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MAGNETOS By Holland LaPelle, EAA 55705 2526 Buena Vista Avenue Walnut Creek, CA 94596



IHE MAGNETO IS essentially a small AC generator, constructed so that the pulse of the voltage wave produced reaches a peak at a certain rotation position. When coupled to an engine crankshaft, this feature can be utilized to fire



a spark plug. Adding a breaker causes an interruption of voltage at maximum peak, thereby causing rapid voltage decay. When this sudden steep voltage change is seen by a spark coil or transformer, it results in a very high induced voltage. At the very same instant, this high induced voltage is delivered to the plug. Of course, most aircraft engines have more than one cylinder, which means that a spark voltage must be delivered to each cylinder in turn. In order to do this, the speed of the magneto crankshaft must be controlled. The ratio



of the magneto shaft speed to the engine crankshaft speed is represented by the formula:



Number of cylinders Twice the number of magneto poles Utilizing this formula for a 12 cylinder engine with a 4 pole magneto with uncompensated cam, (TypicalI, then



the ratio of magneto shaft speed to crankshaft speed becomes: 12 cylinders 12 Thus, the magneto shaft ———————— = —— =



1.5 must turn at a speed 1.5



2x4poles 8 times crankshaft speed. A typical 4 cylinder installation with a Bendix mag, (2 pole, uncompensated cam), becomes: 4 cylinders 4 or the magneto shaft speed ———————— = —— = 1.0 is the same as crankshaft



(Photo by Marian Cavadias)



An early Scintilla Magneto on a 1927 Muggins aircraft engine in the EAA Aviation Foundation Museum.



When using standard, certificated engines, this critical item is taken care of by the manufacturer of both the engine and the mags. A non-standard engine might present a problem to the uninformed.



One cure for this problem would be to modify the high tension system so that a relatively low voltage would be delivered to the primary coil of a step up transformer located close to the plug. The main disadvantage of this system is that a coil is needed for each spark plug. For starting the engine, two main systems are currently in use; impulse coupling and the so-called "shower of sparks" system.



ENGINE TIMING:



IMPULSE COUPLING:



2x2poles



4



speed.



6 cylinders



6



mag shaft speed must be



——————— = —— = 1.5 1.5 times crankshaft 2x2poles 4 speed.



When the magneto becomes aligned with the pickup poles, there occurs what is known as the "E Gap", or neutral position. As the magneto approaches this position,



the current causes the flux to build up in the ignition coil. (This is commonly referred to as "charging the coil"). At the "E Gap" position, there is no longer a current available. The breaker is set to open just after this point is reached. This is called the "E Gap Angle". The engine manufacturer determines this E Gap Angle for each model, in order to obtain the hottest spark. The secondary winding of the coil sees the sudden and rapid decay of the flux and develops a high voltage, which is in turn delivered to the rotor for distribution to the proper cylinder to be fired. The foregoing description is essentially the action of a high tension magneto system typical on today's light aircraft. Due to high altitude requirements, some aircraft would have too much leakage to provide a proper spark. 54 OCTOBER 1983



Either or both of magnetos in use on a particular engine may be fitted with an impulse coupling system, together with a spark retarding feature. These devices typically



retard the spark from 20 to 30 degrees, so that the spark will fire after Top Dead Center, (TDC). The impulse coupling itself works by locking out the shaft rotation, resulting in the storage of the rotational energy in a spring. At a predetermined position, the catch is pulled away from the dowel stop and the spring drives the magneto rapidly through the firing position, resulting in a very hot spark. When the engine fires and starts, the magneto begins to



spin faster, and centrifugal weights force the catch away from the dowel, preventing the impulse coupling from engaging. This usually occurs between 400-600 RPM. Anytime you have prop started an engine, the loud click you hear as you pass the maximum compression point is the sound of the impulse coupling releasing. If your engine is



fitted with one or more impulse mags, allowing the engine



to idle too slowly will result in the impulse couplings



engaging continuously, and excessive wear will inevitably result. Idle RPM's should always be kept at 800 or more in order to prevent excessive impulse coupling wear. As some of you have found to your sorrow, they are expensive to replace. "SHOWER OF SPARKS" SYSTEM: This system requires a vibrator, and consequently a battery to power it. When the starter switch is turned to the "start" position, the magneto without the starting breakers is turned off, (shorted), along with the primary points. The vibrator then supplies alternating current to



the secondary points. When the points close, a continuous



shower of sparks is provided until the points open. These



points are always designed to close after top dead center. When the engine starts, and the starter is turned off, so are the secondary points. At the same time, the magneto is again turned on, and thereafter operates normally.



