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WHY IT’S IMPORTANT

• Critical to flight safety

•Operating above the maximum 
weight limits compromises structural 
integrity and affects performance

•Operation with the Center of 
Gravity outside of approved limits 
can be very dangerous, adversely 
affecting flight performance and 
capabilities 



TERMINOLOGY

CG
The point about which an aircraft would 

balance if it were possible to suspend it at 

that point (think pendulum). It may be 

expressed in inches from the reference 

datum or in percent of MAC. 

ARM (MOMENT ARM)
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.

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.



TERMINOLOGY

MAXIMUM TAKEOFF 
WEIGHT
The maximum allowable weight for 
takeoff per manufacturer limitations 
(POH).

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.

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.

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.



REFERENCE DATUM
A 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.

The datum point represents the 0 point. Everything is 
measured away from this point. Positive numbers for 
being aft (behind) the 0 point and negative numbers for 
being forward (in front of) the 0 point. 

It is important to note that the CG and reference datum 
are not the same thing. The reference datum provides a 
fixed reference point for measurements, the center of 
gravity is a dynamic (moving) point that can change 
depending on the distribution of weight within the 
aircraft. 



TERMINOLOGY

DELTA
a Greek letter expressed by the symbol Δ 

to indicate a change of values. As an 

example, Δ  indicates a change (or 

movement) of the CG.

MAXIMUM ZERO FUEL 
WEIGHT
the maximum weight, excluding usable 

fuel.

MEAN AERODYNAMIC 
CHORD
The average distance from the leading 

edge to the trailing edge of the wing.

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.

BASIC EMPTY WEIGHT
Standard empty weight plus the weight of 

optional and special equipment that have 

been installed. This includes unusable fuel, 

and operational fluids

FLOOR LOAD LIMIT
The maximum weight the floor can sustain 
per square inch/foot as provided by the 
manufacturer.



TERMINOLOGY

MOMENT 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.

PAYLOAD 
 The weight of occupants, cargo, and 

baggage.

STANDARD EMPTY WEIGHT
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.

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.

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.

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.

GAMA - General Aviation Manufacturers Association. GAMA does not provide a specific certification for aircraft or equipment. However, they play 

a role in establishing industry standards and guidelines through their member companies and collaborate with regulatory authorities such as the 

Federal Aviation Administration (FAA) in the United States and the European Union Aviation Safety Agency (EASA) in Europe.



STANDARD WEIGHTS

OIL…..7.5LB/GAL WATER…..8.35LB/GAS

100LL…..6LB/GAL JET A, JET A-1…..6.8LB/GAL JET B…..6.5LB/GAL



FULCRUM: A BALANCING ACT ON THE AIRPLANE



FORWARD CG
A forward CG means the center of gravity is located closer to the aircraft's nose or forward of the reference 
datum

Stability: 

• More longitudinally stable

• More controllable in a stall

• increases the aircraft's natural tendency to return to its trimmed or equilibrium state after a disturbance, such 
as a pitch-up or pitch-down motion

• The farther forward the CG moves from the center of lift, the greater the tail down force needs to become but 
the elevator becomes less effective. The farther forward the CG moves the more leverage there is on the nose 
compared to the tail and thus more AoA is needed and tail down force is needed to maintain level flight.

Control Forces: 

• Requires less control force to maintain the desired attitude or maneuver the aircraft.

Effects on Performance:

• Lower cruise speed – pulling the nose up to level flight requires a higher AoA to counteract the higher 
downward force by the tail

• More induced drag

Operational Considerations:

• Generally considered safer and is often within the normal operating range.

• May not be able to hold nose up at slow speeds / during landing / during takeoff



AFT CG
An aft CG refers to the center of gravity being positioned closer to the 
aircraft's tail or behind the reference datum

Stability:

• “Lighter” and therefore faster than a plane with a forward CG

• Lower AOA required to maintain altitude (lower stall speed)

• Less stable longitudinally. It reduces the aircraft's natural tendency to 
return to its trimmed state, making it more susceptible to pitch oscillations 
and potential loss of control = lower stall speed 

Control Forces:

• If it is too near the center of lift; the airplane is unstable and difficult to 
recover from a stall. Shorter arm from the CG to the elevator

• Necessitates more control force to maintain the desired attitude or 
maneuver the aircraft. The elevators have reduced effectiveness, requiring 
more effort to control pitch movements.

