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FOREWORD 
This manual has been written in recognition of a need by all airmen for a comprehende oasih 

understood text on aircraft weight and balance \n objech\c is to provide a knowledge source for the 
many pilots who =how a need for a greater appreciation of the importance of weight and balam t contiol 
as it relates to their safetv in flight The subject hag been presented from the viewpoint of thi pilot and 
aircraft owner or opirator Thi text progresses f rom an explanation of basic fundamental-, lo t in complex 
application of weight and balanct principles in largt aircraft operations The manual wi l l , therefore 
as a training guide for the beginning weight and balanct student and <ts a reference for the veteran an man 

Pertinent F A A regulations, publications, and advisory circulars which have an impact upon weight and 
balance procedures have been considered in the development o f this text Th, reader should be aware, how 
ever, that regulations are subject to amendment, am question* regarding tht eurrenc) of rules affecting the 
content of this text may be checked with the appropriate FAA olfioe The reader is al*o advised that rules 
go\ermng certification for certain types of operations described in the text, require FA4 approval of the 
weight and balance control procedures 

Particular attention has been given to the loading problems faced by the general aviation pilot when 
operating light aircraft, including twin engine air taxi types Computations and solution methods for typi 
cal weight and balance problems are representative of those currently found m manuals published by air 
craft manufacturers, air carriers, and commercial operators Adherence to the principles and procedures 
described in this text should enhance the operational efficiency and safety of any aircraft 

The Pilot's Weight and Balance Handbook, issued as Advisory Circular 91-23A, cancels A C 91-23, 
dated 1969, and was prepared at the FAA Aeronautical Center b\ members of the Flight Standards Service 
Comments regarding this handbook may be directed t " the Department of Transportation, Federal Avia 
tion Administration, Flight Standards National Field O f f i c e , P 0 Box 25082, Oklahoma Cit>, Oklahoma 
73125 
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Chapter 1 

WEIGHT AND BALANCE CONTROL 

Weight lg a m e a s u r e o f t h e attractive f o r c e o f t h e 

e a r t h ' s gravity u p o n a-material bodv f t is an indica 
tion o f t h e mass or heaviness o f t h e body Weight is 
a l s o o n e o f t h e greatest enemies o f t h e f l y e r It 1 5 

a f a c t o r which m u s t b e r e s p e c t e d if flight IS t o be 
c o n d u c t e d safely 

T h e f o r c e o f gravity acting o n t h e mass o f t h e 

aircraft continuously a t t e m p t s to p u l l it d o w n from 
flight The f o r c e o f lift -which 13 g e n e r a t e d b y t h e 

airfoils o f t h e a i r c r a f t 19 t h e o n l y f o r c e available t o 

c o u n t e r a c t weight a n d k e e p t h e aircraft in flight 
However, t h e airfoils c a n p r o d u c e o n l y a limited 
amount o f hit f o r use m resisting gravity, t h e r e f o r e , 

a n y increase ltl aircraft weight is t o b e avoided if 
possible T h e t o t a l b f t o f t h e aircraft d e p e n d s o n t h e 

design o f the airfoils, the s p e e d a n d angle o f a t t a c k 

o f t h e airfoils a s t h e y move t h r o u g h t h e air, a n d t h e 

density o f t h e air t h r o u g h which t h e airfoils are 
moving f f t h e g e n e r a t e d lift d o e s n o t e q u a l aircraft 
weight, level flight c a n n o t b e maintained a n d t h e 

aircraft must d e s c e n d 

EFFECTS OF WEIGHT 
A n y object a b o a r d t h e aircraft which increases 

t h e t o t a l weight Significantly >s a n undesirable object 
a s f a r as flight 19 c o n c e r n e d H o w e v e r , aviators m u s t 

a c c e p t a compromise a n d l o a d s o m e h e a v y objects in 

F i g u r e 1 Lift a n d weight 
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THE FUSELAGE OR wings TO MAKE flight possible FUEL 
IS AN EXAMPLE OF A heavy BUT NECESSARY item IT is 
always easier TO FLY w h e n THE aircraft is light AND 
m o r e d i f f i c u l t AND DANGEROUS when THE aircraft is 
heavy THEREFORE, it HAS always BEEN A primary rule 
OF flight TO MAKE THE machine AS light AS possible 
without sacrificing STRENGTH OR safety AND TO i n c l u d e 

ONLY those LOADS essential FOR THE particular flight 
THE TOTAL weight OF A vehicle CHANGES AS THE con 

TENTS (passengers, FUEL, OR CARGO) ARE varied IF care 
is NOT TAKEN, THE vehicle can BE weighted down with 
objects TO A point WHERE it CAN NO LONGER funttion 
efficiently AS a MOVER OF loads THE OPERATOR OF THE 
\ehicle AND especially THE pilot OF an aircraft SHOULD 
always BE AWARE OF THE consequences OF overloading 
AN overloaded BOAT might sink A TRUCK OR AUTO 
mobile might NOT BE ABLE TO climb A hill, AND an air­
CRAFT MAY NOT BE ABLE TO leave THE ground EACH 
vehicle HAS its limits, BEYOND which excessive weight 
LEADS TO inferior operation AND possible disaster OF 
ALL COMMON vehicles, THE aircraft 19 MOST susceptible 
TO TROUBLE if weight considerations ARE DISREGARDED, 
its l imits ARE MOST easily EXCEEDED FURTHERMORE, 
when THE aircraft HAS weight PROBLEMS, THE initial 
indication OF POOR PERFORMANCE will BE during TAKE 
OFF, AN UNFORTUNATE PLACE FOR THE vehicle AND THE 
pilot TO BE (tl TROUBLE 

Excessive weight (FIG 2) REDUCES THE flying ability 
OF AN airplane m ALMOST EVER) RESPECT THE MOST 
important PERFORMANCE deficiencies OF THE over 
weight airplane ARE 

Higher TAKEOFF SPEED 
LONGER TAKEOFF run 
REDUCED RATE AND ANGLE OF climb 
Lower maximum altitude 
SHORTER RANGE 
REDUCED cruising SPEED 
REDUCED maneuverability 
Higher stalling SPEED 

F l c U B E 2 O v e r w e i g h t c a u s e s l o n g e r t a k e o f f r u n 

Higher landing speed 
LONGER LANDING ROLL 

THE pilot MUST appreciate THE EFFECT OF excessive 
weight ON THE PERFORMANCE OF THE aircraft EVER) 
prefligbt CHECK SHOULD include a studv OF perform­
ance CHARTS TO set if THE aircraft weight MAY 
contribute TO HAZARDOUS flight conditions MOST pilots 
have been trained TO recognize and avoid SUCH air 
CRAFT PERFORMANCE reducing FACTORS AS High density 
altitude, FROST ON THE wings, LOW engine power, AND 
severe or uncoordinated maneuvers Excessive 
weight REDUCES THE safetv margins available to the 
pilot WHEN the^e conditions are ENCOUNTERED THE 
pilot MUST ALSO consider THE consequences OF AN over 
weight aircraft if emergence conditions arise I F an 
engine FADS ON TAKEOFF OR ice FORMS AT low altitude, it 
is usually TOO late TO REDUCE THE aircraft's weight TO 
HELP KEEP THE machine in THE air 

WEIGHT CHANGES 
THE weight OF THE aircraft CAN he changed easily 

bv varying THE pa\load (PASSENGERS, BAGGAGE, AND 
CARGO) BUT, if weight HAS TO BE DECREASED b) re 
ducing THE payload, THE flight will BE less profitable 
Weight can also BE CHANGED bv altering THE FURL 
LOAD Gasoline OR jet FUEL HAS considerable weight— 
30 GALLONS may weigh more THAN A paving passengtr 
BUT, if weight IS LOWERED BY reducing FUEL, THE RANGE 
OF THE aircraft is SHORTENED FUEL BURN is NORMALLY 
THE ONLY weight CHANGE THAT TAKES PLACE during 
flight AS FUEL is USED, THE aircraft BECOMES lighter 
AND PERFORMANCE is improved, this is ONE OF THE FEW 
GOOD things ABOUT THE consumption OF THE FUEL 
supply 

CHANGES OF FIXED equipment ALSO HAVE a major 
EFFECT UPON THE weight of THE aircraft Many air 
CRAFT ARE OVERLOADED TO A DANGEROUS DEGREE by the 
installation OF EXTRA radios OR instruments Repairs 
OR modifications USUALLY ADD TO THE weight OF THE 
aircraft, it is a rare exception when A STRUCTURAL OR 
equipment CHANGE RESULTS in A reduction OF weight 
A S with people, W H E N AN aircraft ages it just 
NATURALLY PUTS ON weight THE TOTAL EFFECT OF this 
GROWTH is REFERRED TO as "Service Weight Pickup" 
MOST service weight pickup is THE KNOWN weight OF 
ACTUAL PARTS installed in repair, OVERHAUL AND modi 
fication These PARTS SHOULD HAVE been weighed or 
THE weight CALCULATED WHEN they were installed IN 
addition, an UNKNOWN weight pickup RESULTS FROM THE 
collection OF TRASH AND HARDWARE, moisture absorp 
tion OF SOUNDPROOFING, AND THE accumulation OF 
dirt AND GREASE This pickup can ONLY BE determined 
BY THE ACCURATE weighing OF THE aircraft AS A unit 
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BALANCE, STABILITY, AND 
CENTER OF GRAVITY 

Balance refers to the location of the c g (center 
of gravity) of an aircraft It is of primary impor 
tance to aircraft stability and safety in flight Pilots 
should never fly an aircraft if they are not per 
sonally satisfied with its loadmg and the resulting 
weight and balance condition The c g is the point 
about which an aircraft wou ld balance if it were 
possible to support the aircraft at that point It is 
the mass center of the aircraft, or the theoretical 
point at which the entire weight of the aircraft is 
assumed to be concentrated The c g must be within 
specific limits for safe flight 

The prune concern of aircraft balancing is longi 
tudinal balance, or the fore and aft location of the 
c g along the longitudinal axis Location of the c g 
With reference to the lateral a\is, however, JS also 
important The design of the aircraft is such that 
lateral symmetry is assumed to exist as far as weight 
IS concerned In other words, for each item of weight 
existing to the left of the fusdage centerline, there is 
generally a n equal weight existing a t a corre 
sponding location on the right This lateral mass 
symmetry, however, may be upset by unbalanced 
lateral loading The position of the lateral c g IS not 
computed, but the operating crew must he aware 
that adverse effects will certainly arise as a result 
of a la tera l ly unbalanced condition Lateral tin 
balance will occur if the fuel load is mismanaged bv 
supplying the engine{s) unevenly from tanks on one 
side of the aircraft (fig 3) The airplane pilot can 
correct the resulting wing heavy condition by the 
use of aileron tab adjustment or by holding a con 

stant lateral control pressure However, this puts 
the aircraft controls in an out of streamline con 
dition and results in a lowered operating efficiency 
Since lateral balance is relatively easy to control and 
longitudinal balance is most critical, further refer 
ence to c g in this handbook will mean longitudinal 
location of mass balance 

The c g is not necessarily a fixed point, its loca 
lion depends on the distribution of items loaded in 
the aircraft A s variable load items are shifted or 
expended, there is a resultant shift in c g location 
The pilot should realize that if the mass center of 
an aircraft ia displaced too far fo rward on the 
longitudinal axis, a nose heavy condition will result 
Conversely/, if the mass center is displaced too far 
aft on the longitudinal axis, a tail heavy condition 
will result (fig i) It is possible that an unfavorable 
location of the c g could produce such an unstable 
condition that the pilot could lose control of the air 
craft In any event, flying an aircraft which is out 
of balance, either in a tail heavy or a nose heavy 
direction, may produce increased pilot fatigue with 
obvious effects on the safety and efficiency of flight 
The pilot's natural correction for longitudinal un 
balance is a change of trim to remove the excessive 
control pressure However, excessive trim has the 
effect of reducing primary control travel in the direc 
tion the trim is applied 

EFFECTS OF ADVERSE BALANCE 
Adverse and abnormal balance conditions affect 

the fly ing ability of an airplane with respect to the 
same flight characteristics as those mentioned for an 
excess weight condition (p 2) In addition, there 



ARE TWO essential airplane attributes which MAR BE 
seriously REDUCED by improper BALANCE, THESE are 
stability and control Loading in a NOSE heavy direc 
tion c a u s e s PROBLEMS in controlling AND raising the 
NOSE, especially during TAKEOFF AND LANDMG Loading 
in a TAD heavy direction has a MOST serious effect 
UPON longitudinal stability EVEN TO THE EXTENT OF n 
ducing THE airplane's ability TO RECOVER FROM stalls 
AND spms 

Limits FOR THE location OF THE aircraft's C g ARE 
established BY THE MANUFACTURER These ARE THE fore 
AND AFT limits BEYOND which THE C g SHOULD NOT be 
LOCATED FOR flight The limits ARE published FOR each 
aircraft in THE FAA Aircraft TYPE Certificate DATA 
SHEETS OR Specifications IF, AFTER LOADMG, the 
C g does NOT FALL within THE allowable limits, it Will 
BE necessary TO shift LOADS BEFORE flight is ATTEMPTED 

THE FORWARD c g limit is OFTEN estabhshed AT A 
location determined BY THE LANDMG characteristics 
OF THE aircraft IT MAY BE possible TO maintain STABLE 
AND safe cruising flight with THE C g ahead OF THE 
prescribed FORWARD limit, BUT since LANDING is one OF 
THE MOST critical PHASES OF flight, THE FORWARD c g 
limit is placed AT a relatively REAR position TO avoid 
DAMAGE TO THE aircraft STRUCTURE WHEN LANDMG ( FIG 
4) 

F i c u b e 4 Forward c g critical o n landing 

A restricted FORWARD C g limit is also specified TO 
ASSURE THAT sufficient elevator deflection is available 
AT minimum airspeed When STRUCTURAL limitations OR 
LARGE stick FORCES DO NOT limit THE FORWARD C g posi 
tion, it is located AT THE position WHERE FULL UP 
ELEVATOR is required TO obtain a high ANGLE OF ATTACK 
FOR LANDMG 

