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Preface

FAA-H-8083-1, Aircraft Weight and Balance Handbook, has
been prepared in recognition of the importance of weight
and balance technology in conducting safe and efficient
flight. The objective of thishandbook istwofold: to provide
the Aviation Maintenance Technician (AMT) with the
method of determining the empty weight and empty-weight
center of gravity (EWCG) of an aircraft, and to furnish the
flight crew with information on loading and operating the
aircraft to ensureitsweight iswithin thealowablelimit and
the center of gravity (CG) iswithin the alowable range.

Any timethereisaconflict between theinformationin this
handbook and specific information issued by an aircraft
manufacturer, the manufacturer’ sdatatakes precedence over
information in this handbook. Occasionally, the word must
or similar language is used where the desired action is
deemed critical. The use of such language is not intended
toaddto, interpret, or relieve aduty imposed by Title 14 of
the Code of Federal Regulations (14 CFR).

Thishandbook supersedes Advisory Circular (AC) 91-23A,
Pilot’ s Weight and Balance Handbook, revised in 1977.

Comments regarding this handbook should be sent to U.S.
Department of Transportation, Federal Aviation Admin-
istration, Airman Testing Standards Branch, AFS-630, P.O.
Box 25082, Oklahoma City, OK 73125.

Thispublication may be purchased from the Superintendent of
Documents, P.O. Box 371954, Fittsburgh, PA 15250-7954, or
fromtheU.S. Government Printing Officebookstoreslocatedin
magjor citiesthroughout the United States.

AC 00-2, Advisory Circular Checklist, transmitsthe current
status of Federal Aviation Administration (FAA) advisory
circulars and other flight information publications. This
checklist isfree of charge and may be obtained by sending
arequest to U.S. Department of Transportation, Subsequent
Distribution Office, SVC-121.23, Ardmore East Business
Center, 3341 Q 75th Avenue, Landover, MD 20785. The
checklist is also available on the Internet at http://www.
faa.gov/abc/ac-chklst/actoc.htm.
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Introduction

This handbook begins with the basic principle of aircraft
weight and balance control, emphasi zing itsimportance and
including examples of documentation furnished by the
aircraft manufacturer and by the FAA to ensure the aircraft
weight and bal ance records contain the proper data.

Procedures for the preparation and the actual weighing of
an aircraft are described, asare the methods of determining
thelocation of the empty-weight center of gravity (EWCG)
relative to both the datum and the mean aerodynamic
chord (MAC).

L oading computations for general aviation aircraft are
discussed, using both loading graphs and tables of weight and
moment indexes.

Informationisincluded that allowsan Aviation Maintenance
Technician(AMT) todeterminethewe ght and center of gravity
(CG) changescaused by repairsand aterations. Thisincludes
instructionsfor conducting adverse-loaded CG checks, also
explaining the way to determine the amount and | ocation of
ballast needed to bring the CG within alowablelimits.

Weight and balance control for large aircraft is discussed,
including cargo management, takeoff and landing conditions,
and the determination of fuel dump time for emergency
conditions. Examples are also given for weight and balance
control of commuter category airplanesin both the passenger
and cargo configuration.

The unique requirements for helicopter weight and balance
control arediscussed, including the determination of lateral
CG and the way both lateral and longitudinal CG change as
fuel isconsumed.

A chapter isincluded giving the methods and examples of
solving weight and balance problems, using hand-held
electronic calculators, E6-B flight computers, and adedicated
electronic flight computer.
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Chapter 1

Weight and Balance Control

Why is Weight and Balance Important?

Weight and balance is one of the most important factors
affecting safety of flight. An overweight aircraft, or one
whose center of gravity is outside the alowable limits, is
inefficient and dangerous to fly. The responsibility for
proper weight and balance control beginswith the engineers
and designers and extends to the pilot who operates and the
Aviation Main-tenance Technician (AMT) who maintainsthe
aircraft.

Modern aircraft are engineered utilizing state-of-the-art
technology and materials to lift the maximum amount of
weight and carry it the greatest distance at the highest speed.
Asmuch care and expertise must be exercised in operating
and maintaining these efficient aircraft aswastakenin their
design and manufacturing.

Varioustypes of aircraft have different load requirements.
Transport aircraft must carry huge loads of passengers and
cargo for long distances at high altitude and high speed.
Military aircraft must be highly maneuverableand extremely
sturdy. Corporate aircraft must carry areasonable load at a
high speed for long distances. Agricultural aircraft must
carry large loads short distances and be extremely
maneuverable. Trainers and private aircraft must be
lightweight, low cost, simple, and safe to operate.

All aircraft regardless of their function have two char-
acteristics in common: all are sensitive to weight, and the
center of gravity of theaircraft must be maintained within a
specified range.

Maximum weight: The maximum
authorized weight of the aircraft and
all of its equipment as specified in the
Type Certificate Data Sheets (TCDS)
for the aircraft.

Center of gravity (CG): The point at
which an airplane would balance if
suspended. Its distance from the
reference datum is found by dividing
the total moment by the total weight
of the airplane.

Thedesignersof an aircraft have determined themaximum
weight, based on the amount of lift the wings or rotors can
provide under the operating conditionsfor which theaircraft
isdesigned. The structural strength of theaircraft alsolimits
the maximum weight the aircraft can safely carry. Theided
location of thecenter of gravity (CG) wasvery carefully
determined by the designers, and the maximum deviation
allowed from this specific location has been calcul ated.

The manufacturer provides the aircraft operator with the
empty weight of theaircraft and the location of itsempty-
weight center of gravity (EWCG) at thetimetheaircraft
left the factory. The AMT who maintains the aircraft and
performsthe maintenance inspections keepstheweight and
balance records current, recording any changes that have
been made because of repairs or alterations.

The pilot in command of the aircraft has the responsibility
on every flight to know the maximum alowable grossweight
of the aircraft and its CG limits. This allows the pilot to
determine on the preflight inspection that the aircraft is
loaded in such away that the CG is within the allowable
limits.

Weight and balance technology, like all other aspects of
aviation, has become more complex as the efficiency and
capability of aircraft and engineshaveincreased. Therefore,
thisrequires al pilots and AMTs to understand weight and
balance control, and to operate and maintain their aircraft
so its weight and CG location are within the limitations
established when the aircraft was designed, manufactured,
and certified by the FAA.

Empty weight: The weight of the
airframe, engines, and all items of
operating equipment that have fixed
locations and are permanently installed
in the aircraft.

Empty-weight center of gravity
(EWCG): The center of gravity of an
aircraft, when the aircraft contains
only the items specified in the aircraft
empty weight.



Weight Control

Weight is a major factor in airplane construction and
operation, and it demands respect from all pilots and
particular diligenceby al AMTs.Excessiveweight reduces
the efficiency of an aircraft and the safety margin
availableif an emergency condition should arise.

When an aircraft is designed, it is made as light as the
required structural strength will allow, and the wings
or rotors are designed to support the maximum alowable
gross weight. When the weight of an aircraft is increased,
the wings or rotors must produce additional lift and the
structure must support not only the additional static loads,
but also thedynamic loads imposed by flight maneuvers.
For example, the wings of a 3,000-pound airplane must
support 3,000 poundsin level flight, but when the airplane
is turned smoothly and sharply using a bank angle of 60°,
the dynamic load requires the wings to support twice this,
or 6,000 pounds.

Severe uncoordinated maneuvers or flight into turbulence
can impose dynamic loads on the structure great enough to
cause failure. The structure of a normal category airplane
must be strong enough to sustain aload factor of 3.8times
itsweight; that is, every pound of weight added to an aircraft
requires that the structure be strong enough to support an
additional 3.8 pounds. An aircraft operating in the utility
category must sustain a load factor of 4.4, and acrobatic
category aircraft must be strong enough to withstand 6.0
timestheir weight.

Thelift produced by awingisdetermined by itsairfoil shape,
angle of attack, speed through the air, and the air density.
When an aircraft takes off from an airport with ahighdensity
altitude, it must accel erate to a speed faster than would be
required at sealevel to produce enough lift to allow takeoff;
therefore, alonger takeoff run is necessary. The distance
needed may be longer than the available runway. When
operating from a high density altitude airport, the Pilot’s
OperatingHandbook (POH) or AirplaneFlight Manual

(AFM) must be consulted to determine the maximumweight
allowed for the aircraft under the conditions of altitude,
temperature, wind, and runway conditions.

L oad factor: Theratio of the
maximum load an aircraft can sustain
to the total weight of the aircraft.
Normal category aircraft must have a
load factor of at least 3.8, utility

Static load: Theload imposed on an
aircraft structure due to the weight of
the aircraft and its contents.

Effects of Weight

Most modern aircraft are so designed that if all seats are
occupied, al baggage alowed by the baggage compartment
structure is carried, and al of the fuel tanks are full, the
aircraft will begrossly overloaded. Thistypeof design gives
the pilot agreat deal of latitude in loading the aircraft for a
particular flight. If maximum range is required, occupants
or baggage must beleft behind, or if the maximum load must
be carried, therange, dictated by the amount of fuel onboard,
must be reduced.

Some of the problems caused by overloading an aircraft are:

» The aircraft will need a higher takeoff speed, which
resultsin alonger takeoff run.

» Both therate and angle of climb will be reduced.
» Theservice ceiling will be lowered.

» Thecruising speed will be reduced.

» Thecruising range will be shortened.

» Maneuverability will be decreased.

» Alonger landing roll will berequired becausethelanding
speed will be higher.

» Excessive loads will be imposed on the structure,
especidly the landing gear.

ThePOH or AFM includestablesor chartsthat givethe pilot
an indication of the performance expected for any gross
weight. An important part of careful preflight planning
includesacheck of these chartsto determinetheaircraftis
loaded so the proposed flight can be safely made.

High Density Altitude Airport Operations

Consult the POH or AFM to determine the maximum weight allowed
for the aircraft under the conditions of altitude, temperature, wind, and
runway conditions.

Your preflight planning must include a careful check of gross weight
performance charts to determine the aircraft is loaded properly and the
proposed flight can be safely made.

Density altitude: Pressure atitude
corrected for nonstandard temperature.

AirplaneFlight Manual (AFM): An
FAA-approved document, prepared

by the holder of a Type Certificate for
an airplane or rotorcraft, that specifies
the operating limitations and contains

Dynamic load: The actual weight of
the aircraft multiplied by the load
factor, or the increase in weight caused
by acceleration.

category aircraft 4.4, and acrobatic
category aircraft, 6.0.

Pilot’s Operating Handbook (POH):

An FAA-approved document
published by the airframe
manufacturer that lists the operating
conditions for a particular model of
aircraft and its engines.

the required markings and placards and
other information applicable to the
regulations under which the aircraft
was certificated.



Weight Changes

The maximum allowable gross weight for an aircraft is
determined by design considerations. However, the
maximum operational weight may belessthan the maximum
alowabledueto such considerationsashigh density atitude
or high-drag field conditions caused by wet grass or water
on the runway. The maximum gross weight may also be
limited by the departure or arrival airport’ s runway length.

Oneimportant preflight consideration isthe distribution of
the load in the aircraft. L oading an air craft so the gross
weight is less than the maximum allowable is not
enough. Thisweight must bedistributed tokeep theCG
within the limits specified in the POH or AFM.

If theCGistoofar forward, aheavy passenger can bemoved
to one of the rear seats or baggage can be shifted from a
forward baggage compartment to arear compartment. If the
CGistoofar aft, passenger weight or baggage can be shifted
forward. The fuel load should be balanced laterally: the
pilot should pay special attention to the POH or AFM

regarding the operation of thefuel system, in order to keep
the aircraft balanced in flight.

Weight and balance of ahelicopter isfar more critical than
for an airplane. A helicopter may be properly loaded for
takeoff, but near the end of along flight when the fuel tanks
are amost empty, the CG may have shifted enough for the
helicopter to be out of balance laterally or longitudinally.
Beforemaking any long flight, the CG with thefuel available
for landing must be checked to ensure it will be within the
alowable range.

Airplanes with tandem seating normally have a limitation
requiring solo flight to be made from the front seat in some
airplanes or the rear seat in others. Some of the smaller
helicoptersal so require solo flight be madefrom aspecific
sedt, either theright or theleft. These seating limitationswill
be noted by a placard, usually on the instrument panel, and
they should be strictly adhered to.

Service ceiling: The highest atitude
at which an aircraft can maintain a
steady rate of climb of 100 feet per
minute.

Asan aircraft ages, itsweight usually increases dueto trash
and dirt collecting in hard-to-reach locations, and moisture
absorbed in the cabin insulation. This growth in weight is
normally small, but it can only be determined by accurately
weighing the aircraft.

Changes of fixed equipment may have a mgjor effect upon
the weight of the aircraft. Many aircraft are overloaded by
the installation of extraradios or instruments. Fortunately,
the replacement of older, heavy electronic equipment with
newer, lighter typesresultsin aweight reduction. Thisweight
change, however helpful, will probably causethe CG to shift
and this must be computed and annotated in the weight and
balance data.

Repairs and alterations are the major sources of weight
changes, and itistheresponsibility of the AMT making any
repair or ateration to know theweight and | ocation of these
changes, and to compute the new CG and record the new
empty weight and EWCG in the aircraft weight and balance
daa

The AMT conducting anannual or 100-hour inspection must
ensure the weight and balance datain the aircraft recordsis
current and accurate. It is the responsibility of the pilot in
command to use the most current weight and balance data
when operating the aircraft.

Has the Aircraft Gained Weight?

As an aircraft ages, its weight usually increases. Repairs and alterations
are the major sources of weight change.

AMTSs conducting an annual or 100-hour inspection must ensure the
weight and balance data in the aircraft records is current and accurate.
The pilotin command’s responsibility is to use the most current weight
and balance data when planning a flight.

Balanced laterally: Balanced in such
away that the wings tend to remain
level.



Stability and Balance Control

Balance control refers to the location of the CG of an
aircraft. Thisisof primary importance to aircraft stability,
which determines safety in flight.

The CG isthe point at which the total weight of the
aircraft isassumed to beconcentrated, and the CG must
be located within specific limits for safe flight. Both
lateral and longitudinal balance are important, but the
prime concern is longitudinal balance; that is, the location
of the CG aong thelongitudinal or lengthwiseaxis.

Anairplaneis designed to have stability that allowsit to be
trimmed so it will maintain straight and level flight with
handsoff of thecontrols. Longitudina stability ismaintained
by ensuring the CG isdlightly ahead of thecenter of lift. This
produces a fixed nose-down force independent of the
airspeed. Thisisbaanced by avariable nose-up force, which
is produced by a downward aerodynamic force on the
horizontal tail surfaces that varies directly with airspeed.
[Figure 1-1]

Varlable
Fixad nose-up force
noss=doum force depandanl upon
independant airspead
of airspeed

Figure 1-1. Longitudinal forces acting on an airplanein
flight.

If arising air current should cause the nose to pitch up, the
airplane will slow down and the downward force on the tail
will decrease. The weight concentrated at the CG will pull
the nose back down. If the nose should drop in flight, the
airspeed will increase and the increased downward tail 1oad
will bring the nose back up to level flight.

Longitudinal balance: Baance
around the pitch, or lateral, axis.

Longitudinal axis: Animaginary line
through an aircraft from nose to tail,
passing through its center

of gravity.

Aslong asthe CG ismaintained within the allowablelimits
for its weight, the airplane will have adeguate longitudinal
stability and control. If the CG istoo far aft, it will be too
near thecenter of lift and theairplanewill be unstable, and
difficult to recover fromastal. [Figure 1-2] If the unstable
airplane should ever enter aspin, the spin could becomeflat
and recovery WOEI| g be difficult or impossible.

Insuiticlant alevator

nosa-down force

CG too far aft

Figure 1-2. If the CGistoo far aft, at the low stall airspeed
there might not be enough elevator nose-down force to get the
nose down for recovery.

If the CGistoo far forward, the downward tail load will have
to be increased to maintain level flight. Thisincreased tail
load hasthe same effect as carrying additional weight — the
aircraft will haveto fly at ahigher angle of attack, and drag
will increase.

A more serious problem caused by the CG being too far
forward isthe lack of sufficient elevator authority. At slow
takeoff speeds, theelevator might not produce enough nose-
up force to rotate and on landing there may not be enough
elevator forcetoflaretheairplane. [Figure 1-3] Both takeoff
and landing runs will be lengthened if the CG is too far
forward.

Insufficient
alavatar
nose-up foree

Figure 1-3. If the CG istoo far forward, there will not be
enough elevator nose-up force to flare the airplane for
landing.

Center of lift: Thelocation adong the
chord line of an airfoil at which al the
lift forces produced by

the airfoil are considered to be
concentrated.



Theefficiency of some modern high-performance military
fighter airplanes is increased by giving them neutral
longitudinal stability. Thisis normally a very dangerous
situation; but these aircraft are flown by autopilots which
react far faster than ahuman pilot, and they are safefor their
specia operations.

The basic aircraft design assumes that lateral symmetry
exists. For each item of weight added to the left of the
centerline of the aircraft (also known asbuttock line zer o,

or BL-0), there is generally an equal weight at a

corresponding location on the right.

Thelater al balance can be upset by uneven fuel loading or
burnoff. The position of the lateral CG is not normally
computed for an airplane, but the pilot must be aware of the
adverse effects that will result from alaterally unbalanced
condition. [Figure 1-4] Thisiscorrected by using theaileron
trim tab until enough fuel has been used from the tank on
the heavy sideto balancetheairplane. Thedeflected trim tab
deflects the aileron to produce additional lift on the heavy
side, but it also produces additional drag, and the airplane

Additional
2 lift
Cf =) _ i an;i drag
Enply | (71" Full
Addltlonal
welght

Figure 1-4. Lateral imbalance causes wing heaviness, which
may be corrected by deflecting the aileron. The additional lift
causes additional drag and the airplane flies inefficiently.

fliesinefficiently.

Helicopters are affected by lateral imbalance more than
airplanes. If ahelicopter isloaded with heavy occupantsand
fuel on the same side, it could be enough out of balance to
makeit unsafetofly. Itisalso possiblethat if external loads
are carried in such a position to require large lateral
displacement of the cyclic control to maintain level flight,
thefore-and-aft cyclic control effectivenesswill belimited.

Butt (or buttock) line zero: Aline
through the symmetrical center of an
aircraft from noseto tail. It serves as
the datum for measuring the arms used
to find the lateral CG. Lateral moments
that cause the aircraft to rotate
clockwise are positive (+), and those
that cause it to rotate counter-
clockwise are negative (-).

Sweptwing airplanesaremore critical duetofuel imbalance
because asthe fuel is used from the outboard tanks the CG
shifts forward, and as it is used from the inboard tanks the
CG shifts aft. [Figure 1-5] For this reason, fuel-use
scheduling in high-speed jet aircraft operation is critical.

Outboard fuel:
Lail heavy

Inboard fuel:
nose heavy

Figure 1-5. Fuel in the tanks of a sweptwing airplane affects
both lateral and longitudinal balance. As fuel is used from an
outboard tank, the CG shifts forward.

Aircraft can perform safely and achieve their designed
efficiency only whenthey are operated and maintained inthe
way their designers intended. This safety and efficiency is
determined to alarge degree by holding the aircraft’ sweight
and balance parameters within the limits specified for its
design. The remainder of this book describes the way in
which thisis done.

L ateral balance: Balance around the
roll, or longitudinal, axis.






Chapter 2

Weight and Balance Theory
and Documentation

Weight and Balance Theory

Two elements are vital in the weight and balance consid-
erationsof anaircraft:

e Thetotal weight of the aircraft must be no greater than
the maximum gross weight alowed by the FAA for the
particular make and model of the aircraft.

e The center of gravity, or the point at which all of the
weight of the aircraft is considered to be concentrated,
must be maintained within the alowable range for the
operational weight of theaircraft.

Aircraft Arms, Weights, and Moments

The term arm, usually measured in inches, refers to the
distance between the center of gravity of an item or object
and ther efer ence datum. Arms ahead of, or to the left of
the datum are negative (-), and those behind, or to theright
of the datum are positive (+). When the datum is ahead of
the aircraft, al of the arms are positive and computational
errors are minimized.

Weight is normally measured in pounds. When weight is
removed from an aircraft, it isnegative (-), and when added,
itispositive (+).

There are a number of weights that must be considered in
aircraft weight and balance. The following are terms for
various weights as used by the General Aviation Manu-
facturersAssociation (GAMA).

e The standard empty weight is the weight of the
airframe, engines and al items of operating weight that
havefixed locationsand are permanently installed inthe

aircraft. This weight must be recorded in the aircraft
weight and balance records. The basic empty weight
includes the standard empty weight plus any optional
equipment that has been installed.

»  Maximum allowable grossweight isthe maximum weight
authorized for the aircraft and all of its contents as
specifiedin the Type Certificate Data Sheets (TCDS) or
Aircraft Specificationsfor theaircraft.

* Maximum landing weightisthegreatest weight that an
aircraft normally isalowed to have when it lands.

 Maximum takeoff weight is the maximum allowable
weight at the start of the takeoff run.

« Maximum ramp weight isthetotal weight of aloaded
aircraft, and includes all fuel. It is greater than the
takeoff weight dueto the fuel that will be burned during
the taxi and runup operations. Ramp weight is also
called taxi weight.

The manufacturer establishesthe alowablegrossweight and
the range allowed for the CG, as measured ininchesfrom a
reference plane called thedatum. Inlargeaircraft, thisrange
is measured in percentage of the mean aerodynamic chord
(MAC), the leading edge of which is located a specified
distance from the datum.

The datum may be located anywhere the manufacturer
chooses; it is often the leading edge of the wing or some
specific distance from an easily identified location. One
popular locationfor thedatumisaspecified distanceforward
of the aircraft, measured ininchesfrom some point such as
the leading edge of thewing or the engine firewall.

Arm (GAMA): The horizontal
distance from the reference datum to

the center of gravity (CG) of an item.

Reference datum (GAMA): An
imaginary vertical plane from which
all horizontal distances are measured
for balance purposes.

Standard empty weight (GAMA):
Weight of a standard airplane
including unusable fuel, full
operating fluids and full ail.

Basic empty weight (GAMA):
Standard empty weight plus optional
equipment.

Maximum landing weight
(GAMA): Maximum weight

approved for the landing touchdown.

Maximum takeoff weight (GAMA):
Maximum weight approved for the
start of the takeoff run.

Maximum ramp weight (GAMA):
Maximum weight approved for
ground maneuver. (It includes weight
of start, taxi, and runup fuel.)



Thedatum of somehelicoptersisthecenter of therotor mast,
but thislocation causes some armsto be positive and others
negative. Tosimplify weight and balance computations, most
modern helicopters, likeairplanes, havethe datum located at
the nose of the aircraft or aspecified distance ahead of it.

A moment isaforce that triesto cause rotation, and isthe
product of the arm, in inches, and the weight, in pounds.
Momentsaregenerally expressedin pound-inches(lb-in) and
may beeither positive or negative. Figure 2-1 showstheway

Consider thesefactsabout thelever in Figure 2-2: The100-
pound weight A islocated 50 inchesto theleft of thefulcrum
(the datum, in this instance), and it has a moment of
100°250=-5,000|b-in. The 200-pound weight B islocated
25inchestotheright of thefulcrum, and its moment is200°
+25 = 45,000 Ib-in. The sum of the moments is —5,000
+5,000=0, and thelever isbalanced. [Figure 2-3] Theforces
that try to rotate it clockwise have the same magnitude as
thosethat try torotateit counterclockwise.

the algebraic sign of amoment isderived. Positive moments ltsm Waight Arm Moment
cause an airplane to nose up, while negative moments cause (i) {in} {lb-in}
it to nose down. Waight A 100 -50 —£.000
Yizinht B 200 +25 -5,000
Weight Arm Moment Raotation 300 0
i * % Nose up Figure 2-3. When a lever isin balance, the sum of the
+ - - Nesea dawn moments is zero.
- + - MNose down
- - + Mose up

Figure 2-1. Relationships between the algebraic signs of
weights, arms, and moments.

The Law of the Lever

All weight and balance problems are based on the physical
law of thelever. Thislaw statesthat alever isbalanced when
the weight on one side of thefulcrum multiplied by itsarm
isequal to theweight on the opposite side multiplied by its
arm. In other words, thelever isbalanced when thea gebraic
sum of the moments about the fulcrum is zero. [Figure
2-2] This isthe condition in which the positive moments
(thosethat try to rotatethelever clockwise) areequal to the
negative moments (those that try to rotate it counter-
clockwise).

CG = Total mm?lent
Total weight

_ 1,179,057
T 5862

= 201.1 inches behind the datum

Figure 2-2. Thelever isbalanced when the algebraic sum of the
momentsis zero.

Moment: A force that causes or tries
to cause an object to rotate.

Fulcrum: The point about which a
lever balances.

Determining the CG

One of the easiest ways to understand weight and balance
is to consider a board with weights placed at various
locations. We can determinethe CG of the board and observe
the way the CG changes as the weights are moved.

