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Controlling Weight and Balance
As a private pilot, you became aware of the 
importance of weight and balance control and learned 
how to determine the loading conditions of an 
airplane by using a variety of methods. While 
concepts and techniques for performing weight and 
balance computations are similar for commercial 
flights, there will be occasions when last minute load 
changes will require you to quickly amend your 
original loading computations. 



Controlling Weight and Balance
In addition, you will probably fly airplanes that are 
larger and have a greater variety of loading 
options than the airplanes you have been flying. 
To conduct safe and efficient flights, you should 
thoroughly understand the effects of various 
weight and balance conditions, as well as the 
terminology and techniques that different 
manufacturers provide for weight and balance 
control.



Weight and Balance Limitations

The weight and distribution of items carried in an 
airplane has a tremendous effect on aerodynamic 
stability and control, as well as affecting overall 
performance. One of your responsibilities as pilot in 
command is to consider whether the loading conditions 
of your airplane are within allowable limits before 
beginning a flight. These limits are established by the 
aircraft manufacturer and have been demonstrated to 
the FAA to meet airworthiness certification standards.



Weight and Balance Limitations

When loaded within these limits, and under normal 
operating conditions, the airplane will be stable and 
controllable throughout the flight envelope. In addition, 
the performance values obtained from the POH will 
allow you to plan your flight with sufficient accuracy to 
help ensure safety. On the other hand, if you fly an 
improperly loaded airplane, safety and performance will 
be compromised in many ways.



Center of Gravity Limits
While it is important for you to maintain an airplane within 
allowable weight limits, you must also ensure that items loaded 
in your airplane do not cause the center of gravity to exceed the 
allowable range. The manufacturer establishes the CG range and 
designates it by the position of the forward and aft CG limit 
locations. 

These limits are expressed as a distance measured in inches from 
the reference datum. The reference datum, as you recall, is an 
imaginary vertical plane established by the manufacturer from 
which longitudinal measurements are made. Provided you load 
your airplane within the CG range, and given normal flight 
conditions, longitudinal stability and control of the airplane will 
be satisfactory. However, if the load causes the CG to exceed 
allowable limits, airplane control, stability, and efficiency will be 
affected.



Forward CG Effects
When the CG is located near the forward limit, the airplane 
becomes more stable because of the equilibrium that is set 
up between the forward CG and the forces produced by the 
tail. For example, if the nose pitches downward, the angle 
of attack on the tail increases to create a greater tail-down 
force, which causes the nose to rise. On the other hand, if 
the nose pitches upward, the angle of attack on the tail 
decreases, resulting in a reduction in tail-down force, 
causing the nose to drop. Through a series of damping 
oscillations between nose-up and nose-down, the airplane 
eventually returns to a level flight attitude. 



Forward CG Effects
However, as the airplane becomes more stable, its 
controllability decreases. This occurs because the tail must 
exert a greater force to counteract the stability of the 
airplane. As a result, the horizontal control surface must be 
deflected a greater amount to cause a pitch change. In fact, 
if the CG is located ahead of the forward CG limit, at slow 
airspeed it may be impossible for the control surface to 
exert enough force to sufficiently raise the nose. 



Aft CG Effects
When the CG of an airplane is located at the aft limit, 
the amount of tail-down force required to maintain a 
balanced condition decreases because the CG is located 
closer to the center of pressure. This causes the 
horizontal control surface to become more effective. 
However, with the increased control responsiveness, it 
may be possible for you to over-control the airplane. In 
addition, the airplane will have a tendency to pitch-up 
due to the aft CG position, which could cause an 
inadvertent stall. 



Aft CG Effects
As a further consideration, if the CG is located behind 
the aft limit, it may become difficult, or even 
impossible to recover from a stalled condition. Spins 
also are more critical with an aft CG, since the spin 
will tend to be flat,making recovery difficult or 
impossible. However, when the CG is located at the 
aft limit, there is a slight increase in TAS and fuel 
efficiency due to the reduction of the tail loading.



Lateral CG Effects

Lateral weight and balance control is not considered to 
be as critical as longitudinal control because of the 
symmetry that exists between the left and right side of 
the airplane. An exception occurs when fuel becomes 
unevenly distributed between left and right side fuel 
tanks which causes a lateral CG shift and wing heavy 
condition. In this condition, the ailerons can be 
positioned to offset the heavy wing. However, by 
deflecting the ailerons, drag increases, which causes a 
reduction in cruise speed, range, and endurance. To 
prevent the lateral imbalance, you should use fuel from 
left and right side fuel tanks simultaneously or alternate 
between the tanks at regular intervals.



