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I



remember an old flight instructor saying, “Everything you do in building an aircraft should keep the airplane as light as possible.” At the time, I thought he was being excessive. Certainly, any airplane should be powerful enough to fly anything I wanted to load. Like many things in life, at 18 I was too young to appreciate fully what he was trying to teach me. Later, I would understand. As we move into the exciting new world of light-sport aircraft (LSA), it is important to keep in mind what my first flight instructor, Charlie, was trying to teach me. Airplanes can only lift so much weight. Many factors play into just how much an airplane can lift. Certainly ambient atmospheric conditions are important, but wing area and engine horsepower also play vital roles in the equations. In context of the wing and engine, the formulas are simple. The more wing area available, the more the aircraft can lift. The same holds true of the engine; the more powerful, the more capable it is of lifting. This part of the lift equation can be simplified into the concept that to lift a certain load, either you need a large wing and a small engine, or you can use a small wing with a powerful engine. Corollary to this is the concept that with a large wing, you have the capability of flying at slow airspeeds. Alternatively, if you have a small wing and a powerful engine, you can lift the same payload, but you are going to be flying really fast to do so.



When it comes to building and flying airplanes, the question of performance becomes a huge jigsaw puzzle. What you might change in one area will affect two other areas, leading to multiple changes further down the line in the equation. Building an airplane, or more importantly designing one, becomes an exercise in compromise. Weight and balance play an important part in aircraft performance and handling characteristics. Inexperienced pilots tend to look at the performance figures of airplanes they dream of building or flying and compare them to what they know from flying other aircraft. Most pilots key on how fast the airplane flies, how far it will go, or how quickly it climbs. Engineers derived these performance figures based on the International Standard Atmospheric (ISA) conditions of 59°F and a barometric pressure of 29.92 inches of mercury. If the ambient conditions differ from ISA or the airplane is loaded beyond design limits, aircraft performance changes and safety may be affected. The degree of these changes depends on the differences. If conditions are hotter or air pressure is lower than 29.92 inches, the aircraft will not perform as advertised. The same holds true of the aircraft’s gross weight. When the airplane is overloaded, it will not fly correctly. The difference in how the airplane will fly is contained in the performance charts in the pilot’s operating handbook or information manual. In a “store-bought” airplane, the manufacturer bases performance charts on ISA and loading conditions of the



In terms of ambient atmospheric conditions, weight combined with high-density altitude has the potential to combine into a possibly dangerous situation for any pilot.
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design’s gross weight with the center of gravity located within limits. In homebuilts, the engineering information can range the gamut from almost nothing to in-depth data rivaling the space shuttles. This is because of the nature of homebuilding; homebuilts do not have to conform to the stringent requirements of Part 23 of the Code of Federal Regulations. For



pilots, learning, knowing, and understanding weight and balance in relation to the performance envelope is key to realistic performance expectations and safety. In terms of ambient atmospheric conditions, weight combined with high-density altitude has the potential to combine into a possibly dangerous situation for any pilot. For the EAA Sport Aviation
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maintenance & restoration inexperienced pilot, ﬂying an airplane out of a high-elevation airport on a hot day with a high gross weight can spell disaster. Couple the high-gross weight with improper loading of the aircraft and the equation becomes critical. The setup can complete a fatal accident scenario. Add a couple of more links to the accident chain such as a grass runway, poor visibility, high trees at the end of the runway, or too much wind or not enough wind, and you have all the components necessary for an accident.



Homebuilders need to have solid knowledge regarding basic aerodynamics and structural engineering. The way the airplane is loaded will inﬂuence its handling characteristics, directly impacting how the airplane ﬂies. With the center of gravity located near the center of the design limits, ﬂight controls have a certain “feel” to them. This is particularly true of the elevator and the rudder. If the center of gravity is located near the forward limits, elevator and rudder response becomes “heavier” or “sluggish.” On the other hand, a homebuilt designed with the center of gravity near the aft limits becomes “light” on the controls.



The problem in designing an airplane with the center of gravity near the rear limit is the possibility of accidentally over controlling the aircraft. This has the potential to lead to an inadvertent over stress of the airframe. The performance envelope of each airplane begins with certain load limits in mind. For normal category airplanes, the limits are -1.52g to +3.8g. For a light load in the airplane with the center of gravity restricted, the airplane may fall into the utility category with g-limits of -1.76g to +4.4g. Aerobatic airplanes usually have g-limits of -3g to +6g. The performance envelope goes by many other names— the VG diagram, the VGN diagram, the VG-VN diagram, or just “the envelope.” By whatever name, the information derived from the charts is important and applicable to the way the airplane is loaded and performs. VG diagrams, like airplanes, come in different varieties. There are the normal, the utility, and the aerobatic categories. Each model of aircraft has a speciﬁcally tailored envelope; one size does not ﬁt all. Once a pilot is familiar with one, he can correlate the knowledge to others. Simply stated, the VG diagram shows a lot of information. From this one chart, a pilot can derive g-limits, stall speed, cruise speeds, maneuvering speed, the top of the green arc, the bottom of the yellow arc, and redline (Figure 1). When you hear a pilot like Pete Mitchell (played by



