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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 ... 
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technical counselor An Engine Overhaul Part I Getting Star ted RI C HARD KOE HL E R , E A A 1 6 1 4 2 7



Editor’s Note: This is the ﬁrst part of Richard Koehler’s article on overhauling your engine. The March 2008 issue of EAA Sport Aviation will discuss putting everything back together and breaking it in again.



C



an you, a homebuilder, overhaul your engine? “Sure,” I say, and this article will walk you through the process. I recently began overhauling my Lycoming O-360A1D. I had done the previous overhaul 16 years and 2,050 hours ago, so I knew the complete history and operating conditions of the engine. The previous overhaul was done through ECI (Engine Components Inc.), the engine folks in Texas who had just come out with the new Cermicrome process for cylinder wall plating, where silicone dioxide is added to the chrome plating to improve wear and break-in. Prior to that, the only choices were channel chrome plating, going oversize, or buying new. Each had its disadvantages. Channel chrome is difﬁcult to break in and tends to use oil, oversize is expensive, mostly for the odd-sized rings and pistons, and the barrels are just plain steel, not even nitrided, so they tend to wear. New was very expensive then, since there were no cylinders with parts manufacturer approval (PMA) available, only Lycoming, and the company knew it. Cylinders cost more 16 years ago than they do now, mostly due to the PMA process, which gives us competition. I had also replaced the cam back during the previous overhaul, with some difﬁculty since the cam was the old type with a separate gear, but I could not put in the modern integral gear type, since it was incompatible with my 90
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accessory case. At this overhaul, I assumed that I would have to replace the cam, since I have never opened up a Lycoming near time between overhauls (TBO) without ﬁnding cam distress. It is now possible to have the accessory case modiﬁed for less than $300 to accept the newer style cam. The kicker was that the new style integral cam has several PMA suppliers and is about $400 cheaper than the old non-gear cam, which is made by Lycoming only in limited quantities. I ordered the accessory case change



Prior to removing the engine from the plane, I took extensive photos of every angle of the installed engine to document the routing of all lines, hoses, and wires. and a new cam before I got the inspection results on the old cam, and then to my surprise, the old cam turned out to be serviceable. Since I was able to sell it on the used market, I recovered some of my costs, but the moral here is to never commit until you know all the facts. Why did my cam last? My guess is that I ﬂy the plane regularly, keep it hangared, preheat when necessary, and regularly change the oil. With that preamble, let’s look at how I did the overhaul. Prior to removing the engine from the plane, I took extensive photos of every angle of the installed engine to document the routing of all lines, hoses, and wires. Then,



Photographing the engine components before disassembly can make the reassembly process easier later on.



as I removed each layer of “stuff,” I took another series of pictures. I shot about 25 pictures to document the “as installed” condition. All parts, as they were removed, were labeled and set aside together. Accessories were removed, serial and part numbers recorded, and then they were boxed for shipment to overhaul facilities. The main power section of the engine was lifted off with an engine hoist, but four people could pick up my four-cylinder engine. The engine was brought back to my shop and disassembled, cleaned, and inspected. Next, I divided the power section parts into ﬁve piles: • Parts that didn’t need any rework or inspection beyond what I could do. This included bafﬂing, the ignition harness, and major components that didn’t exhibit any wear and only required a visual inspection, such as the oil sump. • The second pile was for all aluminum parts needing special inspection or obvious repair. I sent these to DivCo Inc., in Tulsa, Oklahoma. Included in this pile was the accessory case that needed modiﬁcation for the integral gear cam. • The third pile was all the steel parts needing special inspection or that had obvious damage or wear. I sent these to Aircraft Specialties Services, also in Tulsa. This pile included the crankshaft, camshaft, connecting rods, rockers, and mushroom tappets. • The fourth pile was the cylinders. I have had great luck with rework of the cylinders at a small shop called Harrison Engine Service of La Porte, Indiana. It charges



only for what the cylinder actually needs to have done, not a ﬂat rate as is done at many large shops, and it can plate the cylinder walls back to standard size using either regular channel chrome or its NuChrome process, which seems to be an improved version of the old Cermicrome process. Typical cylinders like mine are overhauled for about $350 each. • The ﬁfth was all the mandatory replacement parts that must be replaced per the Lycoming overhaul manual. I usually order these parts from A.E.R.O. in Bath, Pennsylvania. Remember, there is actually a sixth pile for all the accessories, and probably a seventh pile for common parts like clamps and screws, which I usually get from Aircraft Spruce & Specialty Company.



