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WEIGHT
PERFORMANCE EFFECTS
The pilot should always be aware of the consequences of overloading. An overloaded aircraft may not be able to leave
the ground, or if it does become airborne, it may exhibit unexpected and unusually poor flight characteristics. If not
properly loaded, the initial indication of poor performance usually takes place during takeoff.
Excessive weight reduces the flight performance in almost every respect. For example, the most important performance
deficiencies of an overloaded aircraft are:
•
Higher takeoff speed
•
Longer takeoff run
•
Reduced rate and angle of climb
•
Lower maximum altitude
•
Shorter range
•
Reduced cruising speed
•
Reduced maneuverability
•
Higher stalling speed
•
Higher approach and landing speed
•
Longer landing roll
•
Excessive weight on the nose wheel or tail wheel
WEIGHT CHANGES
The operating weight of an aircraft can be changed by simply altering the fuel load. Gasoline has considerable weight—
6 pounds per gallon. Thirty gallons of fuel may weigh more than one passenger. If a pilot lowers airplane weight by
reducing fuel, the resulting decrease in the range of the airplane must be taken into consideration during flight planning.
Other Causes for Weight Changes
•
Reduction of Fuel of an aircraft in flight which will also change the center of gravity (Balance)
•
Changes in fixed equipment added to, removed or replaced in the aircraft. W&B must be recalculated and
updated in the aircraft maintenance log.
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Balance, Stability, and Center of Gravity

Balance refers to the location of the center of gravity
(CG ) of an aircraft, and is important to stability and
safety in flight. The CG is a point at which the aircraft
would balance if it were suspended at that point.

The primary concern in balancing an aircraft is the fore
and aft location of the CG along the longitudinal axis.
The CG is not necessarily a fixed point; its location
depends on the distribution of weight in the aircraft. As
variable load items are shifted or expended, there is a
resultant shift in CG location. The distance between the
forward and back limits for the position of the center for
gravity or CG range is certified for an aircraft by the
manufacturer. The pilot should realize that if the CG is
displaced too far forward on the longitudinal axis, a
nose-heavy condition will result. Conversely, if the CG is
displaced too far aft on the longitudinal axis, a tail heavy
condition results. It is possible that the pilot could not
control the aircraft if the CG location produced an
unstable condition.
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Effects of Adverse Balance
Adverse balance conditions affect flight characteristics in much the same manner as those
mentioned for an excess weight condition. It is vital to comply with weight and balance limits
established for all aircraft. Operating above the maximum weight limitation compromises the
structural integrity of the aircraft and can adversely affect performance. Stability and control are
also affected by improper balance.
Stability
Loading in a nose-heavy condition causes problems in controlling and raising the nose, especially
during takeoff and landing. Loading in a tail heavy condition has a serious effect upon longitudinal
stability, and reduces the capability to recover from stalls and spins. Tail heavy loading also
produces very light control forces, another undesirable characteristic. This makes it easy for the
pilot to inadvertently overstress an aircraft.
Stability and Center of Gravity
Limits for the location of the CG are established by the manufacturer. These are the fore and aft
limits beyond which the CG should not be located for flight. These limits are published for each
aircraft in the Type Certificate Data Sheet (TCDS), or aircraft specification and the AFM or pilot’s
operating handbook (POH). If the CG is not within the allowable limits after loading, it will be
necessary to relocate some items before flight is attempted.
The forward CG limit is often established at a location that is determined by the landing
characteristics of an aircraft. During landing, one of the most critical phases of flight, exceeding the
forward CG limit may result in excessive loads on the nosewheel, a tendency to nose over on
tailwheel type airplanes, decreased performance, higher stalling speeds, and higher control forces.
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Effects of Adverse Balance
Control
In extreme cases, a CG location that is beyond the forward limit may result in nose
heaviness, making it difficult or impossible to flare for landing.
In addition to decreased static and dynamic longitudinal stability, other undesirable
effects caused by a CG location aft of the allowable range may include extreme control
difficulty, violent stall characteristics, and very light control forces which make it easy to
overstress an aircraft inadvertently.
A restricted forward CG limit is also specified to assure that sufficient elevator/control
deflection is available at minimum airspeed. When structural limitations do not limit the
forward CG position, it is located at the position where full-up elevator/control deflection
is required to obtain a high AOA for landing.
The aft CG limit is the most rearward position at which the CG can be located for the
most critical maneuver or operation. As the CG moves aft, a less stable condition
occurs, which decreases the ability of the aircraft to right itself after maneuvering or
turbulence.
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Management of Weight and Balance
Control
Weight and balance control should be a matter of concern to all pilots. The pilot controls
loading and fuel management (the two variable factors that can change both total weight
and CG location) of a particular aircraft.
Before any flight, the pilot should determine the weight and balance condition of the
aircraft. Simple and orderly procedures based on sound principles have been devised by
the manufacturer for the determination of loading conditions. The pilot uses these
procedures and exercises good judgment when determining weight and balance. In
many modern aircraft, it is not possible to fill all seats, baggage compartments, and fuel
tanks, and still remain within the approved weight and balance limits. If the maximum
passenger load is carried, the pilot must often reduce the fuel load or reduce the amount
of baggage.
Terms and Definitions
The pilot should be familiar with the appropriate terms regarding weight and balance.
The following list of terms and their definitions is standardized, and knowledge of these
terms aids the pilot to better understand weight and balance calculations of any aircraft.
Terms defined by the General Aviation Manufacturers Association (GAMA) as industry
standard are marked in the titles with GAMA.
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Terms and Definitions

