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Aircraft Vacuum Systems Why they fail and tips for installation JEFF SIMON, EA A 478233



A



ircraft vacuum pumps are one of the most critical yet controversial components in any generalaviation aircraft. Vacuum power drives the gyros, supports the autopilot, and produces the air pressure for de-icing boots; all are critical to safe instrument flight rules (IFR) navigation. The source of vacuum power on most general aviation aircraft is dry, rotary-vane-style pumps that are lightweight and self-lubricating. The controversy and challenge lie in the fact that these pumps are also one of the least predictable devices on the aircraft, in terms of failure. And when they fail, it is usually catastrophic, with no residual vacuum power at all. Predictability is the holy grail of aircraft design and maintenance. It’s not critical that an aircraft component last forever, just that we know when it’s likely to fail so that we can repair or replace the component proactively. That’s the concept behind TBOs (time between overhauls) and life-limited parts. In theory, vacuum pump life should be extremely predictable. Pump manufacturers have studied pump life closely enough to be able to accurately predict vane wear over time. It would be logical to conclude that if we know exactly how a component will wear over time, we should be able to replace the component well before that wear becomes a safety issue. Unfortunately, excessive wear is only one of many ways a vacuum pump can fail. The remaining failures are caused by issues outside of the pump itself. Therefore, if we want to increase the reliability of the vacuum pump, we need to address the health and maintenance of the entire vacuum system.
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Vacuum System Basics As soon as gyros were implemented for aircraft navigation, there was a need to power them. Vacuum power was an excellent solution that could be used to power multiple gyros from a single power source. By pulling air over a rotor vane inside the gyro, the mechanical gyro could be kept spinning at a constant rate. 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



Unfortunately, excessive wear is only one of many ways a vacuum pump can fail. The remaining failures are caused by issues outside of the pump itself. before today’s modern electric motor technology. A typical vacuum system consists of an intake filter, followed by a pressure regulator and a vacuum gauge. The air then 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. The first vacuum pumps were “wet pump” designs. They used oil as a lubricant and were very reliable.



However, they were heavy and had a tendency to exhaust oil onto the pressure side of the pump. This oil vapor in the exhaust is messy, and if the pressure side is to be used for de-icing boots, it must be separated out before the air reaches the boots, since oil can cause the rubber boots to deteriorate. Eventually, dry pumps were created as an alternative solution. Dry pumps are a lighter and simpler form of vacuum power than wet pumps. Dry vacuum pumps consist of an elliptical chamber, within which a circular rotor spins and 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. Dry pumps have become the standard source of vacuum power in modern piston aircraft. However, they have also proven to be a weak link in a very critical aircraft navigation system.



Why Pumps Fail



Since vane wear is the single, predictable failure mode, some pump manufacturers have made improvements in the ability to inspect the length of the vanes. This way, pumps can be removed from service before the vanes become critically short. One example is the Tempest Tornado line of vacuum pumps, which include a wearindication port (WIP) on the back of the pump housing that allows a mechanic to check the wear of the rotor vanes. It’s a simple check that does not require removing the pump from the engine. You simply unscrew the WIP and conduct a visual check of the remaining length of the vanes, making a simple go/no-go decision. Contamination—Aside from pump wear, failures can often be traced back to some form of pump contamination. Anything that gets inside the pump can cause the vanes to jam and fracture. This includes tiny pieces of rubber hose, Teflon tape, oil, water, or even carbon shards from a previous pump failure. When a pump fails, it can send carbon pieces back upstream into the vacuum lines. 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 also be inspected to ensure that they have no internal deterioration that could cause rubber pieces to be ingested into the pump. If you do find significant carbon in the system, you might want to have the gyros overhauled at the same time. The same contamination that can cause a pump to fail can cause early gyro failure



