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MUSCLE FOR YOUR HOMEBUILT AUTOPILOT — A REPORT ON A SIMPLE PNEUMATIC BOOSTER FOR ELECTROFLUIDIC AUTOPILOTS By Don Hewes (EAA 32101) 12 Meadow Dr. Newport News, VA 23606



INTERES SST



IN AUTOPILOT systems for homebuilt



airplanes has grown significantly since the concept of a simple low cost electrofluidic wing leveler was introduced by Doug Garner about seven years ago. Since that time several articles have appeared in this magazine to provide further information to make it easier for the average homebuilder to construct his own system and make it operate reliably and effectively. The ALRGUIDE autopilot design, introduced in the February 1980 issue, was developed from Doug's original concept specifically with this purpose in mind. To date numerous units have been completed successfully and many more are in various stages of completion in this and other countries throughout the world. This system is based on the use of a radio-control model servo as the control-surface actuator because these units are readily available, reliable, rugged and relatively inexpensive. It has been recognized from the start that their use did restrict application of the autopilot to some airplanes because of the servo's relatively low force (about 3 to 4 pounds) or torque (about 2 to 3 inch-pounds) capabilities. In order to help make the autopilot system more universally applicable, I have been working the past few months to develop an actuator with sufficient capability so that it can be connected directly to the regular flight controls in a manner similar to conventional autopilot systems. The result is a very low cost pneumatic booster system which is simple to build and which has been successfully flight-tested in my BD-4. It is designed to work directly with the present AIRGUIDE system without modification to the autopilot itself. As a matter of fact, it will work with any other similar system employing the R. C. model servos. This article will discuss the design and operation of this experimental system so that others can build one of their own if they so desire. You'll note that I emphasized the word "experimental" because the system is truly that. It is relatively crude and still subject to further testing and refinements. However, I decided to write about it because it has worked so very well in its pre-



sent form and because a large number of builders have asked for information about such a system. I'm sure that anyone duplicating this system will be able to get satis-



factory results. However, I would encourage any interested person to go ahead and incorporate his own improvements because that's what our EAA is all about. Background



There is nothing unique about the use of lowpressure or vacuum air-operated actuators for airplane autopilots as they have been in use for many years. One such standard system is manufactured by Brittain In16 APRIL 1961



dustries and is available for many types of airplanes. As a matter of fact, a representative of BI handed out a set of notes for the installation of one of their pneumatic operated systems in homebuilt airplanes last year at Oshkosh. For several years, Mooney was producing their airplanes with a standard built-in single axis wing leveler which used a pneumatic actuator. In the August 1980 issue of SPORT AVIATION, Doug Garner stated that actually he has conducted all of his electrofluidic autopilot tests using a pneumatic actuator rather than the model servos to move the control surfaces. Several years ago he circulated some notes on how to build a simple vacuum operated system and he has demonstrated a working model of it at several of his forums at both Oshkosh and Lakeland in recent years. Low pressure pneumatic systems lend themselves very well to use in airplanes for several reasons. First, they use a readily available working medium — air. Second, they do not create a fire hazard or contamination if they leak. Third, and probably most important, they tend to be relatively simple and lightweight which, of course, relates directly to low cost. On the minus side, these systems tend to be bulky and have low frequency response (they tend to be somewhat slow and spongy). However, these disadvantages are not significant and the pneumatic system appears to be ideally suited to the type of airplanes we are interested in. For a moment, let's examine alternate systems which possibly could be used to increase the operating forces of the autopilot. First, and probably most logically, is a heavy duty electrically operated actuator or merely a larger version of the small servos already being used. In fact, there are several heavy duty servos currently available through the R. C. hobby supply houses which might be used for this purpose. These units would require modification to the voltage regulators currently being used because of larger power requirements. I have not pursued use of these larger servos for two reasons; first, the additional cost involved (I'm a somewhat frugal person), and second, there are mechanical problems involved in connecting these into the control system in a simple and fail-safe manner. Next, we can consider either high-pressure pneumatic or hydraulic devices. These require pumps, regulators, accumulators, relief valves, and check valves where high power, leakage, high weight and cost become serious problems. Such systems are used in large civilian and military aircraft and in missiles where these factors are justified by the high power and frequency response requirements which cannot be met in any other way. But, there is no reason whatsoever to consider them for our purposes.