• Arm (moment arm)—the horizontal distance in inches from the reference datum line
to the CG of an item. The algebraic sign is plus (+) if measured aft of the datum and
minus (–) if measured forward of the datum.
• Basic empty weight—the standard empty weight plus the weight of optional and
special equipment that have been installed.
• Center of gravity (CG)—the point about which an aircraft would balance if it were
possible to suspend it at that point. It is the mass center of the aircraft or the
theoretical point at which the entire weight of the aircraft is assumed to be
concentrated. It may be expressed in inches from the reference datum or in percent
of MAC. The CG is a three-dimensional point with longitudinal, lateral, and vertical
positioning in the aircraft.
• CG limits—the specified forward and aft points within which the CG must be located
during flight. These limits are indicated on pertinent aircraft specifications.
• CG range—the distance between the forward and aft CG limits indicated on pertinent
aircraft specifications.
• Datum (reference datum)—an imaginary vertical plane or line from which all
measurements of arm are taken. The datum is established by the manufacturer. Once
the datum has been selected, all moment arms and the location of CG range are
measured from this point.
• Delta—a Greek letter expressed by the symbol r to indicate a change of values. As
an example, rCG indicates a change (or movement) of the CG.
• Floor load limit—the maximum weight the floor can sustain per square inch/foot as
provided by the manufacturer.
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• Fuel load —the expendable part of the load of the aircraft. It includes only usable
fuel, not fuel required to fill the lines or that which remains trapped in the tank sumps.
• Licensed empty weight—the empty weight that consists of the airframe, engine(s),
unusable fuel, and undrainable oil plus standard and optional equipment as specified
in the equipment list. Some manufacturers used this term prior to GAMA
standardization.
• Maximum landing weight—the greatest weight that an aircraft is normally allowed to
have at landing.
• Maximum ramp weight—the total weight of a loaded aircraft including all fuel. It is
greater than the takeoff weight due to the fuel that will be burned during the taxi and
run-up operations. Ramp weight may also be referred to as taxi weight.
• Maximum takeoff weight—the maximum allowable weight for takeoff.
• Maximum weight—the maximum authorized weight of the aircraft and all of its
equipment as specified in the TCDS for the aircraft.
• Maximum zero fuel weight (GAMA)—the maximum weight, exclusive of usable fuel.
• Mean aerodynamic chord (MAC) —the average distance from the leading edge to
the trailing edge of the wing.
• Moment—the product of the weight of an item multiplied by its arm. Moments are
expressed in pound-inches (in-lb). Total moment is the weight of the airplane
multiplied by the distance between the datum and the CG.
• Moment index (or index)—a moment divided by a constant such as 100, 1,000, or
10,000. The purpose of using a moment index is to simplify weight and balance
computations of aircraft where heavy items and long arms result in large,
unmanageable numbers.
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• Payload (GAMA)—the weight of occupants, cargo, and baggage.
• Standard empty weight (GAMA)—aircraft weight that consists of the airframe,
engines, and all items of operating equipment that have fixed locations and are
permanently installed in the aircraft, including fixed ballast, hydraulic fluid, unusable
fuel, and full engine oil.
• Standard weights—established weights for numerous items involved in weight and
balance computations. These weights should not be used if actual weights are
available. Some of the standard weights are:
Gasoline.............................................. 6.0 lbs/US gal
Jet A, Jet A-1....................................... 6.8 lbs/US gal
Jet B......................................................6.5 lbs/US gal
Oil.........................................................7.5 lbs/US gal
Water.................................................,, 8.35 lbs/US gal
• Station—a location in the aircraft that is identified by a number designating its
distance in inches from the datum. The datum is, therefore, identified as station zero.
An item located at station +50 would have an arm of 50 inches.
• Useful load—the weight of the pilot, copilot, passengers, baggage, usable fuel, and
drainable oil. It is the basic empty weight subtracted from the maximum allowable
gross weight. This term applies to general aviation (GA) aircraft only.
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Manufacturers Load Limit
Categories
Normal +3.8G, -1.52G
Utility +4.4G, -1.76G
Acrobat +6.0G, -3.00G
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Principles of Weight and Balance Computations
It is imperative that all pilots understand the basic principles of weight and balance
determination. The following methods of computation can be applied to any object or
vehicle for which weight and balance information is essential.
By determining the weight of the empty aircraft and adding the weight of everything
loaded on the aircraft, a total weight can be determined—a simple concept. A greater
problem, particularly if the basic principles of weight and balance are not understood, is
distributing this weight in such a manner that the entire mass of the loaded aircraft is
balanced around a point (CG) that must be located within specified limits. It is the
imaginary point at which all the weight is concentrated. To provide the necessary
balance between longitudinal stability and elevator control, the CG is usually located
slightly forward of the center of lift. This loading condition causes a nose-down tendency
in flight, which is desirable during flight at a high AOA and slow speeds.
(CG) - IMAGINARY POINT OF BALANCE FOR THE AIRCRAFT
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Balance
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Principles of Weight and Balance Computations
The safe zone within which the balance point (CG) must fall is
called the CG range. The extremities of the range are called the
forward CG limits and aft CG limits. These limits are usually
specified in inches, along the longitudinal axis of the airplane,
measured from a reference point called a datum reference. The
datum is an arbitrary point, established by aircraft designers that
may vary in location between different aircraft.