THE AFT c g limit IS THE MOST REARWARD position AT 
which THE c g can BE LOCATED FOR THE MOST cntical 

maneuver o r operation AS t h e C g m o v e s a f t , a l e s s 

S t a b l e condition o c c u r s , which d e c r e a s e s t h e ability 
o f t h e aircraft to right itself a f t e r maneuvering o r 

a f t e r disturbances b y g u s t s (fig 5) 

FICLBE 5 A f l c g c n i i r a l Jn a "tail 

FOR SOME aircraft, THE C g limits, BOTH FORE AND 
ait, M A , B E specified TO vary A S gross weight 
CHANGES They may also be shifted FOR certain opera­
tional procedures, SUCH AS acrobatic flight, retraction 
OF THE LANDMG GEAR, OR THE installation OF special 
LOADS AND devices THAT CHANGE THE flight CHARAC 
tenstics 

THE actual location OF THE C g CAN BE ALTERED BY 
many variable FACTORS-USUALLY UNDER CONTROL OF THE 
pilot PLACEMENT OF BAGGAGE AND CARGO items CAN 
BOTH determine C G AND BE USED TO CONTROL C g IN 
addition, the assignment OF SEATS TO particular PAS­
SENGERS CAN BE USED as A MEANS OF obtaining THE 
MOST FAVORABLE BALANCE (FIG 6) IF the aircraft IS 
tailheflvy it is ONLY logical "HORSE sense" TO PLACE A 
heavy PASSENGER in a FRONT SEAT 

THE loading AND selective USE OF FUEL FROM various 
TANK locations CAN HAVE a decided EFFECT ON aircraft 

ALL P A S S E N G E R S 

MOVE T O T H E F R O N T O F T H E A I R - B U S , PLEASE!! 
F i g u r e 6 If tailheaty, mo\e pa^-enger^ lo front 'eats 
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balance Large aircraft must have fuel loaded in a 
particular manner determined by the total load, and 
then the tanks must be selected i n a sequence that 
will keep the load in balance Swept wing aircraft 
bare special problems along these lines Fuel in 
outboard tanks has a tendency to rotate the aircraft 
in a tail heavy direction and fuel in inboard tanks 
adds to a nose heavy condition (fig 7) The use of 
fuel from swept wing tanks must be carefully man 
aged to keep c g under control 

SHIFTING OF LOOSE CARGO 
The shifting of cargo or baggage during flight can 

result i n several hazards, not the least of which is 
a dangerous balance condition If the c g of an 
aircraft 19 alread) near the forward or aft limit, a 
significant longitudinal shift of cargo may make con 
trol difficult or impossible This hazard is most likely 
to occur in aircraft having cargo poorly secured in 

the main cabin Particular care must be taken to re 
strain this type load with proper tiedovsn devices 

MANAGEMENT OF WEIGHT AND 
BALANCE CONTROL 

Weight and balance control is a matter of serious 
concern to all pilots and to many people on the 
ground who are involved in the support of flight 
The pilot has control over the loading end fuel 
management within established limits for the par 
ticular aircraft The pilot has weight and balance 
information available m the form o f aircraft rec 
ords and operating h a n d b o o k s Loading uiforma 
Hon is also available in the form of placards m 
baggage compartments and on tank caps The air 
craft owner or operator should make certain that 
up to-date information is available in the aircraft 
for the pilot's use 

The owner or operator of the aircraft should in­
sure that maintenance personnel make appropriate 
entries in the aircraft records when repairs or mod, 
fications have been accomplished Weight changes 
must he accounted for and proper notations made m 
weight and balance records Without such notations, 
the pilot has no foundation upon which to base 
calculations and decisions 

The aircraft manufacturer and the FAA (Federal 
Aviation Administration) have major roles in de 
signing and certificating the aircraft with a safe and 
workable means of controlling weight and balance 
If the prototype aircraft has weight and balance con 
trol problems which are potentially dangerous, de­
sign changes are made before the aircraft is type 
certificated 
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Chapter 2 

TERMS AND DEFINITIONS 

Weight x Arm = Moment 

THE STUDENT OF weight AND BALANCE NEEDS TO BE 
familiar with TERMS USED in publications RELATED TO 
man) ASPECTS OF THE subject THESE TERMS ARE fairly 
well STANDARDIZED, however, TERMS RELATED TO GENERAL 
aviation aircraft DO NOT always apply TO air earner 
aircraft WHERE THERE is a difference, THE following 
definitions will indicate TO which TYPE OF aircraft 
THE TERM applies 

1. A R M ( m o m e n t arm)—is THE horizontal 
distance m inches FROM THE REFERENCE DATUM 
line TO THE CENTER OF gravity OF THE item THE 
algebraic sign is PLUS ( + ) if MEASURED AFT 
OF THE DATUM, AND minus T — ) if MEASURED 
FORWARD OF THE DATUM 

2 . CENTER OF gravity (e.g.)—is THE point 
ABOUT which an aircraft WOULD BALANCE if it 
WERE possible TO SUSPEND it AT that point IT 
19 THE mass CENTER OF THE aircraft, OR THE 
theoretical point AT which THE entire weight 
OF THE aircraft IS ASSUMED TO BE CONCENTRATED 
IT MAY BE EXPRESSED in PERCENT OF M A C 
(MEAN aerodynamic CHORD) OR in inches"from 

REFERENCE DATUM 
3. Center of gravity limits—are the specified 

FORWARD AND AFT OR LATERAL points BEYOND 
which THE EG MUST NOT HE LOCATED during 

takeofl, flight O R landing These limits ARE 
indicated ON pertinent F A A aircraft TYPE 
certificate D A T A sheets, specifications, O R 
weight AND BALANCE RECORDS, AND MEET THE RE 
quirements OF FEDERAL Av lation Regulations 

4 Center OF gravity, ran^e—is THE distance 
BETWEEN THE forward and AFT EG limits in 
dicated o N pertinent aircraft specifications 

5' DATUM (REFERENCE datum)—is AN imagi 
NARY vertical PLANE OR line FROM which ALL 

OF ARM ARE TAKEN THE DATUM 
IS established BY THE MANUFACTURER ONCE THE 
DATUM HAS BEEN SELECTED, ALL MOMENT ARMS 
AND the location OF permissible c G RANGE 
MUST BE TAKEN with REFERENCE TO THAT point 

6 Delta—is a GREEK letter EXPRESSED by THE 
SYMBOL & IT ig USED in WEIGHT AND BALANCE 
calculations, AS well AS in OTHER FORMS OF 
mathematics, TO indicate a CHANGE OF VALUES 
As an EXAMPLE, A C g indicates A CHANGE (OR 
MOVEMENT) OF THE C g 

7 FUEL load—is THE EXPENDABLE PART OF THE 
LOAD OF THE aircraft IT includes ONLY USABLE 
FUEL, NOT FUEL required TO FILL THE lines OR THAT 
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C G R A N G E 

I AFT L I M I T 

D A T U M 

J 
13 

S T A 0 S T A 50 

FH l r e R Def in i t ion ' s 

w h i c h remains TRAPPED i n THE tank sumps 
8 LEMAC—-is THE leading EDGE OF THE MEAN 

aerody namic CHORD 
9. Moment-—is THE PRODUCT OF THE weight OF an 

item multiplied BY its ARM MOMENTA are ex 
PRESSED in POUND inches (LB in ) OR inch 
POUNDS TOTAL MOMENT is THE weight OF the 
aircraft multiplied BY THE distance BETWEEN 
THE DATUM AND THE c g 

I 0 MOMENT index (OR index)—is A MOMENT 
divided BY A constant SUCH AS 100, 1,000, or 
10,000 THE PURPOSE OF using A MOMENT i n 
DEX is TO simplify weight AND BALANCE CAM 
putations OF LARGE aircraft WHERE heavy items 
AND LONG arms RESULT in LARGE, unmanageable 
NUMBERS 

II Mean aerodynamic chord (MAC)— is the 
average distance FROM THE leading EDGE TO THE 
trailing EDGE OF THE wing T H E MAC is 
specified FOR THE AIRCRAFT by determining THE 
average CHORD OF AN imaginary wing which 
HAS THE SAME aerodynamic characteristics AS 
THE ACTUAL wing 

12. Reduction factor—is THE CONSTANT whirh 
when divided into A MOMENT RESULTS m AN 
index Reduction FACTORS OF 100, 1,000, OR 

10,000 are USED TO simplify weight AND bal 
ance calculation processes 
STANDARD weights—ha\e been (.stabhshed 
FOR numerous items involved in weight AND 
balance computations THESE weights are not 
to be used in lieu of available actual weight*. 
Standard passenger weights should not be 
used in computing the weight and balance 
of charter flights and other special services 
involving the carnage of special groups, e g , 
athletic groups, small foreign nationals, etc 
Some of the standard weights are 

G e n e r a l a u a t i o n — < r e ^ 

a n d p a s s e n p e r 17(1 Hi 

A i r l a m e r — — e n ^ ^ i 

( ^ u r n m e r l 160 Ui 

\ i r c u r r i e r — p a ^ - e n ^ e i 

I w i n t e r 1 1 6 5 lb 

\n e a r n e r — m a l e 

c a b i n a t t e n d a n t ISO II) 

A i r c a r r i e r — f e m i i l i 

i a b \ n a t i e n d a n i 1 % Hi 

A i r i a r n e r — a l l o i t i i i 

t rf w m e m b e r s 

A i r i a r m r 

tappajie 

G a s o l i n e 

O i l 

H a t e r 

J« t f u e l 

i a r r } o n 

1 7 0 l b 

5 l b 

6 l b / L b p a l 

7 5 l b U S g a t 

S .35 l b / L S g a l 

6 7 l b p a l 
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14 Station—is A location i n THE aircraft which 
IS identified BY A N U M B E R designating ITS 
distance i n inches FROM THE DATUM The 
DATUM is, THEREFORE, identified AS station zero 
THE station AND arm ARE USUALLY identical 
AN item LOCATED AT station + 5 0 would HAVE 
an arm of 50 inches 

15. Useful load—is THE weight of THE pilot, CO 
pilot, PASSENGERS, BAGGAGE, USABLE FUEL AND 
drainable oil IT is THE emptv weight SUB 
tracted FROM THE maximum ALLOWABLE takeoff 
weight This TERM applies TO general aviation 
AIRCRAFT ONLY 

16 Weight, basic operating—is THR weight OF 
THE aircraft, including the c r e w READ, FOR 
flight BUT without PAYLOAD AND FUEL This, 
TERM is ONLY applicable TO TRANSPORT aircraft 

17 Weight, empty—consists OF THE airframe, 
engines, AND ALL items OF operating equipment 
THAT HAVE FIXED locations AND are PERMANENTLY 
installed M THE aircraft IT includes optional 
AND special equipment, FIXED BALLAST hvdrau 
he fluid A N D UNDRAINABLE (residual) FUEL 
AND oil When ori is used FOR PROPELLER 
feathering such oil IS INCLUDED as residual 
oil 

18. Weight, maximum landing—is THE max] 
MUM weight AT which THE aircraft MAY NOR 
mallv HE LANDED T H E maximum landing 
weight MAY BE limited TO A LESSER weight 
W H E N mmvav length OR atmospheric condi 
tions are adverse 

19. Weight, maximum takeoff—is THE maxi 
MUM ALLOWABLE weight AT THE START OF THE 
TAKEOFF RUN SOME aircraft are a p p r o v ed FOR 
loading TO a GRATER weight (RAMP or t a x i ) 

ONLY TO ALLOW FOR FUEL burnoff during GROUND 
operation THE TAKEOFF weight FOR a P A R 

ticular flight M A Y HE l i m i t e d TO A lesser 
weight WHEN RUNWAY LENGTH, atmospheric 
c o n d i t i o n s OR OTHER v a r i a b l e s a r e adverse 

20 Weight, maximum allowable zero fuel-
is THE maximum weight authorized FOR THE 
aircraft NOT including FUEL LOAD ZERO FUEL 
weight FOR EACH particular flight is THE operat 
ing weight PLUS THE PAYLOAD 

21 Weight, ramp or taxi—is THE m a x i m u m 

TAKEOFF GROSS weight plus fuel TO BE BURNED 
DURMG taxi AND runup 



AIRCRAFT WEIGHT NOMENCLATURE 
(Transport Aircraft) 

Term 

EMPTY weight 

+ Operating items 

= Basic operating weight 

+ PAYLOAD 
= ZERO fuel weight 

+ ruel LOAD 
= RAMP or taxi weight 

— RAMP FUEL 
= TAKEOFF weight 

*- FUEL USED 
= Landing weight 

EMPTY weight 

+ USEFUL LOAD 

= TAKEOFF weight 

FUEL USED 

= Landing weight 

Example (pounds) 
65 000 

5,000 

70,000 
20 000 

90,000 

31000 

121000" 
1,000 

120 000 
20,000 

Noles 

INCLUDES Basic structure, hydraulic fluid, air conditioning 
fluid AND residual fuel AND oil 

INCLUDES Crew crew LUGGAGE, oil, water, ALCOHOL, AND 
NORMAL PASSENGER service equipment 

INCLUDES Passengers, BAGGAGE, AND CARGO 

INCLUDES ALL USABLE FUEL 

INCLUDES FUEL USED prior TO takeoff 

INCLUDES FUEL BURNED OR DUMPED 

(GENERAL Aviation Aircraft) 

2,905 

1,695 

4 , 6 0 0 

460 

4,140 

INCLUDES Airframe, engines, ALL FIXED AND PERMANENT 
operating equipment, AND residual fuel AND oil 

INCLUDES Pilot, copilot, PASSENGERS, BAGGAGE, FUEL, AND 
oil 

INCLUDES FUEL BURNED 

NOTE—The weights above are used for illustration only The actual values will vary for earn aircraft and each flight 

