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Technical Counselor: Cylindersâ€“A Primer

burns and expands. Instead of al- lowing the combustion process to continuously flow and exhaust freely, the piston engine effectively seals the combustion. 
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technical counselor Cylinders—A Primer A look at the hear t of piston power JEFF SIMO N



I



f you want to understand the almost instinctive attraction that pilots have toward turbine engines, look no further than the basic concept of how these engines work. The sheer simplicity of bringing fuel and air together—compressing, burning, and exhausting thrust in a continuous flow—is what makes jet engines so reliable. The piston engine, on the other hand, is anything but a smooth, constantly flowing process. Each cylinder is an “engine” unto itself, running a complete four-stroke cycle to generate power. The four-stroke engine process requires a lot of moving parts, including a large piston that is constantly accelerating up in the cylinder, stopping, and being forced back down as the fuel/air mixture burns and expands. Instead of allowing the combustion process to continuously flow and exhaust freely, the piston engine effectively seals the combustion until the burn is complete, using the energy to push the crankshaft through a part of its rotation. This requires a moving piston, intake and exhaust valves, pushrods, a cam, and many other parts, all of which are under enormous stresses during normal operation. Multiply this by the number of pistons on your engine, and you can understand why some engineers refer to them as “an engine that, by nature, is constantly trying to tear itself apart.” This isn’t to say that piston engines are unreliable; far from it. The modern aircraft piston engine is extremely reliable, and few aviation accidents can be attributed to outright engine failure. However, this track record is the result of careful engineering and good maintenance to



manage the stresses that engines experience during every flight. If you want to be an educated owner, you need to understand how the cylinder operates and what its weaknesses are so that you can make good decisions about maintenance and the selection of replacement parts. It all starts with the cycle strokes that make every fourstroke engine work. The four strokes of the cycle are intake, compression, power, and exhaust. Each stroke refers to a complete movement of the piston up or down within the cylinder. Because of this, it actually takes two revolutions of the crankshaft to complete the cycle.



If you want to start a healthy debate, just ask three different mechanics what they would recommend for cylinder compression readings such as 50/80, 58/80, or 62/80.



Intake Stroke



The process begins with the intake stroke, where the piston moves downward, drawing a vaporized fuel/air mixture into the cylinder. The inside of the cylinder has three basic moving parts: the piston, the intake valve, and the exhaust valve. The valves are actuated by a pushrod moving a rocker arm, which then pushes directly on the valve stem, and the piston moves the crankshaft by means of the connecting rod. During the intake stroke, the exhaust valve is held shut by a spring and the intake valve is held open by the pushrod and rocker arm. The piston “sucks” the fuel/air mixture into the cylinder as it moves from the top of the cylinder to the bottom. The intake valve itself is not exceptionally stressed. It is cooled during operation by the incoming fuel/air mixture. However, it is important that it seal properly during EAA Sport Aviation
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technical counselor the other strokes, and the design of the intake valve and port can greatly affect the performance of the engine. The goal is to get as much fuel/air into the cylinder as possible during the intake cycle. This can be accomplished in two ways, by making the cylinder “breathe” easier or by pressurizing the incoming fuel/air mixture using a turbocharger. Historically, engine designers have always tried to improve the ﬂow of the incoming fuel/air. In cars, it is often done by using more than one intake valve per cylinder and carefully designing the shape and path of the airﬂow. Aircraft have only one intake valve per cylinder, so the air path is extremely important for maximizing engine power. As is usually the case with aviation parts, FAA certiﬁcation limits the changes that cylinder manufacturers can make without having to overcome the cost of recertifying the complete cylinder (or engine). Because of this, most certiﬁed aircraft cylinders can be modiﬁed in only minor ways and still be considered a PMA (parts manufacturer approval) replacement for the OEM (original equipment manufacturer) certiﬁed cylinder. The intake and exhaust ports are excellent examples of this.



