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W&B Theory Finding the CG is a mathematic exercise that finds the center of moments. A moment is the result of multiplying an object’s weight by its distance from a reference point or datum. If you calculate all your moments from the same datum, add them together, and divide their total weight, the equivalent distance is the CG. This distance from the datum is where all the moments



are neutralized (the center of moments), and you could theoretically balance the system on the tip of your finger at that spot. For example: Imagine a weightless (makes the math simpler) 10inch beam that has a 3-pound weight on the left end and a 2pound weight on the right end. Where is its CG? First we pick a datum, such as 5 inches to the left of the beam’s left



FROM THE SPORTPLANE BUILDER BY TONY BINGELIS
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ecause I’m a Technical Counselor, homebuilders regularly ask me about weight and balance, and to check the calculations for their aircraft. One such review revealed a serious math error an airframe and powerplant mechanic made that put the aircraft owner at risk with an unsafe center of gravity (CG) loading. Calculating an aircraft’s weight and balance isn’t difficult, but it does require accuracy and attention to detail. So let’s start with the basics, move to aircraft weighing, and finish by calculating most forward and most aft loadings. For absolute clarity, I’ll use numbers exclusively. As a brief math review, when you add a positive and negative number, subtract the negative number from the positive number. For example: 5 plus -1 equals 4. Multiplication is a bit trickier. If you multiply a positive number by a positive number, the result is (obviously) positive. If both numbers are negative, the result is also positive. But if one number is positive and one is negative, then the multiplication result is negative.



end. The 3-pound weight on the left is 5 inches from the datum, giving it a moment of 15 pound-inches. The right weight (2 pounds) is 15 inches from the datum, giving it a moment of 30 pound-inches. To find the CG (moments), we divide the total pound-inches (45) by the total weight (5), which gives us a CG of 9 inches from the datum, or 4 inches from the left end of the beam. Let’s repeat the problem with a different datum in the center of the beam. Now the left-hand 3-pound weight is 5 inches to the left of the datum and the 2-pound right-hand weight is 5 inches to the right of datum. To clearly identify these distances, the right is positive and the left is negative. Using this convention, the left weight moment is -15 pound-inches (3 pounds times -5). The right weight moment is +10 pound-inches (2 pounds times +5). Adding the



two moments gives a result of -5 pound-inches. Dividing the sum of the moments by the total weight of 5 pounds, gives a distance of -1 inch from datum (center of the beam) or 4 inches from the left end, the same as the previous example. Let’s repeat it with a datum at the left end. Now the left-weight moment is 0, because the distance from datum is zero. The rightweight moment is 10 inches times 2 pounds for 20 pound-inches. Next, divide the sum of the moments, 20 pound-inches, by the total weight of 5 pounds, and the CG is 4 inches from the datum, or 4 inches from the left end of the beam, the same as in the previous examples. One more example: With the datum on the left end of our beam, let’s find a new CG after removing 1 pound from the right weight. Before removing the weight the right moment was 20 pound-inches. We



note the weight removal with a minus weight or -1 pound. The resulting moment change is -1 pound times 10 inches for a moment change of -10 pound-inches. When adding the moment change to the old moment, the new moment is 10 pound-inches. Then divide this number by the new total weight, 4 pounds, and the CG is 2.5 inches to the right of datum. Where you pick a datum doesn’t matter, just as long as you use it for all your calculations. Where you locate the datum can make the math much simpler, and avoid having to use a lot of negative numbers (remember the math review). When picking a datum point for your plane, it should be an easy point to measure from, and something that doesn’t change. Good examples are a point on the firewall or the wing leading edge at the fuselage. Bad examples are the nose gear axle (it



Now. It’s not a question of can I afford this, but rather, “will I stack it or install it side-by-side”?