Y 



Chapter 3 

EMPTY WEIGHT CENTER OF GRAVITY 

Weighing aircraft with a c c u r a t e l y calibrated 
scales is the onh sure method of obtaining an ac 
curate empty weight and c g location The use of 
weight and balance records jn accounting for and 
correcting the aircraft weight and balance location 
is reliable over certain periods o f time O v e r ex 
tended intervals, however, unknown service weight 
pickup and other factors will render the basic weight 
and C g data inaccurate For this reason, periodic 
aircraft weighings are desirable Aircraft may also 
be weighed when major modifications or repairs are 
made, when the pilot reports unsatisfactory flight 
characteristics such as nose or tail heaviness, and 
when recorded weight and ba l ance data are sus 
pected to be in error The pilot or owner may never 
actually weigh an aircraft but he should he aware of 
the general procedure and requirements 

WEIGHING EQUIPMENT 
The type of equipment which is used to weigh 

aircraft will vary with t h e aircraft Size Light air­

craft ma) be weighed on commercial type platform 
s c a l e s Large aircraft a re u s u a l l y weighed with 
electronic weighing sets (fig 9) In any c a se , the 
individual scale or the electronic cell should hare a 
capacity rating suitable for the Size of the aircraft— 
for instance, three sca les with 5,000 lb ratings 
would be suitable to weigh a 10,000 lb aircraft 
while an electronic cell set with cells of 50,000 lb 
capacity would be needed for a 100,000 lb aircraft 
Only weighing equipment that is maintained and 
calibrated to acceptable standards should be used 
to weigh aircraft 

Jacks are ordinarily used for leveling an aircraft 
Care should be taken to use lacks of sufficient 
capacity and extension for the particular aircraft 
Adapters for jack points or blocks for wheels are 
necessary to prevent the aircraft from moving or fall 
ing when it has been raised off the ground Accurate 
spirit levels are used to assure that the aircraft is 
in a level position Large aircraft are often checked 
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F r o i H L 0 F l c i t r o n i c w eif_hinp kit 

FOR level by the use OF A surveyors transit PLUMB 
bobs straight edges AND chalk lmes ARE some other 
items o F auxiliary equipment u s e d during T H e 

PROCESS 
WEIGHING PROCEDURE 

THE aircraft should be weighed in accordance with 
instructions in THE manufacturers' manuals or other 
pertinent technical dala Tvpical procedures include 

a THE aircraft should be cleaned inside A N D OUT 
b THE aircraft equipmt nt should be checked 

against THE equipment list stction OF THE weight 
AND balance record (fig 21) This list should 
have been updated TO account FOR ALL equip 
ment changes made after THE HST was initially 
established BY THE manufacturer ALL items 
which are NOT include das fixed equipment ON 
THE updated list should be removed FOR THE 
empty weight check 

c TUEL tanks should be drained in accordance 
with the manufacturer's instructions IN lieu 
OF specific instructions, T H e tanks c a n be 
drained until the tank quantity gauges READ 
'zero" or empty in level flight attitude THE 
amount OF FUEL remaining in THE tanks, lines 
and engines is termed "residual FUEL" AND it is 
TO be included in THE impty weight IN certain 
cases, it may not be feasible to DRAM THE FUEL 
tanks, IF this is so, FILL THE tanks TO capacity 
THE weight OF THT FUEL in THE tanks should THEN 
be calculated AND later subtracted FROM the, 
TOTAL weight TO obtain the empty weight 

d Unless otherwise noted in the aircraft specifi 
cation, THE oil system should be completely 

THROUGH THE NORMAL DRAM PORTS UN 
DRR these condition1!, THE AMOUNT OF oil ri 
maining in THE TANKS, hncs, AND engine i s 
1( rmr-d "residual oil" AND it will be included 
in T H E uiipty weight When the aircraft is 
weighed without draining the oil, THE TANKS 
should HI FILLED TO capacity TIN oil weight CAN 
ihen b( CALCULATED AT A STANDARD weight OF 7 5 
LB« /gal 
Reservoirs OR tank*- containing hvdraulic Huid 
anti icing (HUD A N D othir liquids which a n 
(onsidered PART OF the empty weight should HI 
FILLED TO capacity 
Generally all aircraft A R E weighed -n A lev el 
position This mtair« t H R aircraft is placed ILL 
an altitude i n WHICH it> longitudinal A N D 
LATERAL ART parallel LO A horizontal surfau 
leveling devices '•UCH AS leveling LUGS AND 
jig located brackets AND PLATES havt been accu 
rately installed ON T H E aircraft by THE manu 
facturer TO facilitate the livelmg PROCEDURE 
THE METHODS used TO levtl <=P(.OFK aircraft 
VARV with THE TYPE OF aireraft AND THE leveling 
instructions provided by THE MANUFACTURER 
1 JACKS which are USED FOR leveling SHOULD 

never be employed on T H E uireraft other 
than al T H E specified jacking points I F 
Wing AND FUSELAGE jacks ARE u^ed to LEVEL 
THE aircraft it may HE necessary TO prevent 
THE GEAR SHOCK STRUTS FROM extending WHEN 
the aircraft is raised THE MANUFACTURER'S 
instructions will indicate the appropriate 
PROCEDURES M this case 

2 During THE leveling PROCEDURE, extreme 
care SHOULD BE exercised TO avoid sidt 
LOADS WHICH MA\ CAUSE THE aircraft TO slip 
OFF ihe JACKS When Taising THE aircraft 
with two wing or two main landing gear 
jacks THE) SHOULD HE ACTUATED simultanf 
ouslv in ORDER to maintain THE aircraft in D 
laterally level ATTITUDE General instructions 
FOR various TYPES OF aircraft ARE AS FOLLOWS 
(a) hose wheel oleo struts or tires may be 

INFLATED or deflated TO LEVEL THE air 
CRAFT THEY mav ALSO be USED TO obtain 
AN approximately level position PRIOR 
TO jacking THE AIRCRAFT 

(b) A hoist or jack SHOULD BE imployed 
TO level tail wheel AIRCRAFT when the 
aircraft i s TO" heavy TO raise the TAD 
manually 

(c) iWmallv, the SMALLER tvpe OF rotary 
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Wing aircraft incorporating skids 
REST in approximately LEVEL position 
LARGER ROTARY wing AIRCRAFT with "LEO 
STRUTS may BE PLACED in THE level 
position BV inflating OR deflating THE 
STRUTS 

(d) A FLOAT PLANE MAY BE weighed bv 
placing THE floats ON FOUR SCALES with 
suitable BLOCKS TO obtain CONCENTRATED 
reaction points CARE must BE TAKEN 
TO PREVENT DAMAGE TO THE BOATS FROM 
this concentrated loading Ordinar 
ILY5 THE NORMAL LANDPLANE leveling 
points ARE USED THE floats ARE NOT 
necessarily LEVEL Amphibians CAN BE 
.weighed with THE LANDMG gear DOWN 
AND on THE SCALPS 

ONCE THE aircraft IS IN THE level position, it IS 
NECESSARY TO MEASURE AND RECORD dimensions 
THREE horizontal dimensions NEED TO BE meas 
ured TO determine THE horizontal location OF 
THE c g OF THE aircraft as weighed IN SOME 
CASES, THESE dimensions CAN BE obtained FROM 
aircraft RECORDS WHEN THE landing GEAR WHEELS 
ARE USED AS weighing (reaction) points, THE 
THREE dimensions TO BE determined ARE AS fol 
LOWS (see FIG 10) 

1 THE horizontal DISTANCE FROM THE REFERENCE 
DATUM TO some known jig point This di 
mension, FOR SMALL aircraft, is usually ZERO 
BECAUSE THE REFERENCE DATUM is AN easily 
identified location, SUCH AS THE firewall "i 
wing leading EDGE IT is particularly im 
portant TO determine SUCH a dimension if 
THE DATUM is LOCATED AHEAD OF THE nose OF 
THE aircraft 

2 THE distance FROM THE jig point TO a LATERAL 
line passing THROUGH THE main GEAR reac 
tion points This MEASUREMENT SHOULD BE 
MADE along A line which IS PARALLEL TO THE 
longitudinal axis OF THE aircraft 

3 THE WHEEL BASE 'i DISTANCE BETWEEN THE 
maill AND FORWARD OR AFT reaction POMTS 

Measuring THESE distances CAN BE accomplished 
by projecting THE required points TO THE HANGAR BOOR 
TO PROJECT THE jig point TO THE HANGAR FLOOR, A PLUMB 
BOB may HE SUSPENDED FROM THE CENTER OF THE Jig 
point SO THAT THE PLUMB BOB is approximately ONE 
HALF inch ABOVE THE FLOOR ^ HEN THE swing OF THE 
BOB DAMPENS, a cros9 MARK is MADE ON THE FLOOR 
directly UNDER THE tip OF THE plumb BOB THE main 
REACT,"" POMTS ARE projected TO THE FLOOR in THE SAME 
MANNER AFTER marking THE CROSSES FOR THE two main 
GEAR POMTS, a CHALKED siring is STRETCHED BETWEEN 
THEM THE string is THEN SNAPPED TO THE FLOOR, leaving 
A CLEAR straight chalkline between THE main reaction 
POMTS THE nose OR tail reaction point 13 projected TO 
THE HANGAR FLOOR in A similar MANNER (FIG IO) 

AFTER THESE POMTS ARE PROJECTED TO THE floor it is 
a simple MATTER TO MEASURE THE required dimensions 
W HEN measuring THESE distances, it 19 necessary that 
the TAPE BE PARALLEL TO THE centerline OF THE aircraft 
Measurements made FROM THE main reaction points 
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ARE TAKEN perpendicular TO THE chalkhne joining 
THESE TWO points When fuselage AND wing jack 
points arc USED as reaction points in weighing T H E 
aircraft, it is unnecessary TO MEASURE dimensions 
These points will remain FIXED AND their moment 
arms MAY BE lound in RHE aircraft RECORDS CARE 
MUST BE TAKEN TO USE THE fixed reaction points in 
dicated in THE RECORDS FOR the particular AIRCRAFT 
BEING MEASURED Because OF manufacturing toler 
ance« AND minor modt I chanjzt • tin fixed reaction 
pointi arc NOT necc-«arih idtntical FOR ALL aircraft OF 
a particular h pc 

\vcighing PROCEDURES may vary with the aircraft 
AND THE type OF weighing equipment employed The 
wi ighmg procedures contained l n THE manufacturers' 
MANUALS should be FOLLOWED FOR EACH particular air 
CRAFT THE following GENERAL instructions illustrate a 
COMMON METHOD AND SOME OF THE t)pical precautions 
(see fig 11) 

a Aircraft are weighed in CLOSED hangars TO 
avoid vibrations OR HFT FORCES which WOULD 
otherwise be CAUSED BY air flowing oyer the 
lifting surfaces S U C H vibrations or aerody 
namic FORCES WOULD RESULT i n fluctuating SCALE 
readings AND increase THE possibility OF error 

b THE aircraft MUST BE DRY BEFORE it IS weighed 
AN AIRCRAFT SHOULD NEVER BE weighed IMMEDI 
atelv AFTER it HAS betn WASHED 

c T H E aircraft should BE weighed i n the level 
attitude IF THE main WHEELS are USED AS reac 
tion points THE BRAKES SHOULD NOT BE s e t -
resultant side LOADS ON THE SCALES OR weighing 
units MAY CAUSE erroneous readings 

d THE aircraft SHOULD BE raised simultaneously 
ON ALL reaction points, especially WHEN using 
electronic weighing equipment Uhen THE air 
CRAFT is SUPPORTED AT THE weighing reaction 
points only, AND is in THE LEVEL position, scale 
READINGS MAY BE OBTAMED (FIG 11) 

e Several readings are TAKEN FOR EACH reaction 
point AND the average reading is entered ON 
THE aircraft weighing FORM 

f BEFORE THE aircraft 15 lowered, it is necessary 
TO MAKE certain THAT ALL necessary MEASURE 
rnents AND SCALE readings HARE been OBTAMED 
AND RECORDED THE scales OR cells SHOULD HE 
rechecked FOR ERRORS AND COMPARED TO the rah 
bration ERRORS RECORDED before the weighing 
PROCESS Appropriate calibration corrections OR 
re weighing MAY THEN BE necessary 

g W H E N DATA FOR comparison is available, an 
ATTEMPT SHOULD BE MADE TO verify THE RESULTS 
OBTAMED FROM EACH weighing Verification 
may BE MADE BY comparing RESULTS with A 
previous weighing OF AN aircraft OF THE SAME 
MODEL 

FINDING CENIER OF GRAVITY 
AFTER THR necessary dimensions AND weights HAVE 

been obtained, THE empty weight AND THE EMPTY C g 
RAN BE calculated Empty weight is THE TOTAL 0f THE 
THREE SCAK readings after subtracting THE weight 
OF TARE items plus OR minus calibration ERRORS This 
weight IS important FOR SUBSEQUENT calculation OF 
maximum weight AND ALSO is a necessary FACTOR m 
THE determination OF c g 

Centtr O F gravity computations may B E accom 
phshed by several methods Fundamentally, THE c g 
is THE point AT which ALL THE weights OF THE aircraft 
CAN BE considered TO be CONCENTRATED THE average 
LOCATION OF THE weights CAN therefore, BE OBTAMED 
by dividing THE TOTAL mommts (wt X ARM) by THE 
TOTAL weight THE PROCESS THEN involves multiplying 
EACH measured weight bv its arm TO obtain a MOMENT 
AND adding THE moments 
Example I 

If eight (lb jArm (in ) Moment (lb -in j Right wheel 564 3 1,692 
LEFT WHEEL 565 3 1,695 
REAR WHEEL 225 9,000 

TOTAL 1.169 12,387 

12,387 
0 6 9 ~ 10 6 in AFT OF DATUM 

EXTRA care MUST BE TAKEN in THESE TYPES OF EMPTY 
weight calculations if ONE or MORE OF THE arms is 
LOCATED AHEAD OF THE DATUM IN this event, THE 
algebraic sign OF THE ARM and moment will be nega 
TIVE IT SHOULD BE remembered THAT a positive NUMBER 
(THE weight) times A negative NUMBER (tne ARM) 
RESULTS in a negative NUMBER (THE MOMENT) FOL 
lowing THE multiplication STEP, additional care MUST 
BE taken when adding WHEEL moments TO obtain TOTAL 
MOMENTS and WHEN dividing TOTAL MOMENTS BY TOTAL 
weight TO obtain C g IN ALL THESE mathematical OPERA 
tions, THE significance OF THE algebraic sign must BE 
OBSERVED 