Typical Costs for an Overhaul When overhauling a typical Lycoming or Continental, the ﬁrst thing you must have is the overhaul manual and applicable service bulletins, instructions, and letters. These are available from the manufacturer for varying amounts of money, up to about $200, but it is money well spent. In these manuals, you’ll ﬁnd all the wear limits, torque requirements, and a listing of all the parts that must be reHOW HAS A TECH COUNSELOR HELPED YOU?
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After taking the engine off of the airframe with an engine hoist, it was brought back to my shop to be disassembled, cleaned, and inspected.



placed. For instance, on a Lycoming, you must replace the exhaust valves, no matter the condition, for it to be an overhaul. If you don’t follow this list, your engine could be legal, but you could not call it overhauled, just repaired. The costs for my engine parts broke down as follows: • The ﬁrst pile did not cost much to rework. I cleaned and repainted these parts as necessary. My total expense was for a can of paint thinner and four aerosol cans of paint and primer. I use Rust-Oleum in Smoke Gray for my Lycoming. It’s a very durable paint, easy to work with, and almost exactly matches the Lycoming gray standard color. Total cost here was about $30. • The second pile included the aluminum case items for DivCo. All my parts passed visual inspection, except the accessory case that had to go in for modiﬁcation for the new design cam. Total cost was $324.30, including return shipping. • The third pile was all the steel parts that went to Aircraft Specialties Services. It did extensive work on the 92
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When overhauling a typical Lycoming or Continental, the first thing you must have is the overhaul manual and applicable service bulletins, instructions, and letters. crankshaft, re-machining and nitriding the ﬂange area, and I paid $120 extra for the crank to be dynamically balanced. It checked, ground, and bushed the rockers; checked and rebushed the connecting rods; and complied with a service bulletin on the crankshaft gear. I also had the tach drive shaft reworked for wear for $102.21 and bought a new PMA Oil Pressure Relief Housing for $149.82 to replace the one lost by one of my helpers. Total cost was $1,430.60. • The fourth was the cylinders, which were reworked to new limits by Harrison’s. I also got the rings there



and had them ﬁtted and the cylinders painted. Total for the four cylinders in NuChrome and the ring sets was $1,337.47. • The mandatory replacement parts that are Lycoming speciﬁc I ordered from A.E.R.O. This included the cam and tappets for about $900, all bearings (0.010 oversize due to my old crankshaft), exhaust valves, gasket kit, and various new bolts, pins, and keys. I also ordered replacement parts for my magnetos for $175. Total cost for all these parts from A.E.R.O. was $3,229.11. By the way, these prices are about 40 percent below list. I also bought common hardware parts such as nuts, washers, bolts, tubing, vacuum hose and wiring from Aircraft Spruce & Specialty. I got my new exchange fuel pump, vacuum pump, and engine rubber shock mounts ($50 each) from AS&S. Total from Spruce was $892.27. Total for parts (A.E.R.O. and Spruce) was $4,121.38. • The sixth group was the accessories I didn’t get otherwise, like the vacuum pump from Spruce. This included $436.50 for the prop governor overhaul at Pro-Prop Governor & Accessory in Hallstead, Pennsylvania; $635.11 to Quality Aircraft Accessories for the carburetor overhaul; $201.95 to Modiﬁed Aircraft Accessories for the alternator overhaul; and $174.40 to Paciﬁc Oil Cooler Service Inc. for the oil cooler overhaul. All of these accessories required special equipment for overhaul that I did not have. They did not legally require overhaul, although it is recommended by Lycoming, and is a good practice. I don’t want to think about having to remove and replace the governor at any time other than overhaul on my plane. For access, you have to remove the engine. I did rework my magnetos, since I have all the equipment where I teach, and was able to buy the parts from A.E.R.O. I also purchased all new hoses for the fuel, oil, and sensing systems. I purchased the seven hoses from Specialty Hose Aerospace in Ohio for $498.84. My plane
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technical counselor has some long oil cooler hoses with 90-degree ﬁttings on them that are very expensive, but a broken hose will ruin your ﬂying day, so I replaced all. Total for all the accessories and hoses was $1,946.80. Another expense was the outbound shipping charges. I sent about a dozen boxes out via FedEx for a total of $122.13.