Booster System Requirements



So, now we'll return to the low pressure or vacuum



pneumatic system and discuss the requirements that I think are appropriate, based on my own point of view and a little experience and judgment. The first requirement is that the system be relatively simple and low cost for the average homebuilder to make using only common shop tools and average skill. That is to say, lathe or milling machine work should not be required to make the parts. This places a bit of strain on the imagination and ingenuity because most systems of this type are made with numerous machined parts, some with very close tolerances. The second requirement is that the system be designed as an add-on so as to require as little alteration as possible to the basic AIRGUIDE autopilot. This is to make it easy to retrofit an already completed unit. Next is a requirement to generate a control force at least a couple times greater than the static friction in the aileron control system. In my BD-4, the static friction both on the ground and in flight is quite high and amounts to about 2 or 3 pounds at the hand grip of the stick or about 15 to 20 pounds at the aileron control cables connected to the other end of the stick. Also, the booster should have strong centering action so that the control surfaces will be held very close to that commanded by the autopilot. Of course, to perform these functions the system must be stable with no tendency to oscillate continuously, that is, to hunt or chatter. Fourth, the actuator must be able to accommodate the full travel of the manual controls so as not to restrict travel which might be needed in case of an emergency. However, the actuator does not necessarily have to operate over the full travel when it is in normal operation because, in this case, only about 2(K of the travel is all that is generally needed. Finally, in emergencies, the pilot must be able to take over control even though the autopilot has not been disconnected. Not only must the pilot be able to overcome the force of the actuator so as to move the controls as required, but he must also be able to sustain that force for a period of at least several minutes since he may not be able to disconnect the autopilot right away. Thus the maximum force of the actuator as reflected into the control stick should not exceed a value of ten pounds or so. Of course, some simple method for quickly disconnecting the booster must be provided. Furthermore, precautions must be taken to ensure that no foreign object can become wedged in the booster and its connecting linkage so as to jam the aileron controls. These latter items must be provided to ensure that the system will be fail-safe. Description of the System and How It Works



To meet the requirements just discussed, it's necessary to use a "hard" or closed-loop system which is diagramed in Figure 1. This type of system can be referred to as a position-feedback or position-error servo. The commanded position of the control surfaces, as determined by the autopilot, is combined with the actual position of the surfaces to form an "error" which causes the actuator to move in such a way as to reduce the error as close as possible to zero. However, the error does not



necessarily go exactly to zero because, if some force such as the aerodynamic hinge moment of the ailerons is trying to move the controls from the commanded position, then a small error is required for the actuator to generate a force in the opposite direction to hold the controls close to the desired position. The amount of the error is kept as small as possible by designing the system with a high sensitivity or "gain". However, the gain is limited by the requirement that the system must be stable.
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FIGURE 1 - SYSTEM DIAGRAM



You should remember that in the closed-loop system,



it is the position error and not the position command that actually controls the power to the actuator and provides the strong centering action about the desired position. The pneumatic systems employed by Doug Garner and by Brittain Industries, mentioned earlier, are "soft" or open-loop systems inasmuch as the actual position of the controls is not "fedback" to or compared with the command signal. These types of systems will work quite satisfactorily in control systems where the static friction and control forces are quite low. Static friction is particularly troublesome and must be very low. In the open-loop systems there is nothing to detect the error between the commanded and the actual positions of the control surfaces so that friction tends to cause the controls to lag, thereby resulting in a very undesirable oscillation of the airplane. Photographs of the actual booster system installed in my BD-4 are shown in Figure 2 and a sketch of the general arrangement of the components is given in Figure 3. A cover plate to keep foreign objects out of the linkages has been removed for the photographs. There are five basic elements: a double-acting actuator, a controller (the model servo), a follow-up linkage, a pneumatic control valve and a vacuum on-off valve. The model servo is connected to the roll control channel of the electrofluidic autopilot in place of the servos used originally to drive the roll control tabs on the wings. The actuator actually consists of two cylindrical bellows connected together through a bellcrank which, in turn, is connected to one of the two aileron control cables. Short lengths of cable attach one end of each bellows to the bellcrank while the other ends of the bellows are attached to the fuselage frame. The two cables and fully relaxed bellows are slack when no vacuum is applied. In this relaxed condition, the bellcrank and aileron cables can be moved without constraint. The bellcrank is also connected to the control valve through a pivoted arm that causes the valve to slide back and forth in the valve block as the aileron cables are moved. The pivot arm is also connected to the model servo acting as the controller. This motion follow-up linkage is arranged so that the slide valve covers the valve ports leading to the two bellows when the ailerons and controller are both in their respective neutral or midtravel positions. When vacuum is applied to the central port of the valve block, air within both bellows will be slowly withdrawn even though the ports are closed because of the slight leakage at each port. As a result, the bellows will contract u n t i l slack of the interconnecting cables is taken up and the cables start to pull on the bellcrank. Let's arbitrarily assume that slack of the left hand cable is taken out first so that the bellcrank and aileron cables start to rotate to the left. As the bellcrank starts to move, the follow-up linkage forces the valve to expose the port to the right bellow directly to the vacuum. At the same time the port to the left bellows is exposed to the atmosphere. Thus air is allowed to enter the left bellows and is forced to be withdrawn from the right SPORT AVIATION 17