Weight and Balance Documents

In order for you to determine the weight and balance 
limitations and loading conditions of an airplane, you need 
to be familiar with the information provided in various 
weight and balance documents. These documents 
primarily include the weight and balance report and 
equipment list. A weight and balance report is initially 
prepared by the manufacturer and is maintained by the 
aircraft owner or operator. In addition, the report must be 
carried in the airplane anytime it is flown, in order to meet 
standard airworthiness requirements. Equipment lists are 
generally considered to be part of a weight and balance 
report, and are used to inventory the weight and location 
of standard and optional equipment installed in the 
airplane.



Weight and Balance Report

A weight and balance report is required for all airplanes, 
and may be presented in a variety of formats . For 
airplanes that are required to have a POH, the report is 
retained in the handbook. For these airplanes, the POH 
contains charts, graphs, or tables for use in determining 
loading conditions. In addition, the POH includes sample 
problems to demonstrate methods for performing 
weight and balance computations. Remember that the 
sample problems provide weight and balance values for 
a hypothetical airplane. You should never use these 
values for performing actual load computations.



Weight and Balance Report

Information found in a weight and balance report 
includes the empty weight and empty weight 
center of gravity position of the airplane. 
Depending on the certification requirements in 
effect when the airplane was manufactured, the 
empty weight may be referred to as a basic empty 
weight, or a licensed empty weight. Airplanes 
manufactured after March 1, 1979 use the term 
basic empty weight. 



Weight and Balance Report

This weight includes the standard airplane, optional 
equipment, unusable fuel, and full operating fluids 
including full engine oil. For older airplanes, the term 
licensed empty weight is used, which is similar to 
basic empty weight, except that engine oil is not 
included. For these airplanes, you must remember to 
include the weight of the oil when you perform 
weight and balance computations. Engine oil weighs 
7.5 pounds per gallon, or 1.875 pounds per quart. 



Equipment List
The equipment list provides an inventory of the weight and 
location of standard and optional equipment installed in the 
airplane. When a POH is required, the equipment list will 
usually be inserted in the weight and balance section of the 
handbook. On airplanes not requiring a POH, the equipment 
list is included in the weight and balance report. The list 
includes permanently installed components such as radio 
equipment and flight instruments, as well as some 
removable items such as the POH, portable fire 
extinguishers, tow bars, and other similar items. If you are 
unsure if an item is part of the empty weight, you can refer 
to the equipment list to determine if it is included.



Equipment List
When the installation or removal of equipment alters an 
airplane, the technician or agency conducting the alteration 
must revise the equipment list to reflect the change. In 
addition, the weight and balance report also will be revised 
to reflect changes to the empty weight, empty weight CG 
and useful load. Remember, when equipment is added to an 
airplane, the empty weight increases, which causes a 
decrease in the useful load.



Weight and Balance Computations

To determine if an airplane is properly loaded, you 
must perform weight and balance computations to 
verify that both total weight and CG are within 
allowable limits. 

1. To compute total weight, you merely add the 
weight of useful load items to the empty 
weight. Although weight computations are 
reasonably easy to perform, balance 
computations require you to have an 
understanding of various terms and principles. 

2. Once you understand these, balance 
computations are easy to perform.



Moment Computations
In order to determine the effects that useful load items have on 
balance conditions, you must calculate the moment that each item 
produces. A moment, as you recall, can be found by multiplying 
the weight of an item by its arm. For weight and balance purposes, 
an arm is the horizontal distance in inches that an item is located 
away from the reference datum. To designate the position of an 
item as being ahead of or behind the reference datum, the arms 
are assigned positive or negative values. Items located ahead of 
the reference datum have negative values, while items located aft 
have positive values. To alleviate computations with negative 
numbers, some manufacturers locate the reference datum on the 
nose or at some point ahead of the airplane. For these aircraft, 
items cannot be loaded ahead of the reference datum, so all arm 
values are positive.



Determining Center of Gravity Position

Once you have calculated the moment of 
each useful load item, you can locate the CG 
by determining the total weight of the items 
and the total of the moments. By dividing 
total moment by total weight, you can derive 
the CG position in inches from the datum.



Weight and Balance Condition Checks

To verify that an airplane is loaded within acceptable 
weight and balance limits, manufacturers prescribe 
various methods for checking weight and balance 
conditions. Among these are the computation, table 
and graph methods for determining the total weight 
and CG location of the airplane. From your previous 
flying experience, you are probably familiar with each 
of these methods. However, as you progress into flying 
larger and more complex aircraft, you will likely 
encounter a greater number of loading considerations. 
To help you understand some of these considerations, 
the following sample weight and balance condition 
checks represent airplanes that you will likely 
encounter when conducting commercial flights .



Computation Method
The computation method for checking weight and balance 
conditions can generally be used with any airplane. 

● The first step is to locate the empty weight and empty 
weight CG position in the weight and balance report. 
In most cases, the report also includes the empty 
moment of the airplane. 

● Once these are located, list them on a note pad or a 
copy of the weight and balance loading form supplied 
in the POH. Next, list the weight of all useful load 
items. 