Here’s the answer you’ve been waiting for. We’ve packaged the new Sierra EFIS-SV Sport with dual Chelton displays, complete with an aerospace-grade Crossbow 425EX AHRS, and a Garmin GPS. This system is fully aerobatic to 200 deg/sec, provides Highway-In-The-Sky navigation (HITS), and is loaded with the same FAA certiﬁed software as the Chelton FlightLogic system. Because it’s Chelton, features, reliability and quality have never been in question. And with a bottom line price of $24,900.00—it’s not about affordability anymore. So what are you waiting for? Act now and we will include an EIS engine information system from Grand Rapids Technologies. This is a value of up to $2000.00 and will allow you to graphically display engine data on either screen with the press of a button. Your wait for an EFIS panel is over. But don’t wait too long, this offer expires August 30, 2004. For more information, or to purchase, visit us online at www.direct2avionics.com or call 541-504-8300
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craft & technique springs around) and Table 1. the prop flange on Location Right Main the engine (it Left Main changes as the shock Tailwheel mounts wear). Total Next, pick a sign convention for measurements and stick with it. Usually behind the datum is positive and in front is negative. Finally, weight added is



Weight times 215.5 221.1 14.7 451.3



positive and weight removed is negative. To find the CG, multiply all the moments (for example the weight on scales under each landing
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Distance equals 55.2 55.2 121.1



Moment 11895.6 12204.7 1780.2 25880.5



gear times their distances to datum), add up the moments for a total moment, and divide the total moment by the total weight. The result is the CG. As cargo, passengers, fuel, and components change, the moment of the change can be calculated, applied to the old total moment, and divided by the new weight for the new CG. Confused? Read on.



Finding Your Plane’s CG After you’ve decided on a datum and sign convention, you’re ready to calculate your plane’s empty weight and CG. I won’t go into the details of weighing the airplane, but it should have full oil, have only unusable fuel, and be empty of stuff like maps, lunchboxes, and reserve oil bottles. Use good scales under the three gear points, and carefully level the airplane. If you put blocks and/or shims on the scales to get the plane perfectly level, subtract their weight from that scale’s measurement. This subtracted weight is the “tare” and is analogous to the weight of a plastic container for dipthem-yourself olives at the local food store. The clerk subtracts the tare for the weight of the container, so you don’t pay olive prices for plastic tubs. While the plane is leveled, carefully measure the distance from datum to each of the weighing points, recording the weights (minus the tares) and distances in a table such as Table 1. Once you’ve recorded the tarecorrected weight and its distance from datum, simply multiply the two to determine the moment at each scale. Next, add the weights (this is your empty weight) and add the moments (keep signs correct if you have negative distances from datum). To find the CG, divide the total moment by the total weight 102
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thusly: Empty CG = 25880.5 ∏ 451.3 = 57.35 inches



Normal Loading Check



Table 2. Item Empty Weight Pilot Passenger Baggage Fuel, 20 gallons Total



Weight 415.3 170 170 15 120 890.3



Distance 57.35 50 50 62 45



Moment 25880.5 8500 8500 930 5400 49210.5



Now you need to do a normal loadLoaded CG = 49210.5 ∏ 890.3 = 55.27 inches ing check, where you add in the pilot, passengers, fuel, and baggage for a normal flight; see Table 2. To ensure your CG is within its fore and aft limits, check it against the designer’s stated CG envelope. If the designer used a different datum, * Question: Do I need one of these? you must adjust for the difference. Find out why at: Often, designers give the CG envewww.ellison-tbi.com lope in terms of the percent of mean (or average) aerodynamic chord (MAC). If you have a rectangular wing, like on an RV, the Carburetors You Can Bank On! chords are all the same, and you simply measure the distance from Ellison Fluid Systems Inc. • 350 Airport Way • Renton, WA 98055 • 425-271-3220 the leading edge to your datum, multiply the percents by the chord, and add them together. For example: if the CG range is 18 percent to 35 percent MAC, and the MAC is 48 inches, the CG range is from 8.64 inches to 16.8 inches behind the leading edge. If the leading edge is 43 inches behind datum, then the CG range is 43 + 8.64 = 51.64 inches to 43 + 16.8 = 59.8 inches, and our loaded CG of 55.27 is roughly in the middle.