thereby decreasing the partial vacuum in the left bellows and increasing the vacuum in the other. The resulting vacuum differential creates a force on the bellcrank causing it to return to the "null" or neutral position where there is no error between the commanded and actual positions. At this point, the force differential also disappears because the ports are equally covered and the error is now zero. Now, suppose a small force is applied at the ailerons or the control stick so as to move the bellcrank once again, a similar centering action will take place because the ports will be uncovered. However, this time the crank will not return quite all the way to the original null position because a force must be developed by the actuator sufficient to exactly balance the applied force. The amount of the null offset is directly dependent on the force being applied and on the opening or bleed characteristics of the valve ports. The centering force of the actuator builds up very rapidly as the port opening increases and the force reaches a maximum within a



very short movement of the valve which is much smaller than the diameter of the valve port. When the maximum force is developed, one bellows will be completely relaxed (no vacuum) and the other will be developing the total force produced by the vacuum. Throughout this complete centering process, there has been very little flow of air through the valve. There is never any continuous bleeding of air through the system because the vacuum source is never vented directly to the atmosphere. The only air that flows is that small amount due to leakage around the valve and the small displacement volume resulting from the stroke of the bellows. The maximum force of the actuator (in pounds) can be estimated by multiplying the value of the vacuum (expressed in pounds per square inch) by the crosssectional area of one bellows (expressed in square inches). The actual force will be somewhat different due to the effects of valve leakage and the changes in effective bellows area with the stroke. If the force applied to the



Figure 2 — Photos showing installation of actuator system in the BD-4. Note that the control stick has been moved in different photos to show movement of the bellcrank and linkage. No vacuum was applied to the system for these pictures.
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cause, if the unit is nulled, the slide valve must be



positioned by the actuator to cover the port regardless of the position of the follow-up arm and bellcrank. When point A is moved to some position such as



Point A, the bellows will move the bellcrank such that



it and the follow-up arm are parallel as indicated in Figure 5. The resulting displacement is essentially the same as that which would have resulted if the controller had been connected directly to the bellcrank at point F (distance A-B equals distance E-F) and had physically moved the bellcrank itself. But observe that the control-



ler actually only had to overcome the forces acting on



slide valve (primarily friction) whereas the bellows had to overcome all the forces acting on the bellcrank and aileron cables. Of course, if the controller had been at-



tached at point F, the controller would have had to do all the work.
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FIGURE 3 - SCHEMATIC OF COMPONENTS



actuator will move in the direction of the applied force until the end of the stroke is reached. The resisting force of the actuator will remain essentially constant



throughout the stroke. These force-stroke characteristics are illustrated in Figure 4 which is a plot of the centering force versus the stroke of the actuator at the aileron



cable as measured from the mid or neutral position for



the case where the controller is at its mid-position. When the external force being applied to the actuator is removed, the actuator will rapidly force the ailerons and control stick back to their neutral position. -STROKE (LEFT AILCRON) •»
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FIGURE 5 - SHIFTED NULL POINT



