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Weight And Balance For The Aircraft Builder By Dick Gleason, EAA 3131 Rt. 4, Box 382A, Excelsior, Minn. HE WEIGHT and balance computations for an airT craft are by no means difficult nor are they something to be afraid of. The aircraft mechanic must know



and understand the principles of airplane weight and balance to properly balance aircraft for safe flight. The pilot-owner should know the rudiments of weight and balance to insure proper loading for safe flight. Load distribution is important to safe flight, and if not properly done may result in hazardous instability. Weight and balance does not require extensive study —once the basic principles and computation are learned, it becomes an interesting subject. Certain combinations of nose and tail loads are critical in flight stability, therefore it is necessary that precautions be taken to obtain the proper location of the aircraft's center of gravity on the longitudinal axis. The following definitions are common to all methods of weight and balance control and should be studied. Understanding these terms clarifies a lot in the operation of aircraft. MAXIMUM GROSS WEIGHT [MOW]: The maximum authorized weight of the aircraft and its contents as listed in the particular aircraft specification, or as computed in the design of the aircraft. -DATUM



EMPTY WEIGHT [EW]: The unloaded weight which includes all operating equipment that has a fixed location and is actually installed in the aircraft, such as batteries, radios, floats, lights, etc. USEFUL LOAD [UL]: The useful load is the difference between the empty weight and the gross weight of the aircraft. It consists of the pilot, maximum oil, fuel, passengers, baggage, cargo, etc., unless otherwise noted. The useful load consists of both the pay- and non-pay loads. AIRCRAFT WEIGHT CHECK: This consists of checking the sum of the weights of all items of useful load against the authorized useful load (max. weight less empty weight) of the aircraft. DATUM [D]: An imaginary vertical plane or line from which all horizontal measurements are taken for balance purposes, with the aircraft in LEVEL FLIGHT ATTITUDE. The datum may be at the wing leading edge, nose of the aircraft, front face of the firewall, a position in front of the nose, at the main spar, or even the rear edge of the cockpit. If not specified, the datum may be located in any convenient position on the aircraft so long as it is indicated and so recorded. (See Fig. 1). ARM (OR MOMENT ARM): The horizontal distance, in inches, from the datum to the center of gravity of an item. A plus (+) arm indicates the item is located to the rear of the datum. A minus (—) arm indicates the item is located forward of the datum. (See Fig. 2). MOMENT: The moment of an item about the datum is obtained by multiplying the weight of the item by its horizontal distance from the datum. (See Fig. 2). CENTER OF GRAVITY [CG]: Generally known as the balance point of an aircraft. It is a point about which the nose-heavy and tail-heavy moments are exactly equal in magnitude. (See Fig. 2a). EMPTY WEIGHT CENTER OF GRAVITY [EWCG]: The center of gravity of an aircraft in its empty weight condition. (See Figs. 10 and 11). OPERATING CENTER OF GRAVITY RANGE: The distance between the forward and rearward CG limits shown in the aircraft's specifications or as determined by design computations. (See Fig. 3). MEAN AERODYNAMIC CHORD [MAC]: The mean chord of the wing. For weight and balance purposes, it is (Continued on next page)
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The entire aircraft weight may be considered to be concentrated at the center of gravity. Therefore, the moment of the aircraft about the datum is the weight of the aircraft times the horizontal distance between the C.G. and



the datum.



Example: If the weight of this airplane is 2000 Ibs. and the arm from the datum to the center of gravity is 16 inches, the moment of the aircraft about the datum is 2000 x 16 or 32,000 in. Ibs. Fig. 2A C.G. RANGE, THE LOADED C.6. MUST BE WITHIN THE LIMITS SHOWN ON THE AIR-



CRAFT SPECIFICATION FOR ALL FLIGHT OPERATIONS.
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WEIGHT AND BALANCE . . . (Continued from preceding page)



used to locate the CG range of the aircraft. MAC data will be found in the aircraft specifications, flight manual, or aircraft weight and balance records, or determined by design computations.