Answer: Yes you do!*



Forward & Aft Loadings After finding your “normal” loading, determine what loading combinations might take you out of the CG envelope. For instance, if your plane carries its fuel just behind the firewall, the CG moves aft as you burn gas. You could conceivably start a flight within the CG envelope and end it behind the aft CG limit and have an uncontrollable plane. Remember that stability considerations usually set the aft CG limit. If you exceed it, the plane will get squirrelly. If you exceed it too much, the plane could pitch up or down divergently. The forward limit is usually based EAA Sport Aviation
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Welds That’ll Fly By Any Inspection HTP lets you get precise, professional results on any critical aircraft weld.



Our Invertig 201 AC/DC TIG welder puts 200 amps of power in an affordable, compact, package, yet pulls only 25 amps so you don’t have to re-wire your shop. It’s also produces 10% more welding current while using 60% less electricity. • A standard pulser makes welding thin aluminum and steel easier • Adjustable AC frequency means greater control over the arc • AC balance adjusts from 10% to 90%, allowing greater penetration or cleaning



HTP is your source for Migs, TIGs, Auto-Darkening Helmets and Supplies. Call 1-800-USA-WELD for info or FREE 64-Page Catalog.



America Inc. 3200 Nordic Rd, Arlington Hts, IL 60005 www.usaweld.com EAA04



craft & technique Table 3. Item Empty Weight Pilot Passenger Baggage Fuel, 20 gallons Total Most Forward CG =



Weight 415.3 170 170 0 120 875.3 48280.5 ∏ 875.3



Distance 57.35 50 50 62 45 48280.5 = 55.16 inches



Moment 25880.5 8500 8500 0 5400



Table 4. Item Empty Weight Pilot Passenger Baggage Fuel, 20 gallons Total Most Forward CG =



Weight 415.3 170 0 100 50 735.3 48280.5 ∏ 875.3



Distance 57.35 50 50 62 45



Moment 25880.5 8500 0 6200 2250 42830.5



Table 5. Item Original EW Remove Battery Cables (wt. Saving) Add (+) Battery Total



Weight 415.3 -25 -2 +25 413.3



= 55.16 inches



Distance 57.35 62.0 30 -6



Moment 25880.5 -1550 -60 -150 24120.5



New EW CG = 24120.5 ∏ 413.3 = 58.36 inches



on elevator power to hold the nose up at slow speeds. If you exceed the forward limit, the nose may fall through uncontrollably as you are trying to land. I have seen this in some homebuilts that have oversize engines. Anyway, we need to understand if our pride-and-joy has a potential to be loaded outside of its CG envelope. These are referred to as adverse-loaded CG checks. Let’s look at the forward CG limit. Make a chart that includes the Empty Weight (EW), EW CG, the pilot, all passengers and baggage that move the CG ahead of its forward limit. Include full fuel in all tanks located in front of the forward limit. If the fuel tank is behind the forward CG limit, use only minimum fuel. The easiest way to figure minimum fuel is to use 1/12 gallon times the engine’s maximum horsepower. Because fuel weighs 6 pounds per gallon, minimum fuel in pounds is found by dividing maximum horsepower by 2. 104
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Therefore, the minimum fuel for the 100-hp Continental O-200 is 50 pounds (8.33 gallons). Let’s say our imaginary plane has an O-200 and a 20-gallon fuel tank in the wing center section with its CG at 45 inches from datum. The CG limits are 51.64 for the front and 59.80 for the aft. We’ll load a passenger because he’s forward of the forward limit (unusual) but not the baggage, because it’s aft of the forward limit. The forward limit check is noted in Table 3. This is within the CG envelope. For the aft CG check we create a similar chart, starting with the EW and EW CG. Add the pilot (always needed, no matter where seated), full fuel in a tank behind the aft CG limit or minimum fuel for a tank ahead of the aft limit, and passengers and baggage that are located behind the aft limit. The aft limit check for our plane is shown in Table 4. This is also within the CG envelope, so under normal circumstances



there is no reasonable way that this aircraft could be loaded outside its forward and aft limits. Of course, maximum gross weight limits must be observed. Also, on many homebuilts it is easy to get outside the limits, due to their small size. Our loading is easy for this aircraft, but it can be much more complex for aircraft with more seats, baggage compartments, and fuel tanks, but the process is the same.