The force-stroke characteristics of the booster system with the controller positioned as indicated in Figure 5 are shown in Figure 6. Also shown is a composite curve representing typical aileron cable forces which would be encountered by the actuator if the ailerons were moved back and forth slowly and smoothly. These forces are composed of the aerodynamic hinge moments and the friction of all the control system. Note that friction al-



ways opposes the direction of movement so that a "hys-
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FIGURE 4 - FORCE - STROKE DIAGRAM



The null point of the actuator, where it wants to center, can be shifted from one end of the actuator to the other merely by moving the pivot point A of the followup arm (see Figure 3) with the controller. Note that, in this design, the distance between pivot points B and C on the follow-up arm is equal to that for points D and E on the bellcrank, and also that the distance between B and E is equal to that between C and D. Thus we have these points forming a parallelogram which is in the shape of a rectangle when the system is at its midposition. Point E, the bellcrank pivot, is fixed to the air-



frame and point B is essentially in exactly the same position whenever the actuator is nulled. This is so be-



teresis" curve always is produced which is more or less equally positioned about the aerodynamic hinge moment curve. The arrows on the curve indicate the direction of movement which produces that portion of the curve. The actuator will move the controls toward the commanded null position from any other travel position until the actuator force just balances the aileron system forces. Thus the actuator will stop at either of the two indicated loaded null positions very close to the no-load null position or any place in between, depending on which direction the actuator is moving the controls. You can see that the two loaded-null positions are determined by the slope of the actuator curve within the centering band. The slope of the curve or the actuator's sensitivity can be adjusted by changing the location of point A on the follow-up arm; moving it towards point C will increase the slope and vice versa. Increasing the sensitivity will reduce the sponginess of the actuator and the loaded-null position errors but also will increase the tendency for the system to oscillate or chatter about SPORT AVIATION 19



the null. This chattering tendency will be aggravated by any slop in the follow-up linkage which also increases the loaded-null position errors.



The servo, control valve and bellcrank were attached to the airframe by a mounting frame made of .063 aluminum sheet. The details of this were not significant



to this article and have been left out. Needless to say, the frame was made and mounted so as to provide as
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FIGURE 6 - SHIFTED NULL



much rigidity as practical because any structural flexing would increase the sloppiness of the centering action and could result in hunting oscillations. A slotted guide plate was attached to the mounting frame to force the follow-up linkage to move only in the one plane and thereby prevent binding of the linkage and valve. The sandwich design of the on-off and control valves, which require a fair amount of precision, makes fabrication extremely simple. As indicated earlier, I did not want to get involved with machining operations and as a result came up with this approach as a solution. The valve, shown in the photographs, was constructed in only about 30 minutes. It was made of plexiglass because it just happened to be handy when I was looking for a piece of Vi inch thick material to use for the parts, and also because plexiglass is quite durable and easy to



work with. Furthermore, I thought it would be helpful



for demonstration purposes to be able to see into the valve to show how it worked. The valve worked so well in the bench tests and demonstrations that I decided to use it in the airplane.



Construction Notes



So much for theory. Now let's see how the current



experimental unit is built. As shown in the photos of Figure 2, the unit is located on the left side of the cabin



under the pilot's seat. It occupies a space about 5 inches deep, 13 inches wide and 14 inches long and weighs about 3 pounds. The autopilot itself weighs an additional 1% pounds for a total installation weight of less than 5 pounds. This weight probably could be reduced by about 1 pound by design refinements. Drawings of the various parts are given in Figures 7 through 10. The bellows shown in Figure 8 is an alternate design which has not yet been flight tested but worked very well in bench tests. The bellows are hooked to the control cables through



the bellcrank which provides a 2 to 1 mechanical advantage for the bellows so that the force applied to the ca-



bles is twice that developed at the bellows itself. The bellcrank is attached to the aileron cables by means of a clevis pin passing through the hole in the center of a



turnbuckle barrel. The turnbuckle was already a part of the control cables and is used normally to adjust cable tension and alignment of the ailerons. The bellows shown in Figure 7 are merely two pieces of flexible clothes dryer vent hose. I obtained about a



six-foot length of this hose at a regular Sears Service Center for about $5.00 and I think that, probably, that is enough to provide replacements for many years. The ends of the hose are tight-fitting Vi inch plywood discs stapled and glued in place. MOUNTING LU6