The distance from the datum to any component part or any
object loaded on the aircraft is called the arm. When the object
or component is located aft of the datum, it is measured in
positive inches; if located forward of the datum, it is measured
as negative inches or minus inches. The location of the object
or part is often referred to as the station. If the weight of any
object or component is multiplied by the distance from the
datum (arm), the product is the moment. The moment is the
measurement of the gravitational force that causes a tendency
of the weight to rotate about a point or axis and is expressed in
inch-pounds (in-lb).
To illustrate, assume a weight of 50 pounds is placed on the
board at a station or point 100 inches from the datum. The
downward force of the weight can be determined by multiplying
50 pounds by 100 inches, which produces a moment of 5,000
in-lb.
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Principles of Weight and Balance Computations

To establish a balance, a total of 5,000 in-lb must be applied to the other end of the
board. Any combination of weight and distance which, when multiplied, produces a
5,000 in-lb moment will balance the board.
For example, if a 100-pound weight is placed at a point (station) 25 inches from the
datum, and another 50-pound weight is placed at a point (station) 50 inches from the
datum, the sum of the product of the two weights and their distances total a moment of
5,000 in-lb, which will balance the board. 50 lb 100" Moment = 5,000 in-lb Fulcrum
Datum Wt x Arm = Moment (lb) x (in) = (in-lb) 50 x 100 = 5,000 Note: The datum is
assumed to be located at the fulcrum.
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Determining Loaded Weight and CG
There are various methods for determining the loaded weight and CG of an aircraft.
There is the computational method as well as methods that utilize graphs and tables
provided by the aircraft manufacturer.
COMPUTATIONAL METHOD: Get Weight, Get Arm, Multiply Wt*Arm, Add, Divide, and
Plot
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COMPUTATIONAL METHOD

The following is an example of the computational method involving the application of
basic math functions.
Aircraft Allowances:
Maximum gross weight......................3,400 pounds
CG range.............................................78–86 inches
Given:
Weight of front seat occupants.............340 pounds
Weight of rear seat occupants..............350 pounds
Fuel...........................................................75 gallons
Weight of baggage in area 1....................80 pounds
1. List the weight of the aircraft, occupants, fuel, and baggage. Remember that aviation
gas (AVGAS) weighs 6 pounds per gallon and is used in this example.
2. Enter the moment for each item listed. Remember “weight x arm = moment.”
3. Find the total weight and total moment.
4. To determine the CG, divide the total moment by the total weight.
NOTE: The weight and balance records for a particular aircraft provide the empty weight
and moment, as well as the information on the arm distance.
The total loaded weight of 3,320 pounds does not exceed the maximum gross weight of
3,400 pounds, and the CG of84.8 is within the 78–86 inch range; therefore, the aircraft is
loaded
within limits.
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Graph Method