INSTALLING MAGNETOS:



Prior to installation, the magneto must be placed in the "E Gap" position. The method of doing this is different on the different magnetos. Bendix Mags: Open inspection



plug on top of magneto and align the chamfered rotation.



(Note that there are two teeth, one for clockwise and one for counter clockwise rotation.) Slick Mags: Align the two red marks behind the inspection hole. Then install a 6 penny nail through the timing



pin hole in the front to engage shaft, locking it in place for installation.



Eisemann Mags: On LA type, (shield harness), remove



cover and rotate shaft in the opposite direction to normal rotation until the rotating electrode is in the center of



distributor plate window. On AM models, (unshielded harness), remove the distributor plate after first noting the



#1 electrode position. Turn shaft until rotating electrode is in the same position. You are now ready to install the magneto. I will now attempt to instruct you in the proper method of installation and timing the magneto. In order for the installation of the mags to the engine to be successful, the crankshaft must be put in the proper rotational position. This is accomplished by identifying the compression stroke of the #1 cylinder, then setting the crankshaft at the proper firing angle. On most engines the cylinder numbers are on the case, either above or below the cylinder. On radial engines, it is the top cylinder opposite the sump. Identifying the compression stroke on



the number 1 cylinder is most easily accomplished by removing one spark plug and placing your finger partially in the hole. When the shaft is turned in the normal direction of rotation, you should feel the air coming out on the



(Photo by Marian Cavadias)



A Slick Magneto on a Limbach Aircraft Engine in the EAA Aviation Foundation Museum.



compression stroke. If the number one cylinder is not marked, the following general rules apply. (Of course, the best authority is the manufacturer's handbook.) 1. Prop shaft is front end, accessory case is rear end. 2. Identification of right or left is from the rear of the engine looking forward. 3. Radials are numbered clockwise as viewed from the rear. (Same as direction of rotation on U.S engines.) 4. In line and "V" types are numbered from the rear. 5. Hor. opposed engines are normally numbered from the front. The exception is Continental, as #1 is the right rear cylinder. 6. Odd numbered cylinders are normally on the right side of "V's" and fiats. 7. On two row radials, even numbers in front and odd numbers in the rear. (#1 is rear top cylinder.) Some engines have timing gear marks under a plug. Firing orders are not standardized, but are normally found in the engine manual. 4 cylinder fiats will generally have one of the following firing orders: 1-3-2-4- or 1-4-2-3-. Six opposed will generally run: 1-4-5-2-3-6. Radial engines usually have the following firing orders: (9cyl.: 1-3-5-7-9-24-6-8) (7 cyl.: 1-3-5-7-2-4-6). (4 cylinder in line: 1-3-4-2 or 1-2-4-3) (6 cyl. in line: 1-5-3-6-2-4) (V-8 cw: 1R-4L-2R-3L4R-1L-3R-2L). And for you lucky Mustang drivers: (V-12's



cw: 1L-2R-5L-4R-3L-1R-6L-5R-2L-3R-4L-6R). The degree marking on fiats are generally found on



the crankshaft flange, and are set to align with the split



of the case. On all other engines and a few old model fiats,



VW engines, etc., a propeller protractor is needed as well



as a top dead center indicator. Basically, this is a protractor



with either a drop line or, (more commonly), a level, all of which can be clamped to the propeller to measure rotational position. This is actually the most accurate method, providing care is used in eliminating backlash, but is sometimes awkward. Another device which used to be in common usage is the time rite indicator, but is now very expensive and requires special parts for each engine to be



checked.



(Photo by Marian Cavadias)



Bendix Magnetos on a Continental A-65-8F in the EAA Aviation



Foundation Museum.