Historically, engine designers have always tried to improve the flow of the incoming fuel/air. The shape of the intake and exhaust ports is extremely important to efﬁcient airﬂow. In experimental aircraft engines, manufacturers and performance shops can use modern venturi designs in the valves and valve seats to accelerate the incoming fuel/ air into the cylinder, thereby increasing the amount of fuel/air that makes it into the cylinder before the intake valve closes. In certiﬁed engines, two techniques are used. On the PMA replacement side, manufacturers can make minor changes to the valve 106
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seats, cutting multiple angles into the seat. This, effectively, simulates a venturi shape and increases airﬂow. ECi is on the cutting edge of this technology, using CNC (computer numerically controlled) machining on its Titan cylinders to cut the valve seat with three angles to perfectly ﬁt the valve, while improving airﬂow in to and out of the cylinder. ECi has also changed the shape of the rough casting of the cylinder head to make the port transitions into the valve seats smoother.



Some cylinder repair facilities use a process known as porting and polishing whereby they selectively remove small amounts of metal in the cylinder head and polish the surface of the ports to reduce friction and smooth the turns that the air takes when entering and exiting the cylinder. This work is typically considered minor repairs/alterations to the cylinder and, therefore, is not subject to certiﬁcation of the modiﬁcations. However, it may void your warranty from the cylinder manufacturer, so be forewarned



if you elect to have porting and polishing done to a new set of cylinders.



Compression Stroke During the compression stroke, the momentum of the ﬂywheel forces the piston back upward, pressurizing the fuel/air mixture. Both intake and exhaust valves are closed, and the cylinder is also sealed by the piston rings, which ride in grooves in the piston and seal against the cylinder wall. The compression of the fuel/air



Cylinders are one area of aviation technology that has seen significant advancement in recent years.



charge continues until the cylinder reaches the top of its stroke, commonly referred to as top dead center (TDC).



Power Stroke Close to the top of the compression stroke, the spark plugs ﬁre, igniting the compressed fuel/air mixture. EAA Sport Aviation



107



technical counselor While this is often thought of as an explosion, it is actually a controlled burn timed to smoothly drive the piston downward in the cylinder. The timing of the ignition for most aircraft engines is slightly ahead of the piston reaching TDC. This advanced timing allows time for the burn to spread so that the downward force begins as soon as the piston is ready to travel downward. The power stroke is where the sealing of the cylinder is most critical, and we refer to the cylinder’s ability to seal as the compression of the cylinder. When evaluating a cylinder, mechanics bring the cylinder up to TDC while using compressed air and a compression gauge to measure the pressure staying inside the cylinder. The incoming air is set to 80 psi, and the resulting cylinder air pressure denotes the amount of air leakage. This leads to the compression readings
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that we’re all used to seeing such as 75/80, 65/80, etc. If you want to start a healthy debate, just ask three different mechanics what they would recommend for cylinder compression readings such as 50/80, 58/80, or 62/80. Chances are, you’ll get three different recommendations (or absolute orders) from each of them. The fact is that the compression reading is only one data point when evaluating the health of a cylinder. Without other information, it doesn’t mean much unless it’s down at 20/80 or some other dramatic reading. What does matter is where the air is leaking out. Air leaking past the rings can be heard through the oil ﬁll tube or breather tube. This is generally less of a concern than air leaks from the valves. Low compression readings related to rings can be caused by numerous things, including ring gap alignment. Unless the



compression reading is below 45/80, most manufacturers recommend ﬂying the aircraft for about 10 hours and rechecking the compression. Oil usage and in-ﬂight crankcase pressure measurement are also an important measure when evaluating compression problems past the rings. Leaking past the intake valve can be heard at the air ﬁlter. This is generally attributed to something caught on the sealing surface of the valve or seat, such as lead. Staking the valve, a process of hitting the valve stem with a soft mallet to try to knock off the debris, can sometimes remedy the situation. However, ﬂying the aircraft and rechecking is usually the recommendation here as well. Exhaust valve leaks can be heard at the tailpipe. As opposed to other types of leaks, exhaust valve leaks are serious business and can lead to engine failure if left unchecked.