The CG of aboard like the onein Figure 2-4 may be deter-
mined by using thesefour steps:

1. Measurethearm of each weight ininchesfrom adatum.

2. Multiply each arm by itsweight in pounds to determine
the moment in pound-inches of each weight.

3. Determine the total of all the weights and of all the
moments. Disregard theweight of theboard.

4. Dividethetotal moment by thetotal weight to determine
the CG ininches from the datum.

The Physical Law of the Lever

A lever is balanced when the algebraic sum of the moments about its
fulcrum is equal to zero.
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Figure 2-4. Determining the center of gravity from a datum
located off the board.

In Figure 2-4, the board has three weights, and the datum i
located 50inchestotheleft of the CG of weight A. Determine
the CG by making achart likethe onein Figure 2-5.

Itemn Waight Arm Moment CG
Vieight A 100 g0 5.000
Weight B 100 =lv] 2.000
Visight © 200 150 30,000
400 44,000 110

Figure 2-5. Determining the CG of a board with three weights
and the datum located off the board.

As noted in Figure 2-5, “A” weighs 100 pounds and is
50inchesfromthe datum; “B” weighs 100 poundsandis90
inches from the datum; “C” weighs 200 pounds and is
150inchesfromthedatum. Thusthetota of thethreeweightsis
400 pounds, and thetotal moment is44,0001b-in.

Determine the CG by dividing the total moment by the
total weight.

Total moment
gg= Total weight
44000
T 400

= 110 inches [rom the dalum

To provethisisthecorrect CG, movethe datumto alocation
110inchesto theright of the original datum and determine
the arm of each weight from this new datum, as in Figure
2-6. Then make a new chart similar to the one in Figure 2-
7.1f the CGiscorrect, the sum of themomentswill be zero.

Criginal =
datum daturm
- _40 —_— -
- —B0 [
— 20— "
A =100 H=100 T
F Y
i 110

Figure 2-6. Arms from the datum assigned to the CG.

Thenew arm of weight A is110—50= 60 inches, and since
thisweight isto theleft of the datum, itsarm isnegative, or
—60inches. Thenew arm of weight B is110—-90=20inches,
and it is also to the left of the datum, so it is—20; the new
arm of weight Cis150—110=40inches. Itistotheright of
the datum and is therefore positive.

Item Weight Arm Moment
Weight A 100 -0 —G, 000
Weight B 100 —20 —2,000
Weight & 200 +40 +8, 000

0

Figure 2-7. The board balancesat a point 110 inchesto the
right of the original datum. The board is balanced when the sum
of the momentsis zero.

Thelocation of the datum used for determining the arms of
the weightsis not important; it can be anywhere. But all of
the measurements must be made from the same datum
location.



Determining the CG of an airplaneis donein the same way
as determining the CG of the board in the example on the
previouspage. [Figure 2-8] Preparetheairplanefor weighing
(asexplained in Chapter 3) and placeit on three scales. All
tareweight, theweight of any chocksor devicesusedtohold
theaircraft onthescales, issubtracted from the scalereading,
and the net weight of the wheelsis entered into achart like
the onein Figure 2-9. The arms of the weighing points are
specified inthe TCDSfor the airplanein terms of stations,
which are distances in inches from the datum.

RUERN
«—— 1335 Lél g;l

- 2011 Lo
- 245 5 !

Figure 2-8. Determining the CG of an airplane whose datum
isahead of the airplane.

Shifting the CG

One common weight and bal ance problem involves moving
passengers from one seat to another or shifting baggage or
cargo from one compartment to another to movethe CGtoa
desired location. Thisa so can bevisualized by using aboard
with three wei ghts and then working out the problem theway
itisactually done on an airplane.

Solution by Chart

The CG of aboard can be moved by shifting the weights as
demonstrated in Figure 2-10: As the board is loaded, it
balances at a point 72 inches from the CG of weight A.
[Figure2-11]

Dakum
- 100 v
- 20 -
T B=200 C=200
F
-« e -
CG

Figure 2-10. Moving the CG of a board by shifting the
weights. Thisisthe original configuration.

Itam Waight Arm Moment GG
Wain wheels | 3,540 24E.5 BES,070 Item Weight Arm Moment ca
Mose whasl 2522 134.5 30%, 987 Weight A 100 0 0
Total 5,652 1,178,057 201.1 Wieight B 200 80 18,000
. . . Viight G 200 100 20.000
Figure 2-9. Chart for determining the CG of an airplane =
whose datumis ahead of the airplane. 500 38.000 2

The empty weight of this aircraft is 5,862 pounds. Its
EWCG, determined by dividing the total moment by the
total weight, is located at fuselage station 201.1. Thisis
201.1 inches behind the datum.

CG= I'?tul mCll:ﬂﬂnt
lotal weight

1,179,057
= 5,862

201.1 inches behind the datum

Tareweight: The weight of any
chocks or devices used to hold the
aircraft on the scales. Tare weight is
subtracted from the scale reading, to
get the net weight of the aircraft.

Station (GAMA): A location along
the airplane fuselage usualy given
in terms of distance from the
reference datum.

Figure 2-11. Shifting the CG of a board by moving one of the
weights. Thisisthe original condition of the board.

To shift weight B so the board will balance about its center,
50inchesfromthe CG of weight A, first determinethearm
of weight B that will produce amoment that causesthetotal
moment of all threeweightsaround thisdesired balance point
to be zero. The combined moment of weights A and C around
thisnew balance point is5,0001b-in, sothemoment of weight
B will have to be —5,000 Ib-in in order for the board to
balance. [Figure 2-12]

Item Weight Arm Moment
Weight A 100 50 —5, 000
Weight B
Weight C 200 +50 +10,000

-5,000

Figure 2-12. Determining the combined moment of weights A
andC.



Determine the arm of weight B by dividing its moment,
—5,0001b-in, by itsweight of 200 pounds. Itsarmis—25inches.

Moment

A s Mome
B = Weight

_ =5,000
200

=-23

To baance the board at its center, weight B will haveto be
placed soits CG is 25 inchesto theleft of the center of the
board, asin Figure 2-13.

Datum

CG

Figure 2-13. Placement of weight B to cause the board to
balance about its center.

A Basic Weight and Balance Equation

Weight to be shifted
Total weight

MG
Distance weight ia shifted

This equation can be rearranged to find the distance a weight must
be shifted to give a desired change in the CG location:

Distance weight is shifted = 1otal weight = ACG
Weight shifted

The equation can also be rearranged to find the amount of weight to
shift to move the CG to a desired location:

Total weight < ACG
Distance weight iz shiftad
It can also be rearranged to find the amount the CG is moved when
a given amount of weight is shifted:

A00 = Vielght shifted = Distance welght Is shifted
Total weight

Wit shifped =

Finally, this equation can be rearranged to find the total weight that

would allow shifting a given amount of weight to move the CG a given

distance:

Wieight shifted x Distance weight is shifted
AR

Total waight =

?: This symbol, Delta, means a
change in something. BCG means a
change in the center of gravity
location.

Solution by Formula
This same problem can aso be solved by using this basic
equation:
Weight 1o be shified ACG
Total weight ~ Distance weight is shifted
Rearrange this formulato determine the distance weight B
must be shifted:

Tolal weight x ACG
Weight shilted

Distance weight B is shifted =

500 x-22
T200

= —53 inches

The CG of theboard in Figure 2-10 was 72 inches from the
datum. This CG can be shifted to the center of the board as
in Figure 2-13 by moving weight B. If the 200-pound weight
B ismoved 55 inchesto the left, the CG will shift from 72
inchesto 50 inches, adistance of 22 inches. The sum of the
moments about the new CG will be zero. [Figure 2-14]

Itam Yfaight Arm Moment
Waight A 100 —50 —5,000
Weight B 200 —25 —2,000
Weight © 200 +£0 +10,000

4]

Figure 2-14. Proof that the board balances at its center. The
board is balanced when the sum of the momentsiis zero.

When the distance the weight isto be shifted is known, the
amount of weight to be shifted to movethe CG to any loca-
tion can be determined by another arrangement of thebasic
eguation. Use the following arrangement of the formulato
determine the amount of weight that will have to be shifted
from station 80 to station 25, to move the CG from station
72 to station 50.

Total weight X ACG
Distonce weight is shifted

Weight shifted =

Snx 22
35

200 pounds

If the 200-pound weight B is shifted from station 80 to
station 25, the CG will move from station 72 to station 50.



A third arrangement of this basic equation may be used to
determine theamount the CG is shifted when agiven amount
of weight is moved for a specified distance (asit was done
in Figure 2-10). Use this formulato determine the amount
the CG will be shifted when 200-pound weight B is moved
from+80to +25.

_ Weight shifted x Distance it is shifted

AL Total weight

_ 200x 35
T 500

22 inches

Moving weight B from +80 to +25 will move the CG 22
inches, fromitsoriginal location at +72toitsnew location at
+50asseeninFigure2-13.

Shifting the Airplane CG

Thesame proceduresfor shifting the CG by moving weights
can be used to change the CG of an airplane by rearranging
passengers or baggage.

Consider thisairplane:

Airplane empty weight and EWCG ....... 1,340lbs@+37.0

Maximum grossweight .........ccccceeveererereneerenennes 2,3001bs
(O € 1T 01 £ +35.6t0 +43.2
Front SEaLS(2) ...ccveeereverreererereereresesereseseeesesessesenesenees +35
REAN SEALS (2) ...vvvvrvrerererirrereeeseeeesssssssssssssssssssnnas +72
FUEL oo 40 ga @ +48
Baggage (Maximum) ........cccccceeuneueueinnnnninns 60 |bs@ +92
S 433
i
Tlar e
fi1] I
Fr'i Jf / |,"
[ [
f o i
o P _ { ',f
kf -‘_-J |If li- -‘--J Ill 4
W kv W
Saluin Fratsaals Fus Fearaear  Lagyags

+4Y sau e +A7

Figure 2-15. Loading diagramfor a typical single-engine
airplane.

CG limits (GAMA): The extreme
center of gravity locations within
which the airplane must be operated
at a given weight.

The pilot has prepared a chart, Figure 2-16, with certain
permanent data filled in and blanks | eft to be filled in with
information onthis particular flight:

ltam Waight Arm | Mement CG
2,300 max +35.5 o +43.2
Airplane 1.5340 37 49580
Front Seats 35
MNear Saats T2
Fuel 43
Baggoge a2

Figure 2-16. Blankloading chart.

For this flight, the 140-pound pilot and a 115-pound
passenger areto occupy thefront seats, and a212-pound and
a97-pound passenger arein therear seats. Therewill be 50
pounds of baggage, and theflight isto have maximum range,
so maximum fuel is carried. The loading chart, Figure 2-
17, isfilled in using the information from Figure 2-15:

Hem Weoight Arm Moment e}
2,300 max +30.6 to +43.2
Airplane 1.340 37 43 580
Front Seals PL5 s 0,925
Rear Seats 309 TZ 22,245
Fuel 240 48 11.520
Baggage 30 a2 4,600
2,184 95,873 441

Figure 2-17. This completed loading chart shows the weight is
within limits, but the CG istoo far aft.



Withthisloading, thetotal weight islessthan the maximum
of 2,300 pounds and iswithin limits, but the CGis0.9inch
toofar aft.

One possible solution would beto trade places between the
212-pound rear-seat passenger and the 115-pound front-seat
passenger. Use a modification of the basic weight and
balance equation to determine the amount the CG will
change when the passengers swap seats:

Weight shifted % Distance it is shifted

A Total Weight

(212115 % (72 - 33)
- 2,194

Y7 x 37
2,154

1.6 inches

The two passengers changing seats moved the CG forward
1.6 inches, which placesit within the operating range. This
can be proven correct by making anew chart incorporating
the changes. [Figure 2-18]

Rem Weight Arm | Moment cG
2,300 max +35.6 10 +43.2
Airplans 1.340 7 48,580
[ront Seats g2 a3 12,020
Hear Seats 212 7e 15.264
Fuel 240 42 11,520
Bangage a0 a2 4,600
2,194 93.284 42,5

Figure 2-18. Thisloading chart, made after the seat changes,
shows both the weight and balance are within allowable limits.

Type Certificate Data Sheets
(TCDS): The officia specifications
issued by the FAA for an aircraft,
engine, or propeller.

Weight and Balance Documentation

FAA-Furnished Information

Before an aircraft can be properly weighed and its empty-
weight center of gravity computed, certain information must
beknown. Thisinformationisfurnished by theFAA for every
certificated aircraft in the Type Certificate Data Sheets
(TCDS) or Aircraft Specifications avalabletodl AMTsand
can be accessed viatheinternet: http://av-info.govi/tc.

When the design of an aircraft is approved by the FAA, an
Approved Type Certificateand TCDSareissued. The TCDS
includeall of the pertinent specificationsfor theaircraft, and
at each annual or 100-hour inspection, itistheresponsibility
of theinspecting AMT to ensurethat the aircraft adheresto
them. SeePages2-8through 2-10, Figure2-19, for anexample
TCDSexcerpt.

Theweight and balanceinformation onaTCDSincludesthe
followingitems.

Data Pertinent to Individual Models

This type of information is determined in the sections
pertinent to each individual model:

CG Range

Normal Category
(+82.0) to (+93.0) at 2,050 pounds
(+87.4) to (+93.0) at 2,450 pounds

Utility Category
(+82.0) to (86.5) at 1,950 pounds
Straight line variations between points given.

(Continued on Page 2-11)

About the TCDS

Aircraft certificated before January 1, 1958, were issued Aircraft
Specifications under the Civil Air Regulations (CARs), but when the
Civil Aeronautics Administration (CAA) was replaced by the FAA,
Specifications were replaced by TCDS. TCDS and Aircraft
Specifications are available from the Superintendent of Documents
in six volumes in both paper and Microfiche format. Description of the
volume contents, price, and ordering instructions are found in Advisory
Circular (AC) 00-2, Advisory Circular Checklist.

Aircraft Specifications:
Documentation containing the
pertinent specifications for aircraft
certificated under the CARs.

Approved Type Certificate:
A certificate of approval issued by
the FAA for the design of an
airplane, engine, or propeller.



DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

2A13

Revision 41

PIPER

PA-28-140 PA-28-151
PA-28-150 PA-28-181
PA-28-160 PA-28-161
PA-28-180 PA-28R-201
PA-28-235 PA-28R-201T
PA-285-160 PA-28-236
PA-285-180 PA-28RT-201
PA-28R-180 PA-28RT-201T
PA-28R-200 PA-28-201T
May 12, 1987

TYPE CERTIFICATE DATA SHEET NO. 2A13

This data sheet, which is a part of Type Certificate 2A13, prescribes conditions and limitations under which
the product for which the type certificate was issued meets the airworthiness requirements of the Civil Air
Regulations.

Type Certificate Holder

Piper Aircraft Corporation
2926 Piper Drive

Vero Beach, Florida 32960
Model PA-28-160, Cherokee, 4 PCLM (Normal Category), Approved October 31, 1960.

Engine

Fuel

Engine Limits

Propeller and

Propeller Limits

Propeller Spinner

Lycoming 0-320-B2B or 0-320-D2a with Carburetor setting 10-3678-32
91/96 minimum grade aviation gasoline.
For all operations, 2700 r.p.m. (160 h.p.)

Sensenich M74DM or 74DM6 on S/N 1 through 1760 1760A;
Sensenich M74DMS or 74D6S5 on S/N 1761 and up. Static r.p.m. at
maximum permission throttle setting: Not over 2425, not under 2325.
No additional tolerance permitted.

Diameter: Not over 74", not under 72.5".

See Note 10.

Piper P/N 14422-00 on S/N 1 through 1760A;
Piper P/IN 63760-04 or 65805 on S/N 1761 and up.
See Note 11.
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Figure 2-19. Excerptsfroma Type Certificate Data Sheet.
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Airspeed Limits

Center of Gravity
Range

Empty Wt. C.G. Range
Maximum Weight

No. of Seats

Maximum Baggage

Fuel Capacity

Oil Capacity

Control Surface
M ovements

Nose Wheedl Travel

Manufacturer’s
Serial Nos.

—2— March 3, 1981

Never exceed 171 m.p.h. (148 knots) CAS
Maximum Structural 140 m.p.h. (121 knots) CAS

cruising 140 m.p.h. (121 knots) CAS
Maneuvering 129 m.p.h. (112 knots) CAS
Flaps extended 115 m.p.h. (100 knots) CAS

(+84.0) to (+95.9) at 1650 Ib. or less
(+85.9) to (+95.9) at 1975 Ib.

(+88.2) to (+95.9) at 2200 Ib.

Straight line variation between points given

None

2200 Ib.

4 (2 at +85.5,2 at +118.1)

125 Ibs. (+142.8) (S/N 28-1 through 28-1760A)
See NOTE 8.

200 Ibs. (+142.8) (S/N 28-1761 and up)

50 gal. (2 wing tanks) (+95)
See NOTE 1 for data on system fuel.

8 gts. (+32.5), 6 gts. useable
See NOTE 1 for data on system oil.

Wing flaps  (x2°) Up 0° Down 40°
Ailerons (x2°) Up 30° Down 15°
Rudder (x2°) Left 27° Right 27°
Stabilator (x2°) Up 18° Down 2°
Stabilator tab (x1°) Up  3° Down 12°

(+1°) Left 30° Right 30°
(Effective on S/N 1 through 3377)
Left 22° Right 22°
(Effective on S/N 3378 and up)

28-03, 28-1 and up.

II. Model PA-28-150, Cherokee, 4 PCLM (Normal Category), Approved June 2, 1961

Engine
Fuel
Engine Limits

Propeller and
Propeller Limits

Lycoming 0-320-A2B or 0-320-E2A with carburetor setting 10-3678-32
80/87 minimum grade aviation gasoline
For al operations, 2700 r.p.m. (150 h.p.)

Sensenich M74DM or 74DM6 on S/N 1 through 1760A;

Sensenich M74DMS or 74DM6S5 on S/N 1761 and up
Static r.p.m. at maximum permissible throttle setting not over 2375,
not under 2275.

No additional tolerance permitted.

Diameter: Not over 74", not under 72.5."

See NOTE 10.

Figure 2-19. Excerptsfroma Type Certificate Data Sheet (continued).
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Data Pertinent to All Models:

Datum

Leveling Means

Certification Basis

78.4" forward of wing leading edge (straight wing only). 78.4" forward of
inboard intersection of straight and tapered sections (semi-tapered wings).

Two screws left side fuselage below window.

Type Certificate No. 2A13 issued October 31, 1960. Date of Application for
Type Certificate, February 14, 1965.

Delegation Option Authorization granted per FAR 21, Subpart J. July 17, 1968.

PA-28-140 and PA-28-151: CAR 3, effective May 15, 1956, including
Amendments 3-1, 3-2, 3-4, and paragraphs 3.304 and 3.705 of Amendment 3-7.

PA-28-150, PA-28-160, PA-28-180, PA-28-235, PA-285-160, PA-285-180, PA-
28R-180, PA-28R-200; CAR 3, effective May 15, 1956, including
Amendments 3-1, 3-2 and paragraphs 3.304 and 3.705.

PA-28-161: CAR 3 effective May 15, 1956, through Amendment 3-2;
paragraph 3.387(d) of Amendment 3-4; paragraphs 3.304 and 3.705 of
Amendment 3-7; FAR 23.959 of Amendment 23-7; FAR 36 effective
December 1, 1969, through Amendment 36-4.

PA-28-181: CAR 3 effective May 15, 1956, through Amendment 3-2,
Amendment 3-4 and paragraphs 3.304 and 3.705 of Amendment 3-7.
Also, FAR 23.207, 23.221 and 23.959 of Amendment 23-7.

PA-28R-201: CAR 3 effective May 15, 1956, through Amendment 3-2; para-
graphs 3.304 and 3.705 of Amendment 3-7; paragraphs 23.221, 23.959, 23.965,
23.967(e)(2), 23.1091 and 23.1093 of FAR 23 Amendment 23-16;

FAR 36 effective December 1, 1969, through Amendment 36-4 (no

acoustical change).

PA-28R-201T: CAR 3 effective May 15, 1956, through Amendment 3-2
including paragraphs 3.304 and 3.705 of Amendment 3-7; FAR 23.221, 23.901,
23.909, 23.959, 23.965, 23.967(€)(2), 23.1041, 23.1043, 23.1047, 23.1143,
23.1305, 23.1441 and 23.1527 of Amendment 23-16; FAR 36 effective
December 1, 1969, through Amendment 36-4.

PA-28-236: CAR 3 effective May 15, 1956, through Amendment 3-2, and
paragraphs 3.304 and 3.705 of Amendment 3-7 effective May 3, 1962. FAR
23.221, 23.959, 23.1091, and 23.1093 of FAR Part 23, Amendment 23-17
effective February 1, 1977; FAR 23.1581(b)(2) of FAR 23 Amendment 23-21
effective March 1, 1978; and applicable portions of FAR 36, as amended up to
Amendment 36-9 effective April 3, 1978.

Figure 2-19. Excerptsfroma Type Certificate Data Sheet (continued).




If thisinformationisgiven, theremay beachart onthe TCDS
similar totheonein Figure2-20. Thischart hel psvisualizethe
CGrange. Draw alinehorizontdly fromtheaircraft weight and
alinevertically fromthefuse age station onwhichthe CGis
located. If theselinescrossinsdetheenclosed area, theCGis
withinthedlowablerangefor theweight.

Notethat there aretwo enclosed areas; thelarger isthe CG
range when operating the Normal category only, and the
smaller rangeisfor operationin boththeNormal andUtility
categories. When operating with theweight and CG limita-
tionsshown for the Utility category, theaircraftisapproved
for limited acrobatics such asspins, lazy eights, chandelles,
and steep turnsin which the bank angle exceeds 60°. When
operating outside of the smaller enclosure but within the
larger, theaircraft isrestricted from these maneuvers.

2450

2.400
w Aft imit
=
= nermal -
I 2000
A
B
=y
¢ 2000
o Aft limnit
= - utiliby
2 13800
= Utility

1,800 MNaormal cnly

2le] 84 86 88 ely] o2 o3

Fuselage station {inches)
Figure 2-20.CG rangechart.

If the aircraft has retractable landing gear, a note may be
added, for example:

“Moment dueto retracting of landing gear (+819 |b-in)”

Normal category: A category of
aircraft certificated under 14 CFR,
Part 23 and CAR, Part 3 that allows
the maximum weight and CG range
while restricting the maneuvers that
are permitted.

Utility category: A category of
aircraft certificated under 14 CFR,
Part 23 and CAR, Part 3 that permits
limited acrobatic maneuvers but
restricts the weight and the

CG range.

Empty Weight CG Range

When all of the seats and baggage compartments arelocated
close together, it is not possible, as long as the EWCG is
located within the EWCG range, to legally load the aircraft
sothat itsoperational CG fallsoutsidethisallowablerange.
If the seats and baggage areas extend over awide range, the
EWCG range will belisted as“None.”

MaximumWeight

The maximum alowable takeoff and landing weight and the
maximum allowable ramp weight are given. This basic
information may be altered by anote such asthefollowing:

“NOTEDS. A landing weight of 6,435 [bsmust be observed if
10 PR tires are installed on aircraft not equipped with 60-
810012-15 (L H) or 60-810012-16 (RH) shock struts.”

Number of Seats
Thenumber of seatsand their armsaregiveninsuchtermsas:

“4(2at+141,2at +173)"

Maximum Baggage (Structural Limit)
Thisisgivenas:

“500Ibsat +75 (nose compartment)
655 Ibsat +212 (aft area of cabin)”

Fuel Capacity
Thisimportant informationisgiveninsuchtermsas:

“142 ga (+138) comprising twointerconnected cellsin each
wing”

—or,

“204 gal (+139) comprising three cellsin eachwing and one
cell ineach nacelle (four cellsinterconnected) See NOTE 1
for dataon fuel system.”

“NOTE 1” will read similar to thisexample:

“NOTE 1. Current weight and balance data, including list of
equipment included in standard empty weight and loading
instructions when necessary, must be provided for each
aircraft at thetimeof original certification.

The standard empty weight and corresponding center of
gravity locations must include unusable fuel of 24 Ibs at
(+135)”



Oil Capacity (Wet Sump)

The quantity of the full oil supply and its arm are given in
suchtermsas:

“26qt (+88)”
Data Pertinent to All Models

Datum
Thelocation of the datum may bedescribed, for example, as:

“Front face of firewall”

—or,

“78.4" forward of wing leading edge (straight wing only).
78.4" forward of inboard i ntersection of straight and tapered
sections(semi-tapered wings).”

Leveling Means
A typical methodis:

“Upper door sill.”

This meansthat aspirit level isheld against the upper door
sill and the aircraft is level when the bubble is centered.
Other methods require a spirit level to be placed across
leveling screws or leveling lugs in the primary aircraft
structure or dropping a plumb line between specified
leveling points.

TCDSareissued for aircraft that have been certificated since
January 1, 1958, whenthe FAA cameinto being. For aircraft
certificated before this date, basically the same data is
includedin Aircraft, Engine, or Propeller Specificationsthat
wereissued by the Civil Aeronautics Administration.