CG Additions & Subtractions
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Don’t Guess! Fly Safe with Angle-of-Attack
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Voice Warnings Accurate and Affordable No Ugly Probes or Moving Parts True full range AOA Instrument Lightweight and Easy to Install Landing Gear Warning Option Patents 6,271,769 B1 & Pending



Call Now!



Professional



(952) 474-4154



Proprietary Software Systems 950 Iris Circle Excelsior MN 55331



www.angle-of-attack.com



Sport



Quieter • Safer • Painless



Lou Drendel



Our example aircraft has a comfortable forward loading about 3.5 inches behind the forward limit and an aft loading about 1.5 inches in front of the aft limit. This is unusual. If your bird ends up outside a limit for a particular loading, you can either move something or add ballast to correct the problem. Otherwise, you must carefully load your plane. If you don’t watch out, you could end up outside the limits. If we wanted our example loadings to be more evenly spaced from the limits, we should move something forward, like relocating the 25-pound G-25 battery, battery box, master relay, and cabling from under the baggage compartment to the firewall. As a bonus, the shorter cable saves us 2 pounds. We need to do another chart to calculate the new EW and EW CG; see Table 5. With this new EW and EW CG, you would recalculate the forward and aft CG limit checks and see how your plane’s loading computes. You should perform these recalculations anytime you add or remove a component. For instance, if you add avionics or strobe lights, they should be accounted for in a new CG calculation and followed by forward and aft loading checks. The math can get a bit bothersome, but there are several computer systems and programs to help, and a spreadsheet is perhaps the easiest way to do the math. However you do it, keep your weight and CG within limits.



“We fly with Oregon Aero from head to toe and for good reason. Flying a T-34 over a long distance to a performance was often a painful experience. But with Oregon Aero™ Complete Aviation Helmet Upgrades, Custom and Portable Seat Cushions, and Oregon Aero™ Insole Inserts, we are pain-free, and flying is incredibly quieter!” Lima Lima Flight Team The world-renowned Lima Lima Flight Team



New Ways Of Thinking To Solve Old Problems. • Custom & Portable Seat Cushion Systems • Headset & Helmet Upgrades • Aircraft Interior Upgrades • Shock Absorbing Shoe Inserts 34020 Skyway Drive, Scappoose, OR 97056-2516 800-888-6910 • 503-543-7399 • www.OregonAero.com • [email protected] Money back guarantee. Visa, MasterCard and US Government IMPAC cards accepted.
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Craft & technique: Weight & balance 

Let's repeat the problem with a different datum in the center of the beam. Now the left-hand 3-pound weight is 5 inches to the left of the datum and the 2-pound ...










 








Weight and Balance - Size 

"Playboy". Leo J. Kohn. James Frost of 4916 S. Boston. Place in Tulsa, Oklahoma, is the ... ten about the "Playboy" design .... building, free from wind gusts.










 








Weight & Balance 

and balance, from theory and documentation to an excel- lent how-to ... ernment Book Stores, and all FAA documents and regula- tions are .... scribed envelope.










 








Weight & Balance 

rate and angle of climb perform- ance will be ... higher than desired angle of attack, which can lead to a ..... sensors, software, data card, card reader and _".1. -*.










 








Craft & Technique: Annealing Aluminum - Size 

APPROVED. Not ID EAA. ANTIQUE/CLASSIC DIVISION. Member? Call tÂ§ Join 1800-322 2412. For information, use SPORT AVIATION s Reader Service Card.










 








Craft & Technique: Hammerform Variations - Size 

Making a flying wire fairing. RON COVELL ... We'll use the hammerform process to duplicate this fly- ing wire .... til the soot coating just barely burns off, leaving ...










 








Craft & Technique: Bleedin' Easy - Size 

The day you push on the brake pedal and your air- ... take a deeper interest in the health of your braking system. By understanding .... silicone automobile stuff.