The total of my six piles plus shipping is $9,312.68. A factoryrebuilt Lycoming O-360 done to the same limis as my engine runs about $20,000 with a (maybe) used cam, and new cylinders. So, what did the overhaul cost me? The total of my six piles plus shipping is $9,312.68. How does this compare to having a shop overhaul your engine? A factoryrebuilt Lycoming O-360 done to the same limits as my engine runs about $20,000 with a (maybe) used cam and new cylinders. A factory overhaul to service limits runs about $17,000 also with a (maybe) used cam, and a ﬁeld overhaul runs about $16,000. These usually do not include all accessories, such as the vacuum pump. Richard Koehler is an associate professor of aerospace sciences at the University of the District of Columbia and has been an EAA member since 1980. He is an active airframe and powerplant mechanic with inspection authorization, a commercial pilot with instrument and multi-engine ratings, and an EAA technical counselor and ﬂight advisor. 94
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Editor’s Note: This is the second part of Richard Koehler’s article on overhauling your engine. For tips on disassembly of your engine and cost see EAA Sport Aviation, February 2008.



T



he down side of overhauling your own engine is time. It took a day to remove the engine, and another to disassemble it. The better part of a third day was spent packing and shipping out the various components. I knew the cylinders would take at least six weeks, so I sent them first, followed by the moving steel parts (crank, cam, rods, etc.). They usually take about a month—with machining, cad plating, and baking—assuming the parts are repairable. If not, historically, I have had problems finding cams, which can take time to locate. Then everything else needing outside inspection and/or repair was shipped. In the meantime, I began cleaning the parts I did not send out. These were chemically stripped of paint, cleaned, and bead blasted when necessary. They were then primed and repainted. Meanwhile, I put together a list of all the new parts I would need. Lycoming lists all the mandatory replacement parts in the latest version of Service Bulletin 240, such as exhaust valves, gaskets, seals, and lock washers. Believe it or not, a few years ago a helicopter engine recently overhauled by a major shop ran out of oil in flight, and it was found that several of the lock washers had failed because the shop had reused the old ones. The service bulletin was revised to include lock washers on the mandatory list. Some of the replacement parts were for parts found to not pass inspection, which in my case included the hydraulic tappets. They were not worn on the faces (common), but had corrosion pitting around their outside (unusual). I hadn’t noticed this, but Aircraft Specialties detected it and rejected them. I 100
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normally send the parts list out to the various parts distributors, but based on another engine I overhauled this summer, I found that I got the best prices from A.E.R.O. out of Bath, Pennsylvania. I faxed in the list, and in about a week I had most of the parts. The rest came within another week. When the steel parts came back, I was able to start reassembly of



If you can successfully build a plane, you have the skills to overhaul your engine. You just need to follow the manual and, preferably, have someone to ask about details that come up. the case, since I had kept it. The reassembly starts with putting the connecting rods on the crankshaft (with new bolts and nuts costing $30 each); then mounting the crankshaft, cam, and tappets in the case; and assembling and torquing the case bolts. This took about a day of careful work. Next the cylinders were added and then the gears, accessory case, and oil sump. This took another day. Finally, I attached the engine to the engine mounts and installed all the accessories. This took another day. Along the way, I had repainted my prop. It was not overhauled, since it had less than 500 hours on it. The assembled engine, accessories, mount, and the prop were hauled to the airport one day, and then the reattachment to the airframe started. With some help it took about four days to reattach, reroute, clamp, adjust, safety wire, and otherwise make airworthy the engine and prop installation. Along the way, I had also removed the autopilot and some cockpit instruments for overhaul while the plane