Thebook, Aircraft Listings, VolumeV1 of theType Certificate
Data Sheets Specificationsand Listings, includesweight and
balanceinformation on aircraft of which therearefewer than
50listed asbeing certificated.

Manufacturer-Furnished Information
Whenanaircraftisinitialy certificated, itsempty weight and
EWCG are determined and recorded in the weight and
balancerecord such astheonein Figure2-21. Noticeinthis
figure that the moment is expressed as “Moment (Ib-in/
1000).” This is a moment index which means that the
moment, avery large number, has been divided by 1,000 to
make it more manageable. Chapter 4 discusses moment
indexesin more detail.

Weight and Balance Data

Aircraft Serial No. 18259080 FA.A. Registration No. N42565 Date: 4-22-95
[tem Weight {lbs) X C.G AM (in) = Moment {Ib-in)

Standard empty weight 1,876 36.1 67,7986
Uptional equipment 1.2 138 16.7
Special installation 6.2 415 2573
Paint — — —
Unusablea fual 300 46.0 1,380
Basic empty weight 1.913.4 694526

Figure 2-21. Typical weight and balance data for a 14 CFR, Part 23 airplane.



Anequipment listisfurnished with theaircraft which speci-
fiesall therequired equipment, and all equipment approved
for installation in the aircraft. The weight and arm of each
itemisincluded onthelist, and all equipment installed when
the aircraft |eft the factory is checked.

When an AMT adds or removes any item on the equipment
list, he or she must change the weight and balance record to
indicate the new empty weight and EWCG, and the
equipment list isrevised to show which equipment isactualy
installed. Figure 2-22 is an excerpt from a comprehensive

equipment list which includesall of theitems of equipment
approved for this particular model of aircraft. The POH for
each individual aircraft includes an aircraft specific equip-
ment list of theitemsfrom thismaster list. When any itemis
added to or removed from the aircraft, itsweight and arm are
determined in the equipment list and used to update the
weight and balance record.

The POH/AFM also contains CG moment envel opes and
loading graphs. Examples of the use of these handy graphs
aregivenin Chapter 4.

opfional item. Suffix letters are as follows:

—H = required iterns or agquipment for FAA cartificalion
—5 = standard equipment items

separate FAA approval.

equipment item.

the complete assembly installatian.

Comprehensive Equipment List

Tha following figura (Figure §-3) ig a comprehangive list of all Cessna equipment which is available for the Model 1325
airplane. It should not be confused with the airplane-specific equipment list. An airplane-specific list is provided with each
individual airplane at delivery, and is typically inserted at the rear of thia Pilot's Operating Handboolk. The following
comprehensive equipment list ana the airplane-specific [ist have a similar order of listing.
The comprehensive equiprent list provides the following infermaticn in column form:
In the kem No column, each item is assigned a coded number. The first two digits of the code represent the assignment of
itam within the ATA Spacification 100 braakdown {Chapter 11 for Placarda, Chaptar 21 for Air Conditioning, Chapter 77 for
Engine Indicating, etc...). These assignmenis also comespond to the Maintenance Manual chapter breakdown for the

airplane. After the firet twe digits (and hyphen), itarma receive a unigue saguence numbar {01, 02, 03, ekc. ). After the
sequence number (and hyphen), a suffix |etter is assigned to idantify equipment as a reguired tem, & standard iter or &n

—C = optional aquipmant itams replacing reguired or standard items
—A = pptional equipment items which are in addition to reguired or standard items

In the Equipment Liat Description column, each item is assigned a deseriptive name to help identify its function.
In the Ref Drawing column, a drawing number is provided which comesponds to the item.
Nate

It additional equipment is to be installed, il must be done in accordance with the relerence drawing, service bulletin of a

In the Wt Lbs ang Arm Ins columns, infermation is provided an the weight {in pounds) and amm (in inghes) of the
Notes

Unless otherwise indicated, true values (not net change values) for the weight and amm are shown_ Positive arms. are
distances aft of the airplane detum; negative arms are distances forward of the datum.

Asterisks (*) in the weight and arm colurnn indicate complete assembly installations. Some major components of the
assembly are listed gn the lines immedialely following. The sum of these major comporents does not necessarily equal

Figure 2-22. Excerpt froma typical comprehensive equipment list (continued on next page).

Equipment list: A list of items
approved by the FAA for installation
in a particular aircraft. The list
includes the name, part number,
weight, and arm of the component.
Installation of an item in the
equipment list is considered to be a
minor alteration.

Dealing with Large Moments

Moments are the product of the arm in inches and the weight in
pounds, and for large aircraft this produces very large numbers. To
reduce the likelihood of mathematical errors, the manufacturers often
divide these large numbers by a reduction factor of 100 or 1,000 to
get a moment index which is easier to handle. To change a moment
index to a moment, just multiply it by the reduction factor.



ltem : z s Ref wit Arm
No Equipment List Description Drawing (Ibs.) (ins.)
24-04-5 Basic Avienics Kit Installation 4.3 555
- Bupport 3traps Installaion Q1 10.0
- Avionics Coeling Fan Installation 186 3.0
- Avionics Ground Installations a1 41.0
- Gircuit Eresker Panal Inatallation 1.5 185
- Micrephone Installation a.:z 18.5
- b Antening Installation 05 2521
- Dmini Antanna Cabls Asssmbly Installation 0.3 2430
Chapter 25 — Equipment/Furnishinga
25-1-R Seat, Pilot, Adjustable 338 M5
25-02-5 Seat, Copilot, Adjustrnant 338 M5
25-03-5 Seat, Raar, Two Fiece Back Cushion 53.0 B20
2R-04-R Seat Belt and Shoulder Harness, Inertia Reel, Pilot and Copilot 52 0.3
25-05-5 Seat Belt and Shoulder Harnese, Inertia Reel, Rear S=at 52 B7 A
25-06-5 Sun Visors (Satof 2) 1.2 330
25-07-5 Baggage Rataining Net 0.5 108.0
25-08-5 Cargo Tie Down Rings (10Tie Downs: 0.4 105.0
25-09-5 Pilot's Cparating Checklist (Stowed in Instrument Panel 0.3 150
Map Gase)
25-10-R Pilot's Cparating Handbook and FAA Approved Airplans 1.2 B1.5
Flight Manual {Stowed in Pilot's Seat Back!
25-11-5 Fusl Zampling Cup 1 143
25-12-5 Tow Bar, Nose Gear (Stowed) 1.7 1058.0
25-13-5 Emergency Locater Transmitter Installation 2" 134 .87
- ELT Transmitter 1.7 1350
- Antznna and Cable Assembly 0.4 133.0
- Hardware 0.1 1380
Chapter 26 — Fire Pratection
26-01-5 Fira Extinguisher Inztallation 5.3° 2807
- Fire Extinguisher 4.8 220
- Mounting Glamp & Hardware 0.s 2.0
Chapter 27 — Flight Contiols
27-01-5 Dual Contrels Installation, Right Saat 6.3" 12.9°
- Gonlrel Wheeal, Copilot 2.0 28.0
- Rudder and Brake Pedal Installation Copilat 4.3 6.8

Figure 2-22. Excerpt fromatypical comprehensive equipment list (continued).




Chapter 3

Weighing the Aircraft and
Determining the Empty-Weight

Center of Gravity

Chapter 2 explained the theory of weight and balance and
gave examples of the way the center of gravity could be
found for a board loaded with several weights. In this
chapter, the practical aspects of weighing an airplane and
locating its center of gravity are discussed. Formulas are
introduced that allow the CG location to be measured in
inches from various datum locations and in percentage of
the mean aerodynamic chord.

Requirements

Weight and bal anceisof suchvital importancethat eachAMT
maintaining an aircraft must be fully aware of his or her
responsibility to provide the pilot with current and accurate
information for the actual weight of the aircraft and the
location of the center of gravity. The pilot in command has
the responsibility to know the weight of the load, CG,
maximum allowable gross weight, and CG limits of
theaircraft.

The weight and balance report must include an equipment
list showing weights and moment arms of al required and
optional items of equipment included in the certificated
empty weight.

When an aircraft has undergone extensive repair or major
ateration, it should be reweighed and a new weight and
balancerecord started.

Who's responsible?

AMTs must provide the pilot with current and accurate aircraft weight
information and where its EWCG is located.

The pilot in command has the responsibility to know the weight of the
load, CG, maximum allowable gross weight, and CG limits of
the aircraft.

Equipment for Weighing

There are two basic types of scales used to weigh aircraft:
scales on which the aircraft isrolled so the weight is taken
fromthewheels, and electronicload cells placed betweenthe
aircraft jack and the jack pads on the aircraft.

Someaircraft areweighed with mechanical scalesof thelow
profiletypesimilar to those shownin Figure 3-1.

Large aircraft, including heavy transports, are weighed by
rolling them onto weighing platforms with electronic
weighing cellsthat accurately measure the force applied by
theweight of the aircraft. [Figure 3-2]

Electronic load cells are used when the aircraft is weighed
by raising it on jacks. The cells are placed between the jack
and the jack pad on the aircraft, and the aircraft israised on
thejacksuntil thewheelsare off thefloor and theaircraftis
inalevel flight attitude. The weight measured by each load
cell isindicated onthe control panel.

Mechanical scales should be protected when they are not
in use, and they must be periodically checked for accuracy
by measuring aknown weight and noting any errorsdetected.
Electronicload cellsnormally haveabuilt-in calibration that
allows them to be accurately zeroed before any load
isapplied.

L oad cell: A component in an
electronic weighing system placed
between the jack and the jack pad on
the aircraft. The load cell contains
strain gauges whose resistance
changes with the weight on the cell.



—
-

R o

Figure 3-1. Low profile platformscales are used to weigh some air craft. One scaleis placed under each wheel. (Photo courtesy

General Electrodynamics Corp.)

Figure 3-2. Weighing platformsaccurately measure the weight of
largeaircraft without having to raisetheair craft off the ground.
(Photo courtesy General Electrodynamics Corp.)

Specific Gravity

Both the heat energy available and the weight of the fuel are
determined by its specific gravity (s.g.), and this in turn is affected by
its temperature. Cold fuel has a higher s.g. and therefore weighs more
per gallon than warm fuel, and since the heat energy content is
measured in Btu or Calories per pound or kilogram, cold fuel has more
heat energy per gallon than warm fuel.

Preparation for Weighing

Themajor considerationsin preparing an aircraft for weigh-
ing are discussed below.

Weigh Clean Aircraft Inside Hangar

The aircraft should be weighed inside a hangar where wind
cannot blow over the surface and cause fluctuating or false
scalereadings.

The aircraft should be clean inside and out, with special
attention paid to thebilge ar eato be sure no water or debris
istrapped there, and the outside of the aircraft should be as
freeaspossible of al mud and dirt.

Equipment List

All of therequired equipment must be properly installed, and
there should be no equipment installed that is not included
in the equipment list. If such equipment is installed, the
weight and balance record must be corrected to indicateit.

Bilge area: The lowest part of an
aircraft structure in which water and
contaminants collect.



Ballast
All required per manent ballast must be properly secured
inplaceand altemporary ballast must beremoved.

Draining the Fuel

Drain fuel from the tanks in the manner specified by the
aircraft manufacturer. If there are no specific instructions,
drainthefuel until thefuel quantity gaugesread empty when
theaircraft isin level flight attitude. Any fuel remaining in
the systemiscalled residual, orunusable fuel andispart of
theaircraft empty weight.

If itisnot feasibleto drain the fuel, the tanks can be topped
off to be sure of the quantity they contain and the aircraft
weighed with full fuel. After the weighing is complete, the
weight of thefuel and itsmoment are subtracted from those
of the aircraft asweighed. To correct the empty weight for
theresidual fuel, add its weight and moment. The amount
of residual fuel anditsarm arenormally foundinNOTE 1in
the section of the TCDS, “Data Pertaining to All Models.”
See “Fuel Capacity” on Page 2-11.

When computing the weight of the fuel, for example atank
full of jet fuel, measure its specific gravity (s.g.) with a
hydrometer and multiply it by 8.345 (the nominal weight of
1 gallon of pure water whose s.g. is 1.0). If the ambient

temperatureishigh and thejet fuel in thetank ishot enough
for itsspecific gravity to reach 0.81, rather thanitsnominal

s.g. of 0.82, the fuel will actualy weigh 6.76 pounds per
gallon rather than its nominal weight of 6.84 pounds
per galon. The standard weight of aviation gasoline (Avgas)
is6 pounds per gallon.

Oil

The empty weight of aircraft certificated under the CAR, Part
3 does not include the engine lubricating oil. The oil must
either bedrained beforethe aircraftisweighed, or itsweight
must be subtracted from the scale readingsto determinethe
empty weight. Toweigh an aircraft that does not include the
enginelubricating oil aspart of the empty weight, placeitin
level flight attitude, then open thedrain valvesand alow all
of the oil that is able to, to drain out. Any oil remaining is
undrainableoil and is part of the empty weight. Aircraft
certificated under 14 CFR, Parts 23 and 25 includefull oil as
part of the empty weight.

Permanent ballast: A weight
permanently installed in an aircraft
to bring its center of gravity into
allowable limits. Permanent ballast is
part of the aircraft empty weight.

Temporary ballast: Weights that
can be carried in a cargo
compartment to move the location of
the CG for a specific flight condition.
Temporary ballast must be removed
when the aircraft is weighed.

Unusable fuel (GAMA): Fuel
remaining after a runout test has
been completed in accordance with
governmental regulations.

If itisimpractical todraintheoil, thereservoir can befilled
to the specified level and the weight of the oil computed at
7.5 pounds per gallon. Then its weight and moment are
subtracted from the weight and moment of the aircraft
as weighed. The amount and arm of the undrainable oil are
foundin NOTE 1 of the TCDS, and thismust be added to the
empty weight.

Other Fluids

Thehydraulicfluid reservoir and al other reservoirscontain-
ing fluidsrequired for normal operation of theaircraft should
befull. Fluidsnot considered to be part of the empty weight
of the aircraft are potable (drinkable) water, lavatory
precharge water, and water for injection into the engines.

Configuration of the Aircraft

Consult theaircraft service manua regarding the position of
the landing gear shock struts and the control surfaces for
weighing; when weighing a helicopter, the main rotor must
beinitscorrect position.

Jacking the Aircraft
Largeaircraft are often weighed by rolling them onto ramps
in which load cells are embedded. This eliminates the
problems associated with jacking theaircraft of f the ground.
But most smaller aircraft are actually lifted off the ground
onto scalesor load cells.

Y ou must exercise special care when raising an aircraft on
jacksfor weighing. If theaircraft has spring steel landing gear
anditisjacked at thewhed , thelanding gear will dideinward
astheweight istaken off of thetire, and care must betaken
to prevent thejack from tipping over.

For some aircraft, stress panels or plates must be installed
beforethey arerai sed withwing jacks, to distributetheweight
over the jack pad. Be sure to follow the recommendations
of the aircraft manufacturer in detail anytime an aircraft is
jacked. When using two wing jacks, take special care to
raise them simultaneously, keeping the aircraft level so it
will not dlip off the jacks. Asthe jacks are raised, keep the
safety collars screwed down against the jack cylinder
to prevent theaircraft fromtilting if one of thejacksshould
lose hydraulic pressure.

Undrainable oil: Oil that does not
drain from an engine lubricating
system when the aircraft is in the
normal ground attitude and the drain
valve is left open. The weight of the
undrainable oil is part of the empty
weight of the aircraft.

Residual fuel: Fuel that remains in
the sumps and fuel lines when the
fuel system is drained from the inlet
to the fuel metering system, with the
aircraft in level flight attitude. The
weight of the residual fuel is part of
the empty weight of the aircraft.



Leveling the Aircraft

When an aircraft is weighed, it must be in its level flight
attitude so that all of the componentswill beat their correct
distance from the datum. This attitude is determined by
informationinthe TCDS. Someaircraft requireaplumbline
to be dropped from aspecified location so that the point of
theweight, the bob, hangsdirectly aboveanidentifiable point.
Othersspecify that aspirit level beplaced acrosstwoleveling
lugs, often special screws on the outside of the fuselage.
Other aircraft call for aspirit level to be placed on the upper
door sill.

Lateral level is not specified for all general aviation (GA)
airplanes, but provisions are normally made on transport
airplanesand helicoptersfor determining both longitudinal
and lateral level. This may be done by built-in leveling
indicators, or by a plumb bob that shows the conditions of
both longitudinal and lateral level.

The actual adjustmentsto level the aircraft using load cells
are made with the jacks. When weighing from the wheels,
levelingisnormally done by adjusting theair pressureinthe
nosewheel shock strut.

Determining the Center of Gravity

Whentheaircraftisinitslevel flight attitude, drop aplumb
line from the datum and make a mark on the hangar floor
below thetip of thebob. Draw achalk linethrough thispoint
paralel to the longitudinal axis of the aircraft. Then draw
|ateral linesbetween the actual weighing pointsfor themain
wheels, and make a mark along the longitudinal line at the
weighing point for the nose wheel or the tail wheel. These
lines and marks on the floor allow you to make accurate
measurements between the datum and the weighing points
to determinetheir arms.

Safety Considerations

Special precautions must be taken when raising an aircraft on jacks.

1. Stress plates must be installed under the jack pads if the manu-
facturer specifies them.

2. If anyone is required to be in the aircraft while it is being jacked,
there must be no movement.

3. The jacks must be straight under the jack pads before beginning
to raise the aircraft.

4. All jacks must be raised simultaneously and the safety collars
screwed down against the jack cylinder to prevent the aircraft tip-
ping if any jack should lose pressure.

Catiirm

Figure 3-3. Thedatumislocated at thefirewall.

Determinethe CG by adding theweight and moment of each
weighing point to determine the total weight and total

moment. Then dividethetotal moment by thetotal weight to
determine the CG relative to the datum.

Asan exampl e of locating the CG with respect to the datum,
whichinthiscaseisthefirewall, consider thetricyclelanding
gear airplanein Figures 3-3 and 3-4.

When the airplane is on the scales with the parking brakes
off, place chocksaround thewheelsto keep the airplanefrom
rolling. Subtract theweight of the chocks, called tareweight,,
from the scale reading to determine the net weight at each
weighing point. Multiply each net weight by its arm to
determine its moment, then determine the total weight and
total moment. The CG is determined by dividing the total

moment by the total weight.

Total moment

Total weight

63,756

2,006

32.8 inches behind the datum

Theairplanein Figures 3-3 and 3-4 hasanet weight of 2,006
pounds, and its CG is 32.8 inches behind the datum.

CG=

Two Ways to Express CG Location

The location of the CG may be expressed in terms of inches from a
datum specified by the aircraft manufacturer, or as a percentage of
the MAC. The location of the leading edge of the MAC, the LEMAC,
is a specified number of inches from the datum.

Tareweight: The weight of any
chocks or devices used to hold an
aircraft on the scales when it is
weighed. The tare weight must be
subtracted from the scale reading to
obtain the net weight of the aircraft.



Weighing Paint Scale Reading Tare Nst Weight Arm Morment cG
{1k} (Ib) (1) {in) {Ib-in)

Right sicle 246 15 5an 4a.0 328,180

Left side B52 16 BaG 45.0 38,406

MNose 248 B 40 -32.0 -10.380

Total 2006 65 786 328

Figure 3-4. Locating the CG of an airplanerelative to the datumwhich islocated at thefirewall. See Figure 3-3.

Empty-Weight Center
of Gravity Formulas

A chart likethe onein Figure 3-4 hel psvisualizetheweights,
arms, and moments when solving an EWCG problem, but it
isquicker to determinethe EWCG by using formulasand an
electronic calculator. Theuseof acal culator for solving these
problemsisdescribed in Chapter 8.

There are four possible conditions and their formulas that

relate the location of the CG to the datum. Notice that the

formula for each condition first determines the moment
Fl: o R x D

of thenose ( e :] whedl or tail ( 5 :] wheel and then

divides it by the total weight of the airplane. The arm thus
determined isthen added to or subtracted from the distance
between the main wheels and the datum, distance D.

Nosewhed arplaneswiththedatumforward of themainwheds

FxL
CG=D- ( = )
Nosewheel airplaneswith the datum aft of the main wheels
Fxl
CG=- (D B )
Tall whed arplaneswiththedatum forward of themainwheds
R x I
CG=D+ ( - )
Tail wheedl airplanes with the datum aft of the main wheels
_ R xL)
CG=-D+ (_W

Determining the Location of the CG

1. Determine the location of the CG relative to the main-wheel weigh-
ing points. This is the {BxLy or {E2 LY part of the formula.
9P (&h o Gae

2. Convert the location of the CG measured from the main-wheel
weighing points to the location measured from the datum or the
LEMAC.

Datum Forward of the Airplane—
Nose Wheel Landing Gear

Thedatum of theairplanein Figure 3-5is100inchesforward
of theleading edge of thewing root, or 128 inchesforward
of the main-wheel weighing points. Thisisdistance(D). The
weight of thenosewheel (F) is 340 pounds, and the distance
between main wheels and nose wheel (L) is 78 inches. The
total weight of the airplane (W) is 2,006 pounds.

Cratum

Figure 3-5. Thedatumis 100 inchesforward of the wing root
leading edge.

Determine the CG by using thisformula:

ca=- ()

=126 - (M

2.006
=114.8

The CGis114.8inchesaft of thedatum. Thisis13.2inches
forward of the main-wheel welighing pointswhich provesthe
location of the datum has no effect on thelocation of the CG
solong asall measurementsare madefrom thesamelocation.



Datum Aft of the Main Wheels—
Nose Wheel Landing Gear

The datum of some aircraft may be located aft of the main
wheels. The airplane in this example is the same one just
discussed, but the datumisat theintersection of thetrailing
edge of the wing with the fuselage.

Thedistance (D) between thedatum of theairplanein Figure
3-6 and the main-wheel weighing pointsis 75 inches, the
weight of the nosewhedl (F) is 340 pounds, and thedistance
between main wheels and nose wheel (L) is 78 inches. The
total net weight of theairplane (W) is 2,006 pounds.

Datum

- 183.0 -

+— AR F —
A0 - 75.0m

Ce T

®

+— | = VBO—=

Figure 3-6. The datumis aft of the main wheels at thewing
trailing edge.

The location of the CG may be determined by using this
formula:

F:;L)

s 202

CG=_@+

=-832
The CG location is anegative value, which meansit is 88.2
inches forward of the datum. This places it 13.2 inches
forward of the main wheels, exactly the samelocation asit
waswhen it was measured from other datum locations.

Location of Datum

It makes no difference where the datum is located as long as all
measurements are made from the same location.

Datum Forward of the Main Wheels—
Tail Wheel Landing Gear

L ocating the CG of atail wheel airplaneisdoneinthe same
way as locating it for a nose wheel airplane except the
formulasuse (R X LT] rather than (F x L) .

W W

Thedistance (D) between thedatum of theairplanein Figure
3-7 and the main-gear weighing points is 7.5 inches, the
weight of the tail whedl (R) is 67 pounds, and the distance
(L) between the main-wheel and the tail wheel weighing
pointsis222 inches. Thetotal net weight of theairplane (W)
is1,218 pounds.

Datum

224.5

Figure 3-7. Thedatum of thistail wheel airplaneis7.5inches
forward of thewing root leading edge.

Determine the CG by using thisformula:
Kx L.)
W

=75+ (e )

CG=D+(

=197
The CG is 19.7 inches behind the datum.



Datum Aft of the Main Wheels—
Tail Wheel Landing Gear

The datum of the airplane in Figure 3-8 is located at the
intersection of thewing root trailing edge and the fuselage.
This placesthe arm of the main gear (D) at —80 inches. The
net weight of the tail wheel (R) is 67 pounds, the distance
between themain wheelsand thetail wheel (L) is222 inches,
andthetotal net weight (W) of theairplaneis 1,218 pounds.

Dabum
678 »

Figure 3-8. The datumis aft of the main wheels, at the
inter section of thewing trailing edge and the fuselage.

Sincethe datum is aft of the main wheels, usethisformula:
Ex L)

W

(6? w» 222)

CG=—D+(

1,218

=—6H7.8

The CGis67.8inchesforward of the datum, or 12.2 inches
aft of the main-gear weighing points. The CG isin exactly
the samelocation rel ative to the main wheel s, regardl ess of
wherethe datum islocated.

Location with Respect to the
Mean Aerodynamic Chord

AMTsare primarily concerned with the location of the CG
relativeto thedatum, anidentifiable physical location from
which measurements can be made. But because the aero-
dynamic characteristics of awing relatetoitschor d length,
pilots and flight engineers are more concerned with the
location of the CG rel ativeto the chord; and because the mean,
or average, physical chord of atapered wing is difficult to
measure, themean aer odynamic chord (MAC) isused. The
alowable CG rangeisexpressed in percentagesof theMAC.

MAC and CG

The location of the CG with respect to the mean aerodynamic chord
is important to the flight crew because it predicts the handling
characteristics of the aircraft.