● To convert aviation fuel from gallons to pounds, you 
can use the standard six pounds per gallon or the 
weight specified by the manufacturer. By following a 
sample weight and balance condition check, you can 
see how a loading form helps you complete weight and 
balance computations. 



Computation Method
● After you have entered weight and moment values on 

the loading form, add the weights to determine the total 
weight of the airplane and then add the moments to find 
the total moment. Before continuing, check to make sure 
that the total weight does not exceed the maximum 
ramp weight limit specified by the manufacturer. 

● The ramp weight limit may be shown on the loading 
form, or you may need to determine maximum weight 
limits by locating them in the limitations section of the 
POH. 

● By referring back to the loading form, you will notice 
that the manufacturer has determined that 18 pounds of 
fuel is considered to be used during engine start, runup, 
and taxi. 

● This fuel weight and moment can be deducted from the 
total weight and moment amounts to determine the 
airplane's weight and balance condition for takeoff  



Computation 
Method

● Once these adjustments have been 
made, a CG moment envelope chart 
can be used to determine if the 
adjusted weight and moment values 
are within allowable limits. These 
charts depict the forward and aft CG 
limits, maximum weight values and also 
include notes regarding special loading 
considerations.



Computation 
Methods

To determine if the CG of the sample airplane 
will remain within limits, you need to compute 
how much fuel will be used during flight. 
Normally this will include the amount used for 
takeoff, climb, and cruise. For example, 
assume that the sample airplane uses all but 
45 minutes of fuel during flight. If the airplane 
burns 13 gallons per hour (g.p.h.) during 
cruise, you can divide 13 g.p.h. by 60 minutes 
to arrive at .217 gallons per minute (g.p.m.) 
fuel consumption. By multiplying .217 g.p.m. 
by 45 minutes, you find that the fuel remaining 
in the aircraft will be approximately 9.75 
gallons. By multiplying 9.75 gallons by 6 

         



Computation Method

When the CG position falls out of allowable 
limits, you can correct the condition by 
repositioning items to different locations. 
When possible, it is more practical to move a 
heavy item since you only need to reposition 
it a short distance. To help determine the 
amount of weight that must be moved, you 
can perform a weight shift computation. A 
weight shift computation example is provided 
later in this section, and provides a solution to 
the out of balance condition of this airplane.



Graph Method
To reduce the need to perform arithmetic operations 
when performing weight and balance condition checks, 
some manufacturers provide graphs to check loading 
conditions. With the graph method, you essentially 
perform the same operations as those used with the 
computation method. However, determining the moment 
of an individual item is easier when you can consult a 
loading graph, which provides the moment of various 
Items at dIfferent weights. 

After you have computed the total weight and total 
moment of the airplane, you can refer to a CG range and 
weight chart to determine if the airplane is loaded within 
the CG envelope. These charts are similar to a CG 
moment envelope, except that you use the arm of the CG 
instead of the total moment of the airplane.



Graph Methods



Graph Method



Table Method

Many manufacturers of large airplanes supply tables to 
simplify weight and balance computations by tabulating 
the moments of useful load items at various weights and 
fuselage station locations. Because large airplanes often 
have a variety of possible cabin configurations, you need 
to first determine which tables to use. To accomplish 
this, manufacturers provide cabin configuration 
diagrams, which illustrate various positions of the cabin 
furnishings. 



Table Method
By identifying the diagram that matches your 
airplane's configuration, you can determine which 
tables to use for weight and balance computations. 
Once the tables have been identified, use a loading 
form to list the weights, arms, and moments of the 
useful load items carried in the airplane. 

For large airplanes, these loading forms may include 
additional weight considerations such as payload and 
basic operating weight. Payload can be thought of as 
potential revenue generating items such as passengers 
and baggage or cargo, while basic operating weight 
includes the airplane and crew, but without fuel and 
payload items.



Table Method



Table Method

Once you have determined the total weight 
and total moment of the airplane, you can 
refer to a moment limit versus weight table to 
determine if the airplane is loaded within 
allowable CG limits. 



Weight Shift Computation

During weight and balance computations, you 
may find that either the weight of the airplane 
or its CG location is beyond acceptable limits. 
Usually, decreasing weight is a fairly simple 
matter, especially if you accomplish it before 
the airplane's CG is calculated. However, if 
you change the load to adjust the CG, the 
computations are somewhat more complex. 
You can use the following formula to solve 
weight shift problems.



Weight Shift Computation

By performing a few sample weight shift 
problems, you can see how to apply this 
formula. In the first example, assume you 
have a loaded airplane weight of 3,200 
pounds and a CG of 45.6 inches. A box 
weighing 120 pounds is moved from cargo 
area B, which has an arm of 99 inches, to 
cargo area A, with an arm of 70 inches. How 
many inches will the CG move when this 
weight is shifted?