The same steps should be followed in the graph
method as were used in the computational
method except the graphs provided will calculate
the moments and allow the pilot to determine if
the aircraft is loaded within limits. To determine
the moment using the loading graph, find the
weight and draw a line straight across until it
intercepts the item for which the moment is to be
calculated. Then draw a line straight down to
determine the moment. (The red line on the
loading graph represents the moment for the
pilot and front passenger.
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Graph Method
Add up all the total weights and moments. The total loaded weight of 3,320 pounds
does not exceed the maximum gross weight of 3,400 lbs.
Once this has been done for each item, total the weight and moments and draw a line
for both weight and moment graph. If the lines intersect within the aircraft is loaded
within limits. In this example we are within the “Normal Category” and safe to proceed.
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TWO types of charts require different plotting with same data
A. Center of Gravity Limits is intersect of total weight to CG
B. Center of Gravity Moment Envelop is intersect of total weight to Moments
Calculation
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Table Method
The information
and limitations
are contained in
tables provided
by the
manufacturer.
YOU determine
Total Moments
In this problem,
the total weight
of 2,799 pounds
and moment of
2,278/100 are
within the limits
of the table.
START HERE
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Shifting, Adding, and Removing Weight
A pilot must be able to solve any problems accurately that involve the shift, addition, or
removal of weight. For example, the pilot may load the aircraft within the allowable
takeoff weight limit, then find that the CG limit has been exceeded. The most satisfactory
solution to this problem is to shift baggage, passengers, or both. The pilot should be
able to determine the minimum load shift needed to make the aircraft safe for flight.
Pilots should be able to determine if shifting a load to a new location will correct an outof-limit condition. There are some standardized calculations that can help make these
determinations.
Weight Shifting
When weight is shifted from one location to another, the total weight of the aircraft is
unchanged. The total moments, however, do change in relation and proportion to the
direction and distance the weight is moved. When weight is moved forward, the total
moments decrease; when weight is moved aft, total moments increase. The moment
change is proportional to the amount of weight moved. Since many aircraft have forward
and aft baggage compartments, weight may be shifted from one to the other to change
the CG. If starting with a known aircraft weight, CG, and total moments, calculate the
new CG (after the weight shift) by dividing the new total moments by the total aircraft
weight.
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Shifting, Adding, and Removing Weight
To determine the new total moments, find out how many moments are gained or lost
when the weight is shifted. Assume that 100 pounds has been shifted from station 30 to
station 150. This movement increases the total moments of the aircraft by 12,000 in-lb.
Moment when at station 150 = 100 lb x 150 in = 15,000 in-lb
Moment when at station 30 = 100 lb x 30 in = 3,000 in-lb
Moment change = [15,000 – 3,000] = 12,000 in-lb
By adding the moment change to the original moment (or subtracting if the weight has
been moved forward instead of aft), the new total moments are obtained. Then
determine the new CG by dividing the new moments by the total weight:
Total moments = 616,000 in-lb + 12,000 in-lb = 628,000 in-lb
CG=628,000 in-lb / 8,000 lb = 78.5
The shift has caused the CG to shift to station 78.5.
A simpler solution may be obtained by using a computer or calculator and a proportional
formula. This can be done because the CG will shift a distance that is proportional to the
distance the weight is shifted. Example next slide.
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Shifting, Adding, and Removing Weight

We are aft-CG by 2 inches. How much weight must we move from back? Difference in
back/front seats is 36 inches.
Plug formula and solve. You must move138.6 lbs. from back seat to front seat.
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Shifting, Adding, and Removing Weight
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Shifting, Adding, and Removing Weight
MOST weight shift issues are covered by the formula
Weight Moved
Distance CG moves
--------------------- = ---------------------------Weight of Plane
Distance between CG Arms
Wt. Moved * Dist. between CG Arms = Wt. of Plane * Dist. CG moves
Given 3 of the four above variables, the 4th unknown value can be determined by
algebraic formulation.
Wt. Moved = (Wt. of Plane * Dist. CG moves) / Dist. Between CB Arms
Dist. Between CG Arms = (Wt. of Plane * Dist. CG moves) / Wt Moved
Dist. CG Moves = (Wt. Moved * Dist. Between CG Arms) / Wt of plane
Wt of plane = (Wt. Moved * Dist. Between CG Arms) / Dist CG Moves
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FAA QUESTION….

Ground School 2017

Want More?

You will find this full manual in your Flash
drive under 08-09 FARs-Sources/
Jewels.

Manuals Change: Check for revisions of this manual at …

http://www.faa.gov/regulations_policies/handbooks_manuals/aviation/media/FAA-H-8083-1.pdf
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[REMAINING SLIDES ARE FOR COMMERCIAL STUDENTS
ONLY]
Created by Steve Reisser
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Questions ?
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