TheMAC, asseeninFigure 3-9, isthe chord of animaginary
airfoil that hasall of the aerodynamic characteristics of the
actual airfoil. It can also be thought of as the chord drawn
through the geographic center of the plan areaof thewing.

Dabum

=y --- LEMAC

TEMAC

=

Figure 3-9. TheMAC isthe chord drawn through the
geographic center of the plan area of thewing.

Therelative positionsof the CG and the aerodynamic center
of lift of thewing have critical effects on theflight charac-
teristicsof theaircraft. Consequently, relatingthe CGlocation
to the chord of the wing is convenient from a design and
operations standpoint. Normally, an aircraft will have
acceptable flight characteristics if the CG is located
somewherenear the 25% average chord point. Thismeansthe
CGislocated one-fourth of thetotal distance back fromthe
leading edge of thewing section. Such alocation will place
the CG forward of the aerodynamic center for most airfails.

Mean aerodynamic chord (MAC):
The chord of an imaginary airfoil
that has the same aerodynamic
characteristics as the actual airfoil.

Chord: A straight-line distance
across a wing from leading edge to
trailing edge.



In order to relate the percent MAC to the datum, all weight
and balance information includes two items: the length of
MAC ininchesand thelocation of theleadingedgeof MAC
(LEMAC) ininchesfrom the datum.

The weight and balance data of the airplane in Figure 3-10
states that the MAC is from stations 1022 to 1198 and the
CGislocated at station 1070.

MAC =1198-1022=176inches

LEMAC = station 1022

CG is 48 inches behind LEMAC (1070 — 1022 =
48inches)

Thelocation of the CG expressed in percentage of MAC is
determined using thisformula:

; Distance aft of LEMAC > 100
CGin% MAC = MAC

48 x 100
- 176
=273

The CG of theairplaneislocated at 27.3% MAC.

Datum

SGtation
1022

LEMAZ

Itissometimesnecessary to determinethel ocation of the CG
ininchesfromthedatumwhenitslocaionin% MACisknown.

The CG of theairplaneislocated at 27.3% MAC
MAC=1198-1022=176inches
LEMAC = station 1022

Determinethelocation of the CG ininchesfrom the datum
by using thisformula:

CGinches MAC »x €0 % MAC
from daum — EEMC 100
176273
= 1,022 + 100
= 1,070

The CG of thisairplaneislocated at station 1070 which is
1,070 inches aft of the datum.

Itisimportant for longitudinal stability that the CG belocated
ahead of the center of lift of awing. Sincethe center of liftis
expressed as a percentage of the MAC, the location of the
CGisexpressed in the sameterms. See Chapter 6 for more
about using % MAC in weight and balance technology, in
“Weight and Balance Control — L argeAircraft.”
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Figure 3-10. Largeaircraft weight and balance cal culation diagram.

Leading edge of MAC (LEMAC):
Leading Edge of the Mean
Aerodynamic Chord.

TEMAC: Trailing Edge of the Mean
Aerodynamic Chord.



Chapter 4

General Aviation Aircraft Operational
Weight and Balance Computations

Weight and balance data allows the pilot to determine the
|oaded weight of the aircraft and determine whether or not
the loaded CG iswithin the allowable range for the weight.
See Figure4-1for an exampleof thedatanecessary for these
calculations.

Allplane basic empty weight  1,874.0 lbs, EWCG +38.1

&G range {+40.9) to (+46.0) at 3,100 lbe
{+32.0) to (+46.0) at 2,250 b
or |e3s

atralght ine varlation betwaen

peirts given

Determining the Loaded Weight and CG

Animportant part of preflight planning isto determine that
theaircraft isloaded soitsweight and CG location arewithin
the allowable limits. [Figure 4-2] There are two ways of
doing this: by the computational method using weights,
arms, and moments; and by the loading graph method,
using weight and moment indexes.

-ﬁ .iﬂ IJEF:IEE

Emply weight GG range
Maximum waight

Mo, of seats

MMaximum baggage

Muel capacily

Oil capasity

3200
3000
2800
2500
2400
2200
2000

Load=d Airplane Weight — pounds

18010

MNane

3,100 Ibs takectflight
# 450 hs landing
4{2 front at —37.0)
2 rear 5t +74.0)
162 [bs
Area A (100 Ibs at -837.0)
Alea BED D3 al+118.0)
o2 gal {88 gal usabla); two 45 gal
intagral tanks in wings at +46.5
See NOTE 1 for data on
unuzable fuel.

12 0t (-15)

32 84 36 %8 40 42 M4 45 42

Fuselage station — inchas

Figure 4-1. Weight and balance data needed to determine
proper loading of a 14 CFR, Part 23 airplane.
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{ ! [
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Baggsges 2
IRE14

Cakm “rrtasaa Fusl TFewr seply  Bacgage A
157

T T- 74

Figure 4-2. Airplane loading diagram.

Computational Method

Thecomputational method usesweights, arms, and moments
and relates the total weight and CG location to a CG limits
chart similar to those included in the TCDS and the POH/
AFM.

A worksheet such astheonein Figure 4-3 provides spacefor
al of the pertinent weight and balance data. Dataisincluded
for theairplaneweight, CG, and moment along with thearms
of the seats, fuel, and baggage areas.



Item Weight Armm Mement GG
{3,100 max.) {inches) (IB-in) {infdatum}
Airplane (BEW) 1,874 361 57.661.4
Front seats 37
Rear ceats T4
Fuel (38 gal usatis) 46.6
Baggage A {100 max.} 97
Baggade B (860 may.) 116

Figure 4-3. Blank weight and balance worksheet.

When planning the flight, fill in the blanksin the worksheet
with the specific datafor the flight. [Figure 4-4]

] o TN 1201bs
Front seat Passenger .......cocovvvrerererereeneresesesesessenens 1801bs
Rear Seat PASSENJENS ...ccovvrrereeeeeessssesssssnens 1751bs
FUEl B8 0l ... 5281bs
BagQagE A ... 1001bs
Baggage B 501bs

Determinethemoment of eachitem by multiplying itsweight
by its arm. Then determine the total weight and the sum of
the moments. Dividethetotal moment by thetotal weight to
determinethe CG ininchesfrom the datum. Thetotal weight
13,027 poundsand the CG is43.54 inches aft of thedatum.

To determine that the airplane is properly loaded for this
flight, usethe CG limitsenvelope in Figure 4-5 (whichis
typical of those found in the POH/AFM). Draw aline
vertically upward from the CG of 43.54 inches, and one
horizontally to the right from the loaded weight of 3,027
pounds. Theselines crossinsidethe envel ope, which shows
the airplane is properly loaded for takeoff, but 77 pounds
overweight for landing.

Loading Graph Method

Everything possible is done to make flying safe, and one
expedient method is the use of charts and graphs from the
POH/AFM to simplify and speed up the preflight weight
and balance computations. Some use a loading graph and
moment indexes rather than the arms and moments. These
charts eliminate the need for calculating the moments and
thus make computations quicker and easier. [Figure 4-5]

Item Weight Arm Mament CG
(3.100 max.) {inches) (Ibx=itn} {infdatumy
Airplane (BEWY) 1,674 36.1 67.651.4
Front seals 3a0 37 1o
Rear ceats {75 T4 2. W50
Fuel (38 gal usakie) 52F 46,6 26 924, 8
Baggage A (100 max.) Fa0 a7 & 70
Baggage B (60 max.) 50 116 5§50
3027 (ol 87 . A - i S

Figure 4-4. Completed weight and balance wor ksheet.

Loading graph: A graph of load
weight and load moment indexes.
Diagonal lines for each item relate
the weight to the moment index

without having to use mathematics.

Moment index: A moment that has

been divided by a reduction factor to

obtain a smaller number to make
computations easier and reduce the
likelihood of mathematical errors.

Loading Graph Method

Loading graphs simplify weight and balance computations because
they eliminate the need for multiplication when computing a loaded CG.

CG limits envelope: An enclosed
area on a graph of the airplane
loaded weight and the CG location.
If lines drawn from the weight and
CG cross within this envelope, the
airplane is properly loaded.



Airplare GG Lecation Moment Indexes
flilliratars At of Dalum (Sta, 000

250 00 SEc oo ISSe 105 155 120 |EE0 Moments determined by multiplying the weight of each
bl vl byl Do o b vaso component by its arm result in large numbers that are
— T R— E awkward tq hgndleand can become asource of mz_amhematical
i ; - error. To eliminate theselarge numbers, moment indexesare
BN % : E oo used. Themoment isdivided by areduction factor suchas
S ; B 100 or 1,000 to get the moment index. The loading graph
s = 130 providesthe moment index for each component, so you can
200 B avoid mathematical calculation. The CG envelope uses
b s = e g moment indexes rather than arms and moments.
S aseo C ¢ Loading Graph
] | 1= = Figure4-6 (see Page4-4) isatypica loading graphtakenfrom
E R L . i the POH of a modern four-place GA airplane. To compute
3 240 FRTleERELAY - ;f_: the weight and balance, using the loading graph in Figure 4-
E - / - wo § 6 makealoading schedulechartliketheonein Figure4-7.
2 saw - g
2200 e In Figure4-6, follow the horizontal linefor 300 poundsload
s Tmf;;d:m onig = weight totheright until it inte.rsec?sthediagopal Iinefor pilot
_____ Tagmsft Only - and front passenger. Fromthispoint, drop alineverticaly to
2000 ’ f.,i"l‘ﬁ%ﬁ}?ﬁ?;ﬁ:j@““ L theload moment i ndex al ong the bottom to determinetheload
befoos landivg - moment for thefront seat occupants. Thisis11.11b-in/1,000.
R — b Record it in the loading schedule chart.
1500 g
= :it : R MR R @ A Determinetheload moment for the 175 pounds of rear seat
Inches Aft ol Bgl brﬁﬂ f&!llgljD.Dj occupantsaong thediagonal for 2nd row passengersor cargo.
Figure 4-5. Center of gravity limitschart fromatypical POH. 1 NiSis12.9; recorditin theloading schedule chart.

Item Weight Momentf100p
Airplane (BEW) 1,874 Gy
Front seat 300 I8
Fear seal I75 /24
Fugl 52-3' 2
Baggage A o0 4.7
Baggage B Y] 5. ¥
Total 3.027 ALy

Figure 4-7.Loading schedulechart.

Reduction factor: The number, L oading schedule: A chart filled in

usually 100 or 1,000, that is used to by the pilot during preflight planning

divide the moment to get the that lists the weight and moment

moment index. indexes of all occupants, fuel, and
baggage.



Load Weight (Pounds)

560

500

450

400

350

300

2580

200

150

100

50

Lead Moment/1000 (Kilogram-Millimeters)

Q 50 100 150 200 250 300 350 400
IIII|IIII|III 11 1 IIII|IIII|III|IIII|
88 Gal Max =0
{333.1 Liters) -
! — 225
780 (302.8) o
@“:9 | 200
. & 70 (265.0) n
@? < 65 Gal Reduced % 175
9 OQSQ. »
& o u
= e — 150
& )
& 50 (189.3) X -
% / — 125
N B
Q> /40 (151 e o
~ 3; — Loading Graph —
11364~ &
20 =
(75.7) - =0
//‘ Biagg?gel(ﬂrea A”) (100 Lbs Max) -
[ T T — 25
% Baggage (Area "B") (60 Lbs Max) B
1
0

0 b 10

15 20
Load Moment/1000 {(Lb-In)

25 30

Note: Line represeming adjustable saats shows pllot and front seat passangar canter of gravity on ad|ustable seats poshioned for an
average occupent. Refer to the Loading Arrangemanis diagram for forward and aft limits of cecupant CG range.

Figure 4-6. Loading graph.

Load Weight {Kilograms)



Determine the load moment for the fuel and the baggagein
areas A and B in the same way and enter them all in the
|oading schedule chart. The maximum fuel ismarked onthe
diagonal line for fuel in terms of gallons and liters. The
maximum is 88 gallons of usablefuel . Thetotal capacity is
92 gallons, but 4 gallons are unusable and have a ready been
included in the empty weight of the aircraft. The weight of
88 gallons of gasolineis 528 pounds and its moment index
is$24.6. The 100 pounds of baggagein area A has amoment
index of 9.7 and the 50 poundsin areaB hasanindex of 5.8.
Enter al of theseweightsand moment indexesin theloading
schedule chart and add all of the weights and moment
indexesto determinethetotals. Transfer these valuesto the
CG moment envelopein Figure4-8.

Theloading schedul e showsthat thetotal weight of theloaded
aircraft is 3,027 pounds, and the loaded airplane moment/
1,000is131.8.

Draw alinevertically upward from 131.8 on the horizontal

index at the bottom of the chart, and ahorizontal line from
3,027 pounds in the left-hand vertical index. These lines
intersect within the dashed areawhich showsthat the aircraft
isloaded properly for takeoff but it istoo heavy for landing.

If the aircraft had to return for landing, it would have to fly
long enough to burn off 77 pounds (slightly less than 13
gallons) of fuel to reduceits weight to the amount allowed
for landing.

Usable fuel (GAMA): Fuel available
for flight planning.

CG moment envelope: An enclosed
area on a graph of the airplane
loaded weight and loaded moment.
If lines drawn from the weight and
loaded moment cross within this
envelope, the airplane is properly
loaded.
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Figure 4-8. CG moment envel ope.
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Multiengine Airplane Weight
and Balance Computations

Weight and balance computations for general aviation
multiengineairplanesaresimilar to those discussedfor single-
engine airplanes. Computations for large airline and cargo
airplanes are discussed in Chapter 6. See Figure 4-9 for an
exampleof weight and balance datafor atypical twin-engine

general aviation airplane.

The airplane in this example was weighed to determine its
basi c empty weight and EWCG. Theweighing conditionsand
resultsare:

Fuel drained —

Oil full —

Right wheel scales— 1,084 |bs, tare 8 1bs
Left wheel scales— 1,148 |bs, tare81bs
Nosewheel scales— 1,202 |bs, tare 14 |bs

g:talﬂn—Fomard fara of fuselage bulkhaad ahead of ruddar pacdals Determini ng the Loaded CG
Z at ;;-g Beginningwiththebas cempty weight and EWCGandusinga
a1 75, - :
1 al 113 0—Weight imil 200 Ibs chart sgch astheoneinFi gu_re4all,.theloajed weightandCG
Fual of theaircraft can bedetermined. [Figure4-10]
213.4 gal (2 wing tanks, 103.0 gal sach 103.0 gal usakie at +61.0)
OIIU""”"'"““E el =6 A he Theaircraft isloaded as shown here:
24 quarts {12 quarts in sach engine)— -3.4
Baggage Fuel (140 0al) ..o 8401bs
Forward 1006 imit— 16
ARl L (0] = 3201bs
CC Range ROW 2 SBELS ... 3101bs
{+38) to (+48.1} at 5,200 e Fwd. baggage ......oovvevevverrrrssrs s 1001bs
{+43.6) at 4,500 Ibs Aft e e be et 90lbs
{+32) o (+43.8) &t 4,300 1bs or lass baggag
Straight line variation between painta given
Engines (2} 240 horsepower horizontelly oppezed engines
Fusl burn==24 gph far 5% Ccruise at 175 knot
29 gph for 75% cruise at 180 knat
Figure 4-9. Typical weight and balance data for a twin-engine
general aviationairplane.
Datum CG limits
1004 S 4?|"S 3rd seat
brewy gewge Eront 2md or baggage
-15 seats Fusl  saats limit 2004
437 +1 475 113
I | !
£ a'f? ﬂ; |'|l
! J [
lln' | Il,l F.'
— i ! g_"'“-- !
g ! . [
 —
EWCG o |
35,28 |
» 201 - MAC =581.6

Figure 4-10. Twin-engine airplane weight and balance diagram.



The Chart Method Using Weight, Arm,
and Moments

Make a chart showing the weights, arms, and moments of
the airplane and its load.

Item Weight Arm Memeant [ r]
pounds (inches) | {lB-in}
(5,204 max.)
Alreraft 3,404 AR 120,053
Fual 1140 gal) 540 €1.0 51.240
Front seat 320 370 11,840
Row 2 seats 310 5.0 23.250
Fwd, baggage 100 15 —1,500
Alt baggags &0 113 10,170
Total 5,064 215083 42 47

Figure 4-11. Determining the loaded center of gravity of the
airplanein Figure4-10.

The loaded weight for this flight is 5,064 pounds, and the
CGislocated at 42.47 inches aft of the datum.

Todeterminethat theweight and CG arewithinthea lowable
range, refer tothe CG range chart of Figure4-12. Draw aline
vertically upward from 42.47 inchesfrom thedatum and one
horizontally from 5,064 pounds. Theselinescrossinsidethe
envelope, showing that the airplaneis properly loaded.

[EH] / ‘l

=N du]

4800

dzad

Whe ght [peunds

4400

4200

4200 i
1

KT W0 KR 400 dd n

[1zhes from the dolun
Figure 4-12. Center of gravity range chart.

awn

Determining the CG in Percent of MAC
Refer again to Figures 4-10 and 4-11.

Theloaded CG is42.47 inches aft of the datum.
TheMACis61.6 incheslong.

TheLEMAC islocated at station 20.1.
TheCGis42.47 —20.1=22.37 inchesaft of LEMAC.
Usethisformula:

{0 in inches trom LEMAC = 100
MAL

COm % MAC =

_ 2237 %100
T 66

36.3% MAC

Theloaded CGislocated at 36.3% of the mean aerodynamic
chord.

The Chart Method Using Weight
and Moment Indexes

As mentioned in the previous chapter, anything that can be
doneto make careful preflight planning easier makesflying
safer. Many manufacturers furnish chartsin the POH/AFM
that use weight and moment indexesrather than weight, arm,
and moments. They further help reduce errors by including
tables of moment indexesfor thevariousweights.

Consider theloading for this particul ar flight:

Cruisefuel flow = 16 gallons per hour
Estimated timeen route= 2 hours 10 minutes
Reservefuel =45 minutes= 12 gallons

Total required fuel =47 gallons

Thepilot completesachart liketheonein Figure4-13 using
moment indexesfromthetablesin Figures4-14 through 4-16.



Weight and Balance Loading Form
Mode Date
Serial Mumber Reg. Number
Itam Pounds Index
(3,900 max.) Moment/100

Airplane basic empty weight 2825 2 864
Front seat occupants 320 23
Row 2 seats 2P0 22,
Baggage (200# max.) &0 150
Sub Total

Zero fuel condition {3,500 max.} 31325 3.176'-2-'
Fuel loading - gallens 300 430 Bl
Sub Total

Famp condition :2, F05 43‘21{5

*Less fuel for start, taxi, and takeoft ~ 24 Y fah
Sub Total

Takeoff condition 34’1'73‘-'! ‘9":3/0
Less !uel 1o de?.i_ination — gallons 35 "',2/0 S2H &
Landing condition 3 5-71' #; 0@4
* Fuel far start, taxi, and takeoff is normally 24 pounds at a moment index of 14.

Figure 4-13. Typical weight and balance loading form.

The moments/100 in the index column are found in the
chartsin Figures 4-14 through 4-16. If the exact weight is
not in the chart, inter polate between the weights that are
included. When aweight is greater than any of those shown
in the charts, add the moment indexes for a combination of
weightsto get that which isdesired. For example, to get the
moments/100 for the 320 poundsin the front seat, add the
moment indexesfor 100 pounds (105) to that for 220 pounds
(231). This givesthe moment index of 336 for 320 pounds
in the front seat.

Usethemoment limitsvs. weight envelopein Figure4-17
on Page 4-10 to determine if the weight and balance con-
ditionswill be within allowable limits for both takeoff and
landing at the destination.

Interpolate: To determine a value in
a series between two known values.

Moment limits vs. weight envelope:
An enclosed area on a graph of three
parameters. The diagona line
representing the moment/100 crosses
the horizontal line representing the
weight at the vertical line represent-
ing the CG location in inches aft

of the datum. When the lines cross
inside the envelope, the aircraft

is loaded within its weight and

CG limits.

Takeoff — 3,781 Ibsand 4,310 moment/100
Landing— 3,571 Ibsand 4,064 moment/100

L ocatethe moment/100 diagonal linefor 4,310 and follow it
down until it crosses the horizontal line for 3,781 pounds.
Theselinescrossinsidetheenvel opeat thevertical linefor a
CG location of 114 inchesaft of the datum.

Themaximum allowabl e takeoff weight is 3,900 pounds, and
thisairplaneweighs 3,781 pounds. The CG limitsfor 3,781
poundsare109.8t0117.5. The CG of 114 inchesfalswithin
thesealowablelimits.



Qeoupants Moments/ 100

Baggage Mementsi100

Weight Front szats Rew 2 seats
Arm +105 Arm +142
100 105 142
110 116 136
120 126 170
130 137 185
140 147 159
150 158 213
160 168 227
170 179 241
180 123 256
1890 200 270
200 21a 224
210 =4 =208
220 21 M2
230 242 327
240 2e2 341
250 263 335

Figure 4-14. Weight and moment index for occupants.

Weight Arm 167
1G 17
20 33
30 S0
A6 &7
S0 841
&0 100
70 117
a0 134
o0 150

1080 167
110 184
120 200
130 Ea i
140 234
150 281
180 257
170 284
180 am
180 17
200 324

Figure 4-15. Weight and moment index for baggage.

Usable Fuel — Arm +117

Gallons Pounds Moment/100

10 60 70

20 120 140

S0 180 211

40 240 281

=l 200 =261

Interpolation 50 a8q 421
Determine the weight and moment index of 55 gallons of fuel

70 420 451

Gallens Pounds Moement/100 80 450 bH2

50 200 el ad 540 532

BO 280 421 100 500 702

55 is 50% of the way between 50 and 60. The weight and moment
index of 55 gallons is 50% of the difference between the weights and
moment indexes for 50 gallons and 60 gallons.

Weight

360 — 300 = 60.
50% of 60 = 30.
300 + 30 = 330.

Moment index
421 - 351 =70

50% of 70 = 35.

351 + 35 =386

Figure 4-16. Weight and moment index for fuel.



Moment Limits vs. Weight
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Chapter 5

Center of Gravity Change
After Repair or Alteration

Thelargest weight changesthat occur during thelifetime of
an aircraft are those caused by aterations and repairs. It is
the responsibility of the AMT doing the work to accurately
document the weight change and record it in both the
maintenance records and the POH/AFM.

Equipment List

A typical comprehensive equipment list isshownin Figure
2-22 on Page 2-13. Addition or removal of equipment
includedinthislistisconsidered by the FAA to beaminor
alter ation. Theweightsand armsareincluded with theitems
intheequipment list, and these minor alterations can bedone
and the aircraft approved for return to service by an
appropriately rated AMT. The only documentation required

is an entry in the aircraft maintenance records and the
appropriate change to the weight and balance record in the
POH/AFM. [Figure5-1]

Any major alterationor repair requiresthework to bedone
by an appropriately rated AMT or facility. Thework must be
checked for conformity to FAA-approved dataand signed of f
by an AMT holding an Inspection Authorization, or by an
authorized agent of an appropriately rated FAA-approved
repair station. A repair station record or an FAA Form 337,
Major Repair and Alteration, must be completed which
describes the work. A dated and signed revision to
the weight and balance record is made and kept with the
mai ntenance records, and the airplane’ s new empty weight
and empty weight arm or moment index are entered in
the POH/AFM.

Figure 5-1. Typical Part 23 weight and balancerecord.

Minor alteration: An alteration
other than a mgjor alteration. This
includes alterations that are listed in
the aircraft, aircraft engine, or
propeller specifications.
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Major alteration: An ateration not
listed in the aircraft, aircraft engine,
or propeller specifications —

(1) That might appreciably affect
weight, balance, structural strength,
performance, powerplant operation,
flight characteristics, or other
qualities affecting airworthiness; or
(2) That is not done according to
accepted practices or cannot be done
by elementary operations.
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Figure 5-2. Atypical CAR 3 airplaneweight and balancerevision record.



Weight and Balance Revision Record

Aircraft manufacturersuse different formatsfor their weight
and balance data, but Figure 5-2 is typical of aweight and
balance revision record. All weight and balance records
should be kept with the other aircraft records. Each revision
record should beidentified by the dateand the aircraft make,
model, and serial number. The pages should be signed by the
person making therevision and hisor her certificatetypeand
number must be included.

The computations for a weight and balance revision are
included on a weight and balance revision form. The date
these computations were made is shown in the upper right-
hand corner of Figure 5-2. When thiswork is superseded, a
notation must be made on the new weight and balance
revisionform, including astatement that these computations
supersede the computations dated “ Xx/xx/xx.”

Appropriateforeand aft extremeloading conditions should
beinvestigated and the computati ons shown.

The weight and balance revision sheet should clearly show
the revised empty weight, empty weight arm and/or mo-
ment index, and the new useful load.

Weight Changes Caused by
a Repair or Alteration

A typical ateration might consist of removing two pieces of
radio equipment from the instrument panel, and a power
supply that waslocated in the baggage compartment behind
therear seat. In thisexample, these two pieces are replaced
with asingle lightweight, self-contained radio. At the same
time, an old emergency locator transmitter (ELT) isremoved
from its mount near the tail, and a lighter weight unit is
installed. A passenger seat is installed in the baggage
compartment.

