A

U.5. Department
of Transpoation

Fadaral Aviation
Administration

and Balance




Aircraft
Weight and Balance
Handbook

1999

U.S, DEPARTMENT OF TRANSPORTATTON
FEDERAL AVIATION ADMINISTRATION
Flight Standards Scrvice






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.
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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)”