The design is such that the necessary precision is almost built-in. The primary requirement is that the top and bottom surfaces of the material be smooth and flat and that the thickness be constant within about .001 inches. The valve parts were all cut from the single piece of plexiglass to ensure the constant thickness. The edges of the i n d i v i d u a l parts were smoothed using fine



sandpaper and then the parts were stacked together and the bolt holes at the edges were drilled. The middle part, which is the slide valve, was then removed and the top surface dressed down very slightly on a flat surface



using number 600 wet-or-dry finishing paper to provide a close slide fit between the top and bottom plates. It is this fit that primarily determines the amount of air leakage through the valve. This fit was made as close as possible without causing excessive sliding friction which has to be overcome by the control servo. The fit between the slide valve and the two side spacers has very little effect on air leakage and was made fairly loose so as to minimize the total friction of the valve. The clearance



between the bolts and their holes was sufficient to allow adjustment of the side clearance before the bolts were tightened. The holes for the ports in the slide valve and the valve body were located accurately by drilling two holes through the top plate and partially into the slide while the slide was extending exactly Vi inch out of the body at one end. The valve was then slid into the body exactly Vi inch and another set of two holes was drilled



partially into the slide using the original holes in the top plate to guide the drill. The valve was then centered and the hole at the middle of the valve was then drilled



through the top plate and partially into the slide. These holes were drilled using 7 /ie-inch diameter drill. After the slide had been removed from the body and the partially drilled holes had been completely drilled; all holes were then reamed to a .250 diameter.



To complete the slide, the slots were cut along the
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FIGURE 7 - BELLOWS 20 APRIL 1981
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centerline using a series of partially drilled 3 /i6-inch diameter holes and then using a hand grinder to provide a fairly smooth surface in the slot. The dimensions of the slot and the distances between the three holes in the top plate were not critical. The only critical dimensions in this drilling operation were the positions of the slide in and out of the body as the first two sets of holes were being drilled.



The on-off vacuum valve was constructed in a similar manner. The concept for the alternate bellows design, given in Figure 8, is similar to the rolling-diaphragm concept used in the Brittain system. This alternate design uses two 3" tall tin cans, one fitting inside the other with a clearance of about 3/is" between them. The diaphragm was made from two layers of tightly woven nylon cloth with a coating of silicon sealant between the two layers. The cloth is like that used for lightweight windbreaker jackets. Each layer of nylon was made up of three sections, each with the same alignment of the fibers, so as to provide a more nearly uniform alignment all the way around the two plywood discs of two different diameters. The diameter of each disc matched one of the two cans and the distance between the discs was made equal to the height of the cans. An extra '/2 inch of length was added at each end of the diaphragm to allow for a glueing flap. The cans were faced open-end to open-end and the diaphragm glued to the bottom (closed end) of the smaller can and to the top (open end) of the larger can. A '/« inch plywood disc was added to the bottoms of both to help stiffen them. Sii/F '/ffi-)f-
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FIGURE 8 - ALTERNATE BELLOWS



The collapsed or retracted length of this bellows is equal to the 3-inch height of the cans, and the extended length is equal to twice that amount giving the bellows a stroke of three inches.



The larger can used for this unit is a one pound



Crisco can and the smaller is a 12V4 ounce Carnation Mighty Dog dogfood can. (I bet you didn't know that your local grocery store was a supplier of aircraft materials, did you?) There is a large variety of various sized



cans available there so you can select the size of bellows



you can make.



Test Results



After completing the various parts, I assembled them on a heavy board to make some bench tests before installing in the airplane. I borrowed Peg's vacuum cleaner to use as a vacuum source and pulled the gauge out of the airplane to measure the available vacuum. It was 4 inches of mercury which just about matched what



the 8-inch venturi was developing at cruise conditions in



flight.



