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Angle of Attack Meter: Page 1 Angle of Attack (AoA) is a central concept to the mechanics of flight. It is important to understand the relationship AoA has on the performance of the wing. Although most airplanes do not have a way to measure angle of attack directly, this poses no real problem because the Air Speed Indicator (ASI) gives us similar information, although in a different form. We learn through training that the wing stalls at a specific angle of attack, which may differ from plane to plane due to design, airfoil, or construction, but is always constant for each aircraft. We learn through practice that the wing stalls at certain airspeeds, and that stall speed varies with several factors (weight, bank angle, load factor, etc.). In practice, we learn how to conceptualize Angle of Attack through interpretation of the Air Speed Indicator. But wouldn't it be easier to just read angle of attack directly? Before I go further, I'll say that none of this is necessary for safe flight, nor unique to the Sonex. It's merely something I've been working on to explore this concept. Angle of Attack vs. Lift Reserve Indicator These are the same thing, right? Well, not really. Both can be useful, namely answering the question "How close to stalling is the aircraft?" To answer this question, we can take four unique approaches: 1. Intuition, including seat of the pants feel, wind noise, control response, sink rate, etc. 2. Read airspeed from the Air Speed Indicator, and compare to the published stall speed at that configuration (again, weight, bank angle, and other factors must be considered). 3. Refer to the Lift Reserve Indicator (LRI) and note the position of the needle (green, white, red arc). 4. Refer to the Angle of Attack meter and compare to the published critical (stalling) Angle of Attack Option 1 is learned with experience, and once obtained, may be all that's needed to fly safely. It obviously isn't the only preferred option because the FARs require certified aircraft to have an ASI, and to publish stall speed information in the POH (option 2). The LRI in option 3 is a valuable instrument, but it does not answer the question "What is my Angle of Attack?", but merely "Is my Angle of Attack OK?" (which is probably all we care about anyway). Option 4 allows you to prepare additional performance graphs and tables that relate aircraft performance to angle of attack rather that airspeed (such as best rate of climb AoA, short field approach AoA, stalling AoA, etc.). This may be useful, as AoA doesn't change like airspeed does. So which one is right for you? Good question, but the answer varies with each individual. I think the answer follows a bell curve. For 10% of pilots, intuition is enough. The majority fall into the ASI realm, a few opt for the LRI, and only a very few go with a true AoA meter. Statistically speaking, this is probably just a waste of time, but hey, it sure is fun! A few Options... o o o o



The Lift Reserve Indicator, by InAir Instruments, LLC Home Made Lift Reserve Indicator Homemade Angle of Attack Meter (although really just another LRI) Some EFI's have optional AoA meters, such as Dynon



o



Aircraft Spruce (and others) sell AoA meters, although they are not cheap.



Since this project was supposed to be fun, I didn't want to spend a lot of money. I figures a budget of about $100 was about all the fun I wanted to spend, so I aimed to stay under that. A Little Theory... There are two easy ways to measure angle of attack: 1) A movable vane connected to an electrical device that senses the position of the van relative to the fuselage, and 2) A sensor that detects differential pressure. I decided to go with the differential pressure system, but maybe down the road I'll build a moving vane type sensor. To understand differential pressure systems, you need to consider the geometry of the two probe orifices, which are best placed 90 degrees to each other. Because this is fixed, as the probe changes AoA, differing pressures will enter each orafice. Working through the geometry and math, the pressure in each orifice is the sum of the static and dynamic componenets entering it. For example, when the probe is oriented so that one orifice is directly into the prevailing wind, it sees a pressure equal to the ram (dynamic) pressure entering it. Conversly, since the other orifice is turned 90 degrees, all the airflow passes adjacent (normal) to the orafice and it sees only static pressure. This is the way a typical Pitot-Static setup works. However, as the angle between the orifice (I'll only refer to the first one, since the second is always going to be 90 degrees out of phase) and the prevailing wing changes, the orifice will no longer see the full ram pressure; part will enter, and part will pass normal to it. We can calculate the velocity component entering the orafice using trig functions (sin & cos of the angle), and we have graphs that relate air velocity to ram air pressure. Working through the math, we can determine an equation that relates differential pressure (delta P) to Angle of Attack. However, it becomes clear that the relationship is still proportional to the relative wind velocity. In other words, the faster we are going, the more differential pressure will be created with Angle of Attack. This is where the differences between the LRI and a true AoA meter become apparent. The LRI makes no attempt to correct for this. So why does the LRI work? The LRI is initially calibrated at a specific airspeed and AoA (a full stall landing where the airplane just begins to mush). Reading the instructions, calibration is conducted by adjusting the angle of the probe (with respect to the wind cord line) until the needle of the LRI gage is right at the white line. Since the gage is nothing more than a sensitive pressure gage, essentially, you calibrate the probe to deliver a pre-set differential pressure (whatever the pressure is that lines up with the white line) at a pre-set flight condition (full mushing landing flare). The jump of logic here is that this full-mush flight condition corresponds to just under the critical angle of attack. So what happens if you change the flight condition? Changing airspeed changes the maximum possible differential pressure. Essentially, to get the same differential pressure as you previously calibrated, but at a lower airspeed, you'll need a higher angle of attack. Similarly, go faster, and you'll need less angle of attack. Now take another look at the face of the LRI gage. Notice that the gage reads from red to green? This fixes the paradox of changing possible differential pressure. Looking at our previous example, go slower than the calibrated flight condition but at the same AoA, the probe registers less differential pressure, and the gage reads red. Fly the same airspeed as