 








Craft & Technique: The Wheel - Size 

metal. From these conveniences came "round" parts, which were then used to make even rounder parts, like metal .... To download Cirrus DUATS from the World Wide Web, visit us at .... Aircraft Aluminum Gas Welding System. Rated as the ...










 








Craft & Technique: Getting the Scoop - Size 

or to improve some aspect of it. Once the prototype is proven, production fabrica- ... usually with much of the ... into account how much it will take .... World Aerobatic Champions win with our specially designed, light weight, low noise and.










 








Craft & Technique: Aircraft Plastic Repair - Size 

For more information, visit SPORT AVIATION on the Web at www.eaa.org. Craft & ... schools. GENERAL: Birds Nov-May. Mil tfc. Hlcptrs. Gldrs. Banner-towing. Calm-wind (blo .... of flight. We invite you to make your move now and join us as an.










 








Craft & Technique: Wheeling a Wingtip - Size 

Wingtip. Shaping metal with a bench-top English wheel. RON COVELL ... that matches the contours of the wingtip for a Ryan. A chipboard pattern is ... tom, test fit the panel against the buck to gauge the ..... (plus 4 unswitched inputs). â€¢ 4-Place 










 








Craft & Technique: Aircraft Fairings, Part II - Size 

original hand-worked 1100 0.040 aluminum was plan- ished with the air hammer using steel over plastic to ... battery and a few reagents, I discover the obvious: ...










 








Craft & Technique: Servicing Your Spark Plugs - Size 

ting past the intake valve guide or worn (or not broken-in) piston rings. ... Make a scraper from an old hacksaw blade. With a bench grinder create a probe 1/8 ...










 








Craft & Technique: Torque Wrench Care - Size 

When you use any wrench, you have a feel for how tightly ... Most wrenches, though, were sent in just to verify they were .... writer and consultant based near.










 








Craft & Technique: New Technology Report - Size 

of fuel burn or range information. This type of functionality requires newer gauge technology. One solution to calculating this information is to purchase an.










 








Weight and Balance 

When finished, it will take approxi- mately fifteen minutes to unfold or fold the wings, which pivot on the front spar ... to the boat owners who bring .... constant with tapering width ... the rudders, and the movement ... Cruising speed ... .150 mp










 








Craft & Technique: Form Blocks, Part I - Size 

steel angle and strap, some ply- wood, and the ... Just clamp one end of the steel angle to. Sport Aviation 97 ... RECORDS entire flight on removable data cards.










 








Craft & Technique: Aircraft Aluminum Gas Welding - Size 

This leading-edge air intake on. EAA's B17, Aluminum .... manufacture heat exchangers. One common failure of these .... Manifold Press. Oil Temp. Oil Pressure.










 








Craft & Technique: Forming Wing Ribs - Size 

marketplace. World's largest aviation resource. Thousands of planes, products and services, in print and online- daily updates. ... April 27-28.2002 Pittsburgh, PA.










 








Craft & Technique: Composite Aircraft Antennas - Size 

best approach is to get the antenna wire away from the an- tenna as quickly as possible in your routing plans. The rea- .... can be laid flat in the belly of the plane.










 








Craft & Technique: Installing Hydraulic Disc Brakes - Size 

the fluid and repeat the process. Torque the brake caliper bolts to the recommended force and then safety wire to finish the brake installation. Before flying you ...










 








Weight And Balance ... By Computer 

to know about personal W & B, see your doctor. ... This discussion concentrates on the effects that weight and balance have on aircraft stability ... and limit your accessories, or build an airplane .... times, such as now, it is best to ignore them.










 








Light Plane Weight And Balance 

Light Plane. Weight And. Balance. By S. Wellman, EAA 4335. NEXT TO structural integrity, proper weight and balance is the most important feature of any ...










 








Light Plane Weight And Balance 

organic coatings." Yet, if you buy some epoxy, bond some metal togeth ... Before I receive too many angry letters from adhesive compounders, I must say that it is ...
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