I was very pleased to see that the unit worked perfectly the very first time I hooked up the vacuum. Pull tests indicated that the maximum force developed by one of the bellows was about thirty pounds which equated to sixty pounds applied to the aileron cable. Also, this represented about nine pounds applied at the hand grip of the control stick. Since I had estimated that the static friction was equal to about two or three pounds applied at the stick, it appeared that this unit met my set of requirements quite well. I checked on the stability of the unit when attached to the mass of the control system by clamping a long bar to the bellcrank and adding a few pounds of weights at the end. After displacing the bellcrank from null, it was released to see if the unit had a tendency to oscillate or chatter. The resulting motion indicated that the unit had satisfactory damping characteristics. Admittedly, these tests were quite crude by normal engineering standards, but I considered that they were adequate and proceeded with the airplane installation. After completing the installation, 1 performed some more ground tests at the airport using the vacuum cleaner once again for the vacuum source. I used the manual trim mode of the autopilot to check the ability of the booster to move the complete control system all the way to the stops to see that there was no binding and interference. Rapid inputs were made to check the oscillatory characteristics. Attempts to move the control stick very small amounts from the null position showed that the centering action was satisfactory, and very small changes of the trim control showed that the system had a very small deadband and would follow the autopilot position commands very accurately. I had mounted the rate sensor of the autopilot on the left cabin door of the airplane so that it would be easily accessible for some flight tests of the recently modified AIRGUIDE electronic circuitry. So it was very easy to check the dynamic response of the booster system to the autopilot commands merely by opening the door and moving it slowly back and forth to simulate a snaking oscillation of the complete airplane. It was very satisfying and a bit amusing to see the ailerons and the control stick moving in perfect unison to oppose the swinging motion of the door. (I wonder what those two fellows in the truck throught as they drove by the plane? They didn't stop to ask any questions.) The first test in flight was to check the response once again to the manual trim inputs before turning on the autopilot. The stick moved smoothly to the inputs and the airplane rolled all the way to about sixty degrees just as though I had actually grabbed the stick and moved it. I was able to make very fine trim adjustments with immediate and accurate response from the booster. Although the sensitivity of the manual trim control was a bit too high, the system otherwise was fine. The first test with the autopilot turned on resulted in a fairly large amplitude rolling oscillation, but otherwise the system continued to function very well. This oscillation was to be expected because the control authority of this new actuator was very much greater than that of the original electric servo actuator. (Control authority of the original system using the auxiliary control tabs was equal to about twenty percent of the aileron



authority, whereas the new system had one hundred percent.) I had left the autopilot gain adjustments unchanged from the original settings so as to have some direct indication of the effects of changing to the new system. After reducing the gains so that the oscillation ceased, the airplane responded very smoothly to the autopilot inputs. It was very satisfying and reassuring to see the control stick automatically move back and forth SPORT AVIATION 21



slightly in response to the light turbulence that we were flying through. When I cranked in a heading change,



the airplane banked immediately in a gradual turn to the new heading and the stick moved to roll the plane out exactly at the time that I would have if I had my



hands on the controls. It was almost as though the stick



was responding to my mental commands. I flew the plane manually for several minutes with



the system turned on to see how easy it was to control the airplane while working against the autopilot. Although the controls felt "heavier", they were acceptable. I also flew for several minutes and made one takeoff with the manual trim control cranked all the way to one side to simulate a hard-over failure. The airplane was



controllable but the sustained "hard-over" force was quite uncomfortable after a few minutes. Cutting off the



vacuum with the on-off valve immediately restored the



controls to their normal feel. Most of my tests were done at a low economy cruise



setting which resulted in speeds of about 120 miles per hour but I made a few high speed runs to check on the heavier feel that resulted from the increased vacuum (I have no regulator in the system). The changes were noticeable and it was necessary to reduce the autopilot gain somewhat to avoid the rolling oscillation that reappeared. Concluding Remarks



As I've pointed out before, this pneumatic booster system as presented here is still in its experimental stage and there undoubtedly are numerous refinements



that can be made, however, the system has performed very well in its present form. The parts are very simple to make and involve a very minimum of expense. My experience with operating the system in flight is quite limited at the time of writing this article; however, I