the calibrated flight condition but at a lower angle of attack, the probe registers less differential pressure, and the gage reads red. Likewise, fly faster than the calibrated flight condition at the same AoA, the gage reads green. Eventually, at a great enough airspeed, any combination of airspeed and AoA you're likely to achieve will produce enough differential pressure to keep the gage in the green. This is the concept they refer to as "Lift reserve". Is it a valid concept? Generally, I think so. The range of critical angles of attack and stalling airspeeds is fairly narrow for most light aircraft. That means the range of differential pressures is also narrow, and moving the probe a few degrees one way or another can accommodate this range. Install the LRI is a very slow airplane or a jet, and all bets are off. The differential pressure at the stalling flight condition just won't work on that standard pressure gage. Having gone through all that, I think the LRI concept does a fine job for what it's designed for, namely, answering the question "How close to stalling am I?" More than the desire to know the exact AoA at any given time, that's what we are most concerned with. OK, Enough theory. What are we going to build? To start with, I'm going to build an electronic version of the LRI. Why? Because it's easier to build, and does provide some valuable information to the pilot. I've drafted a design on a true angle of attack meter, and the electronics that make it work, but the integrated circuit I planned to use has been discontinued, and the only ones I can find that do what I want at more expensive than I want to pay right now ($60), so the LRI it is! The concept for my AoA Meter is really quite simple. Construct a probe with two orifices 90 degrees apart. Plumb the tubing from the probe to a differential pressure sensor (a transducer with a range of 0-1 psi, or 0-10 inches of water) that will translate pressure to voltage. Run the voltage from the sensor into an IC that will turn on LEDs at pre-determined intervals. The IC I chose has 10 steps, so I could use a 10-digit LED bar graph, or a bank of LEDs. For my use, I'm simply going to use Red, Yellow, and Green LEDs: Red meaning "Warning, here comes the stall", Yellow for "Getting close to stalling AoA", and Green for "Good to Go".



The Schematic is fairly straightforward, and all the parts are available from either Radio Shack or Digi-Key. The Bill Of Materials from Digi-Key came out to approximately $35. Throw in a few pieces from Radio Shack like the project enclosure and circuit board, and the bulkhead fittings from the local RC Hobby Shop, and the total comes to around $45. I've included the technical literature for the IC and pressure sensor. I won't go into all the circuit design, but the resistor values were chosen for the specific components I used. Namely, if you change LEDs (which is perfectly OK), you may want to change the R3 resistor values to adjust the brightness to your liking. The values of R1 and R2 calibrate the pressure sensor output. If I were to build another AoA Meter, I might use a slightly different sensor (ASDXL10D44D) with a lower pressure range, Digi-Key PN 480-2528-5-ND, and change R2 to 1k ohm. This would give the meter a bit more sensitivity, although the current sensor seems to work fine. The probe is constructed from 5/8" dia tubing, and combines with a cut-down pilot static tube from Aircraft Spruce. This will then be mounted to the wing in a similar fashion to a standard pitot tube.
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Angle of Attack Meter: Page 2 UPDATE: Jan 2009 Although I said in the previous page that I was not going to work out the design of the twosensor "true" AoA meter, I decided to revisit the issue. The theory of the 2-sensor meter is very similar to the LRI style meter, but it doesn't have the same limitations of only working in a narrow range of calibration. To review the LRI, it is calibrated at 1-G, straight and level stall speed. In this configuration, let's say around 50 knots, there is a certain magnitude of ram pressure being generated (1.6 inches of water), and a certain degree of differential pressure due to the orientation (calibration) of the 2-orifice probe. Combine both together and you get total pressure, which is all the LRI actually measures. Stay close to 1-G and everything works well. However, put the aircraft into an accelerated stall condition, and the plane will be traveling much faster through the air (90 knots, perhaps?), and the ram pressure goes up (5.3 inches of water) but the probe is in the same configuration (meaning angle of attack), and thus is producing a very similar degree of differential pressure. You can see right way that an accelerated stall will "fool" the LRI into thinking you have plenty of total pressure (what they call "Lift Reserve") and have a safe margin from the stall AoA. No good at all for accelerated stalls! The fix for this problem is to use two sensors and take a ratio of pressures. One sensor measures pure ram pressure (pitot tube), and the other measures differential pressure (AoA probe). The sensors measure pressure, output the result as a voltage, and the AD711 integrated circuit does the math of dividing the two. The result from all this is that the magnitude of differential pressure is always corrected for the magnitude of ram pressure. Looking back at the math might make this easier to understand. Look at situation #2, the last line of the equation. See that long term of sin and cos? It is multiplied by V, or the pressure generated from velocity (i.e. ram pressure). If we divide that term by V then we're left only with pure AoA! I prepared some examples to show how the two sensors will work together translating airspeed into pressure, then into voltage, then through the division, to the final result that will be sent to the LM3914. So using this formula, we'll develop a plan to guide the schematic design. I worked up a revised design spreadsheet to work out the resistor design. I've decided to use a 10-segment LED bar graph for initial testing, but I'll probably go back and change it over to a 3-LED display like the previous AoA Meter.