A top center indicator is a switch which reaches down from the cylinder to the piston and is used to calibrate the protractor position. These devices are inexpensive and can be purchased from several sources advertised in Trade-APlane, or they can be homemade. Another tool that will be needed is a timing light or buzzer. Several are available on the market, or again you can make your own. These consist of a solid state oscillator which changes pitch as each point opens, and a light comes on as the points open, a red one for one mag and a green one for the other. I particularly like this device, since I SPORT AVIATION 55



don't have to watch it when I am adjusting for synchronization. The simplest device is a battery and a flashlight bulb for each mag.



INSTALLING MAGNETO ON ENGINE:



WARNING: Disconnect spark plug wires before beginning in order to avoid accidental engine firing.



BENDIX. SLICK OR EISEMANN on FLAT ENGINES:



1. Check to see if magneto direction of rotation is correct for engine used. 2. Remove the timing inspection plug from the top of the mag, (Bendix), or the side (Slick), or the rear cover (Eisemannl and set magneto to the E-gap #1 position as described previously. 3. Turn the engine to the #1 cylinder full advance firing position (compression stroke), by the use of a time rite piston position indicator, or with a timing disc and TDC indicator, or, as on most flat engines, the degree marking on crankshaft flange recommended by the manufacturer. 4. Install both magnetos on engine and tighten the mounting bolts sufficiently to hold the mag in position, but loose enough to allow rotation. 5. Connect the timing light to the magneto switch terminal with a suitable adaptor, (an old P lead works just fine). 6. Rotate the first magneto housing in the direction of its magnet rotation a few degrees past the point where the light comes on. Then slowly ease it back the opposite direction until the light just goes out. Secure the magneto by tightening the mounting bolts. Recheck the



timing by turning crankshaft in reverse, then turning



it forward until the light goes out. The correct degree



mark should be aligned with the case split, or the protractor should indicate the correct position. 7. Time the second mag to fire atthe same time as the first, unless the manufacturer specifies differently. (Most engines requrie that the mags fire at the same time.) The easy way is to back up crankshaft until the light goes out, then rotate the other mag until light goes out on it. Test as in previous step and adjust as necessary. 8. Replace covers, wires and P leads, and you are ready to go.



Some variation for setting mags on radials should be noted. All of the ones I know of require simultaneous firing. For instance, on R985 with Bosch mags one can field align mags on a quick change by rotating the crank until a straight edge placed across the fiat on the magneto shaft aligns with the scribe marks on the edge of the casting where it mates with the cover. This is the E-gap position. The other mag can be installed using the same alignment method. Normally this method times close enough for safe operation, and the check for accuracy with a timing light may be made later. The foregoing article is an attempt to aid the "do it yourselfer" to install and time his own mags on normal installations, but does not in any way cover all of the oddball installations that may exist. The foregoing works on most of the common engine installations, and I hope that it will serve to dispel some of the "mystery" regarding magnetos. Good Luck and Good Flying.



THE SPORTPLANE BUILDER



Plan Ahead



(Continued from Page 53)



It is far better to begin coping with your hangar requirements in the early stages of your construction, particularly if you live in a metropolitan area where the hangars are scarce and the costs high. Get your name on a hangar reservation list even if you don't have an airplane to put in it yet. Most airports have a waiting list and often no vacancy will come up in months . . . perhaps a year or more. Should you get lucky and obtain a space, I am sure you can always make arrangements for somebody to use it on a temporary basis. If you have to take an expensive hangar, it is wise to take it and get on the list for a lower priced one if there is such on the airport. Of course, there may even be a longer wait for



By tilting one airplane up on its nose it is possible to get two airplanes in one small T-hangar. The fuel tank design of the Flaglor Scooter permitted this without leaking gas on the hangar floor.



however, is but a minor inconvenience compared to not having a hangar. The risk of hangar rash is increased,



however. Build Your Own? If your project is still a long way from completion you may consider the option of building your own hangar. While owning our own airstrip might be out of the question for most of us, building a home or a hangar on an existing airstrip is entirely within the realm of possibility. Many a homebuilder has moved out to an airstrip development and built his own hangar and home adjoining a common airstrip. Others have leased space on a public airport (or a private airport in some instances) and built their own hangars. We will look into the details of such



undertakings in Part 3 of this series.
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Dust and birds fly thru the open eaves without slowing down.



Chicken wire partitions offer cross ventilation but no security.