don't expect to have any serious reliability problems because the materials are fairly durable and there are no critical alignments or clearances to give trouble. I expect that the major problem to be encountered will be dust or dirt collecting in the slide valve. I've purposely not tried to filter the air going into the valve of this unit so as to see if this will actually become a real problem. It should be an easy matter to add filtering if it becomes necessary. In the way of a few changes that could be considered in refining or adapting this basic system, the forces developed by this set of bellows is somewhat large especially at the higher cruise speeds where the available vacuum was higher then four inches of mercury, therefore, I suggest that the size of the bellows probably can be reduced appreciably without jeopardizing effectiveness in most airplanes, especially those with fairly low control system friction. There are some aircraft flexible air hoses that could probably be used as bellows material in place of those used here, but you should avoid the heavy duty types that are quite heavy and stiff. The bellcrank could be eliminated by connecting the bellows cables directly to the aileron control cables as done in some of the commercially available autopilot systems. If this is done, the bellows should not be allowed to pull on the cables at an angle and the bellows
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must be attached to the cables so that there is essentially no stretch or slack that can develop between the two bellows and the follow-up linkage. These items are not too critical for an open-loop system but are likely to lead to serious stability problems in a closed-loop system. Various geometric arrangements of the parts can be tried to fit the system into the available space of a particular airplane. There is nothing particularly critical about the arrangement as long as the proper motions are produced without slop or binding. Be sure to check the linkages for the effects of side loads which might cause the links to lock or bind. I found that I had to add the slotted guide for the follow-up arm in this unit because of this type of problem. This booster system should make it possible to install your own homebuilt autopilot in almost any lightplane flying today, even those which have been hatched in Wichita or Vero Beach. There are several such airplanes, especially the Ercoupe, which are now flying legally with a home brewed autopilot. The owners have been able to get their installations approved quite easily by working with their local FAA General Aviation District Office. Call one of the GADO inspectors before you start such a project to be sure there will be no problems. Before you call him, sketch out your installation so that he will see that you really know what you are doing. Also, point out the fail-safe features of the system and note that your modifications will not alter the basic structural or flight characteristics of your plane. I have been developing this system merely as a part of my hobby and will report on any further effort which



might be significant, but I do not intend to get involved in supplying parts or plans for the booster system. For those who are interested in building the AIRGUIDE autopilot system, I do have the book which covers complete instructions on how the system works and how to build, install and operate it in your homebuilt airplane. The book is written with the builder with limited knowledge of electronics in mind and the system is relatively simple to make with parts readily available at your local Radio Shack or other electronic supply stores. (As far as I know there are no commercially available kits or assembled units on the market at this time, although two companies — Eos Mira and Omnics — were in the business for a couple of years.) To date, almost 300 copies of the book have been sold to builders throughout the world. The cost is $15.00 postpaid in the U.S., Canada and Mexico, or $17.50 postpaid air mail overseas. (Please do not send checks drawn against foreign banks as there is a very high charge for cashing.) The book includes the latest circuit changes, including those described by Doug Garner in the August 1980 issue, which give the system very much improved performance. For those who bought the book prior to December 1980 and do not have these latest revisions, a packet of about 33 pages of revised text, tables and figures is now available for $5.00 postpaid, or $6.50 overseas. A series of three remaining newsletters, which will contain further useful information on the booster system as well as the latest news on the autopilot systems in general is available for $4.50 postpaid, $6.00 overseas. Send orders for these items to Don Hewes, 12 Meado Drive, Newport News, VA 23606.
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Muscle For Your Homebuilt Autopilot - Size 

the full travel of the manual controls so as not to re- strict travel which might ..... diameter holes and then using a hand grinder to provide a fairly smooth surface .... instructions on how the system works and how to build, install and operate it










 








Painting Your Homebuilt - Size 

Some Thoughts About Color. Before deciding on the paint scheme, you should first select a color or colors to use. Maybe you have a "favorite color." Even so, it.










 








A Bubble Canopy for Your Homebuilt 

pany that makes raised-letter plastic signs, thinking that these people would .... I wasn't able to find such a box locally and so decided to build one out of >/â€¢> in.










 








A Bubble Canopy for Your Homebuilt - Size 

I finally worked up the courage to tackle this project. Actually, Linn deserves the credit for this report since, for the most part, ... a neoprene or rubber gasket seal, then a second sheet of. % in. plywood .... cost me less than $8.00. The finishe










 








Maintaining Your Homebuilt 

for which an experimental airworthiness certificate has ... Part 91.319(c), which says the FAA can .... its certificate type and the name, signature, and number.