Weight Shift Computation

For the next example, recall that the CG of the 
sample airplane used in the computation method 
problem exceeded aft limits when fuel was 
consumed during flight. To correct the aft CG 
condition, you need to reposition useful load items 
farther forward so that the CG will move 
approximately 940 pound-inches in order to remain 
within limits throughout the flight. In the sample 
aircraft, there are two baggage compartments; area 
A at 138 inch es and area B at 159 inches. By 
moving a certain amount of weight from baggage 
area B into area A, you can cause the CG position to 
move forward within limits. 



Weight Shift Computation

To determine how much weight to move between 
the compartments, you can use the weight shift 
formula. However, the formula uses CG positions 
expressed as arms, while the CG moment envelope, 
used in the sample problem, expresses balance 
limits in moment indexes. When moment indexes 
are used to convey balance limits, the first step to 
solving a weight shift problem is to convert moment 
values into CG locations or arms. Once these are 
determined, you can solve for the amount of weight 
to move by using the weight shift formula.



Weight Shift Computation



Practice Question
The total weight of an airplane is 3,100 pounds and the total moment 
index is 310 pound-inches /1000. Where is the CG located in inches 
aft of the datum?

● +10 inches

● +100 inches

● +1,000 inches

Using the accompanying loading graph, what would be the CG of the 
total combined weight of the following items?

Pilot and Passenger               350 Pounds

Center Seat Passengers        100 Pounds

Usable Fuel                            60 Pounds

Aft Baggage                           50 Pounds

Approximately +101.27 inches aft of the reference datum 

Approximately +156.38 inches aft of the reference datum 

Approximately +105.13 inches aft of the reference datum



Practice Questions

Use the item information from the previous question and 
the CG range and weight graph shown here to determine if 
an airplane is loaded within the CG envelope. Assume the 
airplane has an empty weight of 3,200 pounds with an 
empty weight moment index of 2,842.6 pound-inches /100.

● The CG falls within the envelope and is safe for 
flight.

● The CG falls in the envelope, but exceeds the 
maximum zero fuel weight.

● The CG falls inside the envelope but the fuel burn-
off in flight must be sufficient to reduce the total 
weight to below the maximum landing weight.



Problem
An aircraft is loaded with a ramp weight of 3,650 pounds and having a CG of 94.0, approximately how 
much baggage would have to be moved from the rear baggage area at station 180 to the forward 
baggage area at station 40 in order to move the CG to 92.0?

W1
W2

= CG1
CG2

?
3650

= 2in
140in



Problem
I have been planning to rob a gold depository for quite some time now. I plan to make my escape in a 
PA34-200. How much gold (Lbs) can I steal and safely fly away with? I will put the gold bars in the Aft 
Baggage.

■ Max T/O Weight 4200 lbs

■ Current Weight 3499.2 lbs
■ Current CG 87.22 in

■ Rear CG Limit 94 in

■ Aft Baggage Sta. 178.7 in

W1
W2

= CG1
CG2

?
4200

= 6.78in
91.48in



Problem
Because I am greedy I managed to steal 700 lbs of gold ($8.75Million). In my haste to get to the 
Bahamas I loaded it all into the Aft Baggage Compartment. Can I store all of my gold in this station? 
How far out will my CG be if I try to do this?

Max T/O Weight 4200 lbs
Current Weight 3499.2 lbs
Weight incl. Gold 4199.2 lbs
Current CG 87.22 in
Rear CG Limit 94 in
Aft Baggage Sta. 178.7 in

W1
W2

= CG1
CG2

700
4199.2

= ?in
91.48in



Problem
Stood at the plane, with the sound of sirens in the background, I REALLY need to know how much gold I now 
need to REMOVE from the aircraft to make it legal again. How much of the 700 lbs of gold should I remove 
from the Aft Baggage to get legal again?

Max T/O Weight 4200 lbs

Current Weight 4199.2 lbs

Current CG 102.4 in

Rear CG Limit 94 in

Aft Baggage Sta. 178.7 in

W1
W2

= CG1
CG2

?
4199.2

= -8.4in
84.7in



Problem
Safely away with my 280 lbs of gold, I wonder what the effect of 2hrs of fuel burn will be on 
my CG?

Fuel Burn 32 gal/hr
Current Weight 3799.2 lbs
Current CG 94 in
Fuel Sta. 93.6 in

W1
W2

= CG1
CG2

-384
3415.2

= ?
0.4in



Problem
Many years later, whilst on the beach sipping a Pinicolada, I wonder how much gold I would have been able to 
steal had I put it in a different location in the aircraft. 

Where would have been the best place to put the gold?
Why would this have been the best place?
Could I have put the whole 700Lbs there?

W1
W2

= CG1
CG2

700
4200

= ?
-1.72in
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