The C g CAN ALSO BE obtained by THE use OF A 
FORMULA 
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N O S E W H E E L T Y P E AIRCRAFT 
D A T U M LOCATED FORWARD OF 
THE MAIN WFFEELS 

C G 

NOSE W H E E L TYPE AIRCRAFT 
D A T U M LOCATED AFT OF 
THE M A I \ WHEELS 

C G 

. DATUM 

TAIL W H E E L T Y P E AIRCRAFT 
D A T U M LOCATED FORWARD OF 
THE M A I N W H E E L S 

C G 
/ R x L \ 

TAIL W H E E L TYPE AIRCRAFT 
D A T U M LOCATED AFT OF 
THE M A I N W H E E L S 

C G 
/ R x L \ 

= - D + V 

C G = Distance from datum to center of gravity of the aircraft 

W = The weight of the aircraft at the time of weighing 

D = The horizon tal durance measured from the datum to the mam wheel weighing point 

L = The horizontal distance measured from the main wheel weighing point to the nose or 

tad weighing point 

F = The weight at the nose weighing point 

R = The weight at the tall weighing point 

F l c D M 12 E m p t j n e i g h ) r p f o r m u l a s 

This FORMULA and OTHERS which are APPHCABLE TO 
nose WHEEL aircraft AND THOSE with THE DATUM LOCATED 
in AN aft position are SHOWN in figure 1 2 , TOGETHER 
with definitions OF THE SYMBOLS involved TBE USE OF 
THESE FORMULAS simplifies THE calculations in SEVERAL 
ways IN EFFECT, THE DATUM is mathematically MOVED 
TO THE mam gear BY this PROCESS, RESULTING in rela 
LIVELY SMALL MOMENTS which a r e easy TO HANDLE i n 
WEIGHT AND BALANCE calculations A major BENEFIT OF 
'HE USE OF THESE FORMULAS is THE elimination OF multl 
plication STEPS THAT involve negative arms a n d nega 
tive m o m e n t s 

A solution TO THE PROBLEM in EXAMPLE 1 BY USE OF 
THE C G FORMULA i s SHOWN in FIGURE 1 3 The answer 

IS THE SAME BUT THE PROCESS is SOMEWHAT simplified 
BECAUSE THE STEP OF multiplication OF EACH weight AND 
a r m has been eliminated T H E solution shown in 
figure 1 3 SHOWS HOW THE i n f o r m a t i o n i s entered i n 

THE EMPTY weight c g PART OF A weight AND BALANCE 
REPORT form 

An aeronautical COMPUTER (FIG 1 4 ) CAN HE USED 
TO FURTHER simplify THE PROBLEM WHEN THE FORMULA 13 
converted into A proportion FORM 

Example 2 
The computer solution (7 6 in ) is THEN ADDED to THE 
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T O FIND E M P T Y W E I G H T A N D E M P T Y W E I G H T C E N T E R O F 
GRAVITY 

G W E N Datum is the leading edge of the wing 

D, Measured distance from main wheel to datum = 3' 

L, Measured distance from mam to tail wheel = 222" 

SOLVING E M P T Y W E I G H T 

SOLVING EMPTY W E I G H T C E N T E H O F GRAVITY 
R x L 

= 3 + (40 X 222/ 1169) 

- 3 + 7 6 

= 106" 

F I G I R E 13 Empty weight and e m p H weight c p 
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arm of the main wheel* H in 1 to obtain the e g 
location (10 6 in ) aft of (latum 

PERCENT OF MEAN AERODYNAMIC 
CHORD (MAC) 

Expression of tbe { g nlative t o the MAC IS a 
common practice The c g poiitton is expressed a s a 
r/c MAC (percent of the mean aerodynamic diordj 
and the c g limits arc expressed in the samt manner 
I fig 1 5 ) 

Thr relative positions of the e g and the aero 
dynamic center or center o f lift of the wing have 
critical effects on the flight characteristics of the air 
craft Consequently, relating the c g location 10 ihi 
chord of the wing is convenient from a design and 

MAC - 80" 

F I G U R E 15 P e r c e n t o f m e a n a e r o d j n a m i c c h o r d 

operations standpoint Normally, a n aircraft will 
have acceptable flight characteristics i f tbe C g is 
located somewhere near the 25% average chord 
pomt This means the c g i s located one fourth 
of the total distance back from the leading edge of 
the average wing section S u c h a location will 
place the c g forward of the aerodynamic center 
for most airfoils 

The mean aerodynamic chord is estahbshed by 
the manufacturer I f the wing is not swept and 
has a constant chord , the straight line distance 
from leadmg e d g e to trailing edge ( the chord) 
would also be the MAC However, if the wing is 
swept or tapered, the mean aerodynamic chord is 
more complicated to define, and the manufacturer's 
description IS the only reliable description for weight 
and balance purposes The MAC can fjf defined 
as the "chord o f an imaginary airfod which has 
the same aerodynamic characteristics as the actual 
airfoil " 

In summary, the M4.C is established h, the manu 
fac tum who df fines its leading e d g e (LEM4C) 
and its trailing tdge in terms of inches from datum 
The c g location and various limits are then e\ 
pressed tn percentages of the MAC The following 
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are typical computations to use in finding the c g 
location in relation to MAC 

Example 3 
Given 

MAC—Sta 100 to Sta 250 
e g — S t a U0 

Find c g in rc ^\\£ 

Solution 
1 MAC = 2 5 0 - 1 0 0 = 150 in 

2 Distance of c gfrom LEMAC = 1 3 0 - 1 0 0 = 
30 in 

3 e g in ^ M A C 
_ Distance of c g from LEMAC 

M A C 
AO 

= 150 = 2 Q ( / c M A C 

Use the following method to coin i rt locations ex 
pressed in c/c MAC t o locations evpressed m inches 
from datum 
tram pit 4 

Given 
M A C — 1 7 0 in 

L.FMAC—Sta 500 
c g —27 5<7 M A C 

Find c g in inches from datum 
Solution 

1 M A C X ^ MAC — inrhi s alt of LI MAC 
1 7 0 X 275=4f i 75 in 

2 LEMAC + 46 7 5 - - . g aft of datum 
5 0 0 - 4 6 75 = 5 Id 75 in 

Proportion formula- RAN b< n idih adaptt d to the 
conversion of r/c MAC lo ITHIU - from datum 

A typical problem -oh id In tin use of a propor 
tion formula follow* 

Example 5 
G m n 

20 2 180 
cc" in % MAC 100 

2 Cro^s multiplv 
180 eg in M\C = 2020 

3 Divide b o t h sides ol thi equation bv 180 

4 e g in c/c M A C = 1 1 2 % 
NOTE—Steps 2 and i can be eliminated bv t h t 

use of an aeronautical computer to solve the propor 
tion in step 1 (fig 16) 

\yith the use of the proportion formula presented 
above, tlu expression o f a location can be easily 
changed from ^ MAC to "inches from datum " The 
following example illustrates a tvpical problem with 
a computer solution 

Example 6 
Giv en 

c g — 2 0 # MAC 
M A C - 1 7 5 in 

L E M A C - S t a 380 
Find c g in inches from datum 
Solution 

1 Set up thr proportion on the computer (fig 
17) 

2 4dd to LEMAC 
380 + 35=415 0 m 

NOTT —It is easy to check the computer solution 
(fig 1 7 ) bv arithmetical means T h e arithmetical 
solution IS 

1 MACX% MAC 
175X 20 = 35 0 in (c g aft of LEMAC) 

F A A written tests often make use of a graphic 
presentation of the information needed to solve cen 
ter of gravity problems (fig 18) The following is a 
tvpical (\jmpU which combines some of the prm 
(iplr- i \plainrd in this chapter 

Example 7 
G m t i The aircraft m figure 18 W J S wiighed in 

iht i mptv weight condition and w I- found to 
liav i the follow ins; it uhnr- at tin three scales 

Pounds 
V I M w h u l wtight 20,500 
Kight wheel weight 70,000 
I tft wheel wtight 70,500 

I mil Th< t g location expressed in c/c MAC 
S>hilion 

1 1 ind c g in inches from datum using pro 
portion formula 

Tsose wheel weight 
Total weight 

Distanee from MAIN wheel to c g 
Distance between main and nose wheels 

20 500 DI*tanrp from main wheel to t g 
161,000 ~~ 480m 

= 6 1 1 IN 
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SETUP THESE NUMBERS 
_L80_ 
100 

READ ANSWER O N INNER S C A L E 

2 0 2 = 1 1 2 % 

NOTE 

O U T E R S C A L E = I N C H E S F R O M L E M A C 

I N N E R S C A L E = 5EMAC 

F l < i M 16 U w u w r ^ l u u o n - r p in parent MAC 

SETUP THESE NUMBERS 
175 
15b 

READ A N S W E R O N O U T E R SCALE 
C G AFT L E M A C _ W 

20 



D A T U M 

MAC 

L J 

j j LLLLLLLLkLLLCLLLUULLLLLLLLL L L L L L L L U kkiJ 7 7 ^ 3 = 

0" 
i 

1 2 0 " 6 0 0 " 

F i g u r e 18 L a r g e a i r p l a n e w e i g h t a n d b a l a n c e c a l c u l a t i o n d i a g r a m 

2 600 0-61 1 = 538 9 m a f t o f d a t u m 

} 538 9-500 = 3 8 9 i n a f t o f L E M \ C 

1 C o n v e r t t o <> MAC BY u s i n g t h e p r o p o r t i o n 

formula ( s e t e x a m p l e 5) 
38 9 M 190 
% M A C ~ 100% 

Example 
Given THT aircraft ILLUSTRATED i n FIGURE 18 HAS its 

forward C G LIMIT 'OCATED AT 12 M\C and its 
rearward C G LIMIT LOCATED at 3 2 ^ M\C 

Find What ARE THE c G LIMITS OF THIS AIRCRAFT IN 
inches FROM datum' 

Solution 
1 M u l t i p l y \ H ( t l m e <- t h e GIVEN p e r c e n t a g e s 

(M de r LMAL FORM 
190X 12 = 228 in 
190X 2̂ = 60 8 M 

2 KM to m i \ c 

FORWARD LIMIT 1500^22 8) =522 8 M AFT OF 
DATUM 

\FT limit (500 + 60 8) =560 8 M AFT OF DATUM 
A I R C R A F T M O D I F I C A T I O N S 

AFTER alteration OF AN aircraft OR AFTER THE REMOVAL 
OR installation OF equipment it is NECESSARY TO e s tab 
lish THAT THE authorized weight AND c G limits as 
SHOWN ON THE FAA aircraft TYPE certificate DATA 
SHEET OR specification ARE NOT EXCEEDED WHEN the 
aircraft is PROPERLY LOADED The OWNER ahodd 
assure THAT THIS determination HAS been MADE AND 
THAT THE repair AGENCY has ENTERED appropriate 
CHANGES in THE weight AND BALANCE RECORDS OF THE 
aircraft IF equipment alterations are MADE with 
out preparation of weight AND BALANCE RECORDS, ALL 

LATIONS AND ETHICAL PRACTICES BY THE OWNER AND re 
PAIR AGENCY IS ESSENTIAL 

THE ORIGINAL BASIS FOR WEIGHT AND BALANCE CALCU 
LATIONS PERTAINING TO ALTERATIONS OF THE AIRCRAFT ARE 
THE F A A AIRCRAFT TYPE CERTIFICATE DATA SHEETS OR 
SPECIFICATIONS THE, PROVIDE THE ESSENTIALS FOR CAL­
CULATION OF C G CHANGES DUE TO AIRCRAFT MODIFIED 
LIONS WEIGHTS ARMS, A N D LIMITATIONS THESE ESSEN 
TIALS ARE ILLUSTRATED IN THE EXCERPTS FROM A TYPICAL 
FAA AIRCRAFT TYPE CERTIFICATE DATA SHEET SHOWN IN 
FIGURE 19 IT SHOULD HE NOTED THAT ALL DETAILS listed 
IN THE TYPE CERTIFICATE DATA SHEET MAY NOT BE APPRO 
PNATE FOR AN AIRCRAFT WHICH HAS BEEN MODIFIED 

T H R MANUFACTURER 19 REQUIRED T O PROVIDE DOCU 
m c n t s WHICH SHOW THE CERTIFICATED EMPTY WEIGHT AND 
C G FOR EACH n e w AIRCRAFT THIS WEIGHT AND BALANCE 
DATA MAY ALSO INCLUDE A SCHEMATIC DIAGRAM WHICH 
ILLUSTRATES THE FIXED DIMENSIONS FOR ALL AIRCRAFT OF THE 
PARTICULAR MODEL (SEE FIG 20) THE CONTINUED VALID 
LTY OF WEIGHT AND BALANCE RECORDS DURING THE LIFE OF 
THE AIRCRAFT DEPENDS UPON THE MAINTENANCE OF a 
s e r i e s OF SIMILAR DOCUMENTS WHICH SHOW THE CATCUTA 
TIONS FOR EACH SUCCESSIVE WEIGHT c h a n g e THIS s e r i e s 

OF DOCUMENTS STARTS WITH THE MANUFACTURER'S DATA 
AND CONTINUES IN CHRONOLOGICAL ORDER TO THE LATEST 
WEIGHT AND BALANCE REPORT W H E N A NEW WEIGHT 
"ND BALANCE REPORT IS PREPARED FOR AN AIRCRAFT THE 
PREVIOUS REPORT SHOULD BE MARKED SUPERSEDED AND 
REFERENCE THE DATE OF THE NEW DOCUMENT THIS 
WOULD PRECLUDE THE NECESSITY TO SEARCH FOR THE CUR 
RENT REPORT 