Computations Using Weight, Arm, and Moment
The first step in the weight and balance computation is to
makeachart liketheonein Figure5-3, listing all of theitems
that areinvolved.

The new CG of 36.4 inches aft of the datum is determined
by dividing the new moment by the new weight.

ltam Weight Arm Moment Mew
(Ibs) {inches) (Ib-in) CG
Airplane 1.676.0 361 BT 7238
Radia removed —-12.:2 158 =182.8
Fower supply remavead 4.2 250 —a74.0
ELT removed -3.2 135.0 —132.0
Radi installed +8.4 146 #1228
ELT installed +1.7 135.0 +228.5
Fassenger seat installad +21.0 arn +2,037.0
Tatal 18225 €8,613.9 +356.4

Figure 5-3. Weight, arm, and moment changes caused by a typical alteration.

Useful load (GAMA): Difference
between takeoff weight, or ramp
weight if applicable, and basic
empty weight.

After an Alteration

When determining the new weight and CG after an alteration, take

these steps:

1. Subtract the weights and moments of all items removed.

2. Add the weights and moments of all items added.

3. Determine the new total weight and total moment.

4. Divide the total moment by the total weight and the new CG in
inches from the datum.



Computations Using Weight and Moment Indexes
If the weight and balance data uses moment indexes rather
than armsand moments, thissamealteration can be computed
using achart like the one shown in Figure 5-4.

Subtract the weight and moment indexes of al the removed
eguipment from the empty weight and moment index of the
airplane. Add the weight and moment indexes of all
equipment installed and determine the total weight and the
total moment index. To determinethe position of thenew CG
in inches aft of the datum, multiply the total moment index
by 100 to get the moment, and divide thisby thetota weight
to get the new CG.

Empty-Weight CG Range

The fuel tanks, seats, and baggage compartments of some
aircraft are so located that changesin the fuel or occupant
|load haveavery limited effect on the balance of theaircraft.
Aircraft of such aconfiguration show an EWCG rangeinthe
TCDS. [Figure5-5] If the EWCG islocated within thisrange,
itisimpossibletolegally load the aircraft so that itsloaded
CGwill fall outside of itsallowablerange.

| Empty-Waight CG Range +12.6 to +16.2

Figure 5-5. Typical notationina TCDSwhen an aircraft hasan
empty-weight CG range.

If the TCDS lists an empty-weight CG range, and after the
alteration is completed the EWCG falls within this range,
then there is no need to compute a fore and aft check for
adverse loading. But if the TCDS lists the EWCG range as
“none” (and most of them do), a check must be made to
determine whether or not it is possible by any combination
of legal loading to cause the aircraft CG to move outside
of either itsforward or aft limits.

Adverse-Loaded CG Checks

Most modern aircraft have multiple rows of seatsand often
more than one baggage compartment. After any repair or
ateration that changestheweight and balance, the AMT must
ensure that no legal condition of loading can move the CG
outside of its allowable limits. To determine this, adverse-
loaded CG checks must be performed and the results noted
in the weight and balance revision sheet.

Itern Weight Maoment Indexes New CG
{Ibs) {Ib-inf100) {inches from datum)
Airplane 1,B876.0 +677.2
Fadio remousd -1z.2 -1.83
Power supply removed -5.2 -8.74
ELT removed 32 -4.32
Racio installed +3.4 +1.23
ELT installed +1.7 +2.29
Fassenger seat installed +21.0 -20.37
Tatal 1,882.5 +53E.1 +36.4

Figure 5-4. Weight and moment index changes caused by a typical alteration.

Steps for Using Weight and Moment Indexes

When determining the new weight and CG using weight and moment

indexes, take these steps:

1. Subtract the weights and moment indexes of all items removed.

2. Add the weights and moment indexes of all items added.

3. Determine the new total weight and total moment index.

4. Divide the total moment index by the total weight and multiply this
by the reduction factor (in this case 100) to determine the new CG
in inches from the datum.



For examples of adverse-loaded CG checks, use the infor-

mationin Figure 5-6:

Altplane EW and EVWCG
Enging METO horsepower
G range

Emphy-amight CG range
Maxirmurm waight

Daturm ko LCKMAC
AL
MNo. of seals

Fucl capacity

Minimurm fuel
Maximum baggage

Cil vapacity

3200
3000
2600
ZEO0
2400
2200

Z000

Loaded Alrp ane Weight — pouids

1800

1,878.0 Ibs at +368.14

230

(+d0.9] ko (=48.0] at 3100 |bs

{(+33.0] b (-46.0] at 2,250 bs
or 233

Straiyht line variation batween
paints given

M

3,100 |bs takeofiflight

2,950 landing

2541

=8.00

4 {2 front at +34.0)
(2 rear at -74.0)

532 gal (B85 gal usabe)
two 46 gal integral tanks in
wirgs at +43.2

Gee MOTL 1 for data on
unusakle fusl,

{(METO HP = 2) 115 |ba at +45

1801 e
Area & (100 bs at +97.0)
Area B (B0 ks at =115.0)

12 gt {—15) (8 gt usable)

See NOTLE 1 for data on
Lndrainakie ol

MM E1: | he cerbiticated emply weight and sorresponding
centor of gravity lacatien must include urasable fuel of 30
lbs (+48} and undrainabs oil of © lbs.

32 34 35 38 40 42 44 45 48
Muselage Station — inches

Figure 5-6. Weight and balance information used for adver se-

|oaded CG checks.
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Figure 5-7. Loading diagramfor adverse-loaded CG checks.

Forward Adverse-Loaded CG Check

To conduct aforward CG check, make achart that includes
theairplane and any occupantsand itemsof theload located
in front of the forward CG limit. [Figure 5-7] Include only
thoseitemsbehind theforward limit that are essentia toflight.
Thisisthe pilot and the minimum fuel.

In this example, the pilot, whose nominal weight is 170
pounds, is behind the forward CG limit. The fuel is also
behind the forward limit, so the minimum fuel is used. For
weight and balance purposes, the minimum fuel isno more
than the quantity needed for one-half-hour of operation at
rated maximum continuous power. Thisisconsidered to be
145 gallon for each maximum except takeoff (METO)
hor sepower . Because aviation gasoline weighs 6 pounds
per gallon, determine the number of pounds of the minimum
fuel by dividingthe METO horsepower by 2; inthisexample,
minimum fuel is 115 pounds.

The front and rear seats and the baggage are al behind the
forward CG limit so no passengersor baggage are considered.

Makeachart liketheonein Figure 5-8to determinethe CG
withtheaircraft |oaded for itsmost forward CG. Withtheload
consisting of only the pilot and theminimum fuel, the CGis
+36.6, which isbehind the most forward allowablelimit for
thisweight of +33.0.

Maximum except takeoff (METO)
horsepower: The maximum power
alowed to be continuously produced
by an engine. Takeoff power is
usually limited to a given amount of
time, such as 1 minute or 5 minutes.



Item Weight Arm Mament Mast Forward
fibs) finchas) (Ib-in} CG +33.0
Airplane — emply 1,876.0 36.14 67,7986
Pilet 170.0 34.0 5.780.0
Fuel {rminimurm} 115.0 48.0 5,320.0
Total 21810 79,0898 .6 +36.6

Figure 5-8. Load conditionsfor forward adverse-loaded CG check.

Aft Adverse-Loaded CG Check

To conduct an aft, or rearward, CG check, makeachart that
includes the empty weight and EWCG of the aircraft after
thealteration, and all occupantsand items of theload behind
theaft CG limit of 46.0. Thepilotisinfront of thislimit, but
isessential for flight and must beincluded. Inthisexample,
only the pilot will occupy thefront seat. Sincethe CG of the
fuel is behind the aft limit, full fuel will be used aswell as
the nominal weight for both rear seat passengers and the
maximum alowable baggage.

Under these loading conditions, the CGislocated at +45.8,
which isahead of the aft limit of +46.0. [Figure 5-9]

With only the pilot in front of the aft CG limit and the max-
imum of all items behind the aft limit, the CG will be at
+45.8 inches, whichisahead of theaft limit of +46.0inches.

Item Weight Arm Mament Mosat Aft

fibs) {inches) (Ib-in} CG +46.0
Airplane — emnpty 1.876.0 36.14 E7.708 B
Pilet 170.0 M0 32,7800
Fuel {full tanks — 88 qal.) 5z8.0 48 2 25448 6
Rear seat cccupants (23 2400 740 25,1600
Baggage A 100.0 7.0 9.700.0
Baggage B g§0.0 116.0 §,980.0

Tetal 30740 140.548.2 +45.8

Figure 5-9. Load conditionsfor aft adverse-loaded CG check.

Minimum Fuel

Minimum fuel for weight and balance purposes is no more than the
quantity needed for one-half-hour of operation at rated maximum
continuous power. This is considered to be 1}1» gallon for each METO
horsepower. The weight of the minimum fuel is determined by dividing
the METO horsepower by 2.

Adverse-loaded CG check:

A weight and balance check to
determine that no condition of legal
loading can move the CG outside of
its alowable limits.

Adverse-Loaded CG Checks

Adverse-loaded CG checks are made to determine that no legal
loading condition can cause the CG to fall outside of the allowable
limits. Use these loading conditions for each check:

Forward Adverse-Loaded CG Check:

 All items of load ahead of the forward CG limit.

* Only the pilot and minimum fuel if they are behind the forward CG
limit.

Aft Adverse-Loaded CG Check:

« All items of load behind the aft CG limit.
 Only the pilot and minimum fuel if they are ahead of the aft CG limit.



Ballast

Itispossibletoload most modern airplanes so the center of
gravity shifts outside of the allowable limits. Placards and
loading instructionsin the Weight and Balance Datainform
thepilot of therestrictionsthat will prevent such ashift from
occurring. A typical placard in the baggage compartment of
an airplane might read:

When rear row of seatsisoccupied, 120 pounds of bag-
gage or ballast must be carried in forward baggage
compartment. For additional loading instructions, see
Weight and Balance Data.

When the CG of an aircraft fallsoutside of thelimits, it can
usually be brought back by using ballast.

Temporary Ballast

Temporary balast, in the form of lead bars or heavy canvas
bags of sand or lead shot, is often carried in the baggage
compartments to adjust the balance for certain flight
conditions. The bags are marked “Ballast XX Pounds —
Removal Requires Weight and Balance Check.” Temporary
ballast must be secured soiit cannot shiftitslocationinflight,
and the structural limits of the baggage compartment must
not be exceeded. All temporary ballast must be removed
beforetheaircraftisweighed.

Permanent Ballast

If arepair or ateration causestheaircraft CGtofall outside
of its limits, permanent ballast can be installed. Usualy,
permanent ballast is made of blocks of lead painted red and
marked “Permanent Ballast — Do Not Remove.” It should
beattached to the structure so that it doesnot interferewith
any control action, and attached rigidly enough that it cannot
be disodged by any flight maneuvers or rough landing.

Ballast: A weight installed or carried
in an aircraft to move the center of
gravity to a location within its
allowable limits.

Two things must first be known to determine the amount of
ballast needed to bring the CG within limits: theamount the
CGisout of limits, and the distance between the l ocation of
the ballast and the limit that is affected.

If an airplane with an empty weight of 1,876 pounds has
been altered so its EWCG is +32.2, and the CG range for
weights up to 2,250 pounds is +33.0 to +46.0, permanent
ballast must be installed to move the EWCG from + 32.2
to +33.0. Thereisabulkhead at fusel age station 228 strong
enough to support the ballast.

Todeterminetheamount of ballast needed, usethisformula:

Adrcratt empey weeight = Dist, out of limirs

Badlast wiashl = — - -
= isianee belween ballast and desired CC

 L376 X038
= 22833

1,500.8
195

7.7 pounds

A block of lead weighing 7.7 pounds attached to the bulkhead
at fuselage station 228, will move the EWCG back to its
proper forward limit of +33. Thisblock should bepainted red
and marked “ Permanent Ballast — Do Not Remove.”

Temporary Ballast Formula

The CG of a loaded airplane can be moved into its allowable range
by shifting passengers or cargo, or by adding temporary ballast.

To determine the amount of temporary ballast needed, use this
formula:
Intal weighl x histance necded to shift Gfa

Callaat weight needed
Mhstance hatwean hallast lncation and desiread GGE






Chapter 6

Weight and Balance Control—

Large Aircraft

Weight and balance control for lar ge air craft consists of
thefollowing:

« Establishing and monitoring the empty weight and
EWCG of the aircraft either individually, or as part of a
fleet. Thisincludes both the initial weighing and the
required periodic reweighing of theaircraft.

« Maintaining aloading schedulethat allowsthe aircraft
to be loaded in such away that the weight and balance
remain within the approved limits. Provisions are made
to track the weight and CG changes as occupants and
cargo areloaded or deplaned, and asthe CG isshifted by
moving cargo fromonebinto another. Thecargoloading
schedul etakesinto considerationthefloor loading limits
so the structure will not be damaged by an overweight
cargopallet.

¢ Providinginformation to theflight crew that allowsthem
to fuel and load the aircraft to carry the maximum
payload without exceeding either the maximum takeoff
or landing weights.

Thishandbook containsinformation about the adjustment of
theeevator trim for takeoff based on thetak eoff weight and
CG location, as well as information regarding the fuel
dumping time needed to reduce theweight of theairplaneto
its allowable landing weight in an emergency situation.

Weighing Requirements

FAA-approved operating manual s describe the requirements
for weighing the aircraft. These manuals may specify that
each individual aircraft be weighed, or they may allow fleet
weight to beusedif the operator has severa aircraft of the
same model and configuration, with the same equipment
installed on each.

Individual Aircraft Weight

Beforean aircraftisplaced into service, it should beweighed
and the empty weight and CG location established. New
aircraft arenormally weighed at thefactory and may beplaced
in service without reweighing, if the weight and balance
records have been adjusted for alterations or modifications
totheaircraft.

However, the Operation Specifications under which some
large aircraft are operated mandate that the aircraft be re-
weighed at specified intervals, and it is important when an
aircraft istransferred from one operator to another that the
regulationsregarding reweighing be observed.

Largeaircraft: An aircraft of more
than 12,500 pounds, maximum
certificated takeoff weight.

Empty weight: The weight of the
airframe, engines, all permanently
installed equipment, and unusable
fuel. 14 CFR, Part 25 includes full
oil and CAR 4B requires the ail to
be drained.

Loading schedule: A method and
procedure used to show that an
aircraft is properly loaded and will
not exceed approved weight and
balance limitations during operation.

Landing weight: The takeoff weight
of an aircraft less the fuel burned
and/or dumped en route.

Takeoff weight: The weight of an
aircraft just before lift-off. It is the
ramp weight less the fuel burned
during start, taxi, and ground run.

Fleet weight: The average weight of
aircraft of the same model and
configuration that have the same
equipment installed.



Fleet Weights

To establish afleet weight for agroup of aircraft of the same
model and configuration, with the same equipment installed
in each, severa aircraft must be weighed and an average
operating weight determined. Thenumber of aircraft weighed
depends upon the size of thefleet. The FAA recommendsin
AC 120-27, Aircraft Weight and Balance Control, that these
numbersrangefromall theaircraftin afleet of threeor less
to more than six aircraft in fleets of more than nine. The
aircraft chosen to be weighed are those having the highest
timesincelast weighing.

Weighing to reestablish fleet weightsisnormally conducted
on a 3-year basis unless changes in aircraft configuration
makeit necessary to reweigh and/or recd culatethe CG sooner
than called for by this schedule.

Weighing Procedures

Required operating practices must be followed when
weighing large aircraft. Check the aircraft to be sure al the
required equipment itemsareinstalled and al thefluidsare
properly accounted for. The aircraft must be clean, and the
weighing must be done in an enclosed building.

Largeaircraft arenot usually raised off thefloor onjacksfor
weighing. Rather, they are weighed on ramp-type scales
similar to thosein Figure 3-2 on Page 3-2. The scalesmust
be properly calibrated, zeroed, and used in accordance with
the manufacturer’s instructions. Each scale should be
periodically checked for accuracy as recommended in the
manufacturer’ s calibration schedule either by the manu-
facturer, or by arecognized facility such asacivil department
of weights and measures. If no manufacturer’s schedule is
available, the period between calibrations shoul d not exceed
lyear.

For Large Aircraft
Weight and balance control consists of:

» Establishing and monitoring the empty weight and EWCG.

¢ Maintaining a loading schedule to keep the weight and CG
within limits.

* Providing information to the flight crew that allows them to load
the aircraft in such a way that the maximum payload may be
safely carried.

Locating and Monitoring Weight
and CG Location

It isimportant that the flight crew have access to the most
current weight and balance records containing the empty
weight and the EWCG. Without thisbasicinformation, |oaded
weight and balance computations cannot produce accurate
results.

Determining the Empty Weight and EWCG
Whentheaircraftisproperly prepared for weighing ( seePage
3-2), roll it onto the scales and level it. The weights are
measured at threewei ghing points: thetwo mainwhed points
and the nose wheel point.

The empty weight and EWCG are determined by using the
following steps, and theresultsarerecorded in theweight and
balance record for use in all future weight and balance
computations.

1. Determine themoment index of each of the main-wheel
weighing points by multiplying the net weight (scale
reading lesstar eweight), in pounds, at these points by
the distance from the datum, in inches. Divide these
numbers by the appropriater eduction factor.

2. Determine themoment index of thenosewhed weighing
point by multiplying its net weight, in pounds, by itsdis-
tance from the datum, in inches. Divide this by the
reduction factor.

3. Determine the total weight by adding the net weight of
the three weighing points and the total moment index by
adding the moment indexes of each point.

4. Divide the total moment index by the total weight, and
multiply this by the reduction factor. This givesthe CG
ininchesfrom the datum.

5. Determinethedistance of the CG behind theleading edge
of themean aerodynamic chord (LEMAC) by subtracting
the distance between the datum and LEMAC from the
distance between the datum and the CG.

Distance CGto LEMAC = Datumto CG —Datum to
LEMAC

6. Determinethe EWCG in % MAC by using thisformula:
CG in inches from LEMAC x 100

EWUG in % MAC =

Moment index: The moment
(weight times arm) divided by a
reduction factor such as 100 or 1,000
to make the number smaller and
reduce the chance of mathematical
errors in computing the center

of gravity.

Net weight: The scale readings taken
when weighing an aircraft less the
weight of any chocks or other
devices used to hold the aircraft on
the scales.

MAC

Tareweight: The weight of all
chocks and other items used to
secure an aircraft on the scales for
weighing.

Reduction factor: A number,
usually 100 or 1,000 by which a
moment is divided to produce a
smaller number that is less likely to
cause mathematical errors when
computing the center of gravity.



Determining the Loaded CG of the
Airplane in Percent MAC

It isthe responsibility of the flight crew to know that both
the weight of the airplane and the location of the CG are
within the allowable limitsfor both takeoff and landing.

Thebasic oper ating weight (BOW) andthe basic oper ating
index are entered into a loading schedule like the one in
Figure 6-1 and thevariablesfor the specific flight are entered
as are appropriate to determine the loaded weight and CG.

Usethe datain thisexample:

Basic operatingweight (BOW) .......ccccceeveverenee. 105,5001bs
Basic operating index (total moment/1,000) ......... 92,837.0
Y 180.9in
LEMAC ..ottt 860.5
Item Yaight Moment{1000
O 105,500 52,837
FAX farwand 18 3,060 1,781
FAX aft 25 16,1850 16,602
Fwd cargn 1.500 1.020
Aft cargo 2.500 24915
Fuel tank 1 10,500 10,151
Fuel tank 3 10,500 10, 454
Fiel tank 2 38000 3R, ARG
177,710 161,646

Figure 6-1. Loading tables.

Use Figure 6-2 to determine the moment indexes for the
passenger s(PAX), cargo, and fuel.

Theairplaneisloaded in thisway:

Passengers (nominal weight 170 pounds each)

Forward compartment ...........ccceceeeenennseneseeseeens 18

AftCompPartment .......cccoeeeeveverereree e 95
Cargo

Forward hold .........ccoovvvvnnrrrrrrnrrene, 1,5001bs

AFLOID e 2,5001bs
Fuel

TaKSL & 3 ..o 10,5001bseach

TANK 2 ot 28,0001bs

Basic operating weight (BOW):
The empty weight of the aircraft plus
the weight of the required crew, their
baggage and other standard items
such as meals and potable water.

PAX: Passengers.

Basic operating index: The
moment of the airplane at its basic
operating weight divided by the
appropriate reduction factor.

Determinethelocation of the CG ininches aft of the datum
by using thisformula:

CG in. aft of datum

('It:tal moment index)x 1000
Total weight
161,645
= (177,710
= Q09.6 inches

Determine the distance from the CG to the LEMAC by
subtracting the distance between thedatum and LEMAC from
the distance between the datum and the CG:
Listance CG to LEMAC = Datumn to CG — datum
to LEMAC
=509.6 — BA0.3
= 49.1 inches

Thelocation of the CG in percent of MAC must beknownin
order to set the stabilizer trimfor takeoff. Usethisformula:

Distance O to LEMA C) % 100
MAC

49.1 )

= (180.9 XA

- 27.1%

)xl,UDO

CG%MAC:(

On Board Aircraft Weighing System

Some large transport airplanes have an on board aircraft
weighing system (OBAWS) that, when the aircraft ison the
ground, givestheflight crew a continuousindication of the
aircraft grossweight and thelocation of the CGin% MAC.

The system consists of strain sensing transducers in each
main wheel and nose wheel axle, a weight and balance
computer, and indicatorsthat show the grossweight, the CG
location in % MAC, and an indicator of the ground attitude
of theaircraft.

The strain sensor s measure the amount each axle deflects
and send this datainto the computer, where signalsfrom all
of the transducers and the ground attitude sensor are
integrated. Theresultsaredisplayed ontheindicatorsfor the
flight crew.

Strain sensor: A device that
converts a physical phenomenon into
an electrical signal. Strain sensors in
awheel axle sense the amount the
axle deflects and create an electrical
signal proportional to the force that
caused the deflection.



PASSENGER LOADING TABLE CARGO LOADING TABLE
Iersnt
NuMmBer Weight Marment 1eno
ot Pass. ibs 1000 Forward Hold ARt Hold
Velght Arm arm
Forward Cor‘npartment Centroid—582.0 b=, Y BB 0 118680
5 250 495
I Luae b ?‘gi 3400 E,zgﬁ
15 2,550 1,484 B : ¥
20 100 o 4,000 2729 1864
e e 3,000 2.040 HALLE
35 4,250 2.473 ' : :
55 p v beshn 2,000 1.360 2,332
' ; 1,000 £80 1,166
AFT Comparment Centrold—10238.0 =14 0] Al 1.048
#00 544 933
10 1,700 1,748 00 478 B16
20 a.400 8,495 GO0 406 -0
a0 5.100 5,243 . 340 =43
40 6,800 5,990 400 272 aksis
50 5,500 8,738 800 5014 el
0 10.200 1 ‘3‘.4?5 500 196 233
Kt} 11,800 12,235 100 e 117
an 13.600 13,280
an 15 a0 1R 708
160 17,000 17476
1o 16,700 {9,228
120 20,400 20,371
133 22,610 23,243
FUEL LOADING TABLE
TANKS 1 & 2 {EACH) TAMKS 2 [2 CELL}
feight  Arm Moment | Weight Arm Moment  Weight Arm Koment
s 1000 lbs 1000 lbs 1000
4500 98 R473 8,500 7.5 770 22 500 914.5 20,576
0,000  0AB30 8937 8,000 §17.2 2,286 23,000 p14.6 21,084
9500 9838 9442 9,600 §17.0 5,711 23,500 9144 21,408
0000 9947 2,347 10000 216.5 9,168 24,000 2143 21,948
MWeOD  HE¥s.4 10,451 10,500 155 4,824 24,500 9143 22,400
11,000 9961 10,957 11,000 216.5 10,082 25,000 9142 22 8cb
11500 9968 11,463 11,500 216.3 10,537 25,500 214.2 23312
12000 8875 11970 12000 G161 10,593 28,000 141 PATA?
26,500 9141 24,244
FULL CAPACITY {See nole al lower |efl) 07 000 140 24,679
nr 18500 815.1 168,928 27,500 9138 25132
CN"““'M g 12,000 2150 17,389 28,000 2139 25,589
il G 19500 9145 17,841 28500 9138 26,043
T b SR 20,000  ©D14% 18298 29,000 9137 26,497
e oot 20500 9148 18753 29500 9137 26,954
: G 29,000 9147 19,209 30,000 913E 27408
31 500 o148 18 561
22.000 145 20121
e s FLULL CAPACITY

Figure 6-2. Loading schedulefor determining weight and CG.




Determining the Correct Stabilizer
Trim Setting

Itisimportant before takeoff to set the stabilizer trimfor the
existing CG location. There aretwo waysthe stabilizer trim
setting systems may be calibrated: in % MAC, and in Units
ANU (Airplane Nose Up).