was down, so it also took Be sure that engine wiring, about another day to rein- sensors, and hoses are reattached stall and check out all of correctly, to avoid engine or other component complications. that. To do this work you will need all the proper manuals and tools. As a minimum, you will need the Lycoming direct drive overhaul manual, which runs about $50 from Lycoming, and you will have to have access to the latest version of the Lycoming service letters, bulletins, and instructions. This can cost a few hundred dollars, and $35 per year to stay on the update list, but several of us in my EAA chapter have this listing, and a half-hour with a copy machine will get you most of what you need. You will need a good, in-calibration torque wrench (I prefer the bendingbeam type) that can go to at least 60 foot-pounds. You will also need decent tools and common items like safety wire, common washers, and paint. If you can successfully build a plane, you have the skills to overhaul your engine. You just need to follow the manual and, preferably, have someone to ask about details that come up.



Engine Break-in To break in the engine, I followed the cylinder repair shop’s recommendations to the letter. The folks at Harrison Engine Service caution to use only cast iron rings, to not use chrome rings, to not hone the barrel, and to not bead blast the barrel. Each cylinder had a card on it detailing the recommended break-in process to be followed. First, fill the engine with non-detergent oil. Then remove the top spark plugs and crank the engine at 10-second intervals until oil pressure shows on the gauge. You must be careful to not overheat the starter motor, so you may have to let it cool between runs, but it is essential to get the oil pressure to ensure immediate lubrication for the various parts of the engine when the engine actually starts. The plugs were reinstalled and the engine started and run at 12/1400 rpm for two minutes, with a 15-minute cooling period between runs. Although you’re allowed three runs, I did only two to



check for leaks and then flew for 45 minutes at about 85 percent power to start the break-in. I did find one major discrepancy on the ground runs. I had failed to tighten the valve cover screws, and at least one of the covers leaked oil when the engine pumped the valve train full. There were a few minor discrepancies on the flight, such as oil pressure being too high (corrected post-flight by adjusting the pressure relief valve), the rpm at takeoff was about 125 rpm low (fixed by adjustment of the governor stop), the altitude hold part of the autopilot was inoperative (I reversed two hoses), and idle rpm was about 100 rpm high (minor adjustment of the idle stop on the overhauled carburetor). Each of these “issues” was easy to fix, with the governor being the most troublesome, requiring the removal of the top cowl for access. During the 45-minute first flight, the engine used less than a half-quart of oil, which, in my opinion, is excellent for the initial break-in flight. The engine temperatures and pressures all stabilized after about 10 minutes of the flight. I think most of the break-in was completed during this flight. I was using AeroShell 80 mineral oil. At 5°C, I was indicating 160 knots at 4,500 feet over the field at 85 percent power. One interesting sidelight: As we were hooking up the various sensor hoses that go through the firewall, I noted that someone had helped me when we removed the engine by writing the name of each sensor next to the bulkhead union at the firewall. Fortunately, I pressurized each system as it was installed and found that when I turned on the fuel boost pump, the manifold pressure gauge went crazy! It turns out the fuel pressure and MAP unions are both the same size and had been labeled in reverse. No damage appears to have been done, but I am glad I pre-checked each EAA Sport Aviation



101



maintenance & restoration



It may take longer to do your own overhaul, but the educational and money-saving benefits, as well as personal satisfaction gained, make it worthwhile.