DATA PREPARED BY THE REPAIR AGENCY FOR EACH 
MODIFICATION SHOULD INDICATE THAT THE m a x i m u m 

WEIGHT OF t h e AIRCRAFT WILL HE WITHIN THE m a x i m u m 

ALLOWABLE WEIGHT WITH ANTICIPATED LOADS THE N EW 
CMPTV WEIGHT IS DERIVED F R O M THE EMPTY WEIGHT 
RECORDED ON THR MOST RECENT WEIGHT NND BALANCE RE 
PORT PLUS THE WEIGHT OF THE ITEMS ADDED MINUS THE 

subsequent calculations B Y operating personnt*eight OF ITEMS removed W HEN LOAD items ARE ADDED 
would HE IN error THE EFFECT OF weight AND balance TO this NEW empty weight, THE TOTAL weight CAN BE 
calculation errors upon t h e SAFETY OF flight is po COMPARED TO THE LIMIT LISTED in THE a i r c r a f t specif! 
tentially tragic, THEREFORE, strict ADHERENCE TO r e g u cations 
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I T - M o d e l F A - 2 4 - 2 6 0 . 4 P C L M ( N o r m a l C a t e g o r y ) A p p r o v e d J u n e 1 9 , 1 9 6 4 

E n g i n e 

F u e l 

E n g i n e L i m i t s 

A i r s p e e d l i m i t s ( C A S ) 

C G r a n g e 

( g e a r e x t e n d e d ) 

L y c o m i n g 0 - 5 4 0 - E 4 A 5 ( S e e I t e m 1 0 9 ( f ) f o r o p t i o n a l e n g i n e s ) 

9 1 / 9 6 m i n g r a d e a v i a t i o n g a s o l i n e 

A l l o p e r a t i o n s 2 7 0 0 r p m ( 2 6 0 h p ) 

V n e 
S e v e r E x c e e d 2 2 7 IB p h . ( 1 9 7 k n o t s ) 

V n o 

V l e 

M a x s t r u c t u r a l c r u i s i n g I S O m p.fc- ( 1 5 6 k n o t s ) 
V n o 

V l e 
L a n d i n g g e a r e x t e n d e d 1 5 0 m p . h ( 1 3 0 k n o t s ) 

\ M a n e u v e r i n g 1 4 4 m 

P h ( 1 2 5 k n o t s ) 

V f e 
F l a p s e x t e n d e d 1 2 5 m P b. ( 1 0 8 k n o t s ) 

( + 8 6 0 ) t o ( + 9 3 0 ) a t 2 9 0 0 l b 

( + 8 2 5 ) t o ( + 9 3 0 ) a t 2 6 0 0 l b 

( + 6 0 5 ) t o ( + 9 3 0 ) s t 2 0 0 0 l b . o r L e s s 

S t r a i g h t l i n e v a r i a t i o n b e t w e e n p o i n t s g i v e n 

M o m e n t d u e t o r e t r a c t i n g o f l a n d i n g g e a r ( 1 2 6 6 i n - l b ) 

A i r c r a f t W e i g h t 

( l b > 

3 1 0 0 

2 9 0 0 

2 6 0 0 

2 0 0 0 

I n c h e s A f t o f D a t u m 

E m p t y W e i g h t 

C G r a n g e 

M a x i m u m m i g h t 

N o o f s e a t s 

N o n e 

2 9 0 0 l b . 

4 ( 2 a t + 8 5 , 2 a t + 1 2 0 5 ) 

M a x i m u m b a g g a g e 

F u e l c a p a c i t y 

O i l c a p a c i t y 

2 0 0 l b ( S e a r C o m p a r t m e n t ) ( + 1 4 2 ) 

5 6 g a l ( T V o 2 8 g a l w i n g t a n k s ) ( + 9 0 ) 

( S e e M o t e 1 f o r u n u s a b l e f u e l ) 

( S e e I t e m 1 1 2 f o r a u x i l i a r y f u e l t a n k s ) 

3 g a l ( + 2 8 ) 

N O T E 1 C u r r e n t w e i g h t a n d b a l a n c e r e p o r t I n c l u d i n g l i s t o f e q u i p m e n t I n c l u d e d i n c e r t i f i c a t e d e m p t y w e i g h t 

a n d l o a d i n g i n s t r u c t i o n * w h e n n e c e s s a r y , m u s t b e p r o v i d e d f o r e a c h a i . c r a f t a t t h e t i m e o f o r i g i n a l 

c e r t i f i c a t i o n T h e c e r t i f i c a t e d e m p t y w e i g h t a n d t h e c o r r e s p o n d i n g c e n t e r o f g r a v i t y l o c a t i o n m u s t 

I n c l u d e u n u s a b l e f u e l ( n o t i n c l u d e d l a f u e l c a p a c i t y ) a s f o l l o w s 

2 4 l b ( + 9 0 ) f o r M o d e l P A - 2 4 - 2 5 0 S e r i a l H a s 2 4 - 2 5 6 3 , 2 4 - 2 8 4 4 a n d u p a n d P A - 2 4 - 2 6 0 , a n d 3 6 l b ( + 9 0 ) 

f o r M o d e l P A - 2 4 - 4 0 0 , S e r i a l M o s 2 6 - 2 a n d u p 

F I G U R E 1 9 F A A aircraft type certificate data sheet excerpts 
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WEIGHT A N D B A L A N C E D A T A 

D A T U M ( FIREWALL, F R O N T F A C E ) 

STA 0 0 

MAC 59 9" 

S C A L E P O S I T I O N S C A L E B E A D I N G T A R E S Y M B O L N E T W E I G H T 

LEFT W H E E L L 

R I G H T W H E E L a 
N O S E W H E E L N 

A I R C R A F T EMPTY W E I G H T ( A S W E I G H E D ) W 

x = A R M ( C C ) - ( A ) 
(N) X (B) 

W 
X = ( ) -

X ( } 
= ( ) IN 

F i g u r e 20 Typical weight and balance data 

WEIGHT AND BALANCE REPORT 
Detailed instructions o n repair a n d alteration 

p r o c e d u r e s a r e contained m Advisory Circulars 
13 13 1A and 43 13-2 Generally, the repair agency 
should prepare weight and balance data to show that 
the aircraft does not exceed maximum weight limits, 
in various load combination^, after the alteration 
has been made The owner should assure that the 
data has been provided bv the repair agency 

The repair agency also includes in the weight and 
balance data, information showing that the c g of 
the aircraft (usually in the fully loaded condition) 
falls between tbe specified c g limits when loaded in 
one of the ext reme conditions The weight and 
balance extreme conditions represent the maximum 
forward and rearward c g position for the aircraft 
The computations are known as the forward and 
rearward extreme conditions check 

When a forward extreme condition check 15 made, 
the objective is to establish that neither the maxi 
mum weight limit nor the forward c g limit listed 

jn the aircraft specifications is exceeded Normally, 
in the case of a four place airplane, this check must 
be made assuming both front seats are occupied and 
the rear seats empty If the baggage compartment is 
in the rear, it is also assumed to he empty If the 
fuel tanks arc located forward oi the forward limit, 
they are assumed to be full If they are located aft 
of the forward limit, they are assumed to be empty 
However, a minimum fuel load is always included 
in the calculation This minimum fuel load for a 
s m a l l aircraft with reciprocating engines is calcu 
lated bv 

Minimum fuel (lb ) 
METO (maximum except takeoff) horsepower 

~ 2 

For jet engine aircraft the minimum fuel for ex­
treme conditions check is specified by the manu 
facturer 

When a rearward weight and balance check 15 
made, the ob]ective is to estabhsh that neither tbe 
maximum weight limit nor tbe rearward c g limit 
listed in the aircraft specifications ia exceeded The 
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ETEM 1 C : H K DESCRIPTION WT 1 A R M 

001 Engine Continental, O-200-4 2000 -185 
002 Piopeller, McCauley I A 100 2 0 0 -320 
003 Spinner, PROPELLER 10 -345 
0 0 3 A. Spinner, PROPELLER, LARGE 20 -345 
004 Generator, 35 AMP, 14 \ OLT 125 - 6 0 
005 Regulator, \ olragc, 3-5 Amp, 14 VOLT 10 - 1 0 
006 BATTERY, 12 VOLT, 24 AH 245 4 5 
007 Filtei, Carburetor Air 05 -235 
008 Heating SYSTEM, CARBURETOR AND Cabin 10 5 -200 
009 WHEEL, Brake & Tire Assy, (TWO), 6 00X6, 4 p j v 

Rating, Main 355 485 
010 Wheel & Tire Aisv, 5 0 0 x 5 , 4 PLY Rating, NOSE 9 0 - 1 0 5 

F I C U R E 21 T ) p i c a l equipment list 

loading conditions ARE obviously opposite T O those 
USED FOR THE FORWARD CHECK FOR A typical FOUR SEAT 
airplane, THE rearward CHECK is MADE with ONE pilot, 
maximum rear passengers, maximum REAR BAGGAGE, 
AND FULL FUEL LOADED in TANKS behind THE REAR C G 
limit AFTER MAKMG THESE CHECKS, THE repair agency 
COMPLETES RECORDS M THE FORM OF A weight AND 
balance report, loading SCHEDULE OR PLACARD TO m 
FORM THE owner AND OPERATOR ABOUT THE permissible 
LOAD combinations 

A list OF THE equipment (fig 21) included in THE 
aircraft during calculation OF THE certificated empty 
weight MA\ BE FOUND in either THE approved airplane 
flight MANUAL or the weight AND BALANCE report THE 
repair agency SHOULD ENTER m THE weight AND BALANCE 
REPORT ALL required optional, AND special equipment 
installed in THE AIRCRAFT AT the time OF weighing AND 
uhen equipment CHANGES ARE MADE THE OWNER 
SHOULD ASSURE THAT THE PERSON MAKMG AN equipment 

change COMPLETES AN ENTRY ON THE equipment list 
TO indicate items ADDED, REMOVED, OR RELOCATED THE 
entry SHOULD ALSO include THE DATE accomplished, 
identity OF THE person makmg THE change, and cer 
tificate NUMBER OF THAT person 

SUGGESTED methods OF tabulating THE various DATA 
AND computations FOR determining THE e g , in the 
empty weight condition AND THE forward AND AFT 
EXTREME LOADED conditions, aTe given in FIGURE 22 
BALLAST is sometimes PERMANENTLY installed FOR 

C G BALANCE purposes as A RESULT OF installation OR 
REMOVAL OF equipment items AND is NOT USED TO cor 
rcct a nose UP OR nose DOWN TENDENCY OF AN aircraft 
IT is USUALLY LOCATED as FAR AFT OR AS FAR FORWARD AS 
possible in ORDER TO bring THE C G position within 
ACCEPTABLE limits with a minimum OF weight in 
crease 
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WEIGHT AND BALANCE REPORT 

EMPTi WEIGHT CG. 

Left Jack Foint 
-Mght Jack Point 
Nose Wheel 

514 
515 
TO 

Tare 
2 
2 
0 

C G . = +37.5 

CG. - +33-8 
3-7 

Net 

513 
_ 1 ° 
IO95 

VEWHT AW balance EXTREME CONDITIONS 

Forward CI :k Rearward Che 

Airplanê  Empty 
Pilot 
Passenger 
Fuel 
Oil 
Baggage 

1326 45609 1701 63^89 

Most Forward C G. Location Most Rearward CG. Location 

Limits are 34.1" and 38.0" 
Max Weight - 1,750 Lbs 

Feci bf 2 2 Weiphl and balance Tepnrl 

Wt. Arm Mom. Wt. Arm Mom. 

1095 +33 8 37011 1095 +33-8 37011 
170 +39-0 6630 170 +39 0 6630 

- - 170 +39-0 663O 
50 +42.0 2100 135 +42.0 
11 -12.0 -132 11 -12.0 -L32 
- - 120 +64.0 7680 
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Chapter 4 

INDEX AND GRAPHIC LIMITS 
M A X T O L I M I T 

Aviation HAS BEEN ONE OF THE MOST dynamic OF in 
dustnes since its beginning N E W aircraft are CON 
tinually being developed AND always REPRESENT AN 
improvement over OLDER MODELS IMPROVEMENTS m 
design HAVE, in MANY cases, TENDED TO increase air 
CRAFT complexity HOWEVER, considerable EFFORT HAS 
BEEN SPENT TO KEEP THE NEW designs simple SO THAT 
operations AND maintenance PROCEDURES CAN BE ac 
complished BY THE average airman IN ACCORDANCE 
with this design philosophy, weight AND BALANCE 
engineers have DEVELOPED some simplified METHODS, 
which they have applied TO THE weight and BALANCE 
PROBLEMS OF most MODERN aircraft Index NUMBERS 
AND graphic presentation OF limits are FEATURES OF 
simplified METHODS in COMMON use 

INDEX NUMBERS 
THE use OF index numbers AND A reduction FACTOR 

greatly simplifies weight AND BALANCE calculations, 
especially FOR LARGE aircraft THE index >s A MOMENT 
d i v i d e d by A reduction FACTOR AND may BE FOUND 
BY this FORMULA 

Weight X Arm (MOMENT) 
Reduction FACTOR Ind ex : 

THE MOMENTS with which WE are CONCERNED ON 
TRANSPORT aircraft AND the LARGER GENERAL aviation air­
CRAFT will BE LARGE NUMBERS BECAUSE OF THE LARGE 
weights and ARMS which ARE involved IN A TRANSPORT 
aircraft, A FUEL TANK LOCATED AT station 500 which is 
LOADED with 5 000 POUNDS OF FUEL WOULD REPRESENT A 
MOMENT OF 2,500,000 This MOMENT when divided 
(OR REDUCED) BY a reduction FACTOR OF 10,000 be 
comes a more MANAGEABLE index OF 250 0 THE SAME 
problem exists TO A SMALLER DEGREE FOR GENERAL avia 
tion aircraft IN this CASE, a reduction FACTOR OF 100 
or 1,000 PRODUCES manageable numbers 

A simple way TO CHANGE THE MOMENT into THE in 
DEX is TO COUNT THE NUMBER OF ZEROS in THE reduction 
FACTOR AND MOVE THE decimal point OF THE MOMENT 
THE SAME NUMBER OF PLACE TO THE LEFT 

Reduction FACTOR-10,000 (4 ZEROS) 
MOMENT —2,500,000 move THE decimal 

point 4 places TO THE LEFT 
250 0000 = Index OF 250 0 

IF THE MOMENT is A NUMBER with sufficient ZEROS, 
FOR instance a MOMENT OF 5,600,000, simply cross OUT 
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THE same NUMBER OF zeros as YOU FIND i" THE reduc 
l ion FACTOR FOR EXAMPLE 