Stabilizer Trim Setting in % MAC

If thegtabilizer trimiscdibratedinunitsof %o MAC, determine
the CG locationin % MAC as hasjust been described, then
st the gtabili zer trim onthe percentage figurethusdetermined.

Stabilizer Trim Setting in Units ANU
(Airplane Nose Up)

Some aircraft give the stabilizer trim setting in Units ANU
(Airplane Nose Up) that correspond with thelocation of the
CG in % MAC. When preparing for takeoff in an aircraft
equipped withthissystem, first determinethe CGin% MAC
intheway described above, then refer to the Stabilizer Trim
Setting Chart on the Takeoff Performance page of the AFM.
Figure6-3isanexcerpt from such apagefromthe AFM of a
Boeing 737.

Consider an airplanewith these specifications:

CGlOCALION ... station 635.7
LEMAC ..ot station625
Y 134.0in

First determinethe distancefromthe CG tothe LEMAC by
using thisformula:

Distance CG to LEMAC = Datum to CG — datum
to LEMAC
= 035.7-625.0
= 10.7 inches
Then determine the location of the CG in percent of MAC
by using thisformula:

Distance CF to LEMAC
MAC = s 100
CG % MAC ( T )

10.7
= (134.[))“ 10

= B.0% MAC

Refer to Figure 6-3. For all flap settingsand aCG located at
8% MAC, the stabilizer setting is 73/4 Units ANU.

Stabilizer Trim Seting—Units Airplane Nose Up

GG Flaps (All}
& A
& 7y

10 7Y

12 7

14 &%

18 8Y

18 6%

20 8%

o2 g

a4 4k

26 4

28 34

a0 K]

32 Y

Figure 6-3. Sabilizer trim setting in ANU units.

Determining CG Changes Caused
by Modifying the Cargo
Largeaircraft carry so much cargo that adding, subtracting,

or moving any of it from onehold to another can causelarge
shiftsinthe CG.

Effects of Loading or Offloading Cargo
Boththeweight and CG of an aircraft are changed when cargo
is offloaded or onloaded. This example shows the way to
determinethe new weight and CG after 2,500 pounds of cargo
isoffloaded from theforward cargo hold.

Consider these specifications:

(0720 (=0 IAVIV/= o 0| 90,0001bs
Loaded CG ... 22.5%MAC
Weight Change .......cccveeveveeeerere s —2,5001bs
Fwd. cargo holdcentr oid .....coeeeeeerenencnincnenes station 352.1
MAC .ot 141.5in
LEMAC ..ottt station 549.13

Centroid: The distance in inches aft
of the datum of the center of a
compartment or a fuel tank for
weight and balance purposes.



1. Determine the CG location in inches from the datum
beforethe cargoisremoved. Do thisby first determining
the distance of the CG aft of the LEMAC:

CGin % MAC

100
22
= ( 100 x 141.5
= 31.84 inchcs
2. Determine the distance between the CG and the datum
by adding the CG ininchesaft of LEMAC tothedistance
from thedatumto LEMAC:

CG (in. frem dawm} = CG in, aft of LEMAC +
datum to LEMAC
=31.84 + 549.13
= 530.97 inches
3. Determine the moment/1,000 for the original weight:
Weight X Arm
1,000
90,000 * 580.97
1,000
= 52,287.30
4. Determine the new weight and new CG by first
determining the moment/1,000 of theremoved weight.

CG (in. aft of LEMAC) = ( )xMAc

Moment/1,004 =

Multiply theamount of weight removed (—2,500 pounds)
by the centroid of theforward cargo hold (352.1 inches),
and then divide this by 1,000.

Weight x Arm
1,004
—2.500 ¥ 352.1
1030

—8BB0.25

5. Subtract the removed weight and itsmoment/1,000 from
the original weight and moment/1,000.

Moment/1.0{4 =

Iterm Weight Mement1060
Original weight 90,000 5228730
AWeaight — 2,500 — 8R0.25
New waight & moment 87,500 E1.407.05

6. Determine the location of the new CG by dividing the
total moment/1,000 by the total weight and multiplying
this by the reduction factor of 1,000.

Total mument:'l,UDU)x 1,000
Totul weight
51,407
= (87,500
= 547.5 inches behind the datum

7. Convertthenew CGlocationto% MAC. First, determine

the distance between the CG location and LEMAC:
CG (in. aft of LEMACY= CG {in, from datum) —
LEMAC
= 587.5-542.13
= 38.37 inches
8. Then, determine new CG in % MAC:

Dvistance CG to LEMAC) % 100
MaC

)xlﬂi)

cG=(

)x 1,000

CG%MAC:(

(33.37
=\1415
= 27.1% MAC

Offloading 2,500 pounds of cargo from the forward cargo
hold movesthe CG from 22.5% MAC to 27.1% MAC.

Effects of Onloading Cargo

The previous example showed the way the weight and CG
changed when cargo was of floaded. Thisexample showsthe
way both parameters change when cargo is onloaded.

The same basic airplane is used in the example, but 3,000
pounds of cargo isonloaded in theforward cargo hold.

Weight beforecargoisloaded .........ccoccvevrenneee. 87,5001bs
CGbeforecargoisloaded .........ccoevveniernnnnns 27.1%MAC
Weight Change ......cccveeveveeerereee s +3,0001bs
Fwd. cargo hold centroid .........ccoevvvenerercnccne. station 352.1
MALC ..ttt 141.5in
LEMAC .ottt station 549.13
CG Shift

When the CG moves aft, ?CG is positive; when it moves forward,
?CG is negative.



. Determine the CG location in inches from the datum
beforethecargoisonloaded. Do thisby first determining
the distance of the CG aft of the LEMAC:

CG (inches aft _ /CG in % MAC MAC
of LEMAC) ‘( 100 )x

Z1)
= (Hlﬂ % 141.5

= 38.35 mches
. Determine the distance between the CG and the datum

by adding the CG ininchesaft of LEMACtothedistance
from the datum to LEMAC:

G (in. from datum) = CG in. aft of LEMAC +
datum to LEMAC
=38.35 + 549.13

= 587.48 inches
. Determine the moment/1,000 for the original weight:
Weight X Arm
1,000
_ B7,300 x 587.48
- 1,000
= 51,4045

Moment/1,000 =

6. Determine the location of the new CG by dividing the
total moment/1,000 by the total weight and multiplying
this by the reduction factor of 1,000.

Total moment/1,000
Tolal weighl

52,460.8

= 90,500 »x 1,300

= 579 .68 inches hehind the datum

7. Convertthenew CGlocationto% MAC. First, determine
the distance between the CG location and LEMAC:

CG (in. aft of LEMAC) = CG (. from datum) —
LEMAC

= 579.08 —549.13

% 1,000

CG=

= 30.55 inches
8. Then, determine new CG in % MAC:

Distance C0 w0 LEMAC) s 100
MAC

CG%L{AC:(

(3{1.55
=\141.5
= 21.59% MAC

Onloading 3,000 poundsof cargointotheforward cargo hold
moves the CG forward 5.51 inches, from 27.1% MAC to

))-:100

4. Determine the new weight and new CG by first deter-
mining the moment/1,000 of the added weight. Multiply 21.59%MAC.
the amount of weight added (3,000 pounds) by the
centroid of theforward cargo hold (352.1 inches), and then
dividethisby 1,000.
Weight x Arm
Moment/1,000 = gl,OUD
3000 x 352.1
= 1,000
= 1,056.3
5. Add the onloaded cargo weight and its moment/1,000
to the original weight and moment/1,000.
Weight Morment/1000 CG infdatum CG % MAC
Criginal weight and GG 87,500 31,4045 5E7. 48 271
A Weight + 3,000 1,056.3
New weight and CG 20,500 52,4608 579.58 21,59




Effects of Shifting Cargo from
One Hold to Another

When cargoisshifted from onecargo hold to ancther, the CG
changes, but thetota weight of theaircraft remainsthesame.

Asan example, usethis data:

(0720 (=0 JAVIV/= o 0| 90,0001bs
Loaded CG.............. station 580.97 (whichis22.5% MAC)
Fwd. cargo hold centroid .........c.ccoceeeevvenennnnes station 352
Aft cargo hold centroid........ccccoveeevrererecennene. station 724.9
MALC ... nnes 141.5in
LEMALC ..o station549

To determine the change in CG, or ?CG, caused by shifting
2,500 poundsof cargo from theforward cargo hold to the aft
cargo hold, usethisformula:
iz Weight shifted % Distance shifted
Total weipht

_ 2.500%{724.0 352)

90,400
_ 2,300% 3729

20,000

10.36 inches
Since the weight was shifted aft, the CG moved aft, and the

CG change is positive. If the shift were forward, the CG
change would be negative.

ACG

Before the cargo was shifted, the CG waslocated at station
580.97, which is 22.5% MAC. The CG moved aft 10.36
inches, sothenew CGis:
New CG = 0ld CG £ ACG

= 380.97 + 10.36

= 591,33 inchcs
Convert thelocation of the CG ininches aft of the datum to
percent MAC by using this formula:
ACG mmches

MAC

3 (ID.S{S
“A\141.5
= 7.32% MAC

ACG%MAC:( )xmu

)xlOD

Thenew CGin % MAC caused by shifting the cargo isthe
sum of the old CG plus the change in CG:

New CG % MAC = 0ld CG £ ACG
= 22.5Gh + 7.32%
= 29.82% MAC

Someaircraft AFMslocatethe CG relativetoanindex point
rather thanthedatum or theMAC. Anindex pointisalocation
specified by theaircraft manufacturer fromwhicharmsusedin
weight and bal ance computationsare measured. Armsmeasured
fromtheindex point arecdledindex arms, and objectsahead of
theindex point have negativeindex arms, whilethosebehind the
index point have positiveindex arms.

Use the same data as in the previous example, except for
these changes:

Loaded CG.......... index arm of 0.97, whichis22.5% MAC
190 (57¢ o o 1 | A fuselage station 580.0
Fwd. cargo hold centroid ............cceuenee. —227.9index arm
Aftcargohold centroid..........ccceerererennns +144.9index arm
MAC ..o 141.5in
LEMAC ..o —-30.87 index arm

The weight was shifted 372.8 inches (—227.9 to +144.9 =
372.8).

The changein CG can be calculated by using this formula:
Weisht shifted x Distance shifted

Total weight

2,500 (227.9 + 144.9)

= 90,000

_ 2,500 x372.8

90,000

= 10.36 inches
Since the weight was shifted aft, the CG moved aft, and the

CG change is positive. If the shift were forward, the CG
change would be negative.

ACG =

Index point: A location specified by
the aircraft manufacturer from which
arms used in weight and balance
computations are measured. Arms
measured from the index point are
called index arms.



Before the cargo was shifted, the CG was located at 0.97
index arm, which is 22.5% MAC. The CG moved aft 10.36
inches, and the new CG is:
New UG = Old CG £ ACG
097 + 10.36
11,33 index arm
The change in the CG in % MAC is determined by using
thisformula:
New C(i % MAC = Qld CG £ ACG
=225%+732%
= 20.52% MAC

The new CG in % MAC isthe sum of the old CG plus the
change in CG:

ACG % MAC = x 1060

1[).3{1)
= (141.5 7100

= 7.32% MAC

Noticethat thenew CGisinthesamelocation whether thedis-
tancesaremeasured fromthedatum or from theindex point.

(ACG inc.hes)

Determining Cargo Pallet Loads with
Regard to Floor Loading Limits

Each cargo hold hasastructural floor loading limit based on
theweight of theload and the areaover which thisweight is
distributed. To determine the maximum weight of aloaded
cargo pallet that can becarried inacargo hold, divideitstota
weight, which includes the weight of the empty pallet and
itstiedown devices, by itsareain square feet. Thisload per
squarefoot must be equal to or lessthan thefloor load limit.

In this example, determine the maximum load that can be
placed on this pallet without exceeding the floor load limit.

Pallet dimensions ........ccccccceevreererseenereseeeens 36 by 48in
Empty pallet Weight ... 471bs
TiEdOWN EVICES ... 33lbs
Floor load limit .......ccccovueunee. 169 pounds per squarefoot

Floor Load —Caution

Loaded cargo pallets must be checked to be sure they do not impose
a load on the floor that is greater than the floor load limit.

The pallet has an area of 36 inches (3 feet) by 48 inches (4
feet). Thisis equal to 12 square feet. The floor has aload
limit of 169 pounds per square foot; therefore, the total
weight of theloaded pallet can be 169° 12 = 2,028 pounds.

Subtracting the weight of the pallet and the tiedown devices
givesan allowableload of 1,948 pounds (2,028 —[47 + 33)]).

Determinethefloor load limit that isneeded to carry aloaded
cargo pallet having these dimensions and weights:

Pallet dimensions ........cccoevvevenenenenenenenenenens 48.5by 33.5in
Pallet WEIght ..o 441bs
TiedOWN AEVICES ... 271bs
CargoWeIght ..o 786.51bs

First determine the number of square feet of pallet area:

Length (inches) x Width (inches)
144

Area (sq. ft.) =
48.5 % 33.5
144
_ 16247
144

11.28 square [t
Then determine the total weight of the loaded pallet:

Pallet 44.01bs
Tiedown devices 27.01bs
Cargo 786.51bs

857.51bs

Determine theload imposed on thefloor by theloaded pallet:

Thefloor must have aminimum load limit of 76 pounds per
squarefoot.
o _+_ Loaded weight
Lokl Pallet area
8575
11,28

76.0 pounds/square foot



Determining the Maximum Amount of
Payload That Can Be Carried

The primary function of atransport or cargo aircraftisto carry
payload. Thisisthe portion of the useful load, passengersor
cargo, that produces revenue. To determine the maximum
amount of payloadthat canbecarried, follow aseriesof steps,
considering both the maximum limitsfor theaircraft and the
trip limitsimposed by the particular trip. In each step, thetrip
limit must be less than the maximum limit. If it is not, the
maximum limit must be used.

These arethe specificationsfor theaircraft inthisexample:

Basic operatingweight (BOW) ......ccevvererenne. 100,5001bs
Maximumzerofuel weight .......cccevevevererene. 138,0001bs
Maximum landing weight .........ccoevervrererenene. 142,0001bs
Maximum takeoff weight ..........ccccovvevvrerernnnen. 184,2001bs
Fuel tank 10ad ... 54,0001bs
Est. fuel burnenroute .........ccovveeeeeeviscncncseeeene, 40,0001bs

1. Computethe maximum takeoff weight for thistrip. This
isthe maximum landing weight plusthetrip fuel.

Max. Limit Trip Limit
142,000 Landing weight 142,000

+tripfuel +40,000
184,200 Takeoff weight 182,000

2. Thetriplimitisthelower, soitisused to determinethe
zero fuel weight.

Max. Limit Trip Limit
184,200 Takeoff weight 182,000

—fuel load —54,000
138,000 Zerofuel weight 128,000

3. Thetrip limit is again lower, so use it to compute the
maximum payload for thistrip.

Max. Limit Trip Limit
138,000 Zerofuel weight 128,000
-BOW —100,500

Payload (pounds) 27,500

Under these conditions 27,500 pounds of payload may
be carried.

Payload: The weight of the
passengers, baggage, and cargo that
produces revenue.

Maximum zero fuel weight: The
maximum authorized weight of an
aircraft without fuel. This is the sum
of the BOW and payload.

Determining the Landing Weight

It is important to know the landing weight of the airplane
in order to set up the landing parameters, and to be certain
the airplane will be ableto land at the intended destination.

In this example of afour-engine turboprop airplane, deter-
mine the airplane weight at the end of 4.0 hours of cruise
under theseconditions:

Takeoff WEIght ... 140,0001bs
Pressuredtitudeduring Cruise .........ccccevveveevenene. 16,000feet
Ambient temperatureduring Cruise ........c.ccceeeverennas -32°C
Fuel burned during descent and landing ............... 1,3501bs

Determine theweight at theend of cruise by using the Gross
Weight Table of Figure 6-4 and following these steps:

1. Usethe U.S. Standard Atmosphere Table in Figure 6-5
to determine the standard temperature for 16,000. This
is-16.7°C.

2. The ambient temperatureis-32°C, which isadeviation
from standard of 15.3°C. (-32° —-16.7° = 15.3°). It is
below standard.

3. InFigure6-4,follow thevertical linerepresenting 140,000
poundsgrossweight upward until it intersectsthediagonal
linefor 16,000 feet pressurealtitude.

4. From thisintersection, draw ahorizontal lineto theleft
tothetemperature deviationindex (0°C deviation).

5. Draw adiagonal line parallel to the dashed lines for
“Below Standard” from theintersection of thehhorizontal
line and the Temperature Deviation Index.

6. Draw avertical lineupward fromthe 15.3°C Temperature
Deviation From Standard.

7. Draw ahorizonta linetotheleft fromtheintersection of
the “Below Standard” diagonal and the 15.3°C
temperaturedeviation vertical line. Thislinecrossesthe
“Fuel Flow—2100 Pounds per Hour per Engine” index at
11.35. Thisindicatesthat each of the four enginesburns
1,135(100?11.35) poundsof fuel per hour. Thetotal fuel
burnfor the4-hour cruiseis:

Tatal fuel burn = Lb/hr/engine ¥ No. engines x
Hemrs flight duration
=1,135x4x4
= 18,160 pounds

8. Theairplanegrossweight was 140,000 poundsat takeoff,
and since 18,160 pounds of fuel wasburned during cruise
and 1,350 pounds was burned during the approach and
landing phase, the landing weight is:

140,000 (18,160 + 1,350) = 120,490 pounds
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Figure 6-4. Grossweight table.

g

110

[5ross Wlaight

120

150

140

1,000 Bolinsds

150

180 170

180



TABLE OF U.S. STANDARD ATMOSPHERE

Fast inHg i Hy Pl Yo iE
¥ 20 92 TEO O 1470 150 5940
2,000 27 B2 O Y 1366 1.0 oh Ik
4 000 25 84 6658 12.69 71 447
£,.000 ac Rl ] 081 11.78 a1 37 6
8,000 22.23 L6486 10.€2 -0.B 05
10,000 2068 g2y 1011 -4.5 233
12,000 1908 483 4 9.35 -A8 162
14,000 17.58 4465 863 127 91
16,000 1B.22 112.0 786 -16.7 1.8
18,000 14.85 arav 7.34 =207 52
20,000 13.78 3495 8.78 -24.6 -12.3
22,000 1265 3218 €21 -28.8 -19.5
24,000 11.61 2949 570 -32.5 -26.6
26 000 1064 2703 522 -35.5 -33.7
28.000 9.74 2374 4.78 -40.5 -40.2
30,000 8.80 22561 437 -44 .4 -42.0
32,000 Bz 2063 38E -d5.4 -05 1
34,000 .40 128.0 a43 -b2.4 -62.3
35,000 G673 1710 3.30 -Bi3.3 -G.4
35,000 612 1555 28¢% -hB.5 -69.7
40,000 ES6 1412 a27e -565 637
42,000 L.as 128.3 2.47 -5E.5 -E9.7
44 000 4.5 1166 2.24 -5G.5 -G9.7
45 000 417 1059 2.0 -58.5 -8%.7
43,000 7 95,2 1.85 -a8.5 -69.7
50,000 344 874 1.68 -BE.5 -GR.T
B, 000 2.7 B3 B 1.32 TERM="ATUNE
60,000 44 544 1.04 REMAI NS CORSTANT

inllg - Inches of Mercury
mmHy = Millineter of Mercury

FSI = Founds pet square inch

Figure 6-5. Sandard atmospheretable.

& Cantigrade

“F = Rahrenheit

Determining the Minutes
of Fuel Dump Time

Most large aircraft are approved for a greater weight for
takeoff than for landing, and to makeit possiblefor themto
return to landing soon after takeoff, afuel jettison system
issometimesinstalled.

Itisimportant in an emergency situation that theflight crew
beableto dump enough fuel tolower theweight toitsallowed
landing weight. Thisisdone by timing the dumping process.

Inthisexample, theaircraft hasthree engines operating and
these specificationsapply:

CruiSEWEIGNL ....cveveievereieieeee e eeeenenes 171,0001bs
Maximum landing weight ...........ccceoveverrnienennns 142,5001bs
Timefrom start of dump to landing ................... 19 minutes
Averagefue flow

during dumping and descent ................ 3,170 Ib/hr/eng
Fuel dump rate......cooeveeeeininenennne, 2,300 pounds per minute

Follow these steps to determine the number of minutes of
fud dump time:

1. Determinetheamount theweight of theaircraft must be
reduced to reach the maximum allowablelanding weight:

171,000 Ibscruiseweight
—142,500 Ibs maximum landing weight

28,500 Ibsrequired reduction

2. Determinetheamount of fuel burned from thebeginning
of the dump to touchdown:

_ 3,170 Ib/hr/engine

B 6l

= 52.83 Ib/min engine

For al three engines, thisis52.83° 3 = 158.5 Ibs/min.

Fuel Tlow

Thethreeengineswill burn 158.5° 19 = 3,011.5 pounds
of fuel between the beginning of dumping and touchdown.

Fuel jettison system: A fuel sub-
system that allows the dumping of
fuel in an emergency to lower the
weight of an aircraft to the maximum
landing weight. This system must
alow enough fuel to be jettisoned that
the aircraft can still meet the climb
requirements in 14 CFR Part 25.



3. Determine the amount of fuel needed to dump by
subtracting the amount of fuel burned during thedumping
from the required weight reduction:

28,500.0 Ibsrequired weight reduction
—3,011.5 Ibsfuel burned after start of dumping
25,4885 Ibsfuel to be dumped

4. Determinethetime needed to dump this amount of fuel
by dividing the number of pounds of fuel to dump by the
dump rate:
25.488.5 Ibs
2,300 1b/min

= 11.08 minutes

Weight and Balance of Commuter
Category Airplanes

TheBeech 1900isatypical commuter category airplanethat
can be configured to carry passengers or cargo. Figure 6-6
showstheloading dataof thistypeof airplaneinthe passenger
configuration, and Figure 6-14 on Page 6-18 showsthe cargo
configuration.

Jet Fuel Weight Affected by Temperature

The colder the fuel, the more dense and therefore the more pounds
of fuel per gallon.

LOADING DATA
STANDARD SEATING

- NOSE BAGGAGE COMPT. rs rs.

Determining the Loaded Weight and CG
Asthis airplane is prepared for flight, a manifest like the
onein Figure 6-7 is prepared.

1. The crew weight and the weight of each passenger is
entered into the manifest, and the moment/100 for each
occupant isdetermined by multiplying theweight by the
armand dividing by 100. Thisdataisavailableinthe AFM
and is shown in the Weight and Moments— Occupants
tablein Figure 6-8 on Page 6-14.

2. The weight of the baggage in each compartment that is
used isentered with itsmoment/100. Thisisdetermined
in the Weights and Moments— Baggage tablein Figure
6-9on Page6-14.

3. Determinetheweight of thefuel. Jet A fuel hasanominal
specific gravity at +15°C of 0.812 and weighs 6.8 pounds
per gallon, but at +25°C, according to the chartin Figure
6-10 on Page6-15, it weighs6.75 Ibs/gal.

Using Figure 6-11 on Page 6-16, determine the weights
and moment/100 for 390 gallons of Jet A fuel by
interpolating betweenthosefor 6.7 Ibs/gal and 6.8 1bs/gal.
The390 gallonsof fuel at thistemperature weighs 2,633
pounds, and itsmoment index is 7,866 |b-in/100.

(Continued on Page 6-17)
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Figure 6-6. Loading data for passenger configuration.



ltam Weaight Arm Momentf100 cG
Aimplans basic EW 9,226 25,323
Craw 340 1259 439
Passangers
Rovw 1 300 200 &00
Rew 2 250 230 B75
Rowr 3 140 280 404
Rowr 4 170 290 483
Row & 120 320 a08
Rew & 340 350 1,120
Row 7 140 380 a2
Rowr 8 410
Row 8 440
Baggans
Nose 55.5
Fwd Cabin 100 1583.6 164
Aft {Fwd Section) 200 483.5 957
Aft (ARt Saction) GO0 B33.0 3,188
Fuel Jet A & +25°C
Gallons 390 2,633 7,560
14,7249 43,139 262.9

Figure 6-7. Determining theloaded weight and CG of a Beech 1900 in the passenger configuration.