Effects on Aircraft Performance:

• reduces stability and may result in reduced controllability, especially 
during certain phases of flight. It can also lead to a higher risk of stall or 
spin conditions, particularly during low-speed flight

Operational Considerations:

• Better cruise performance – less tail downforce = less drag

• Higher cruising speed



LETS WORK THROUGH ONE: C172S

GIVEN:
• Pilot 200lbs 

• 1 Passenger 215lbs

• Rear Passenger 20lbs (Baggage at this location)

• Full tanks: Max Fuel load 53gal. (However 56 gallons total but 3 are not 
usable, and are included in the basic empty weight (total 28/ea tank, 1.5ea 
tank is unusable)

• Don’t forget to convert gallons of fuel into pounds: 53 * 6 = 318 lbs

• Start Up and Taxi Fuel: 1 gall = 6lbs

• Flying about 2.5hrs

• Basic Empty Weight for this example will be in the sample POH and is 
1642lbs @ 62.6 (lb-in/1000) moment

Lets find our Arms for 
the different stations



LET’S FIND OUR BASIC EMPTY WEIGHT ARM

WE KNOW WEIGHT X ARM = MOMENT. 
HOWEVER, WE HAVE THE WEIGHT AND 
MOMENT. SO, LETS SOLVE FOR THE ARM:
• Our Equation looks like this: 1642 * X = 62.6 (lb-in/1000)

• X = arm

• First let's solve the moment first. The way it is written is known as the load index. When 
we see these in our POH, it doesn’t mathematically make sense. But to solve is simple. We 
multiply the number 62.6 by 1000 to get 62,600. 

• Rewrite the equation: 1642 * X = 62,600

• Now let's solve for X. To do this we need to put X on its own side. There are many ways 
to do this, so lets just keep it simple. We divide. So our equation would now look like this: 
62,600 / 1642 = X

• Now divide and you get 38.124238….. Now we simplify = 38.12

• Our Arm is 38.12 for our basic empty weight. Let's put this weight & balance in our 
table.

• To check to see if we got it right, we can work the equation the first way we intended by 
putting 38.12 in place of X. We should get about the same number: 62,593.04. 



NOW LETS ADD WHAT WE KNOW

GIVEN:
• Pilot 200lbs 

• 1 Passenger 215lbs

• Rear Passenger 20lbs (Baggage at this location)

• Full tanks: Max Fuel load 53gal. (However, 56 gallons total but 3 are not 
usable and are included in the basic empty weight (total 28/ea tank, 1.5ea 
tank is unusable)

• Don’t forget to convert gallons of fuel into pounds: 53 * 6 = 318 lbs

• Start Up and Taxi Fuel: 1 gall = 6lbs

• Flying about 2.5hrs = 25gallons = 150lbs

• Basic Empty Weight for this example will be in the sample POH and is 
1642lbs @ 62.6 (lb-in/1000) moment

Weight and Balance

Item Weight (lbs) Arm - CG (in) Moment (lbs-in)

Basic Empty Weight 1642 38.12 62600

Pilot & Pax 415 37 15355

Rear Pax 20 73 1460

Baggage Area 1 0 95 0

Baggage Area 2 0 123 0

Zero Fuel Weight 2077 38.23 79415

Fuel 318 48 15264

Ramp Weight 2395 39.53 94679

Fuel Start, Taxi, and Run Up -6 48 -288

Take Off Weight 2389 39.51 94391

Estimated Fuel Burn -150 48 -7200

Estimated Landing Weight 2239 38.94 87191



IS OUR CG & WEIGHT WITHIN LIMITATIONS?
WHAT CATEGORY ARE WE IN?
• Ramp Weight & CG

• Moment: 94,679

• CG: 39.53

• Weight: 2,395

• Takeoff Weight & CG

• Moment: 94,391

• CG: 39.5

• Weight: 2,389

• Landing Weight & CG

• Moment: 87,191

• CG: 38.94

• Weight: 2,239

Yes & Normal



WHY IS KNOWING OUR CATEGORY IMPORTANT?

Maneuver limitations due to overstressing the 

airplane



AIRCRAFT CATEGORIES

Normal: -1.52 to 3.8 Gs
Utility: -1.76 to 4.4 Gs
Acrobatic: -3.0 to 6.0 Gs



WEIGHTS & LIMITATIONS



GRAPHICAL COMPUTATION
OF WEIGHT & BALANCE

• Start on the weight side of the graph

• Draw a line until it meets that weight for that 
station ie. 415lbs for pilot & front passenger. 

• Then follow that point down to the moment. 

• Add up all of your moments and weights and 
then divide to get the CG.