Reduction FACTOR- 1,000 (3 ZEROS) 
MOMENT ^ 5 , 6 0 0 , 0 0 0 cross out 3 zeros 

5 , 6 0 0 $ $ = Index O F 5600 
FOLLOW THE opposite PROCEDURE when changing 

FROM index NUMBERS TO MOMENTS 
Reduction FACTOR-100 (2 ZEROS) 
INDEX -3212 MOVE decimal 2 PLACES 

TO THE NGHT 
32,120 0 = M o m e n t OF 

32,120 0 
YOU w i l l notice THAT THE simpli f ied STEPS ABOVE 

WOULD NOT BE quite fla EASY if THE reduction FACTORS 
WERE NOT NUMBERS SUCH 8S 100, 1,000, OR 10,000 IF 
a reduction FACTOR SUCH as 7,750 WERE USED, THE 
process WOULD BE MORE complicated THEREFORE, re 
duction FACTORS are USUALLY standardized TO BE either 
100, 1,000, OR 10,000 FOR A part icular aircraft 

Reduction FACTORS OF 20,000 OR 40,000 ARE USED 
FOR SOME LARGE aircraft i" ORDER TO tailor THE index 
NUMBERS TO A particular weight AND BALANCE SYSTEM 
WHEN THESE reduction FACTORS are USED, THE PROCESS 
OF decimal point MOVEMENT MUST BE combined With 

a division OR mult ipl ication step 

Reduction factor—20,000 ( 4 ZEROS) 
Moment _7 ; 200,000—cross o u t 4 

ZEROS AND divide by 2 
7,20 ' " ' 2 i = INDEX OF 360 0 

2 

Reduction FACTOR-30,000 (4 ZEROS) 
INDEX 4 9 2 1 - M O V E decimal 4 

places TO THE r ight AND 
mult iply BY 3 

4,921,000 O X 3 = Moment 
OF 14763,000 

IT SHOULD BE APPARENT THAT THE index NUMBER SYS­
tem CAN BE applied TO TOTAL aircraft MOMENTS a" 
readily as TO ind iv idual LOAD items This principle is 
illustrated in THE fol lowing EXAMPLE 
Example 9 

Gwen 
Ai rc ra f t total weight—105,000 LB 
C g (AVERAGE arm) —Sta 500 
Reduction FACTOR —10,000 

Find TOTAL weight index 
Solution 

IN typical PROBLEMS involving index numbers, THE 
weights AND index NUMBERS OF particular aircraft 
LOAD items ARE given AND THE fu l ly LOADED c g MUST 
HE FOUND 
EXAMPLE 10 

GWEN 
Aircraf t EMPTY weight—65,000 LB 
Empty weight C G —Sta 400 0 

FACTOR —10,000 

item Weight (lb ) Index 

Crew 770 154 
FULL OIL 900 270 
PAASENGCRS 8,000 360 0 
Baggage 1,000 45.2 
Fuel 6,000 2400 

Find What is THE c G location WHEN THE aircraft 
is LOADED with THE items given above? 

Solution 

1 Find empty weight index BY USE OF FORMULA 
W e i g h t X A r m 

Reduction factor Empty weight index 

, , 65,000X400 0 EMPTY weight index - QQQ 

EMPTY weight index = 2600 0 
2 ADD LOADED weights AND index units 

Item 
Aircraft empty 
Crew 
Full oil 
Pause ngers 
Baggage 
Fuel 

Total 

Weight (lb) Index 
65,000 26000 

170 4 
900 270 

8,000 360 0 
1,000 452 
6,000 240H 
01.670 3 2 8 7 6 

04025 

TOTAL weight index = 5250 0 

3 Divide THE index BY THE weight 

3287 6 
81,670 

4 TO FIND C G , MOVE THE decimal point TO THE 
NGHT THE same NUMBER OF places as THERE 
are zeros in THE reduction FACTOR 

c g = 0 4 0 2 5 = 402 5 i n a f t of datum 
( 04025X10,000 = 402 5) 

THE index units given FOR THE particular items in 
THE PROBLEM ABOVE ARE easily obtained FROM TABLES 
in THE weight AND BALANCE reports FOR THE aircraft 
TABLES are provided FOR all types OF items which 
MAY BE LOADED ON THE aircraft A typical TABLE is 
SHOWN in FIGURE 23 

INDEX units MAY BE USED dur ing f l ight TO CALCULATE 
THE EFFECT OF FUEL consumption UPON THE C g OF the 
aircraft THE index units FOR THE FUEL used are SUB 
tracted FROM THE aircraft TOTAL index which 19 Calcu 
lated FOR TAKEOFF conditions THE NEW C g IS THEN 
obtained BY d iv iding THE NEW total index BY THE NEW 
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OIL TABLE 
CAPACITY - 94 GALLONS 

ARM = 77" 
US Weight Moment 
Gals (Pounds) 100 

1 7 5 6 
2 150 12 
3 225 17 
4 300 23 
5 375 29 
6 4.50 35 
7 525 40 
8 600 46 
9 675 52 
94 705 54 

F I C L R E 23 Oil index table 

total aircraft weight after fuel burnoff Fuel con 
sumption index units may either be obtained from a 
table, such as that shown in figure 24, or by calcula 
tions using weight, arm, and reduction factors 

Example 11 
Given 
Aircraft total weight —125,000 lb 
Total weight index - 6 2 5 0 0 
Reduction factor —10,000 
Average furl tank location—Sta 550 

rind The eg of the aircraft after consuming 
6,000 lb of fuel 

Solution 

1 Determine the index of the fuel used 
WeightX Arm 

"Reduction factor 
6 000X550 

Index 

Fuel index = - 10.000 
tuel index =330 0 

2 Subtract fuel weight and index from the 
original aircraft weight and index 

Weight (lb ) 
1 2 5 , 0 0 0 

- 6 , 0 0 0 

119,000 

Index (unils) 
6 2 5 0 0 

-3300 
5920 0 

S Multiply index b) reduction factor and 
divide by weight 

5 920 OX 10,000 
119,000 -= 497 5 in aft of datum 

TOTAL FUEL IN GALLONS AND INDEX 
Fuel = 6 lbs/gal 

Lab Index Gah Index 

1200 325 3400 920 
1400 379 3600 974 
1600 433 3800 1028 
1800 487 4000 1082 
2000 541 4200 1137 
2200 595 4400 1191 
2400 649 4600 1245 
2600 704 4800 1299 
2800 758 5000 1353 
3000 812 5200 1407 
3200 866 5400 1461 

F I G U R E 2 4 Fuel index table 

7 
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Example 12 
Gi\en 

Aircraft total weight—101 000 lb 
c g —20 0% M A C 
MAC ^ S t a 395 to Sta 565 
Reduction factor - 1 0 000 

Find What is the location of thr c g in c/c M \ ( 
after consuming 4,000 gallons of fuel ' LHL tht 
fuel index table (fig 241 

Solution 
1 Determine original c g in inches f r o m 

DATUM 
e g = LEMAC+<M*LCX5r I 
e g = 395 0 - 1 1 7 0 0 in X 20) 
e g = 3 9 5 0 + 34 0 = 429 0 in 

Determini t o t a 1 Height index 
% eight X Arm 

Total weight index = —; — r~7~ 
Reduction factor 

„ t l . , 101 000X429 0 
total weight index — -, 

2 

10.000 
Total weight index = 4332 9 

3 Find fuel burned index on table (fig 24) 
Fuel burned index for 4,000 gals = 1082 0 
4 Convert fuel gallons to pounds 

4,000 gal X6 0 lb /gal =24,000 lb 
5 Subtract furl burned weight and index from 

original total weight and index. 
Weight (lb) Index (units) 

101,000 433.' 9 
-24 000 -1082 0 

77,000 3250 4 

6 Multiply index by reduction f a c t o r a n d 
divide hv weight 

32509x10000 „„„ „ c c , 
• —422 2 in C g aft of datum 77,000 

7 Determint e g in c'c MAC 
e g - LEMAC „ , n 

— O T 7 = # ^ C "MAC 
422 2 Z W 5 0 _ c 

170 / C 

CENTER OF GRAVITY 
VARIABLE LIMIT GRAPH 

Many aircraft are designed with c g limits which 
var) with c h a n g e s o f weight and certain o ther 
operational factors The limits are presented in the 
aircraft type certificate data sheets (f ig 19) or 
specifications and other publications in a graphic 
form and are usual ly expressed in inches from 
datum or % M A C A typical graphic presentation 
of aircraft e g limits is shown in figure 25 

It is apparent from inspection of the graph that 
limits for VARIOUS weights would include 
JTci^t Forward Ajt 
to 000 20 0% 27 2% 

100 MO 20 (r"/c 26 6% 
130 000 23 0% 26 0% 

Limits for intermediate weights may be deter 
mined bv visual or mathematical interpolation ot the 
GRAPH THE GRAPH SHOULD BE READ TO THE NEAREST ONE 
tenth of a percent of M/\C A s an example, the rear 
limit for a weight of 90 000 lb is interpolated to be 
268:; M A C 

The limits may be converted to "mches from 

MAX TO LIMIT 

2(1 

— 130,000 

21 22 23 24 2 5 
PERCENT OF MAC 

M A C - STA 400 TO STA 560 
I I C I R E 2 5 C G VARIABLE LIMIT FIRAPH 
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DATUM" BY computation METHODS previously ex 
PLANED A typical PROBLEM using the limits in THE 
GRAPH (FIG 25) FOLLOWS 

Example 13 
Gwen 

Graphic C G limits (fig 2 5 ) 
M A C STA 400 TO STA 560 

Find FORWARD c G hmit FOR 115,000 LB in inches 
FROM DATUM 

Solution 

1 Determine forward C G limit in % M A C 
BY use OF GRAPH FOR 115 000 lb 

F W D C g limit = 21 5% ( 215) 

2 Find LENGTH OF MAL 
5 6 0 - 4 0 0 = 1 6 0 in 

3 Find limit in "inches FROM DATUM" 
160 X 215= 34 4 in AFT OF L E M A C 
400 + 34 4 = 434 4 in AFT OF DATUM 

INDEX ENVELOPE 
C G limits MAY BE EXPRESSED graphicalh in THE 

aircraft weight AND BALANCE reports BY MEANS OF AN 
index ENVELOPE THE ENVELOPE DEFINES THE FORWARD 

AND AFT limits AND ALSO THE MAXIMUM weight limit 
in TERMS OF index units 

THE envelope permits THE rapid determination OF 
THE weight AND BALANCE condition OF AN aircraft 
when THE weight AND TOTAL index units ARE KNOWN 
THUS, THE PROCEDURE OF computing THE C g location 
FROM DATUM or in relation TO M A C is simplified THE 
ENVELOPE informs THE pilot THAT THE c G is within ac 
ceptable limits without ACTUALLY locating it ON THE 
longitudinal axis IN MOST CASES, this is all THE pilot 
NEEDS TO KNOW THE pilot NEEDS only TO BE assured 
THAT THE c g is within approved limits 

A typical index envelope is shown in figure 2 6 
The similarities AND differences BETWEEN this graphic 
FORM AND the variable limit GRAPH (FIG 25) SHOULD 
BE NOTED 

IT is APPARENT FROM THE envelope THAT A loading 
OF 2 000 LB with an index OF 110 ] S within limits 
(point A ) while a loading O F 2 000 1 B with an 
index OF 130 is NOT within limits (point C) INDEX 
information which THE OPERATOR MUST GATHER in order 
TO utilize THE ENVELOPE is obtained FROM index CHARTS 
OR TABLES in THE weight AND BALANCE REPORT Various 
LOAD items AND associated index NUMBERS ARE ADDED 
TO obtain THE TOTALS 

THE following is a simplified loading CHECK MAK 
ing use OF THE index ENVELOPE 
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Item Weight Index 
A i r c r a f t Empty 1 , 3 0 0 67 8 

P i l o t 1 7 0 1 0 2 

P a s s e n g e r s 3 1 0 22 5 

F u e l 210 13 6 

O i l 60 2 4 

B a g g a g e 50 S O 

T o t a l 2 1 0 0 1 2 1 5 

THE intersection OF THE above TOTAL weight AND TOTAL 
index VALUES FALLS WELL within THE index envelope 
(point B), THEREFORE, THE airplane i n THE EXAMPLE 
is considered T O be within its operating limitations 
as FAR AS weight AND BALANCE is CONCERNED 

THE index NUMBER SYSTEM CAN BE modified BY AP 
plying SELECTED CONSTANT FACTORS TO THE MOMENTS OF 
LOAD items THE SELECTED CONSTANTS ARE chosen TO 
MAKE THE index system LESS COMPLEX, AND so THAT THE 
system CAN BE USED in conjunction with special LOAD 
ing CHARTS IN these cases, special FORMULAS are Used 
to obtain index units Typical FORMULAS are 

TOCKHEED L-188—Index 
, T / 1 / , - W e i g h t X (598 2-

Convair 880M—Index 

= 100 

Douglas DC-6B—Index 

= 10 

' 30,000 
X 

+ WeightX (Sta - 8 4 9 0) 
' 100,000 

K 
+ WeightX (Sta - 4 3 0 ) 

20,000 
IT SHOULD BE NOTED that these special FORMULAS are 

r e f i n e m e n t s OF THE STANDARD FORMULA 
, , WeightX ARM Index = = - , - 2 T—— FACTOR 

THE constants THAT ARE USED Ml THE special FORMULAS 
DO NOT AFFECT the ACCURACY in determining C g loca 
tions, as LONG as THE SAME FORMULA i s applied TO ALL 
weights AND ARMS These modifications TO THE index 
FORMULA permit THE index NUMBERS TO BE RELATED 
easdy TO OTHER important NUMBERS, SUCH as % MAC 
AND stabilizer setting 
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Chapter 5 

