the rest of the vacuum system is working properly. Carefully protect the pump when cleaning the engine and inspect rotor vane wear beginning at 600 hours and every 100 hours thereafter. A backup system is still critical for every instrument flight rules (IFR) aircraft. However, if you follow these simple guidelines, you’ll stand a much better chance of never needing to use it. Jeff Simon is the president of Approach Aviation, a provider of educational products, tools, and supplies for aircraft owners. To learn more visit Approach Aviation at www.ApproachAviation.com, or call toll-free 877-564-4457.
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