system. Imagine my problems if I had first noticed this during the first flight (a MAP gauge full of fuel and negative fuel pressure). You will notice that this recommended break-in procedure was designed to very quickly stress the cylinders with high heat and pressure to cause them to break in. This is also the procedure usually recommended for standard channel chrome cylinders. For plain steel or nitrided cylinders, another approach, usually less aggressive, is followed. Lycoming lays out a procedure for engine test or “run-in” in Section 9 of its overhaul manual and in its service instructions on the latest version, SI 1124. Lycoming recommends run-in in a test cell, but in the event that a test cell is not available, it is permissible to mount the engine in the airframe. The company requires that a “test club” (high-pitched, short-span wooden prop) and a special cooling shroud be used for adequate cooling, but in my experience, you can do a decent job with your standard prop and all cowling in place. It is recommended that calibrated gauges independent of the airframe be used, but again, for your homebuilt, you can probably get by with the new gauges you installed in the plane, particularly if you put in a multi-function engine indication and crew alerting system. In any event, try to maximize the cooling by aligning 102
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the plane into the wind and having the cowl flaps open. Also, avoid dusty locations and loose stones. If the engine has a controllable pitch prop, run it in full flat pitch (control in for max rpm). Do not exceed 230°F oil temperature, and do not exceed 500°F cylinder head temperature (bayonet-type probe). If any of these temperature limits are exceeded, shut down the engine and let it cool. After cooling, restart the test at the point you left off. Start the engine and run it at 1200 rpm for 10 minutes, then 1500 rpm for 10 minutes, and 1800 rpm for another 10 minutes. Do a mag check at 1800 rpm. Then go to 2000 rpm for 10 minutes, 2200 for 10 minutes, 2400 for 10 minutes, and finally, normal rated rpm (usually 2700) for 10 minutes. If the prop had not been cycled prior, it will take about half to two-thirds of a quart of oil, messing up any check you were doing for oil consumption, so either do it prior or do not do it at all. In my experience, you will see a dramatic drop in cylinder head temperature of about 40 degrees around the 1800 rpm run time. The engine cylinder walls will be breaking in at this point. You may see further breakin as you fly the plane, but this ground run will ensure enough break-ins to avoid glazed cylinder walls while doing initial taxi tests of a homebuilt, and the test will point out any problems with the engine prior to actual flight.



Lycoming goes on to recommend a one-hour test flight of at least 75 percent power with shallow climbs for maximum cooling. The ground run-in should be done with mineral oil. After the run-in, you can check the screens and filters for any signs of internal distress. Again, I most strongly recommend that you follow the break-in process recommended by the overhauler/manufacturer of your cylinders. My examples here are intended only to give you an idea of different methods.



Overhaul and Rebuild— What Do They Mean? Overhaul is easy. See Federal Aviation Regulations Part 43.2. It is an engine that “…using methods, techniques, and practices acceptable to the Administrator, it has been disassembled, cleaned, inspected, repaired as necessary, and reassembled and has been tested in accordance with approved standards and technical data [overhaul manual] …acceptable to the Administrator….” You can do this. Rebuild is worded exactly the same as “overhaul” except that it must be done “…to the same tolerances and limits as a new item, using either new parts or used parts that either conform to new part tolerances and limits or to approved oversized or undersized dimensions.” Note that a used but standard undersize part may be installed. You could get a rebuilt engine from Lycoming with undersize bearing diameters! And, you can rebuild your engine. Have fun overhauling—or rebuilding—your engine. Richard Koehler is an associate professor of aerospace sciences at the University of the District of Columbia and has been an EAA member since 1980. He is an active airframe and powerplant mechanic with inspection authorization, a commercial pilot with instrument and multi-engine ratings, and an EAA technical counselor and flight advisor. EAA Sport Aviation
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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.
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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€�.
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EAA Technical Counselor: First Engine Run 

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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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 ...
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Technical Counselor: Cylindersâ€“A Primer 

the Nickel + Carbide surface is around. 70. However, hardness is not the sole ... ity alloys, and new technologies to achieve both the power and reliability.
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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 ...
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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.
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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 ...
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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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Engine Overhaul - Size 

Harrison Engine Service of La Porte, Indiana. It charges only for ... you could not call it overhauled, just repaired. ... U.S. Service Center Florida: MT-Propeller ...
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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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EAA Technical Counselor: Balancing Act 

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
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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.
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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 ...
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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 ...
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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 ...
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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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EAA Technical Counselor: Safety Wire Wisdom 

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 ...










 


[image: alt]





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.
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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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EAA Technical Counselor: Fix the Hardware 

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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technical counselor Hand Propping Gone Bad 

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.
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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,.
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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.
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