WEIGHING POINT: Wath'the aircraft in level flight attitude on tire scales, a vertical line through the wheel centers will indicate the point at which the weight is concentrated. The horizontal fore and aft distance between the points on the scales is noted for later use in solving the weight and balance problem. (See Fig. 4). MINIMUM FUEL: Minimum fuel weight is necessary



in computing the most forward CG limit; for this purpose l/12th gallon per METO (max.-except-take-off horsepower) is customary. To determine the weight of fuel in pounds, divide the METO hp by 12. Fuel weighs 6 Ibs. per U.S. gallon. FULL OIL: The quantity of oil shown in the aircraft



specifications as its oil capacity, or as shown on the engine oil supply tank or sump. TARE: The weight of block, chocks, etc., used to secure the aircraft on the scales. Generally included in the 16



JULY 1962



SCALE WEIGHING POINT (JACKPAD)



initial scale readings, and must be deducted from the scale reading to arrive at the net weight of the aircraft. UNIT WEIGHTS: The following items are used for all weight and balance computations: FUEL—six pounds per U.S. gallon. OIL—seven and one-half pounds per U.S. gallon. WATER—eight pounds per U.S. gallon. CREW & PASS.—one hundred seventy pounds per person. PARACHUTE—twenty pounds. ALGEBRAIC SIGN [ + -]: Strict attention must be paid to the plus and minus signs in weight and balance computations, as care must be exercised to retain the proper sign in all answers. Remember that the problem is solved as if the aircraft were being viewed from its left



side with its nose to your left. (See Fig. 2).



DETERMINATION OF ALGEBRAIC SIGNS [ + OR-]:



Any weight item added to the aircraft, whether fore or aft of the datum, is a plus weight. Any weight item removed from the aircraft, whether fore or aft of the datum,



is a minus weight. The arm of any item forward of the datum is a minus arm. The arm of any item aft of the datum is a plus arm. (See Fig. 2). WEIGHT & BALANCE EXTREME CONDITIONS: The



most forward and most rearward CG position for the aircraft. This position is determined by two separate computations. (See Figs. 5 and 6). EQUIPMENT LIST: A complete list of all equipment installed in the aircraft and included in the certificated empty weight. Found in either the approved airplane operating manual, or the weight and balance data. (See Fig. 8). EQUIPMENT CHANGES: The owner of an aircraft is responsible for a continuous balance record of each aircraft, listing all changes affecting the weight, CG location, and equipment, in order that a computed weight and CG location may be established at any time. (See Fig. 8). INSTALLATION OF BALLAST: It is sometimes necessary to add permanent ballast to the aircraft in order to arrive at a proper CG location. This often is the result
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TO CHECK: MOST FORWARD WEIGHT AND BALANCE EXTREME.



GIVEN: Actual empty weight o{ the airplane ———————— 1189* Empty weight center of gravity ———— - —————— 4-10.8" •Maximum weight —————————— -- ——————— 210M •Forward C.G. limit —————————————————— + «.5" •Oil, capacity 9 qta. —————————————————— - 17* »t - « •Pilot In farthest forward seat equipped with controls (unless otherwise placarded) — — — — - 170* at + 16" •Since the fu*l tank Is located to the rear of the forward C.G. limit, minimum fuel should be Included. METO HP ,165 _ 13.75 gal. x M ———— 8M at • it"



R



T3T



•Information should be obtained from the aircraft specification. Note: Any Items or passengers must be used It they are located ahead of the forward C.G. limit. Full fuel must be used If the tank Is located ahead of the forward C.G. limit. CHECK OF FORWARD WEIGHT AND BALANCE EXTREME



Aircraft Empty Oil Pilot Fuel Total



Weight (*) 1169 17 170



83 1439 (TW)



xArml") t t *



10.6 49 16 22



Moment ("»)
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833



» 2720 •f 1826 » 16104 (TM)