 








Painting Your Homebuilt 

ness" is the intensity. The hue describes the name of the color such as yellow, red, blue, etc. The value describes the lightness of a color. The lighter the hue, the.










 








Testing Your Homebuilt 

Jan 24, 1977 - like to mention a few points which are often missed. .... requires an adequate runway, and if you don't have an adequate runway .... the game.










 








Designing Your Homebuilt - Size 

weekends to playing golf, or any other hobby he cares to .... ventional" configurations, meaning one wing in front and .... want (in knots) and the gross weight.










 








Maintaining Your Homebuilt 

to complete their airplanes. Others are the second owner of an amateur- built experimental aircraft. ... that apply to a specific, .... tos, alternators, and other "appliances" that may be in- stalled on your .... Check the competition and compare.










 








Testing Your Homebuilt Pitot-Statics 

craft â€” every 2000 ft. up to the maximum altitude you want to calibrate. Both aircraft should use a 29.92 altimeter setting so that actual pressure altitudes are ...










 








Avionics For Homebuilt Aircraft 

harnesses to elaborate enclosures and noise suppression ... During the Golden Age of Aviation, when .... If your resources are sufficient for new radios, I'd ...










 








Testing Your Homebuilt Pitot-Statics - Size 

a tube placed in the airstream and carried to the airspeed indicator with tubing. ... to supply the free air ambient pressure to the instruments. That would be-easy if the ... The test procedures presented here require no elaborate equipment, and ...










 








Antenna Considerations For Homebuilt Aircraft 

radio frequencies of the VHF aircraft band are between. 108 and 136 mHz. ..... a balun of this type would make the antenna look like an 18 ohm load to the 50 ...










 








Avionics For Homebuilt Aircraft - Size 

(Part 1). During the Golden Age of Aviation, when most airplanes performed about the way our modern "low 'n slow" ones do .... standard "form factor" for Terra radios is a couple of ..... Apollo Flybuddy Plus your life not .... wing leveler (opt.).










 








Fuel Systems For Homebuilt Airplanes 

horizontal (because of water droplet precipitation), with .... Water droplets on the floor of a gas tank ... ment, control or direction of any such event. April 25-26 ...










 








Fuel Systems for Homebuilt Aircraft 

should address these considerations. Fuel Tanksâ€”Know .... air flow's direction smoothly. Use a plenum, horn .... water droplets and foreign in the tanks to move ...










 








Muscle Activation Patterns for Reaching 

experiment subjects were asked to move at their preferred speed. .... The first part of the experiment was designed to examine the ... age at this stage is depicted in Fig. 1) . .... Pectoralis phasic components show a clear gradation of ..... the EM










 








Static System For The Homebuilt Aircraft 

by as much as 500 ft. or even more. That is the ... of minus 1,000 ft. to plus 1,000 ft. the altimeter must read within plus or minus 20 ft. of actual altitude, from 1,000.










 








Antenna Considerations For Homebuilt Aircraft - Size 

Coaxial cable is generally used to connect both com- munication and navigational antennas to the radio equip- ment. RG 8/U, .405 in. diameter, or RG 58A/U, ...










 








Engine Break-In For New Homebuilt Aircraft 

at least one with a top overhaul. Even the replacement of one cylinder re- quires a break-in regimen. How then do you break-in the engine and per- form taxi ...










 








Models For Test and Designing Homebuilt 

evaluate any aircraft design is to build ... Test procedures can be very simple or ... perform them with a full size machine! ... adequate to show the general stability.










 








Fuel Systems For Homebuilt Airplanes - Size 

gonomic practices, fuel selector valves being the most prominent. It is abso- lutely amazing ... which is such a good "teapot" for boiling fuel. When the .... sump drains they become unneces- sary, or at best .... 1 watt). This resistor limits the po










 








Fuel Systems for Homebuilt Aircraft - Size 

are attributed to carburetor ice. The solution to this problem is a fuel re- ..... the CAFE Foundation Research Mooney M20E. header tank because it vibratesâ€”.










 








Static System For The Homebuilt Aircraft 

craft. The location where static pressure is to be measured is somewhat critical and sometimes difficult ... By trying various static locations on the aircraft the home- ... pitot tube assembly to the wing. That is the hardest part of the job complet
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