Notice the absence of electricity. Going rate for these hangar stalls is S104'month. Sorry folks, no vacancies, you'll have to get on the waiting list.



(Continued on Page 82)
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tying it down at fly-ins would be a lot easier using this device. ... 3A32C Series. P21EA. D3A32C Series. P21EA. 3AF32C. P22EA. D3AF32C. P22EA. 3AF34C.
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sirable colors to paint an engine. For opti- ... cooling but the color of the paint doesn't. The second .... AGILEâ€” Light, smooth controls make aerobatics a joj.
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Inspecting the fit of tubing joints on the bottom side. (side nearest the plywood panel ... The angle finder makes for a more versatile device, however. FIGURE 2.










 


[image: alt]





Craftsman's Corner 

Stress corrosion cracking. Filiform. AREAS/COMPONENTS. Skin frames/ribs/panels, etc. Attachments/fittings, subassemblies. Extrusions/castings, forgings.
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sary but often expensive special tools needed to properly ... terials, tools or techniques they think would be of interest ... tool box in its 2" x 2" storage box.
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LIGHTWEIGHT WIND GENERATOR. By Chuck Larsen. EAA Designee Director. IVEN THE SIMPLEST of homebuilts and ultra- lights have been touched by ...
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time to make some repairs and repaint it, I decided to reskin all ... I read all of the FAA and EAA books and articles I could ... of scrap aluminum. I then examined it.
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Aircraft wood is best cut with sharp tools, and sandpaper ... EAA member John ... wood. The technician told him that those are fine as long as the dust is removed ...










 


[image: alt]





Craftsman's Corner 

CRAFTSMAN'S CDRNFR. Ben Owen. WHEELS AND BRAKES. I received a call from a pilot who was having difficulty in holding her aircraft during run-ups past.
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size and re-build and seal closed the box with DUCT. TAPE. (Greatest .... lease wax and a coat of P.V.A. film release. ... safety equipment and ventilation. A good ...
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A few miles from his home field he ran out of gas. ... who hasn't run out of gas or on some occasion had a low tank. ... It takes only one little bee to plug a vent.
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Now tape 3 or 4 sheets together lengthwise, depending on the length of the airfoil, keeping the lines nice and straight. Now, obtain the airfoil coordinates.
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item is taken care of by the manufacturer of both the engine and the mags. ... The breaker is set to open just after this point is reached. This is called the "E Gap ... time you have prop started an engine, the loud click you hear as you pass the ..
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thick fabric or short lengths of reinforc- ing tape between the stitches and to al- most completely eliminate any bumps from the stitches when hidden rib stitch-.
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over 650 feet per minute. How much prop thrust do you think you might be getting out of the. 115 hp, which is pulling you slowly into the "wild blue yonder." 550.
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you should use the rib drawing to deter- ... With this tool, the incidence along the wing (or wash-in and wash-out along the ... If you line up the trailing edge.
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and incorrect method of installation of this fitting. Very often, particularly on homebuilt aircraft, I have seen the incorrect mode of installation as shown in Il-.
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When starting the engine in my. Skybolt after a long storage period and minor overhaul, I could not get the Lycoming HIO-360 engine to run when I advanced the ...
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However, they do lighten up the ailer- ons! One of the first ... the World's Aircraft" for 1970-71, you will see the Zlin with ... Mike was a consultant for one of the.










 


[image: alt]





Craftsman's Corner 

attached to ensure that they do stay in place. The propeller is primarily driven by the fric- tion between the rear propeller disk and the face of the prop extension ...
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DUCTED FAN OPERATION. Introduction: Why ... tailored to fit the power curve of an auto- derivative engine ... An F-16 with a v-8 or a rotary auto engine coupled.
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I P ORIGINAL RIB STITCH SPACING CANNOT BE DETERMINED, ... NG IN SLIf. i i i i. -SPA ... Tying the seine knot used in rib stitching can be tricky.
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The resin system to use when making molds is vinylester resin, which has a very low shrinkage rate. Do not use polyester resin â€” it has a high shrinkage rate.
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GM (see Hints For Homebuilders by. D. E. Baker, June 1992) and Chrysler need both ends of the field in the alter- nator available outside the alternator case.
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