As I mentioned earlier, the challenge with a dry pump is that when it fails, it fails catastrophically and without warning. Vacuum pumps are designed to extremely tight tolerances, and the carbon rotor and vanes that make up the power section of a dry pump are very brittle. Anything that puts abnormal stress on the rotor of vanes can cause them to fracture and fail. That said, dry vacuum pumps not only fail spontaneously, but also due to one of four things: excessive wear, contamination, mishandling, or overheating. Excessive Wear—Wear is the one predictable, and preventable, factor in vacuum pump failures. The carbon vanes slide in and out of very tight tolerance slots in the carbon rotor as they follow the curvature of the pump chamber. They are designed to wear at a predictable rate, providing slick carbon dust that serves as lubrication for the system. 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, jamming in place and shattering as the pump continues to turn. The vanes can also wear in the slot, allowing play, and contribute to the 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 appli- When a rotor vane wears down too much, it can become cocked in the slot and cations can also contribute to flank wear. then jam and fracture.
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maintenance & restoration as well. Be sure to replace all filters at the same time. External contamination can also be a problem. If the pump is not properly protected while washing the engine, oil and solvents can enter through the exhaust port and induce pump failure. Vacuum pumps are also designed with a drive coupling that connects the vacuum pump to the engine gears and is made to shear in the event of a pump failure in order to protect the engine. The coupling is designed to have



a service life of six years. However, exposure to oil through a failed seal on the engine, or from around the engine, will quickly erode the coupling and lead to an early failure. Mishandling—There is no good reason for a pump to fail due to mishandling, but it does happen. A vacuum pump and a vise simply aren’t meant for each other. Ham-fisted mechanics who use a vise on the pump when removing/installing fittings can distort the pump enough to cause an early and unpredictable failure. Also, just like a spark plug, a pump that has been dropped should never be installed on the engine. Overheating and Overworking—Finally, overworking and overheating 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, can place an extreme workload on the pump. This causes excessive backpressure, which leads to flank wear and, ultimately, vane failure.



Tips for Vacuum Pump Installation



The vacuum pump drive coupling is designed to shear in the event of a pump failure in order to protect the engine.



Avoiding vacuum pump failure begins with proper installation. As mentioned before, the filters should be replaced and all hoses should be inspected to ensure that they are not deteriorated and do not have any residual rubber or carbon pieces that could be ingested into the pump. 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



It is essential to replace the Garlock seal any time a vacuum pump is changed. Removing the spacer from the engine is often the easiest way to replace the seal.
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Specialty tools are a necessity in order to reach the nuts on the vacuum pump, especially the dreaded “hidden” nut (located on other side of pump).



life, and using an old seal with a new pump is a false 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. Thanks to some “questionable” engineering, installing a new vacuum pump can be very tricky. There is a single infamous nut on the mounting flange that cannot be reached with traditional tools. Mechanics have developed all sorts of specialty tools and tricks over the years to get this nut on and off. They range from the crude but common screwdriver-and-hammer approach to special vacuum pump wrenches that make it possible, but not completely simple, to reach this nut. The Tempest name comes to mind again because its version of this wrench includes an integral magnet that helps prevent the nut from falling into the cowling. The easiest way to get at the nut is to remove the magneto. However, if you do this, 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. There are also a bunch of tricks out there for getting the nut started on the stud during installation. Bob Booth, of Aircraft Services in New England, taught me my favorite. Since you cannot reach this area with your hand, you need some other way to get it on. Begin by



If the pump is not properly protected while washing the engine, oil and solvents can enter through the exhaust port and induce pump failure. cutting a 1/4-inch-wide 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 on to. 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. Although you may have seen others using a screwdriver or a chisel and hammer to “tap” the nut and tighten it, this is not the right way to do it. Use the right tool for the job, period. Depending on the situation, hose fittings should be installed when holding the pump, or while the pump is on the engine. Never use a vise, and never use Teflon tape on the threads. Just install the fittings hand-tight, and then use the box end of a wrench for no more than a single turn. EAA Sport Aviation
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GET THE SKILLS TO GET IT BUILT
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“Riveting was pretty intimidating and I wasn’t sure I could build an aluminum airplane. The EAA SportAir Workshop took all the mystery out of it and did a great job showing just how easy it was. When I got home I ordered the quick-build kit and four years later I was ﬂying. Thanks to EAA SportAir for helping this builder complete his life-long dream.” portAir Workshops Works —Allen Checca, EAA #173766



BEGINS



DURATION



COURSE DESCRIPTION



LOCATION



Jan. 16-17



2 days



Composite Construction, Fabric Covering, Electrical Systems, Basic Sheet Metal, Test Flying Your Project, & What’s Involved in Kitbuilding Van’s RV Assembly Repairman (LSA) Inspection – Airplane Repairman (LSA) Inspection – Airplane Composite Construction, Discover Aircraft Building, Fabric Covering, Electrical Systems, Gas Welding, Basic Sheet Metal, Test Flying Your Project, & What’s Involved in Kitbuilding TIG Welding Composite Construction, Fabric Covering, Electrical Systems, Basic Sheet Metal, Test Flying Your Project, & What’s Involved in Kitbuilding Van’s RV Assembly Composite Construction, Fabric Covering, Electrical Systems, Basic Sheet Metal, & What’s Involved in Kitbuilding Repairman (LSA) Inspection – Airplane