CHANGE OF WEIGHT 

A pilot MUST BE ABLE TO SOLVE ACCURATELY AND 
rapidly PROBLEMS which involve THE shift, addition, 
OR REMOVAL OF weight FOR EXAMPLE, THE pilot MAY 
LOAD THE aircraft within THE ALLOWABLE TAKEOFF weight 
LIMIT, THEN FIND a c g limit HAS BEEN EXCEEDED THE 
most satisfactory solution TO this PROBLEM is TO shift 
BAGGAGE, OR passengers, OR BOTH The pilot SHOULD 
BE ABLR TO determine the minimum LOAD shift NEEDED 
TO MAKE THE aircraft SAFE FOR flight Pdots SHOULD 
also BE ABLE TO determine if THE shifting OF A LOAD TO 
a NEW location will CORRECT AN out OF limit condition 
There ARE SOME standardised AND simple calculations 
which CAN HELP MAKE THESE determinations 

WEIGHT SHIFTING 
When weight is shifted FROM ONE location TO AN 

OTHER, THE TOTAL weight OF THE aircraft is UNCHANGED 
THE TOTAL MOMENTS, however DO CHANGE in relation 
and proportion TO the direction AND distance THE 
weight is moved W H E N weight is MOVED forward, THE 
TOTAL MOMENTS DECREASE, WHEN weight is MOVED aft, 
TOTAL MOMENT5 increase THE MOMENT CHANGE is PRO 
portional TO THE AMOUNT OF weight MOVED Since 
MANY aircraft HAVE forward AND AFT BAGGAGE com­
partments, weight MAY BE shifted FROM ONE TO THE 
OTHER TO CHANGE THE c g IF we START with A KNOWN 
aircraft weight, c G, AND TOTAL MOMENTS, WE CAN 

CALCULATE THE NEW c G (after THE weight shift) HV 
DIVIDING THE new TOTAL moments by the TOTAL air 
CRAFT weight 

Example 14 
TO determine THE NEW total MOMENTS, FIND OUT 

BOW many MOMENTS ARE GAMED OR LOST when the 
weight i s shifted 

THE weight shift conditions indicated FOR THR AIR 
CRAFT ILLUSTRATED in FIGURE 27 show THAT 100 LB ha« 
BEEN shifted FROM Sta 30 TO STA 150 This move 
ment increases THE TOTAL MOMENTS OF THE aircraft BL 
12,000 LH in 

BAGGAGE MOMENT WHEN AT STA 1 5 0 
= 100 LB X 150 in = 15 000 LB M 

BAGGAGE MOMENT WHEN AT STA 30 
= 100 LB X 30 in = 3 000 LB in 

MOMENT CHANGE = 12 000 lb IN 
BY adding THE MOMENT CHANGE TO THR ORIGINAL MO 
ment (OR subtracting if THE weight HAD been moved 
FORWARD instead OF AFT), we obtain THR NEW TOTAL 
moments We CAN THEN determine THR new c G H> 
dividing THE NEW moments by the TOTAL weight 

12 000 = 628 000 
C P = ̂ T T ^ =78 5 „, 

TOTAL moments—616,000-
_ 628 000 

8 000 
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STA 30 

100 LBS SHIFTED 
ORIGINAL C G = STA 77 0 

80 1M 

D A T U M C C LIMITS 
75 2" TO 80 5" 

14 8% TO 30 OS M A C M A C 70 0" TO 105 0" 

TOTAL WEIGHT - 8000 LBS X O L D C G (STA 77 0) = 816,000 LB IN 
FlURE 27 height shifting diagram 

Trie shift of the baggage hat cau=ed tht c g to *hift 
to Sta 78 5 

A simpler solution ma) be obtained h\ using the 
aeronautical computer and a proportion formula 
I fig 28) This can bt done btrau'-e tht c g will =hift 
a distance which is proportional to the distance the 
weight has shifttd 
EXAMPLE 15 
1 
he igh t shifted Ar g (change of c g 1 

Total weight 
100 

Distance weight is shifted 
_Ac p 

8 000 120 
Ac g = 1 S in 

SETUP THESE NUMBERS 

2 The change of c g is added to (or subtracted 
from) the original c p to determine the 
new c g 

77 + 1 5 = 78 5 in aft of datum 

A possible point of difficult) arises in the computer 
type solution when an attimpt is made to locate the 
decimal point in the answtr How do we make sure 
tht Ac g in the abovt problem i= not 15 in or 
)5 0 in ' The answer \ou get can alwavs be checked 
b\ cro=* multiplying Substitute the answer in step 
1 (example 15) 

1 5 X 8 0 0 0 = 1 2 000 
100X120=- 12 000 

READ ANSWER ON OUTER SCALE 

F I C L B E 2B Computer solution—shifting weight 
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IF THE cross multiplication ANSWERS ARE NOT THE sami 
YOU HAVE SELECTED THE WRONG decimal location FOR 
THE Ac G AND THE decimal SHOULD BE RELOCATED ac 
cordmgly 

Finding THE decimal location is primarily A matter 
OF observation, REMEMBER THAT the proportions ON 
either side OF THE EQUAL Sign I example 15, step 1) 
ARE similar 
THE shifting weight proportion FORMULA CAN ALSO 

BE USED TO determine HOW MUCH weight must be 
shifted TO achieve A particular shift OF THE c g THR 
following PROBLEM illustrates a solution OF this type 
Example 16 

Giv EN 
Aircraft TOTAL weight—7,800 lb 

—STA 8 1 5 m 
-80 5 in 

e g 
AFT C LIMIT 

Find How MUCH CARGO MUST be shifted FROM THE 
AFT CARGO compartment AT STA 150 TO the FOR 
WARD CARGO compartment AT STA 30 TO move 
THE EG TO exactly THE AFT limit' 

Solution 
1 USE THE shifting weight proportion 

Weight shifted _ Ac g 
TOTAL wejeht Dist wt shifted 

Weight fto be) shifted _ 1 0 in 
7,800 120 in 

Weight TO BE shifted = 65 LB 
SETUP THESE NUMBERS 

2 CROSS multiply TO check FOR ACCURACY OF 
dicimal point location in THE answer 

7,800X1 0 = 7 800 
65X120=7,800 

A combination problem may involve THE shifting OF 
weight when the C G AND THE eg l imits ARE ex 
pressed in c/c M A C 
t xample 17 

Given 

Aircraft TOTAL weight—7 200 LB 
c g — 1 2 # MAC 
K d C G limit —14 8% MAC 
M A C —Sta 70 to STA 105 = 

35 in 

Find HOW MUCH CARGO MUST BP shifted FROM ihe 
FRONT baggage compartment AT STA -JO TO THR 
AFT BAGGAGE compartment AT STA 150 TO move 
THE C g TO exactly THE FORWARD limit' 

Solution 
1 Convert T H E </c MAC locations T O inches 

FROM DATUM by using the aeronautical 
COMPUTER (FIG 29) 

c G =LEMAC (70 M ) + c/c M A C 
i n INCHES ( 4 2 in ) = 7 4 2 in 

F*d limit = LEMAC (70 IN ) + F C M A C 
IN INCHES (5 2 m ) = 7 5 2 in 

READ A N S W E R O N O U T E R SCALE 
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2 Determine AC g (distance C G M U S T B E 
MOVED) 

752-742=10 
AC g ~ 1 0 in AFT 

3 LSE THE shifting weight proportion 
\̂  eight shifted AC g 
TOTAL weight Dist wt shifted 

Weight (TO be) shifted 10 
7 200 120 

Vt eight TO BE shifted = 60 LB 

WEIGHT ADDITION OR REMOVAL 
IN MAN, instances THE weight AND BALANCE OF the 

aircraft will BE CHANGED by THE addition or removal 
OF weight ^ HEN this happens A new C g must BT 
CALCULATED AND CHECKED against THR limitations TO 
see if THE location is acceptable This tvpe OF weight 
AND BALANCE PROBLEM is commonl\ encountered when 
THE aircraft BURNS FUEL in flight, THEREBY reducing 
THE weight located AT THE FUEL TANKS MOST aircraft 
ARE designed with the fuel TANKS positioned close TO 
THE e g , therefore, the consumption OF FUEL DOES NOT 
AFFECT THE C g TO any GREAT EXTENT However, LARGE 
jet aircraft with fuel TANKS LOCATED in THE swept 
BACK wFings require CAREFUL planning ON EACH flight 
TO prevent THE C g shifting OUT OF limits due TO THE 

OF FUEL 
THE addition OR removal OF cargo PRESENTS A C g 

change PROBLEM which MA, have TO BE CALCULATED 
rapidly BEFORE flight THE problem mav ALWAYS BE 
SOLVED BY calculations involving TOTAL moments 
However A shortcut formula which CAN BE ADAPTED 
TO THE aeronautical COMPUTER mav BE USED TO simplify 
computations 
Weight ADDED (OR removed) 

YEW TOTAL weight 
Ac g 

= Distance between wt AND OLD eg 
IN this FORMULA THE TERMS "NEW" AND "OLD" REFER TO 
conditions BEFORE AND AFTER THE weight CHANGE 

IT is OFTEN more convenient TO use ANOTHER FORM 
OF this FORMULA WHEN required TO FIND the weight 
change NEEDED TO accomplish a particular C g CHANGE 
(AC g ) IN this CASE We USE 

(TO BE) ADDED (OR REMOVED) 
OLD TOTAL weight 

- £!B 
Distance BETWEEN wt AND NEW C g 

Notice THAT THE TERMS "NEW" AND "OLD" ARE NOT 
FOUND ON both aides OF THE equation in either OF 
THE above proportions If the "NEW" TOTAL weight is 

used, the distance MUST BE CALCULATED FROM THE 
"OLD" c g JUST THE opposite is TRUE if THE "OLD" 
TOTAL weight is used 

A typical PROBLEM MAY involve THE calculation OF 
a NEW c g FOR AN aircraft which, WHEN LOADED AND 
READY FOR flight, receives SOME additional CARGO OR 
passengers just BEFORE DEPARTURE TUNE 

Example 18 
Given 

Aircraft TOTAL weight—6 860 LB 
c g —Sta 80 0 

Find &HAT is THE location OF the T p if 140 lb 
OF baggage is added TO station 150' 

Solution 
1 Use the added weigh1 FORMULA 

Added weight _ Ac g 
New total weight Dist bttween wt and OLD R g 

140 _ Ac g 
6,860 + 140 150-80 

JL40_ = Ac g 
7000 ~7CT 
Ac g = 14 in AFT 

2 ADD Ac g TO tne OLD c g 
New c g = 8 0 0 in +1 4 in = 8 1 4 in 

Example 19 
Given 

Aircraft TOTAL weight—6 100 LB 
c g —Sta 7 8 

FMD \$ HAT is THE location OF THE c g if 100 LB is 
REMOVED FROM station 150' 

Solution 
1 Use THE removed weight FORMULA 

eight removed Ai g 
New total weight ~~ Di-I IK tvu en wt and old c g 

100 _ A c g 
6 100 -100 1 50 - 78 

lOQ __ Ac g 
6,000 72~ 
Ac g = 12 in FORWARD 

2 SUBTRACT Ac g FROM OLD c g 
New c g =78 in - 1 2 in =76 8 in 

NOTE — In THE above TWO EXAMPLES, TBE Ac g is 
either added TO OR SUBTRACTED FROM THE OLD c g 
Deciding which TO accomplish is BEST HANDLED BY 
MENTALLY calculating which WAY the c g will shift FOR 
THE particular weight CHANGE IF THE c g IS shifting 
AFT, THE Ac g is ADDED TO THE OLD e g , if it 19 shifting 
FORWARD, THE Ac g IS SUBTRACTED FROM THE OLD e g 
TO summarize c g movement 
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c g moves FWD 

C g moves ART 

Weight ADDED fwd OF OLD c G 
Weight REMOVED AFT OF OLD c g 3 
Weight ADDED AFT OF OLD c G 
Weight removed fwd OF OLD C G 

Example 20 
Given 

Aircraft TOTAL weight—7,000 LB 
c p —Sta 79 0 
REAR C g limit - - Sta 8 0 5 

Find HOW FAR AFT CAN additional BAGGAGE weigh 
ing 200 LB BE PLACED without exceeding THE 
rear c g limit ? 

Solution 
1 Use THE ADDED weight FORMULA 

A D D E D weight Ac g iSew TOTAL weight Dist between wt AND OLD c g 
200 _ 15 
7,200 Dist between wt AND OLD c % 

Distance between vvt AND OLD eg = 5 4 in 
2 ADD TO OLD C g 
79 in +54 IN =133 m AFT OF DATUM 

W H E N THE 200 LB IS LOCATED AT Sta 133 THR 

new c g will BE exactly ON THE AFT limit, if THE 
weight is located anv further TO THE rear, THE AFT 
*- g limit wi l l be exceeded 

F\ample 21 
DTV EN 

W r a f t TOTAL weight—6,400 LB 
f g - Sta 8 0 0 
Aft C G limit —Sta 8 0 5 

Hnd How M U C H baggage can be located m THE 
aft baggage compartment at station 1 5 0 with 
out exceeding THE OFT C G limit 9 

Solution 
Use THE ADDED weight formula 

N o t e —In this problem, the new TOTAL weight 
is NOT given therefore, it is more convenient 
TO use THE version OF the formula which makes 
use OF THE OLD TOTAL weight 

Added weight Ac g 
OLD total weight ])\sl between wt AND N E W eg 

Added w'eight 5 __ 
1 5 0 - 8 0 5 ~ 6,400 

Added weight 46 LB 
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Chapter 6 

Before an\ flight, the pilot should determine the 
weight and ba l ance condition o f the aircraft In 
the early days of flying, aircraft were loaded by 
guess and intuition On occasion, the results were 
grim T h r o u g h trial a n d error t h e early pilots 
learned about weight and balance Todav there is 
no excuse for follow mg this method Simple and 
orderly procedures based on sound principles have 
been devised by aircraft manufacturers for the de 
termination of loading conditions The pilot how 
ever, must use these procedures and exercise good 
judgment In many m o d e r n aircraft, it is not 
possible to fill all seats, baggage compartments, and 
fuel tanks and still remain withm the approved 
weight and balance limits If the maximum passen 
ger load is carried the pilot must often reduce the 
furl load or reduce the baggage 

USEFUL LOAD CHECK 
A simple and fundamental weight check should 

alwavs be made bv general aviation piloti before 
(light This check should determine if the useful load 

is exceeded The check mav be a mental calculation 
if the pilot is familiar with the aircraft's limits and 
knows that unusually heavy loads are not aboard 
But when all seats are being occupied fuel tanks 
are full and some b a g g a g e is aboard , the pilot 
should do some careful calculations 

The pilot needs to know the useful load limit of 
t h e particular aircraft This information mav b c 

Fl&l RE 30 Emptv «cipht + u s e f u l l o a d = Lakeof f - w e i g h t 
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W E I G H T & B A L A N C E D A T A 

AIRCRAFT SERIAL N O 15556480 F M REGISTRATION N O N3248X 

ITEM W E I G H T < A R M ; = M O M E N T 

STANDARD AIRPLANE 975.0 32.0 31200.0 
OPTIONAL EQUIPMENT 89.0 26.1 2322.9 
PAINT 15. 5 85.3 1322.2 

UNUSABLE FUEL 200 430 8000 

LICENSED EMPTY WEIGHT 1099.5 32.5 35705.1 
(GROSS W T M L I C E N S E D E M P T Y W T ) = U S E F U L L O A D 

(1800 LB)-( 1099.5 L B ) = 700.5 L B S 

IT IS T H E RESPONSIBILITY O F T H E O W N E R A N D PILOT T O 
E N S U R E T H A T T H E AIR P L A N E IS P R O P E R L Y L O A D E D . T H E 
D A T A A B O V E INDICATES T H E E M P T Y WEIGHT, C.G, A N D USE­
F U L L O A D W H E N T H E AIR P L A N E W A S R E L E A S E D F R O M T H E 
F A C T O R Y R E F E R T O T H E LATEST W E I G H T A N D B A L A N C E 
R E C O R D W H E N ALTERATIONS H A V E B E E N M A D E . 