The importance of performing aerobatics in airplanes designed for the maneuvers becomes important when the inexperienced pilot makes a mistake. If the pilot “falls out” of a maneuver, he could very well face the decision of pulling hard or hitting the ground. Tom Cruise in the movie Top Gun) talk about “ﬂying on the edge of the envelope,” this is the envelope he is talking about. What ﬂying on the edge means is just that—ﬂying out at the limits of g-loading, stall speeds, or airspeed limits—without crossing over the line (Figure 2). Most of us spend our ﬂight time in the “heart of the envelope,” that area in which we are at cruise speed pulling no more than about 1.5g or 2g at the most (Figure 2). When we get “light in our seats” on the negative side, that is usually no more than about 0.5g to 0g. With any more than that, we tend to become uncomfortable. Physical discomfort is what keeps us away from the edge, leading us never to cross the line. Crossing the line can be bad, and most of us know this so we tend to stay away from the



edge of the envelope. Going beyond the edge of the envelope may have disastrous results. At the very least, you will damage the airplane internally, possibly setting up for an in-ﬂight failure for another pilot. In the worst case, you might experience that structural failure yourself. Either way, it is not healthy for your life or career. This brings up the question of doing aerobatics in an airplane not speciﬁcally designed for aerobatics. As a ﬂight instructor working with young students, occasionally I come across one who asks questions in a way that tells me he or she is thinking about it. For instance, the student reasons that if an airplane were lightly loaded, more g would become available. The answer is yes, of course. Take a standard Cessna 172 with a gross weight of 2,300 pounds. That is the normal category gross weight with a g-limit of 3.8g. Essentially, this means the structure must support 8,740 pounds at 3.8g (3.8g x 2,300 lbs = 8,740 lbs). In the utility category, the airplane will be limited to a gross weight of 2,000 pounds (8,740 lbs / 4.4g = 1,986 lbs). Some inexperienced pilots have reasoned that if the airplane is empty with only themselves and 10 gallons of fuel, they can get more g for maneuvering ﬂight (8,740 lbs / 1,420 lbs = 6.1g available). Many argue that 6.1g is plenty



maintenance & restoration for almost any aerobatic maneuver. To this, my answer is, “Yes, you’re right. But what about the seat you’re sitting in bolted to the ﬂoor of the aircraft?” I then explain that the engineers designed the seat with a limit load of 4.4g in mind, the same as with the ﬂoor structure of the aircraft. This is where many young pilots suddenly correlate the need for aerobatic structures to be heavier than normal category airplane structures. When building the airplane, a craft designed to hold together at higher stresses must, of course, be built with stronger materials. This leads to a higher empty weight than the same aircraft built for normal category operations. This is not the important aspect, however. The importance of performing aerobatics in airplanes designed for the maneuvers becomes important when the inexperienced pilot makes a mistake. If the pilot “falls out” of a maneuver, he could very well face the decision of pulling hard or hitting the ground. There’s no doubt that hitting the ground could be fatal, but so might be pulling hard. The problem with pulling hard comes in the form of over stressing the airplane. If the pilot is unlucky, the airplane might come apart when she pulls. If the airplane stays together, it probably is damaged. And even though damage is not visible, it is there just beneath the surface of the airframe skin. If unreported, the next pilot ﬂying the airplane may be at risk—even while ﬂying well within the range of normal maneuvers. A long time ago when I was that 18-year-old kid, not only did I not understand the importance of weight and balance, but also I was completely ignorant of the design process and load limits. While I was ﬂying Charlie’s Cubs, I had no idea of how strong the airplanes truly were. Occasionally I ﬂew a Cub through an afternoon summer thermal, and the airplane would jerk and bounce, causing my heart to leap to my throat. Like a young child learning how 102
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to swim, we learn about ﬂying, about airplanes, about structures and materials, and about how it feels to pull g’s. The young child does not learn how to swim by jumping into the deep end of the pool; likewise, young pilots should start small and work up. This is why it is important to ﬂy with good ﬂight instructors who can demonstrate exactly what it feels to pull 2g, 2.5g, and 3g. New pilots need to develop a seat-of-the-pants feel for different levels of g. Without the experience, they don’t know the difference between 1.5g or 4g. In addition to a well-developed seat-of-the-pants feel for ﬂying, homebuilders need to have solid knowledge regarding basic aerodynamics and structural engineering. These two disciplines go hand in hand in the development of any homebuilt project. In the area of basic aerodynamics, those who want to design and build their own airplane need a strong understanding of how weight affects aircraft performance. They also must realize certain load conﬁgurations will inﬂuence safety and handling characteristics. When it comes to structural engineering, homebuilders need to know exactly how much stress a structure can handle before breaking. In other words, if they are building an airplane for aerobatics with a design operating weight of 1,700 pounds, the wing should be able to handle 5 tons of minimum force before breaking (1,700 pounds x 6g = 10,200). In reality, there should also be a 50 percent fail factor ﬁgured into the equation to bring the total to 15,300. There is one other thing to keep in mind when designing, building, and ﬂying your own unique airplane. Usually, airplanes can take a lot more stress than pilots. We typically get uncomfortable long before reaching the airplane’s breaking point. Joe Clark teaches at Embry-Riddle Aeronautical University, has given 6,000 hours of dual instruction, is a former U.S. Navy A-7 pilot, and owns a 1952 Cessna 170.
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