Divide the TM (Total Moment) by the TW (Total vVelght) to obtain



the forward weight and balance extreme. TM M104 11.2"



back. If it has swept-back, a point should be chosen as near the fuselage as possible. After establishing the datum, prepare your weight and balance figure sheet as shown in Fig. 7. Weighing should be done inside a closed hangar or other suitable area, free from drafts. The most suitable scales are the farm type of 1,000 Ib. capacity, or any heavy duty beam scale. Bathroom or household type scales are not satisfactory. One scale is needed for each weighing point. The following steps are important in weighing an aircraft and care should be exercised to insure accuracy. First—check the scales on the shop floor for levelness and zero reading, then place one under each wheel of the aircraft, with the aircraft blocked up in level flight attitude. Do not set the parking brake, just chock the wheels to keep the aircraft from rolling off the scales. The aircraft must be level both spanwise and lengthwise. Second—determine that the fuel tank(s) is empty, and whether the oil supply is full or empty, and so indicate on the weight and balance sheet. Third—if equipped with a water-cooled engine, all radiators and water supply tanks must be full. Fourth—all equipment and special items such as tiedown kits, fire extinguishers, tools, etc., which are carried aboard as standard equipment, must be in their designated locations. Fifth—on completion of the above four steps, recheck to determine that everything is in order and note the scale readings in the designated spaces on the weight and balance sheet, Fig. 7. Sixth—remove the aircraft from the scales, without disturbing the chocks or blocks used to hold it level. (Continued on next page)



Since the forward C.G. limit and the maximum weight are not
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exceeded, the forward weight and balance extreme condition ts satisfactory.



Fig. 5



of changing to a heavier engine or propeller, or removing



or adding heavy equipment. The ballast is added to effect proper balance, not to correct for nose-up or nose-



down tendencies of the aircraft. Ballast so installed must be stamped with the weight of the ballast, arm, location and date of ACA-337 Weight and Balance form covering the installation.
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ACA-337: This number identifies a form supplied by



the FAA for the purpose of recording repairs, alterations and weight and balance information and is a permanent part of the aircraft's papers and records. *



*



*
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Now that you have learned the definitions of the terms used in weight and balance problems, I will explain the methods used to arrive at the desired information. It is recommended that the services of an A&E mechanic be engaged to assure that weighing and measuring is done properly, but by exercising care and checking all readings, measurements, and figures as outlined in this article, you should be able to determine the CG location of your aircraft and what changes if any are necessary to bring the CG within range, providing the CG location is indicated on the plans from which you have built it. In case the CG location is not indicated on the plans, it can be determined by lengthy computations based on weight-of-material tables. The first step in weight and balance computations is to determine the location of the datum. The most convenient location is the wing leading edge, as this point is the easiest from which to drop a plumb line for measuring purposes. A point to bear in mind when using the wing leading edge is whether or not the wing has sweep-



TO CHECK: MOST REARWARD WEIGHT AND BALANCE EXTREME. GIVEN: Actual empty weight of the airplane-----—— 11691 Empty weight center of gravity --- ——— --—— 10.6" •Maximum weight-------- —— - - - - ————— -- 2100* •RearwardC.G. limit————————._..-_--- 21.9" •Oil capacity 9 qts. ——- ————— - - - - - - - - - - - - i?# at - 49" 'Baggage, placarded do not exceed 100 Ibs. --- 100* at * 75.5" •Two passengers In rear seats, 170 x 2 - - - - - - 340t at + 48" •Pilot In most rearward seat equipped with controls (unless otherwise placarded) - - - - - - - 170* at + 16" •Since the fuel tank Is located aft of the rearward C.G. limit full fuel must be used --- 2401 at + 22" • Information should be obtained from the aircraft specification. Note: If fuel tanks are located ahead of the rearward C.G. limit minimum fuel should be used. CHECK OF REARWARD WEIGHT AND BALANCE EXTREME Aircraft empty OU Pilot (I) Paiseneers (2) Fuel (40 gals.)
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Weight and Balance 
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