The schematic looks a bit more involved, but it's not really all that complicated. The BOM is from Digi-Key, and works out to about $70. The meter can be arranged nicely on a Radio Shack 276-170 prototype board.
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04 Angle of Attack Awareness and Angle of Attack Management 

applied to correct for nonstandard weight and/or load factors. 3 ... An airplane, by its very structure, ... is subjected to a high G-loading, as in a steep turn, the trim ...... In principle, the calibrated airspeed depends on true airspeed and on .
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Angle of Attack Awarness 

Here is a summary of the main ideas that will be explained in this chapter: .... Configuration changes can affect the airplane's preferred angle of attack. ..... you start the climb, you can bet that you will need roll those three sectors black out t
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Test Pilot: Angle of Attack 

Thanks to Terry O'Neill for his suggestion to address angle of attack in "Test Pilot." Send your comments and suggestions to Test Pilot, EAA. Publications, P.O. ...
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Test Pilot: Angle of Attack 

maneuvering the airplane affects stall speed. Because the stall AOA stays the same, the only thing that affects stall speed in our example is how much lift the ...
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08 Angle of Attack Stability 

lots of things that could disturb the angle of attack, such as (a) an updraft, as depicted in figure 6.4, or (b) a ... VNE or below VS â€” leading to in-flight structural failure or a nasty stall. ... An amusing consequence of the decalage rule invol
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Test Pilot: Angle of Attack 
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Shop Talk: Angle of Attack Indicator - AeroElectric Connection 

ring carrier for the Hall sensor and pivot bearing that slides on ... position voltage output from the Hall sensor versus angle ... Note: In ground calibration you will.
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Shop Talk: Angle of Attack Indicator - AeroElectric Connection 

mount the vane assembly and routing the connecting cable through ... (small hole holds Hall sensor). Board with ... span position (bottom green display element ...
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ESR - Meter ESR 1 
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4. Primaire francophone. 5. APE PrÃ©scolaire & Primaire ... Arts & Culture. 14. Athletics. 1. ... francophones, du primaire, premier cycle ou second cycle, internes ...
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KING-METER 

6.3 Assisted Power Select or Throttle Level ... The default figure of the top riding speed in the display is ... This indicates that the battery is severely low voltage.
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Galaxy Guide 15 - Attack of the Clones 
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Trends in Denial of Service Attack Technology 
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63 - Attack Of The Hideous Space-Varmints 

GO AT THAT SPEED? IHOPE! JUST COUNT OUR BLESSINGS AND PREPARE TO. LAND! BUCKLE UP, AND PUT YOUR TRAY TABLES. IN THEIR FULL ...
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THE ANGLE VELOCITY OF EYE MOVEMENTS 

The number of flashes seen during the movement would be in direct ... rendered it doubtful if the results could be applied to the eye movements of .... holes in the perimeter table. .... each for the reading movements, made on the basis of the.
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COMBINATION METER 

MEâ€“70. METER â€“ METER / GAUGE SYSTEM (for Hatchback). ME. Power Steering ECU. Skid Control ECU (w/ ABS). Center Airbag Sensor Assembly. ECM.
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