Exhaust Stroke During the exhaust stroke, the exhaust valve opens and the momentum of the ﬂywheel forces the piston back up in the cylinder, expelling the exhaust gases out of the cylinder. These gases are extremely hot and corrosive, and they put an enormous stress on the exhaust valve and guide. The exhaust valve uses a special metal guide to hold the valve stem, keeping it aligned and supported while still allowing the valve to move smoothly up and down through it. In parallel-valve Lycoming engines, exhaust valve failures have been a problem. Over time, the valve clearance may become too loose and allow the valve to wobble when moving up and down. This repeated stress may cause the valve to break apart, causing serious engine damage. On the other hand, lubricating oil can “cook” onto the valve stem, making the valve/guide clearance too tight and causing the valve to stick open. This too is a problem and can cause the valve to strike the piston during operation. Lycoming addressed this issue some time ago by releasing Service Bulletin 388 instructing mechanics how to check the valve/guide clearance every 500 hours of service. They also created a new high-chrome valve guide that reduced problems and allowed the inspection interval to be extended to 1,000 hours. If you have a mid- to high-time Lycoming engine, this is an important service bulletin to comply with. Other exhaust-related cylinder problems include cracking of the cylinder at the exhaust port. This is an important area to check at every annual, and it’s an easy inspection. Simply spraying a light lubricant on the outside of the exhaust port can make any cracks visible as the oil seeps through, wetting the dry soot inside the port.



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



Memorial Wall



 A Place for Remembrance and Reflection  EAA’s Memorial Wall provides a place to remember important people in a very special way. Located behind the EAA Aviation Center in Oshkosh,Wisconsin, the EAA Memorial Wall honors departed EAA members and aviation enthusiasts among park-like surroundings provided by ponds and trees and Compass Hill.



Your loved one’s inscription will be cast on a bronze plaque. New plaques are installed every year listing all honorees whose names were submitted before March 31st each year. The official ceremony and first viewing of the new installation takes place during AirVenture. Your memorial contribution of $350.00 covers engraving and installation costs, administration of biographical data for each individual, a video of the ceremony and permanent maintenance of the site. To submit your special person’s name, or to learn more about EAA’s Memorial Wall, please visit www.airventure.org/memorialwall or call EAA at 1-800-236-1025.



New Cylinders Fortunately, cylinders are one area that has seen some signiﬁcant technological advancement in recent years.
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technical counselor In addition to the OEM products from Continental and Lycoming, aftermarket PMA manufacturers such as ECi and Superior Air Parts now offer replacement cylinders with a variety of different technological advancements in an effort to increase reliability and performance. One of these areas lies in the cylinder barrel itself. Lycoming’s OEM cylinders use a nitrided steel barrel, which provides a very hard surface. Superior offers through-hardened steel barrels, and ECi offers its Nickel + Carbide cylinder coating. As far as hardness goes, through-hardened steel registers somewhere in the 40s on the Rockwell C scale for hardness, while nitrided steel is in the 50s, and the Nickel + Carbide surface is around 70. However, hardness is not the sole reason to choose a cylinder. Cylinder prices, the type of ﬂying you do, and the chance you will be looking
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to rework the cylinder and warranty support are all important things to evaluate before buying cylinders. Each manufacturer seems to be pushing a different marketing message. For Lycoming and Continental, it’s the message that original equipment is best. Superior Air Parts is pushing reliability with its new “money back” satisfaction guarantee for its Millennium cylinders. And, ECi is touting the fact that the Nickel + Carbide cylinder coating on the Titan cylinders will not rust, which is good for those aircraft that don’t ﬂy as much as they should. Today’s ﬂying stresses aircraft cylinders more than ever before. Engines designed for 80/87 avgas are now forced to deal with the extra lead of 100LL. Supplemental type certiﬁcates increasing compression or adding power bring added heat, which must be dissipated. And, most damaging of all, the high



cost of fuel and the pace of modern life have most aircraft ﬂying less than ever before. All of these factors contribute to the stresses that typical aircraft engine cylinders must deal with. Fortunately, the newer cylinders are up to the challenge with better castings, higher quality alloys, and new technologies to achieve both the power and reliability we all want. Jeff Simon is 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 Approach Aviation at www.ApproachAviation. com or call 877-564-4457.
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technical counselor Engine Baffles 

bottom of the pistons to help cool them, but let's get back to the air-cooling portion of this discussion. The cooling air for the engine is controlled by â€œbaffling.â€�.










 








technical counselor Engine Baffles 

engine installation that had led to higher-than-normal ... the airframe portion of the engine installation. ... The combustion chamber is primarily formed by the.










 








Technical Counselor: Control Cables 

Considering that there were about 100 aircraft owners and at least 10 airframe ... cables are subject to the stresses of direct tension, accel- eration, and shock ...