Prescott, AZ



Jan. 16-17 Jan. 21-23 Jan. 29-31 Jan. 30-31



2 days 2.5 days 2.5 days 2 days



Feb. 12-14 Feb. 20-21



2.5 days 2 days



Feb. 20-21 Feb. 27-28



2 days 2 days



Feb. 27-28



2 days



Vacuum Backup Systems Watsonville, CA Frederick, MD Oshkosh, WI Oshkosh, WI



Grifﬁn, GA Chesapeake, VA



Waco, TX Orlando, FL



Orlando, FL



See online schedule for additional upcoming classes VISIT WWW.SPORTAIR.COM OR CALL 1-800-967-5746 FOR DETAILS EAA SportAir Sponsors:
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Installed and maintained properly, vacuum pumps can be much more reliable than their reputation might lead you to believe. But that’s no excuse not to have a backup system. A backup system is critical for every IFR aircraft. If you want to back up your existing vacuum system, you can get a system that taps into the engine’s manifold pressure to produce emergency vacuum, or install a second vacuum pump that is powered by either the engine or an electric motor. That said, the simplest backup is one that doesn’t involve the vacuum system at all. Castleberry makes an electromechanical backup attitude indicator, and R.C. Allen has just introduced one that is a completely electronic display and attitude reference system. Both systems cost around $2,500. If you want to go even further, you will soon be able to eliminate your vacuum system entirely by installing



Newer vacuum pumps, such as this Tempest Tornado model, include a port to inspect the progression of vane wear. The blue torque seal paint is a quick way to ensure a bolt or screw hasn’t backed off.



Aspen’s new electronic flight instrument system primary flight display and multifunction display systems, which provide redundant attitude sources with battery backup. Aspen is expecting FAA approval for vacuum gyro replacement soon. Regardless of what backup system you choose, you’ll need two more things to be as safe as possible while flying in instrument meteorological conditions; the first is a vacuum failure alert system, and the second is good training. After all, recognizing a failure is critical to taking the proper actions, and nothing is more important than proper (and recurrent) training. Jeff Simon is an aircraft and powerplant mechanic and the president of Approach Aviation, a provider of educational products, tools, and supplies for aircraft owners. To learn more about aircraft ownership and maintenance, visit www.ApproachAviation.com or call 877-564-4457.



The “Brown Arch” The Gateway to Aviation



Leave Your Mark The design, symmetrical in nature, will consist of 3,000 tribute bricks, each measuring 2 feet by 2 feet. Within the design is a Biplane made up of 160 bricks –120 bricks make up the wings, 20 reﬂect the struts, 6 complete the cockpit, and 16 bricks stand for the landing gear. Four “Compass Rose” bricks – two ﬂanking the North and two ﬂanking the South – will make up the “cowling” of the Biplane design. The center piece in the Compass Rose will be the ofﬁcial NOAA marker providing the distance to Kitty Hawk.



Purchase your brick NOW and have it inscribed and placed by AirVenture 2010! If you select a full brick, pricing beginning at $1,000, you may select the location of YOUR BRICK in the full design! That’s right – you can place it! Compass Rose brick (limited availability) ................$10,000 Biplane Landing Gear and Cockpit brick ..................$5,000 Biplane Wings and Struts brick .................................$2,000 General Area Full brick ............................................$1,000 General Area Half brick ...............................................$600 General Area Quarter brick .........................................$350



Inscription Guidance:* Full brick (24”x24” square) sCHARACTERSACROSSWITHUPTOLINESOFTEXT Half brick (12”x24” square) sCHARACTERSACROSSWITHUPTOLINESOFTEXT Quarter brick (12”x12” square) sCHARACTERSWITHUPTOLINESOFTEXT



*Logos can be reproduced on the brick for an additional charge of $100. Logos and other graphic designs will impact the available space for lettering.



For more information and to purchase your brick today, visit www.airventure.org/arch or contact EAA’s Development Ofﬁce at 1-800-236-1025.
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