• Utilize the moment graph to determine if the 
flight will be within weight limitations and the 
category of the aircraft needed for that flight.



TABLE METHOD
The Table Method is seen on FAA written 
exams and POHs. Here is an example. 
Gather the information for all stations 
and the intended weights and then you 
can add them together in their respective 
columns to get the appropriate CG for 
the flight. 



MEAN AERODYNAMIC CHORD (MAC)
Some aircraft POHs use a percentage of the 
length of MAC to determine CG limitations. The 
Mean Aerodynamic Chord is the average chord 
length of a tapered, swept wing.

The below formula is how the MAC is calculated. 
Where y is the coordinate along the wing span, 
S is the wing area, b is the span of the wing, 
and c is the chord at the coordinate y



EMPTY WEIGHT CG (EWCG)

EWCG is the location of the aircraft's 

center of gravity when it is in an 

empty or non-operational state. 

Everything must be weighed 

accurately. If major repairs are made 

the FAA certified repairmen must 

re-weigh the aircraft.  



WEIGHT & STRUCTURE

STRUCTURAL OVERSTRESSING

•Overloading causes undue stress on the 
airplane and can “add up” over time, in 
what is called Fatigue

• Fatigue & cracking phases:

• Crack Initiation

• Crack Propagation (Growth)

• Crack Fracture



BALANCE CONTROL
Balance control refers to the location of the CG of an aircraft. 

•  Longitudinal stability is maintained by ensuring the CG is slightly ahead of the 

center of lift. This gives us the nose-down force that doesn’t rely on airspeed, 

which is balanced by a variable nose-up force produced by the horizontal 

stabilizer

Lateral balance can be upset by uneven fuel loading or burnoff. We don’t normally 

calculate lateral CG for an airplane. Wing heaviness could occur. This can happen if 

you don’t switch tanks often enough. So the remedy is to switch to the heavy tank and 

use a deflected aileron by trim if available until the imbalance is corrected.



WEIGHT SHIFT 
CALCULATIONS
Operating above limitations comprises 

structural integrity and affects the 

performance of the airplane. So, 

ensuring the right weight is in the right 

place is critical to the safety of flight.  



SHIFTING WEIGHT

•  

The Problem: 

You are flying a 2550lb aircraft loaded with 2 

passengers and their baggage. Your boss wants you 

to load the aircraft at the most aft CG to save money 

on fuel during cruise. You complete the weight and 

balance with all baggage loaded in baggage area 

1 and determine the CG is 1.75″ forward from the 

most rearward limit. Given baggage area 1 is 95″ 
and baggage area 2 is 123″, how much baggage 

should be transferred to baggage area 2?



ADDING WEIGHT 

•  

The Problem: 

You calculated weight and balance only to 

find you are forward of the forward limit by 

2”. Your current calculated total weight is 

2200lbs and your maximum allowable is 

2550lbs. How much weight will you need to 

add to the baggage area 2 at 123” to bring 

CG within limits?



ADDING WEIGHT 
CONT.

•  

The Problem: 

You preparing for a flight of 2 passengers and 

yourself. You calculate your weight and 

balance to see if you are within the limit. You 

determine that your total weight is 2400lbs 

and current CG is 44″ Aft of the datum and 

the aft limit is 47″. Your passengers show up 

with their child who is 100lbs and asks if they 

would be able to come as well. Will the flight 

remain within limits given an aft cabin moment 

arm of 73″?



REMOVING WEIGHT

•  

The Problem:

Your client and his passenger is staying at a 

golf resort and is bring 160lbs of cargo 

(including golf clubs) which are placed at 

station 123” (baggage area). You calculate 

the total flight weight to be 2600 and your 

limit is 2550. Your CG is within limits. You 

know that you must remove 50lbs of weight 

from station 150” to meet weight limitations. 

What will happen to CG?



REMOVING WEIGHT 
CONT.

•  

If the client and his passenger state that they 

must take all the baggage what is the other 

course of action you can take? Remove fuel, if 

you still meet legal fuel requirements, personal 

minimums and flight route requirements, of 

course. What would the CG move look like then?

50lbs of weight still needs to be removed

So, 50/6 (weight of fuel) = 8.3. Because 

removing tenths of fuel is a tedious task we will 

remove 9 gallons of fuel (54lbs). The station for 

fuel is 48”. Now we can fill in our formula



RESOURCES

https://www.faa.gov/regulations_policies/handbooks_manuals/aviation/
phak/media/12_phak_ch10.pdf