 








Technical Counselor: Engine Overhaul 

hours ago, so I knew the complete history and operating conditions of the engine. ... luck with rework of the cylinders at a small shop called. Harrison Engine ...










 








Technical Counselor: Emergency Locator Transmitters 

ing your GPS coordinates and personal contact informa- tion. For this reason, it is mandatory to register a 406 ELT with Cospas-Sarsat. ELT Requirements for ...










 








Technical Counselor: Flight Control Inspection 

Pulleys, cables, ball bearings. RICHARD KOEHLER, EAA 161427. Part of an annual (condition) inspection is to ensure that the flight control system is operating ...










 








EAA Technical Counselor: Fixing Flutter 

When I throttled back to speed, .... the Saw Millâ€� â€œMoney Has Wingsâ€� . . . . . . . . . . . . . . . . . . . . 21-36721 $15.99. Volume Six. â€œRustler On Wheelsâ€� â€œThe Silver Graveâ€�.
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gear 4.5 percent to 5.5 percent, the empennage 1.5 percent to 2.5 percent, and additional equipment. 3 percent to ... or 300 lbs of your gear! â–¡ Safety: .... in hand, you can then undertake the familiar exercise ... service life of an aircraft, add










 








EAA Technical Counselor: Homebuilt Logbooks 

work. â–¡ Your signature. In addition, the records should contain the following information: â–¡ The total time in service of the airframe, each engine, propeller, or.










 








technical counselor The Spring Warm-Up 

in a low-stress environment prior to starting the aircraft engine. Ideally, you will pull the engine through two strokes of each cylinder to assure the engine has ...










 








EAA Technical Counselor: Pigeons and Lizards 

Pigeons can walk around a statue for hours with toes that point inward. ... Demonstrate your level of commitment to EAA and the freedom of flight. Upgrade your ...










 








EAA Technical Counselor: Don't Scare the Deer 

is clear, retains good optical properties when molded and won't yellow or deteriorate in direct sun. .... Finish sand- ing in stages to about 220-grit. Every once in a ...










 








Technical Counselor: It Won't Shut Down! 

Afellow EAA chapter member called me a few weeks ago. He had a problem with his aircraft engine run- ning after the mixture was selected to .... with fuel, the engine will suck that fuel right out and enrich the mix- ture. This can lead to fouled ...
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were invented by a mechanic many years ago to make the task of installing safety wire easier and more consistent. Prior, one was supposed to do safety wiring ...










 








technical counselor The Spring Warm-Up 

in a low-stress environment prior to starting the aircraft engine. Ideally, you will pull the engine through two strokes of each cylinder to ... This is because the combustion process deposits moisture and corrosive .... Step 4: Check Your Logbooks.










 








technical counselor Hand Propping Gone Bad 

weeks later and the engine wasn't turning over. I got back in the plane for another try. Still nothing. nuts & bolts technical counselor. Hand Propping Gone Bad.
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exhaust attachment nuts, bolts, and studs stay in service way beyond their normal life. Most exhaust systems are made from stainless steel and usually may be ...
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Give it time to cool between at- tempts. The traditional break-in oil for. Lycoming-style engines has been straight mineral oil, and this may still be a good choice in ...
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was at the airport except a couple of the staff at the far end. I was strapped ... have a lot of trouble untying it after .... Should the engine start inadvertently, or if the.










 








technical counselor Anodizing and Fatigue Life 

In an article titled. â€œFilm-Assisted Fatigue Crack Propagation in Anodized. Aluminum Alloysâ€� published in the Journal of Materials. Science Letters, Volume 14,.










 








Technical Counselor: Tips to Improve Tire Life 

increase the amount of runway needed to get airborne, potentially threatening your .... tires have a stripe or dot, usually yellow or red, to indicate the light spot.










 








Technical Counselor: 30 Minutes for the Health of Your Engine 

The paper clip will need to be cut out with a pair of side cutters. An alternate approach to using a box cutter is to use a serrated â€œbreadâ€� knife or a hacksaw.










 








EAA Technical Counselor: Kick the Tires and Light the Fires 

While soap converts grease and oil into a water- soluble fatty acid, detergents attach to the grease and try to pull it off the rubber. This pulling action can lead.
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