USEFUL LOAD WEIGHTS AND MOMENTS

USEFUL LOAD WEIGHTS AND MOMENTS

OCCUPANTS BAGGAGE
CREW CABIN SEATS AFT AFT
FORWARD | BAGGAGE! | BAGGAGE/
FS. FS |FS5.|FS.|Fs.|Fs.|Fs.|Fs.|F8.|Fs. CABIN CARGO CARGO
WEIGHT 120 200 | 230 |260| 290 | 320|350 | 380 | 410 | 440 NOSC | BAGGAGL | COMPART- | COMPART-
WEIGHT BAGGAGE | COMPART MENT MENT
MOMENT/ 00 COMPART-|  MENT {FORWARD {AFT
MENT F.5. SECTION} SECTION)
B0 108 | 160|184 208|232 | 256|280 304 | 328 452 F.&. 65.5 164.6 FS5.4835 | FS.§33.0
90 116 | 180|207 234|261 | 288|315 342|389 396
100 126 | 200 | 230 260|290 | 320|350 380 | 410 440 MOMENTA00
110 142 | 300|353 385|310 | 352|3BE 41B | 451 484 12 7 16 42 53
120 155 | 240|276 312|348 | 384|420 455 | 492 528 = 1 24 o sty
130 168 (260|299 335|377 | 416|455 494 ( 533 572 22 20 49 1z JET
140 181 | 280|322 364|406 | 448|400 532|574 616 o = o s 28
150 194 | 300|345 300|435 | 480|525 570 | 615 660 ks o o5 S i)
(50 206 (320 (366 416|464 [5(2]560 605 (656 To4 o 2 I i -
170 218 | 340 | 397 442|493 | 544|606 648 | BI7 748 a5 5% 147 et 435
180 232 | 360 | 414 488|522 [ 576|630 €84 | 73R 792 o &5 154 Agd 537
190 245 | 330|437 494|551 | 508|885 722 | 77¢ 838 o 98 245 7oc g0
200 258 | 400 | 460 520|680 | 640|700 TE0 | B2O BAD 224 327 287 1088
253 280 1200 1232
210 271 | 420|483 545|609 | 672|735 798 | 861 G24 300 1250 1552
220 234 (440|506 572|638 | 704|770 838 | D02 565 35D 1862 1885
230 297 | 480|529 595|667 | 736|805 a74 | 943 1012 40 1934 22
240 310 | 450|532 624|636 | 768|840 212 (984 (055 4=0 2176 2358
250 323 | 500 |B75 650|725 | 800 |87E €50 11025 1100 B ol £oib
akd 2654 2032
Tt WhalIb e FErlectas 1 s Talk rak et wasidnt Gor ot EEE: ;giﬁ ‘;3;2
Figure 6-8. Weights and moments—occupants. = o
FE 3825
L] ettt |
[ it] 4110
820 4285

Figure 6-9. Weights and moments—baggage.




DENSITY VARIATION OF AVIATION FUEL
BASED ON AVERAGE SPECIFIC GRAVITY

AVERAGE EFECIFIC
FUEL GRAVITY AT 15T (56°7)
AVIAL N KEHOSENE a1z
JET A AMNC JET A1
JET B (JF-2: TOR
A GAS GHALE 1004150 F05
NOTE: Tha Fued Quantlty Indizator |s calbrated for correcd Indication when uglng Avlaton Kerosana Jot A and Jat A1, Whan uslng cther fuals, muliphy
the indicated fuel quartity in pounds by .20 far Jet B (P-4} or by .98 for Avialion Gasoling [100/130) ta obitain actual luel quantity in pounds.
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Figure 6-10. Density variation of aviation fuel.



USEFUL LOAD WEIGHTE AND MOMENTE

USABLE FUEL
B.5 LBAGAL 6.6 LIfeAL 0.7 LB/GAL 0.8 LB{GAL
GALLONS WEKGHT |MOMENT WEIEHT MOMENT | WEIGHT MOMENT| WEIGHT |MOMENT
od {.1] 00 1.1}

10 ] 19r B5 200 s p.ig) ] 206
20 120 w0 132 qm 18d a7 186 3
an 185 582 198 [y} 2m i) 20d 618
40 260 T 64 B0z il 814 212 Lt
o0 325 Y 30 12 338 1ma 340 e
&0 300 1185 308 1203 02 1m2 a8 | 1240
i 455 1383 462 1404 469 1436 4rg 1447
B0 onl e 4] 1605 uag 1630 b4 1G04
a0 A8 irrd 584 1BOB E03 1134 12 1861
100 650 1oy =] 2007 E7D 2038 BE0 AIBE
110 e NrE il 2208 7ar 2242 T48 2275
1e0 700 gire e 2408 BO4 2445 16 24n2
130 E45 25RE 58 2808 B 2648 8R4 HRET
140 §10 EfEh w4 “BUE 548 2440 gb2 2883
150 o5 | 20ee 0 anor 1005 4048 | 1020 | MM
180 1040 k1B 1058 3203 1072 354 1086 3303
170 105 | 236 1122 3403 1138 3454 | 1166 | 2606
180 1170 3545 1188 BEDD 1208 a564 1224 ¥
190 1205 | M 1254 oz 1278 G854 | 1202 | M2
200 1300 dadz 1320 asaz2 1540 4043 1360 13
Fali] 1365 4124 1386 4167 1407 250 1428 4314
220 [RE.1 1315 1162 1352 14 1118 1186 1574
23l 1485 4507 s 457E 1841 A5G 1564 4118
b ] 1560 4588 1584 4770 1808 4843 1832 4515
250 1625 | 468G 1650 | 4864 1675 60 | 1700 | G116
350 1850 EOR0 178 5158 1742 5298 1788 5318
270 1758 BEH 1782 5352 1608 54133 1836 5514
280 1620 5482 1848 5548 1878 5630 1804 a7
230 1EBS il a4 i) 1843 5825 1472 FE1Z
300 1580 BR42 1580 =t ann B2 2040 Bi12
310 2015 BUaz 2iHd B128 207 B8 2108 BN
a2l 2080 GRS 2112 Gazl 2144 6416 2176 6512
380 245 | BT 178 B518 211 85 | 2244 | HF1S
340 2210 B&10 2344 6711 2278 6413 eaiz 18
560 76 EB02 2810 GBO? 234E TR 2360 Fi bl
L] 20 | GRS 2375 o 212 TX0 | 2R | 19
3 2405 7186 2442 F2a8 2479 T4 b1 it
30 470 T3B1 2508 7495 2548 THA 2584 Tra
a0 2535 1515 o574 7ER1 2613 TR 2552 704
400 B0 TTBE 2840 THER 2830 BOGT 2720 aar
410 e i THEZ 2705 BOAS FILH BT 2788 B30
420 oW B15E e Begz 2814 By 2858 amae
438 TEE B2ES 2805 L] 3848 8513 2800 BE4

Figure 6-11. Weights and moments—usablefuel.

WEIGHT AND BALANCE DIAGRAM
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Figure 6-12. Weight and balancediagram.



Itarn Wieight Arm Mament/ 100 G
Rowr 1 {-] 300 200 -k 00
Row 2 (-] 250 230 {-) 575
Row 8 {+) 300 410 (+; 1,230
Row g {+] 230 440 [+31.100
Original conditions 14.729 43,139
GChanges 0 (431,155
MNew conditions 14,729 44,294 300.7

Figure 6-13. Changein CG caused by shifting passenger seats.

4. Add al of the weights and all of the moment indexes.
Divide the total moment index by the total weight, and
multiply this by the reduction factor of 100. The total
weight is 14,729 pounds, thetotal moment index is43,139
Ib-in/100. The CGislocated at fusel age station 292.9.

5. Check to determine that the CG iswithin limitsfor this
weight. Refer to the Weight and Balance Diagram in
Figure 6-12 on Page 6-16. Draw ahorizontal lineacross
the envelope at 14,729 pounds of weight and a vertical
linefromthe CG of 292.9inchesaft of datum. Theselines
crossinsidetheenvelopeverifying the CGiswithinlimits
for thisweight.

Determining the Changes in CG When
Passengers are Shifted

Consider theairplane abovefor which theloaded weight and
CG have just been determined, and determine the changein
CG when the passengersin rows 1 and 2 are moved to rows
8and 9. Figure 6-13 showsthe changesfrom the conditions
shown in Figure 6-7. There is no weight change, but the
moment index hasbeenincreased by 1,155 pound-inches/100
t044,294. The new CG isat fuselage station 300.7.

43,139 + l,lSS)x 100

S ( 14,729

= 300.7

This type of problem is usually solved by using these two
formulas (below). Thetotal amount of weight shifted is550
pounds (300 + 250) and both rows of passengershavemoved
aft by 210 inches (410—200 and 440 — 230).

Weight shifred x Distance shifted

AcG = Total weight
550 210
T 14,7
= 7.8 inches
CG = QOriginal CG + ACG
=2929+78

= 300.7 inches att of datum

The CG has been shifted aft 7.8 inches and the new CG is
at station 300.7.



Determining Changes in Weight and CG When LOADING DATA

the Airplane is Operated in its Cargo CARGO CONFIGURATION
Configuration
Consider the airplane configuration shown in Figure 6-14. MAX MU
STRUCTURAL CENTRGID
SECTION CAPACITY AFi_I'n.'I
The airplane is loaded as recorded in the table in Figure i i s
6-15. Thebasic operating weight (BOW) includesthepilots £ s e
and their baggage so there is no separateitem for them. E o srass
= MY 3
g B 5] BuC -8 dle
. . . . - | — H ANt =543
Thearm of each cargo sectionisthe centroid of that section, | ] i 50 -4, dkb
. . . K N S5.408 5
asisshowninFigure 6-14. - — 7 o ity
R 20— ] i
The fuel, at the standard temperature of 15°C weighs 6.8 - SEGIOR 1, ALL GATCS 1M SCOTICHS & THROLS | .
. 8T BE AU L TNESCa
pounds per gallon. Refer to the Weights and Moments— g5 s _|—— T i
Usable Fuel in Figure 6-11 on Page 6-16 to determine the e R AT I k] HRE R AR RS
weight and moment index of 370 gallons of Jet A fuel. Sl | p—— : .
Ea it 2, CANCSERTRATED CARC LaADS |k
£z a0c ik SCOTIGHS AT IHGUG L MUST BOT
. i . il — i £ EQUALZ [T,
The CG under these loading conditions is located at sta- FECHER e
H 2 FARGE 1M 2SOTEDNS K AR LMUST B2
tion296.2. ZL L | Epre— F=—A NF 7 BY RAGEAGE WERS Ak
By PARTITIONS PROVIZED AS PART DOF
.. . - s = STAMDARE AIRPLAKE,
Determining the CG Shift When Cargo is Moved T (e i
i 2 X 4. ANY CXZOPT GRS 0TI C ASTYE
From One SecFlon to Another ) . e r PRGCEL JAES WILL AESIRZ AFSROVAL
When cargo is shifted from one section to another, usethis "~ = SCOTICN R & OGA =84 GFFIGE,
formula: el o
Weight shifted x Distance shifted REGHE
ACG = : ¥
Total weight Fo 450 —
. . SECTICR
If the cargo is moved forward, the ?CG is subtracted from e aat o
the original CG. If it is shifted aft, add the ? CG to the - |' sEC
.. £ <
original. ol — :
Figure 6-14. Loading data for cargo configuration.
Item Weight Arm Mamenti100 GG
BOW B.005 25,234
Cargo Section & 300 225 875
Garge Section B 400 255 1,020
Cargo Section & 450 285 1,283
Gargo Section D €00 Mb 1,880
Cargo Section E E00 b 2,070
CGargo Section F &0 374 2,250
Cargo Section G 200 405 510
Garge Section H 435
Cargo Section J 4650
Cargo Section K 499,56
Cargo Section L £33
Fuel Jet A& & +15°0
Gallons 370 2516 7.520
14,671 43,452 286 2

Figure 6-15. Flight manifest of a Beech 1900in the cargo configuration.
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Determining the CG Shift When Cargo
is Added or Removed

When cargoisadded or removed, add or subtract theweight
and moment index of the affected cargo to the original

loading chart. Determine the new CG by dividing the new
moment index by the new total weight, and multiply thisby
thereduction factor.

G = Total moment index
=7 Total weight

»* Reduction factor

Determining Which Limits are Exceeded

When preparing an aircraft for flight, you must consider all
parameters and check to determine that no limit has been
exceeded.

Consider the parameters bel ow, and determine which limit,
if any, has been exceeded.

e Theairplanein thisexample hasabasi c empty weight of
9,005 pounds and a moment index of 25,934 pound-
inches/100.

e The crew weight is 340 pounds, and its moment/100
is439.

¢ The passengers and baggage have a weight of 3,950
poundsand amoment/100 of 13,221.

e Thefud iscomputed at 6.8 Ibs/gal:
Theramp load is 340 gallons, or 2,312 pounds.
Fuel used for start and taxi is20 gallons, or 136 pounds.
Fuel remaining at landing is100 gall ons, or 680 pounds.

e Maximum takeoff weight is 16,600 pounds.
e Maximum zero fuel weight is 14,000 pounds.
e Maximum landing weight is 16,000 pounds.

Takethesestepsto determinewhichlimit, if any, isexceeded:

1. Determinethezerofue weight, whichistheweight of the
arcraft withall of theuseful load except thefuel onboard.

tom Weight Momeant100 CG
Basic ermply weaight 5,005 25,954
Crew 340 439
PAX & Baggage 3550 13241
Zero fuel weight 13.295 39,584

The zero fuel weight of 13,295 pounds is less than the
maximum of 14,000 pounds, so this parameter is
acceptable.

2. Determinethetakeoff weight and CG. Thetakeoff weight
is the zero fuel weight plus the ramp load of fuel, less
the fuel used for start and taxi. The takeoff CG isthe
(moment/100 + weight)°2.00.

Item Weight Mamentf100 oG
Zaro fual weight 13,293 36,584
TakecH fuel 320 gal
Hamp load = fuel
for start & taxi
240 — 20 = 320 gal 2176 6012
Takaoff waight 15441 46 106 2080

The takeoff weight of 15,471 pounds is below the
maximum takeoff weight of 16,600 pounds, and acheck
of Figure 6-12 on Page 6-16 showsthat the CG at station
298.0isalsowithinlimits.

3. Determine the landing weight and CG. Thisis the zero
fuel weight plus the weight of fuel at landing.

Ham Waight Mamant/100 [ e]
Zaro fusl waight 13,2¢5 38,554
Fuel at tandinng 100 gal Goo 1,977
Landing weight 13,075 41,571 2975

The landing weight of 13,975 pounds is less than the
maximum landing weight, of 14,000 pounds. According
to Figure 6-12, the landing CG at station 297.5 isaso
within limits.






Chapter 7

Weight and Balance Control—

Helicopters

Weight and balance considerations of ahelicopter aresimilar
tothose of anairplane, except they arefar morecritical, and
the CG range is much more limited. [Figure 7-1] The engi-
neers who design a helicopter determine the amount of
cyclic control power that isavailable, and establish both the
longitudinal and lateral CG envelopesthat allow the pilot to
|oad the helicopter so thereis sufficient cyclic control for all
flight conditions.

If the CG is ahead of the forward limit, the helicopter will
tilt, and therotor disk will haveaforward pull. To counteract
this, rearward cyclicisrequired. If the CGistoo far forward,
there may not be enough cyclic authority to allow the
helicopter to flare for alanding, and it will consequently
requirean excessivelanding distance.

If the CGisaft of thealowablelimits, the helicopter will fly
with atail-low attitude and may need more forward cyclic
stick displacement than isavailableto maintain ahover ina
no-wind condition. There might not be enough cyclic power
to prevent the tail boom striking the ground. If gusty winds
should cause the helicopter to pitch up during high speed
flight, there might not be enough forward cyclic control to
lower the nose.

Helicopters are approved for a specific maximum gross
weight, but it isnot safeto operate them at thisweight under
all conditions. High density altitude decreases the safe
maximum weight asit affects the hovering, takeoff, climb,
autorotation, and landing performance.

The fuel tanks on some helicopters are behind the CG,
causing it to shift forward asfuel isused. Under someflight
conditions, the balance may shift enough that there will not
be sufficient cyclic authority to flare for landing. For these
helicopters, the loaded CG should be computed for both
takeoff and landing weights.

F= 53.0

Daturm FS 2545

BL27T 4R
BL o :

BL 35.7 L
¥,

Figure 7-1. Typical helicopter datum, flight stations, and butt
linelocations.



Longitudinal GG Envelope Lateral balance of anairplaneisusually of little concern and
Pty isnot normally calculated. But some helicopters, especially
those equipped for hoist operations, are sensitiveto thelateral
i position of the CG, and their POHsinclude both longitudinal
BT o and lateral CG envelopes as well as information on the
maximum permissiblehoist load. Figure7-2isanexample
. of such CG envelopes.
2000
Ly Approved Area @ Determining the Loaded

: CG of a Helicopter

Gross Weight—Peounds

The empty weight and empty-weight center of gravity of a
helicopter are determined inthe sameway asfor anairplane.
o o £ £ iy Theweightsrecorded on the scal es supporting the helicopter
Longitudinal SG—Inches AL ol Dalurn are added and their distance from the datum are used to
compute the moments at each weighing point. The total

moment is divided by the total weight to determine the

Latzral Offset Moment Envelope location of the CG ininches from the datum. The datum of

o some helicoptersislocated at the center of the rotor mast,
g b o) but since this causes some armsto be positive (behind the
- datum) and others negative (ahead of the datum), most

Aty : modern helicopters have the datum located ahead of the
: aircraft asdo most airplanes. When the datumisahead of the

aircraft, all armsare positive.

1071 T

et -'G.} The lateral CG is determined in the same way as the
i longitudinal CG, except the distances between the scalesand
) butt linezer o (BL 0) areused asthearms. Armstotheright
of BL 0 are positive and those to the | eft are negative.

8
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j
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Figure 7-2. Typical helicopter CG envelopes.

ltem Yaight Longituds Latitudae Longituds Longituds Lateral Offset
Arm Arm Moment caG Maoment
Helicoptar empty weight 1,545 101.4 +0.2 156,663 308
Filat 170 §4.0 -13.6 10,830 —2,266
Fassenger 200 64.0 +13.56 12,800 2,700
Fuel 42 gallans 288 96.0 —&.4 27,648 —2,419
2,203 207 91 G4.4 —1, 708

Figure 7-3. Determining thelongitudinal CG and the lateral offset moment.

Maximum permissible hoist load: Butt (or buttock) line zero: A line
The maximum externa load that is through the symmetrical center of an
permitted for a helicopter to carry. aircraft from nose to tail. It serves as
This load is specified in the POH. the datum for measuring the arms

used to find the lateral CG. Lateral
moments that cause the aircraft to
rotate clockwise are positive (+), and
those that cause it to rotate counter-
clockwise are negative (-).



Determinewhether or not ahelicopter withthesespecificartions
iswithinboth longitudina and latera weight and balancelimits
by congtructing achart liketheonein Figure 7-3:

EMpty WEIGNL ... 1,5451bs
Empty-weight CG .......cccccecveeenee 101.4in. aft of the datum
Lateral balancearm.......cccovvveverirenne. 0.2in.rightof BL O
Maximum alowable grossweight ...........cccceeeueee. 2,2501bs
|21 (o) A 170 Ibs @ 64 in. aft of datum
and 13.5in. left of BL O

Passenger ....occeevveveeeerereeeene 200 Ibs @ 64 in. aft of datum
and 13.5in. right of BL O

Fue 480d ..o, 288 Ibs @ 96 in. aft of datum

and 8.4 in. left of BL O

Check the helicopter CG envelopesin Figure 7-2 to determine
whether or not the CG is within limits both longitudinally
and laterdly.

Inthelongitudinal CG envelope, draw alinevertically upward
fromthe CG of 94.4 inchesaft of datumand ahorizontal line
from the weight of 2,203 pounds grossweight. Theselines
crosswithin the approved area.

Inthelateral offset moment envelope, draw alineverticaly
upward from left, or —1,705 Ib-in, and a line horizontally
from 2,203 pounds on the gross weight index. These lines
crosswithintheenvel ope, showingthelateral balanceisalso
withinlimits.

Effects of Offloading Passengers and Using Fuel
Consider thehelicopter in Figure 7-3. Thefirst leg of theflight
consumes 22 gallons of fuel, and at the end of thisleg, the
passenger deplanes. Isthe helicopter still within allowable
CGlimitsfor takeoff?

To find out, make anew chart like the onein Figure 7-4 to
show the new loading conditions of the helicopter at the
beginning of the second leg of theflight.

Under these conditions, according to the helicopter CG
envelopesin Figure 7-2, thelongitudinal CGiswithinlimits.
However, thelateral offset moment isexcessive since both
the pilot and thefuel areontheleft sideof theaircraft. If the
POH alowsit, thepilot may fly theaircraft onitssecondleg
from theright-hand seat. According to Figures 7-5 and 7-2,
thiswill bring thelateral balanceinto limits.

Item Weight Longitude Latitude Longitude Longitude Lateral Offset
Arm Arm Moment CG Moment
Helicapter empty weight 1,545 1014 -0z 1656 663 a0s
Filat 170 G0 —13.5 10,680 —2.285%
Fuel 26 gallons 156 950 -2.4 14576 -1,210
1,871 182,512 576 —3, 205

Figure 7-4. Determining thelongitudinal CG and the lateral offset moment for the second leg of theflight.

Item Weight Longitude Latitude Longitude Longitude Lateral Offset
Arm Arm Moment 2] Moment
Helicapter empty weight 1,545 1014 +0.2 1656 663 a0s
Filat 170 640 +13.5 10,880 2,295
Fuel 26 gallons 156 95.0 3.4 14,875 1,310
1.871 152,519 IR 1,294

Figure 7-5. Determining the longitudinal CG and the lateral offset moment for the second leg of the flight with the pilot flying

fromtheright seat.

Lateral offset moment: The
moment, in Ib-in, of a force that

tends to rotate a helicopter about its
longitudinal axis. The lateral offset
moment is the product of the weight
of the object and its distance from
butt line zero. Lateral offset
moments that tend to rotate the
aircraft clockwise are positive, and
those that tend to rotate it
counterclockwise are negative.






Chapter 8

Use of Computers for Weight
and Balance Computations

Almost all weight and balance problemsinvolveonly smple
math. This allows slide rules and hand-held electronic
calculatorsto relieve usof much of thetediuminvolved with
these problems. This chapter gives a comparison of the
methods of determining the CG of anairplanewhileitisbeing
weighed. First, determinethe CG using asimple electronic
calculator, then solve the same problem using an E6-B flight
computer. Then, finally, solveit using adedicated el ectronic
flight computer.

Later in this chapter are examples of typical weight and
balance problems (solved with an el ectronic calculator) of the
kind that pilots and AMTs will encounter throughout their
aviation endeavors.

Using an Electronic Calculator to Solve
Weight and Balance Problems

Determining the CG of an airplaneininchesfromthemain-
wheel weighing pointscan bedonewith any smpleelectronic
calculator that has addition (+), subtraction (-),
multiplication (?), and division (+) functions. Scientific
calculators with such additional functions as memory (M),
parentheses (()), plus or minus (+/-), exponential (y¥),
reciprocal (1/?), and percentage (%) functionsallow youto
solve more complex problems or to solve simple problems
using fewer steps.

Thechartin Figure 8-1includesdataontheairplaneusedin
thisexample problem.

Waighing Poimt Yaight (Ibs) Arm {in}
Right side 830 0
Leh side H36 0
Mose 340 -3
|otal 2,008

Figure 8-1. Weight and balance data of a typical nose
wheel airplane.

According to Figure 8-1, theweight of thenosewheel (F) is
340 pounds, the distance between main wheels and nose
wheel (L) is—78 inches, and the total weight (W) of the
airplane is 2,006 pounds. (L is negative because the nose
wheel isahead of the main wheels.)

To determinethe CG, usethisformula

CG=?

_ 340%-78
= 2,006

Key the data into the calculator as shown in red, and when
theequd (=) key ispressed, theanswer (shown herein blue)
will appear.

(340)(?)(78)(+/-)(+)(2006)(=) -13.2

Thearm of thenosewheel isnegative, sothe CGis—13.2, or
13.2 inches ahead of the main-wheel weighing points.

Using an E6-B Flight Computer to Solve
Weight and Balance Problems

TheE6-B usesaspecia kind of diderule. Instead of itsscales
going from 1to 10, asonanormal sliderule, both scalesgo
from 10 to 100. The E6-B cannot be used for addition or
subtraction, but it isuseful for making calculationsinvolving
multiplication and division. Itsaccuracy islimited, butitis
sufficiently accurate for most weight and balance problems.

Positive/Negative Key

The (+/-) key changes the number just keyed in from a positive to a
negative number.



The same problem that was just solved with the electronic
calculator can be solved on an E6-B by following these steps:
FxL
CG= W
_ 340x-T78
T 2,006

Firgt, multiply 340 by 78 (disregard the—sign): [Figure 8-2g]
¢ Place 10 ontheinner scale (thisistheindex) opposite34

ontheouter scale (thisrepresents 340) (Step 1).

* Opposite 78 ontheinner scale, read 26.5 ontheouter scale
(Step2).

« Determinethevalue of thesedigitsby estimating:
300 ? 80 = 24,000, so 3407 78 = 26,500.

Then, divide 26,500 by 2,006: [Figure 8-2b]

e On theinner scale, place 20, which represents 2,006,
opposite 26.5 ontheouter scale. (26.5 represents 26,500)

(Step 3).

» Oppositetheindex, 10, ontheinner scale, read 13.2 on
theouter scale (Step 4).

» Determinethevalueof 13.2 by estimating: 20,000+ 2000
=10, s026,500+ 2,006 = 13.2.

* Thearm (-78) isnegative, sothe CG isalso negative.

The CGis—13.2 inches, or 13.2 inches ahead of the datum.
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Figure 8-2a. E6-B computer set up to multiply 340 by 78.
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Figure 8-2b. E6-B computer set up to divide 26,500 by 2,006.



Using a Dedicated Electronic
Flight Computer to Solve Weight
and Balance Problems

Dedicated electronic flight computerslikethe onein Figure
8-3 are programmed to solve many flight problems, such as
wind correction, heading and ground speed, endurance, and
trueairspeed (TAS), aswell asweight and balance problems.
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Figure 8-3. Dedicated electronic flight computers are
programmed to solve weight and balance problems as well as

flight problems.

The problem just solved with an electronic calculator and
an E6-B can al so be solved with adedicated flight computer
using the information in Figure 8-1.

Each flight computer handles the problems in slightly
different ways, but al are programmed with prompts that
solicit you to input the required data so you do not need to
memorize any formulas. Weights and arms are input as
called for, and a running total of the weight, moment, and
CG are displayed.

Typical Weight and Balance Problems

A hand-held electronic calculator like the one in Figure
8-4 isavaluabletool for solving weight and balance prob-
lems. It can be used for avariety of problemsand hasahigh
degree of accuracy. The examplesgiven hereare solved with
a calculator using only the (?), (=), (+), (-), and (+/-)
functions. If other functionsareavailable onyour calculator,
some of the steps may be simplified.

Figure 8-4. Atypical electronic calculator is useful for solving
most types of weight and balance problems.

Determining CG in Inches From the Datum

This type of problem is solved by first determining the
location of the CG ininchesfrom the main-wheel weighing
points, then measuring thislocationininchesfrom the datum.
There are four types of problemsinvolving the location of
the CG relative to the datum.



Nose Wheel Airplane with Datum
Ahead of the Main Wheels

The datum (D) is 128 inches ahead of the main-wheel
weighing points, the weight of the nose whedl (F) is 340
pounds, and the distance between main wheels and nose
whed (L) is78inches. Thetota weight (W) of theairplane
is$2,006 pounds. Refer to Figure 3-5 on Page 3-5.

Usethisformula
co=p- (23

1. Determinethe CGininchesfromthe mainwheels:
(340)(?)(78)(=)(2006)(=) 132

2. Determinethe CG ininchesfrom the datum:
(128)(9)(13.2)(=) 114.8

The CG is 114.8 inches behind the datum.

Nose Whed! Airplane with Datum
Behind the Main Wheels

Thedatum (D) is 75 inches behind the main-wheel weighing
points, the weight of the nose wheel (F) is 340 pounds, and
the distance between main wheels and nose wheel (L) is78
inches. Thetotal weight (W) of theairplaneis 2,006 pounds.
Refer to Figure 3-6 on Page 3-6.

Usethisformula:
s r xL)
CG= (D + W

1. Determinethe CG in inches from the main wheels:
(340)(?)(78)(+)(2006)(=) 13.2

2. Determinethe CG ininchesfrom the datum:
(75)(+)(13.2)(=) 88.2

Theminussign beforethe parenthesisin theformulameans

the answer is negative. The CG is 88.2 inches ahead of the
datum (-88.2).

Tail Whed Airplane with Datum
Ahead of the Main Wheels

The datum (D) is 7.5 inches ahead of the main-wheel
weighing points, theweight of thetail whed (R) is67 pounds,
and the distance between main wheels and tail wheel (L) is
222 inches. The total weight (W) of the airplaneis 1,218
pounds. Refer to Figure 3-7 on Page 3-6.

Usethisformula
CG=D+ (R—;‘,L)

1. Determinethe CG ininchesfromthe main wheels:
(67)(?)(222)(9)(1218)(=) 12.2

2. Determinethe CG ininchesfrom the datum:
(75)(+)(12.2)(=) 19.7

The CG is 19.7 inches behind the datum.

Tail Wheel Airplane with Datum
Behind the Main Wheels

Thedatum (D) is80inches behind the main-wheel weighing
points, theweight of thetail whedl (R) is67 pounds, and the
distance between main wheels and tail wheel (L) is 222
inches. Thetota weight (W) of theairplaneis 1,218 pounds.
Refer to Figure 3-8 on Page 3-7.

Usethisformula:

o LL)
G = D+(RW

1. Determine the CG in inches from the main wheels:
(67)(?)(222)(9)(1218)(=) 12.2

2. Determinethe CG ininchesfrom the datum:
(80)(+/-)(+)(12.2)(=)—67.8

The CGis67.8 inches ahead of the datum.



Weighing Paint Weight (Ibs) Arm (iR} Mament {Ib-in) CG
Right side 230 1258 106,240
Left side azs 128 107 008
MNose 340 =0 17,000
Total 2.008 230,245 114 .8

Figure 8-5. Specificationsfor determining the CG of an airplane using weightsand arms.

Determining CG, Given Weights and Arms

Some weight and balance problems involve weights and
arms to determine the moments. Divide the total moment
by thetotal weight to determinethe CG. Figure 8-5 contains
the specificationsfor determining the CG using weightsand
ams.

Determine the CG by using the data in Figure 8-5 and
following these steps:

1. Determinethetotal weight and record thisnumber:
(830)(+)(836)(+)(340)(=) 2006

2. Determinethe moment of each weighing point and record
them:

(830)(?)(128)(=) 106240
(836)(?)(128)(=) 107008
(340)(?)(50)(=) 17000

3. Determine the total moment and divide this by the
total weight:

(106240)(+)(107008)(+)(17000)(=)(+)(2006)(=) 114.8

Thisairplaneweighs 2,006 poundsandits CGis114.8 inches
from the datum.

Determining CG, Given Weights
and Moment Indexes

Other weight and balance problems involve weights and
moment indexes, such asmoment/100, or moment/1,000. To

determine the CG, add al the weights and all the moment
indexes. Then divide the total moment index by the total

weight and multiply theanswer by thereduction factor. Figure
8-6 containsthe specificationsfor determining the CG using
weights and moment indexes.

Determine the CG by using the data in Figure 8-6 and
following these steps:

1. Determinethetota weight and record this number:
(830)(+)(836)(+)(340)(=) 2006

2. Determinethetotal moment index, dividethisby thetotal
weight, and multiply it by the reduction factor of 100:

(1,062.4)(+)(1,070.1)(+)(170)(=)(2302.5)(+)(2006)(=)
(1.148)(?)(100)(=) 114.8

Thisairplaneweighs 2,006 poundsand itsCGis114.8 inches
from the datum.

Weighing Point | Weight {(lbs} | Moment/100 GG
Right side B3C 1.062.4
Left side BIE 1.070.1
Nose 340 170
Total 2,008 24025 1148

Figure 8-6. Specificationsfor determining the CG of an
airplane using weights and moment indexes.



Determining CG in Percent of
Mean Aerodynamic Chord

¢ Theloaded CGis42.47 inches aft of the datum.
« MACis6l.6incheslong.
« LEMACisat station 20.1.

1. Determinethe distance between the CG and LEMAC:
(42.47)(-)(20.1)(=) 22.37
2. Then, use this formula

Ddstance aft of LEMAC x 100
MAC

(22.37)(?)(100)(+)(61.6)(=) 36.3

Chiin % MAC =

The CG of thisairplane is located at 36.3% of the mean
aerodynamic chord.

Determining Lateral CG of a Helicopter

It is often necessary when working weight and balance of
ahelicopter to determine not only the longitudinal CG, but
the latera CG aswell. Lateral CG is measured from butt
linezero (BL 0). All itemsand momentsto theleft of BL O
are negative, and those to the right of BL O are positive.
Figure 8-7 contains the specifications for determining the
lateral CG of atypical helicopter.

Determinethelateral CG by using thedatain Figure8-7 and
following these steps:

1. Add al of the weights:

(1545)(+)(170)(+)(200)(+)(288)(=) 2203

2. Multiply the lateral arm (the distance between butt line
zero and the CG of each item) by its weight to get the
lateral offset moment of each item. Momentsto theright
of BL 0 are positive and those to the | eft are negative.

(1545)(?)(.2)(=) 309
(170)(?)(13.5)(+/-)(=) —2295
(200)(?)(13.5)(=) 2700
(288)(?)(84)(+/-)(=) —2419

3. Determinethe a gebraic sum of thelateral offset moments.
(309)(+)(2295)(+/-)(+)(2700)(+)(2419)(+/)(=) -1705

4. Divide the sum of the moments by the total weight to
determinethelateral CG.

(1705)(+/-)(+)(2203)(=)-0.77
Thelateral CGis0.77 inch to theleft of butt line zero.

Determining ?CG Caused by Shifting Weights
Fifty pounds of baggage is shifted from the aft baggage
compartment at station 246 to the forward compartment at
station 118. Thetotal airplaneweight is4,709 pounds. How
much doesthe CG shift?

1. Determinethe number of inchesthe baggageis shifted:
(246)(-)(118)(=) 128

2. Usethisformula:
. ‘Weight shifted % Distance weight is shified
Total weight

(50)(?)(128)(+)(4709)(=) 1.36

ACG

The CG is shifted forward 1.36 inches.

ltarmn Weight Lateral Arm Lateral Gffset Moment Lateral GG
Hslizopter empty weaight 1.545 +0.2 ans
Filot 170 -13.5 2 aohR
Passenger 200 +13.5 2 700
Fuel 48 gal 288 5.4 2413
Total 2.203 -1,705% —0.77

Figure 8-7. Specificationsfor determining thelateral CG of a helicopter.




Determining Weight Shifted to
Cause Specified ?CG

How much weight must be shifted from the aft baggage
compartment at station 246 to the forward compartment at
station 118, to move the CG forward 2 inches? The total
weight of the airplaneis 4,709 pounds.

1. Determinethe number of inchesthe baggage is shifted:

o ACG X Tofal weight
Weight shifted = 1y nce weight is shificd

(246)(-)(118)(=) 128

2. Usethisformula
(2)(?)(4709)(+)(128)(=) 73.6

Moving 73.6 poundsof baggagefrom the aft compartment to
theforward compartment will shift the CG forward 2inches.

Determining Distance Weight is Shifted
to Move CG a Specific Distance

How many inches aft will a 56-pound battery have to be
moved to shift the CG aft by 1.5 inches? Thetotal weight of
theairplaneis 4,026 pounds.

Usethisformula:

Distance weight is shifted = ACG x Total weight

Weight shificd

(L5)(772222272)(56)(=) 107.8

Moving the battery aft by 107.8 incheswill shift the CG aft
1.5inches.

Determining Total Weight of an
Aircraft That Will Have a Specified
?CG When Cargo is Moved

What isthetotal weight of an airplaneif moving 500 pounds
of cargo 96 inchesforward shiftsthe CG 2.0 inches?

Usethisformula:
Weight shifted x Dist. weight is shifted
ACG

Total weight =
(500)(?722272%)(2)(=) 24000

Moving 500 pounds of cargo 96 inchesforward will causea
2.0-inch shiftin CG of a24,000-pound airplane.

Determining Amount of Ballast Needed
to Move CG to a Desired Location

How much ballast must be mounted at station 228 to move
the CG to its forward limit of +33? The airplane weighs
1,876 poundsand the CG isat +32.2, adistance of 0.8 inch
out of limit.

Usethisformula:

Ballast _ Aircraft empty weight x Dist. out of limits
woight = Distance ballast to desired CG

(1876)(7)(8)(=)(195)(=) 7.7

Attaching 7.7 poundsof ballast to the bulkhead at station 228
will movethe CG to +33.0.






Glossary

General Aviation Manufacturers Association (GAMA)

14 CFR, Part 121. The Federal regulations governing
domestic, flag, and supplemental operations.

14 CFR, Part 135. The Federal regulations governing
Commuter and On-Demand Operations.

adver seloaded CG check. A weight and balance check to
determinethat no condition of legal loading of an aircraft can
movethe CG outside of itsallowablelimits.

Aircraft Specifications. Documentation containing the
pertinent specifications for aircraft certificated under the
CARs.

Airplane Flight Manual (AFM). An FAA-approved
document, prepared by the holder of a Type Certificate for
an airplane or rotorcraft, that specifies the operating
limitationsand containsthe required markings and placards
and other information applicable to the regulations under
whichtheaircraft wascertificated.

Approved TypeCertificate. A certificate of approval issued
by the FAA for the design of an airplane, engine, or propeller.

arm (GAMA). The horizontal distance from the reference
datum to the center of gravity (CG) of anitem.

balanced laterally. Baanced in such away that the wings
tendtoremainlevel.

ballast. A weight installed or carried in an aircraft to move
the center of gravity toalocationwithinitsallowablelimits.

permanent ballast (fixed ballast). A weight
permanently installed in an aircraft to bring its center of
gravity into alowablelimits. Permanent ballast ispart of the
aircraft empty weight.

temporary ballast. Weightsthat canbecarriedinacargo
compartment of an aircraft to move the location of the CG
for a specific flight condition. Temporary ballast must be
removed when the aircraft isweighed.

basic empty weight (GAMA). Standard empty weight plus
optional equipment.

basic operating index. The moment of the airplane at its
basi ¢ operating weight divided by the appropriate reduction
factor.

basic operating weight (BOW). The empty weight of the
aircraft plus the weight of the required crew, their baggage
and other standard items such as meals and potable water.

bilge area. Thelowest part of an aircraft structureinwhich
water and contaminants collect.

butt (or buttock) linezer o. A linethroughthe symmetrical
center of an aircraft from nosetotail. It servesasthe datum
for measuring the arms used to determine the lateral CG.
Lateral momentsthat cause the aircraft to rotate clockwise
are positive (+), and those that cause it to rotate
counterclockwisearenegative (-).

calendar month. A time period used by the FAA for
certification and currency purposes. A calendar month
extendsfrom agiven day until midnight of thelast day of that
month.

center of gravity (CG) (GAMA). The point at which an
airplane would balance if suspended. Its distance from the
reference datumisdetermined by dividing thetotal moment
by the total weight of the airplane.

center of lift. Thelocation aong thechord line of an airfoil
at which all the lift forces produced by the airfoil are
considered to be concentrated.

centroid. Thedistanceininchesaft of the datum of the center
of a compartment or a fuel tank for weight and balance
purposes.

CG arm (GAMA). The arm obtained by adding the

airplane sindividua moments and dividing the sum by the
total weight.
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CG limits(GAMA) . Theextremecenter of gravity locations
withinwhich the airplane must be operated at agiven weight.

CG limits envelope. An enclosed area on a graph of the
airplane loaded weight and the CG location. If lines drawn
from the weight and CG cross within this envelope, the
airplaneisproperly loaded.

CG moment envelope. An enclosed areaon agraph of the
airplane loaded weight and loaded moment. If lines drawn
from the weight and loaded moment cross within this
envelope, theairplaneisproperly loaded.

chord. A straight-line distance across awing from leading
edgetotrailing edge.

delta (?). This symbol, B, means a change in something.
DCG means a change in the center of gravity location.

dynamic load. The actua weight of the aircraft multiplied
by the load factor, or the increase in weight caused by
acceleration.

empty weight. The weight of the airframe, engines, all
permanently installed equipment and unusable fuel.
Depending upon the part of the Federal regulations under
whichtheaircraft wascertificated, either theundrainableoil
or full reservoir of oil isincluded.

empty-weight center of gravity (EWCG). The center of
gravity of anaircraft whenit containsonly theitemsspecified
in the aircraft empty weight.

empty-weight center of gravity range. Thedistancebetween
thedlowableforward and aft empty-weight CG limits.

equipment list. A list of items approved by the FAA for
installationin aparticular aircraft. Thelist includesthe name,
part number, weight, and arm of the component. Installation
or removal of aniteminthe equipment listisconsidered to
beaminor ateration.

fleet weight. An average weight accepted by the FAA for
aircraft of identical make and model that have the same
equipment installed. When afleet weight control programis
in effect, the fleet weight of the aircraft can be used rather
than every individual aircraft having to be weighed.
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fuel jettison system. A fuel subsystemthat allowstheflight
crew todumpfuel inanemergency tolower theweight of an
arcraft tothemaximum landing weight if areturnto landing
isrequired beforesufficient fue isburned off. Thissysemmust
allow enough fuel to bejettisoned that the aircraft can still
meet the climb requirements specifiedin 14 CFR, Part 25.

fulcrum. The point about which alever balances.

index point. A location specified by theaircraft manufacturer
from which arms used in weight and balance computations
aremeasured. Armsmeasured from theindex point arecalled
index arms.

interpolate. To determine avalue in a series between two
known values.

landing weight. Thetakeoff weight of anaircraft lessthefuel
burned and/or dumped en route.

largeaircraft (14 CFR, Part 1). An aircraft of morethan
12,500 pounds, maximum certificated takeoff weight.

lateral balance. Balancearoundtheroll, or longitudind,, axis.

later al offset moment. Themoment, inlb-in, of aforcethat
tendsto rotate a helicopter about its longitudinal axis. The
lateral offset moment istheproduct of thewei ght of the object
anditsdistancefrom butt line zero. Lateral offset moments
that tend to rotatetheaircraft clockwiseare positive, and those
that tend to rotateit counterclockwise are negative.

LEMAC. Leading Edge of the Mean Aerodynamic Chord.

load cell. A componentin an el ectronic weighing systemthat
is placed between the jack and the jack pad on the aircraft.
Theload cell containsstrain gaugeswhoseres stance changes
with the weight on the cell.

load factor. Theratio of the maximum load an aircraft can
sustain to the total weight of the aircraft. Normal category
aircraft must have aload factor of at least 3.8, utility category
aircraft 4.4, and acrobatic category aircraft, 6.0.

loading graph. A graph of load weight and load moment
indexes. Diagonal linesfor eachitemrelatetheweight tothe
moment index without having to use mathematics.

loading schedule. A method and procedure used to show that
an aircraft is properly loaded and will not exceed approved
weight and balance limitations during operation.



Weight and Balance Definitions

CG
range

Single-engine aircraft:

Fudd limit |« | e ATE limit
Datum s N

) I |

Datum Mement = 700 |b-in
[+) A
rii -
| Weight | 10 Ibs
Skation O Station 70
Wultiengine aircraft:
LEMAC
Datum -
Arm | L ;
+— MAC —w
Sta0 Staco

longitudinal axis. An imaginary line through an aircraft
from noseto tail, passing through its center of gravity.

longitudinal balance. Balance around the pitch, or lateral,
axis.

MAC. Mean Aerodynamic Chord.

major alteration. An alteration not listed in the aircraft,
aircraft engine, or propeller specifications, (1) that might
appreciably affect weight, balance, structural strength,
performance, powerplant operation, flight characteristics, or
other qualitiesaffecting airworthiness; or (2) that isnot done
according to accepted practices or cannot be done by
elementary operations.

maximum landing weight (GAMA). Maximum weight
approved for the landing touchdown.

maximum per missiblehoist load. Themaximum externa
load that is permitted for a helicopter to carry. Thisload is
specifiedinthe POH.

maximum ramp weight (GAMA). Maximum weight
approved for ground maneuver. It includes weight of start,
taxi, and runup fuel.

maximum takeoff weight (GAMA). Maximum weight
approved for the start of the takeoff run.

maximum taxi weight. Maximum weight approved for
ground maneuvers. This is the same as maximum ramp
weight.

maximum weight. The maximum authorized weight of the

aircraft and all of its equipment as specified in the Type
Certificate Data Sheets (TCDS) for the aircraft.

Glossary—3



maximum zero fuel weight. The maximum authorized
weight of an aircraft without fuel. Thisisthe sum of theBOW
and payload.

maximum zero fuel weight (GAMA). Maximum weight,
exclusive of usablefuel.

METO horsepower (maximum except takeoff). The
maximum power allowed to be continuously produced by an
engine. Takeoff power isusualy limited to a given amount
of time, such as 1 minute or 5 minutes.

minimum fuel. The amount of fuel necessary for one-half
hour of operation at the rated maxi mum-continuous power
setting of the engine, which, for weight and bal ance purposes,
is 1, gallon per maximum-except-takeoff (METO) horse-
power. It isthe maximum amount of fuel that could be used
in weight and balance computations when low fuel might
adversely affect the most critical balance conditions. To
determinetheweight of the minimum fuel in pounds, divide
the METO horsepower by 2.

minor alteration. Andteration other thanamajor ateration.
Thisincludesalterationsthat arelistedintheaircraft, aircraft
engine, or propeller specifications.

moment. A force that causes or tries to cause an object to
rotate.

moment (GAMA). The product of the weight of an item
multiplied by itsarm. (Moment divided by aconstant isused
to simplify balance cal cul ations by reducing the number of
digits; see reduction factor.)

moment index. Themoment (weight timesarm) divided by
areduction factor such as 100 or 1,000 to make the number
smaller and reduce the chance of mathematical errorsin
computing the center of gravity.

moment limitsvs. weight envelope. Anenclosedareaona
graph of three parameters. The diagond linerepresenting the
moment/100 crosses the horizontal line representing the
weight at the vertical line representing the CG location in
inches aft of the datum. When the lines cross inside the
envelope, the aircraft is loaded within its weight and CG
limits.
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net weight. Theweight of the aircraft lesstheweight of any
chocksor other devicesused to hold theaircraft onthescales.

normal category. A category of aircraft certificated under
14 CFR, Part 23 and CAR, Part 3 that allows the maximum
weight and CG range whilerestricting themaneuversthat are
permitted.

PAX. Passengers.
payload (GAMA) . Weight of occupants, cargo, and baggage.

Pilot’s Operating Handbook (POH). An FAA-approved
document published by the airframe manufacturer that lists
the operating conditionsfor aparticular model of aircraft and
itsengines.

potablewater. Water carried in an aircraft for the purpose
of drinking.

ramp weight. Thezerofuel weight plusall of the usablefuel
on board.

reference datum (GAMA). An imaginary vertical plane
fromwhich all horizontal distancesare measured for balance
puUrposes.

reduction factor. A number, usually 100 or 1,000 by which
amoment isdivided to produce asmaller number that isless
likely to cause mathematical errors when computing the
center of gravity.

residual fuel.Fuel that remainsinthe sumpsand fuel lines
when the fuel system is drained from the inlet to the fuel
metering system, with theaircraftinlevel flight attitude. The
weight of theresidual fuel ispart of the empty weight of the
aircraft.

serviceceiling. Thehighest dtitudeat which anaircraft can
maintain asteady rate of climb of 100 feet per minute.

small aircraft (14 CFR, Part 1). An aircraft of 12,500
pounds or less, maximum certificated takeoff weight.



standard average passenger weight. This includes 20
pounds of carry-on baggage for adult passengers.
summer (May 1 through October 31)

average (60% M, 40%F) ................ 180 lbs

(007 1= U 195 Ibs

female.... e 155 Ibs
winter (November 1 through April 30)

average (60% M, 40%F) ................ 185 lbs

MEAIE ... 200 Ibs

female... e, 160 Ibs
children between ages 2 and 12 years

summer and Winter ........ooeeeeveeereene. 80 Ibs

(Children under 2 are considered “babesin arms’ and
their weight has been factored into the weight of the adult
passengers.)

standard empty weight (GAMA). Weight of a standard
airplane including unusable fuel, full operating fluids, and
full ail.

staticload. Theloadimposed on an aircraft structuredueto
theweight of the aircraft and its contents.

station (GAMA). A location along the airplane fuselage
usually givenintermsof distancefrom thereference datum.

strain sensor. A devicethat convertsaphysical phenomenon
intoan electrical signal. Strain sensorsin awhedl axlesense
the amount the axle deflects and create an electrical signal
that isproportional to theforcethat caused the deflection.

takeoff weight. Theweight of an aircraft just before brake
release. Itistheramp weight lesstheweight of thefuel burned
during start and taxi.

tareweight. The weight of any chocks or devicesthat are
used to hold an aircraft onthe scaleswhenitisweighed. The
tareweight must be subtracted from the scal e reading to get
the net weight of theaircraft.

TEMAC. Trailing Edge of the Mean Aerodynamic Chord.

Type Certificate Data Sheets (TCDS). The official
specifications issued by the FAA for an aircraft, engine, or

propeller.

undrainable oil. Oil that does not drain from an engine
lubricating system whentheaircraft isinthenormal ground
attitude and the drain valve is left open. The weight of the
undrainable oil is part of the empty weight of the aircraft.

unusable fuel (GAMA). Fuel remaining after arunout test
has been completed in accordance with governmental
regulations.

usable fuel (GAMA). Fuel availablefor flight planning.

useful load (GAMA) . Differencebetween takeoff weight, or
ramp weight if applicable, and basic empty weight.

utility category. A category of aircraft certificated under 14
CFR, Part 23 and CAR, Part 3 that permitslimited acrobatic
maneuvers but restricts the weight and the CG range.

wing chord. A straight-line distance across a wing from
leading edgeto trailing edge.

zer o fuel weight. Theweight of an aircraft without fuel.
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