S A M P L E L O A D I N G P R O B L E M 

ITEM 

LICENSED EMPTY WEIGHT 

OIL 

PILOT & PASSENGER 

FUEL 

BAGGAGE 

WEIGHT 
(LBS) 

1099.5 

12 

340 
188.5 

160 

A R M 
(IN) 

-150 

400 

43 0 

8 5 0 

M O M E N T 
(LB IN/1000) 

35.7 

-0.2 

13. 6 
8. 1 

10. 4 

TOTAL L O A D E D AIRPLANE 1800 
FiGl'KC 31 Weight end balance data 

67.6 

FOUND IN THE LATEST WEIGHT AND BALANCE REPORT, IN a 
LOG BOOK, OR ON a MAJOR REPAIR AND ALTERATION FORM, 
LOCATED IN THE aircraft IF USEFUL LOAD is NOT STATED 
DIRECTLY, SIMPLY SUBTRACT EMPTY WEIGHT FROM RNAXI 
M U M TAKEOFF WEIGHT BE ESPECIALLY WEIGHT CONSCIOUS 
OF AIRCRAFT WHICH HAVE A LIMITED useful LOAD BECAUSE 

they are the ones which cause weight and balance 
TROUBLES 
The check is Simple enough-just be sure to 

include all the load items included in the useful 

load-then check the total against the limit The 

calculations might look like this 
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Example 22 
Pounds 

1 7 5 

1 8 0 

1 8 0 

15 
5 

555 

THE CALCULATIONS INDICATE THAT THE USEFUL LOAD is NOT 
EXCEEDED AND THE FLIGHT CAN TAKE PLACE 

N O W SUPPOSE THAT MR JONES, JN. THE EXAMPLE, IS 
REPLACED BY A NEW INSTRUCTOR WHO WEIGHS 210 IH A 
USEFUL LOAD CHECK WILL SHOW THAT THE AIRCRAFT is TOO 
HEAVY THE PILOT IN OUR EXAMPLE MOST REDUCE THE 
LOAD TO THE SPECIFIED USEFUL LOAD LMNT THERE IS NO 
ALTERNATIVE IN THIS SMALL AIRCRAFT BUT TO REDUCE THE 
FUEL LOAD, EVEN IF ALL THE BAGGAGE HAS BEEN REMOVED 

PILOTS SHOULD HE AWARE OF, AND ON THE ALERT FOR, 
UNUSUAL LOADINGS THEY SHOULD REMEMBER THAT THE 
MANUFACTURER'S INITIAL WEIGHT AND BALANCE RALCULA 
LIONS AND SOME EXAMPLES IN THE OWNER'S MANUAL 
MAKE THE ASSUMPTION THAT THE PILOT AND PASSENGERS 
WEIGH A STANDARD 170 LB EACH HEAVYWEIGHT PASAEN 
GERS CAN OVERLOAD A SMALL AIRCRAFT SERIOUSLY 4 
STUDENT AND INSTRUCTOR MAY EASILY WEIGH 220 LB EACH 
IN WINTER CLOTHING, THIS REPRESENTS A POTENTIAL OVER 
LOAD OF 100 LB THE BAGGAGE COMPARTMENT IS ANOTHER 
PLACE WHERE PILOT VIGILANCE SHOULD BE DNEAED-THE 
MAXIMUM COMPARTMENT LOAD PLACARD MUST BE 
OBEYED FREQUENTLY, A RESTRICTION is PLACED ON REAR 
SEAT OCCUPANCY WITH THE MAXIMUM BAGGAGE ABOARD 

WEIGHT AND BALANCE RESTRICTIONS 
BE SURE TO FOLLOW YOUR AIRCRAFT's WEIGHT AND 

BALANCE RESTRICTIONS THE LOADING CONDITIONS AND 
EMPTY WEIGHT OF YOUR PARTICULAR AIRCRAFT (FIG 31) 
MAY DIFFER FROM THOSE IN THE OWNER'S MANUAL DUE TO 
MODIFICATIONS OR EQUIPMENT CHANGES SAMPLE LOAD­
ING PROBLEMS in THE OWNER'S MANUAL ARE INTENDED FOR 
GUIDANCE ONLY, EACH AIRCRAFT MUST HE TREATED SEPA 
RATELY FOR WEIGHT SOD BALANCE THE PILOT SHOULD 
UNDERSTAND THAT ALTHOUGH THE AIRCRAFT IS CERTIFIED FOR 
A SPECIFIED maximum GROSS WEIGHT, IT WILL NOT SAFELY 
TAKE 05 WITH THIS LOAD UNDER ALL CONDITIONS CON 
DITIONS WHICH AFFECT TAKEOFF AND CLIMB PERFORMANCE 
SUCH as HIGH ELEVATIONS, HIGH TEMPERATURES, AND HIGH 
HUMIDITY (HIGH DENSITY ALTITUDES), M A Y REQUIRE 
OPERATION AT REDUCED WEIGHT OTHER FACTORS TO CON 
SIDER ARE RUNWAY LENGTH. RUNWAY SURFACE, RUNWAY 
SLOPE, SURFACE WIND, AND THE PRESENCE OF OBSTACLES 
PILOT EXPERIENCE AND PROFICIENCY SHOULD ALWAYS BE 
CONSIDERED—IF IN DOUBT, REDUCE THE LOAD 

SOME SMALL AIRCRAFT ARE DESIGNED SO THAT IT IS NOT 
POSSIBLE TO LOAD THEM IN A CONDITION WHICH WILL 
PLACE THE C G OUTSIDE THE FORE OR AFT LIMITS IF STAND 
ARD LOAD SCHEDULES ARE OBSERVED THESE AIRCRAFT 
HARE THE SEATS FUEL, AND BAGGAGE ACCOMMODATIONS 
LOCATED VERY NEAR THE C G LIMITS THEY ALSO HAVE 
SPECIAL E M P T Y WEIGHT C G LIMITS LISTED in THEIR 

LOADS CAN BE ADDED TO OR REMOVED 
FROM AN> LOCATION WITHIN THE C G RANGE WITH COM 
PLETE FREEDOM FROM CONCERN ABOUT C G MOVEMENT 
SUCH ACTION CANNOT CAUSE THE C G TO MOVE BEVOND 
THE EG LIMITS OF THESE AIRCRAFT 'SEE FIG 321 BUT 
MAXIMUM WUGHT LIMITS can GTILL BE EXCEEDED 
ADDING O R REMOVING THIS WEIGHT 
C A N N O T MOVE THE C C B E Y O N D TIMITS 

F O R W A R D LIMIT AFT LIMIT 

Fi ( , lRE 32 Changing weight between c g limit" 

MOST AIRCRAFT, HOWEVER CAN BE LOADED in A MANNER 
WHICH WILL PLACE THE C G BEYOND LIMITS EVEN THOUGH 
THE USEFUL LOAD IS NOT EXCEEDED, AN OUT OF BALANCE 
CONDITION IS SERIOUS FROM A STABILITY AND CONTROL 
STANDPOINT THE PILOT CAN QUICKLY DETERMINE IF THE 
LOAD IS WITHIN LIMITS, IF THE AIRCRAFT 19 SIMPLE ENOUGH 
TO MAKE USE OF A LOADING SCHEDULE THIS SCHEDULE 
MAY BE FOUND IN THE WEIGHT AND BALANCE REPORT, TBE 
AIRCRAFT LOG HOOK, THE OWNER'S MANUAL, OR MA, BE 
POSTED in THE FORM OF A PLACARD A TYPICAL PLACARD 
MAY APPEAR SIMILAR TO THE ONE SHOWN IN FIGURE 33 

LOADING SCHEDULE 

F U E L 
F U L L 

PASSENGERS 
2 REAR 

39 G A L 1 FRONT A N D 
2 KE\R 

F U L L 1 F R O N T A N D 
1 RE\R 

R H G G \ G E 
100 LB', 

N O N E 

F L I L 

INCLUDES PILOT A N D FULL OIL 

F1G1.RE 33 LOADING SCHEDULE placard 
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The LOADMG schedule SHOULD HE TREATED as A SUg 
gested LOADMG PLAN ONLY THE pilot SHOULD MAKE A 
CHECK BY MEANS OF weight AND BALANCE calculations 
TO SEE if limitations ARE NOT being EXCEEDED THE 
assumption in THE USE OF the LOADMG SCHEDULE is THAT 
EACH PASSENGER weighs approximately THE STANDARD 
weight OF 170 lb IT 19 obvious THAT PASSENGER weights 
COULD VARY widely FROM THE ASSUMED STANDARD 

AIRPLANE FLIGHT MANUAL 

EACH airplane OF over 6,000 lbs maximum weight 
is furnished with an airplane flight M A N U A L A N 
airplane OF LESS THAN 6,000 LBS, mav have informa 
tion furnished i n THE FORM OF PLACARDS, markings 
OR MANUALS W H E N AN airplane flight MANUAL is 
furnished, THE follow mg is included 

A Limitations AND DATA 
( 1 ) T h e maximum weight 
(2) THE EMPTY weight AND C G location 
(3) THE USEFUL LOAD 
(4) The composition OF the USEFUL LOAD, in 

eluding the TOTAL weight OF FUEL AND 
011 with FULL TANKS 

B TOAD distribution 
THE established c G limits ARE furnished in 
THE AN-PLANE flight MANUAL IF THE AVAILABLE 
LOADMG SPACE is ADEQUATELY PLACARDED OR 
ARRANGED so that NO REASONABLE distribution 
OF THE useful LOAD will RESULT in A c G Out 
side OF THE STATED LIMITS, THE AIRPLANE FLIGHT 
MANUAL MAY NOT include ANY information 
OTHER THAN THE STATEMENT OF c G limits IN 
OTHER cases, THE MANUAL includes ENOUGH in 
formation TO indicate LOADMG combinations 

THAT will KEEP the eg WITHIN established 
limits 

LIGHT SINGLE-ENGINE AIRCRAFT 
LOADING PROBLEMS 

Aircraft MANUFACTURERS USE ONE OF SEVERAL AVAIL 
ABLE SYSTEMS TO provide THE aircraft LOADMG informa 
tion THE following weight AND BALANCE PROBLEMS 
will SHOW HOW THE p i l o t can determine if THE maxi 
MUM w e i g h t limit IS EXCEEDED or THE C g is LOCATED 
beyond limits 
ASSUME YOU are A pilot planning a flight IN a 

light single engine, FOUR PLACE AIRCRAFT YOUR LOAD 
consists OF YOURSELF, ONE FRONT seat PASSENGER AND TWO 
rear seat PASSENGERS, FULL FUEL AND oil, AND 60 LB OF 
BAGGAGE (FIG 34) HERE 19 HOW THE critical weight 
AND BALANCE PROBLEMS ARE SOLVED FOR this case BY TWO 
different METHODS (EXAMPLES 23 AND 24) 

Example 23 
Solution BY index TABLE 

1 FROM the manual or weight AND BALANCE 
REPORT, determine THE empty weight AND 
EMPTY weight C G (ARM) OF THE aircraft 

2 Determine THE arms FOR all USEFUL LOAD items 
3 Determme the maximum weight and eg 

RANGE (FOR this CASE-MAX TOGW = 
2,400 lb, c g range - Sta 35 6 to 45 8 ) 

4 CALCULATE THE ACTUAL weights FOR THE USEFUL 
LOAD items 

5 CONSTRUCT a TABLE as FOLLOWS (PG 39), AND 
ENTER THE APPROPRIATE VALUES Multiply 
EACH individual weight AND arm TO obtain 



Weighl xArm Moment (lb in ) 
A-irrraft 

(empt)J U W 38 5 5 1 , 5 9 0 
Oil 15 - 2 0 0 -300 
Puoi AND front 

passenger 3 2 0 35 0 11,200 
Fuel 241 48 0 11,568 
Rear 

passengers 300 72 0 21,600 
Baggage 60 920 5520 

TOTAL 2,276 101,178 
NOTE—Obsene THAT THE 0,1 unit lor this 

aircraft !•> LOCATED FORWARD 0 f THE DATUM Care 
must be taken to SUBTRACT THE negative oil 
MOMENT WHEN totaling the MOMENT COLUMN 

6 Adding THE weights PRODUCES A TOTAL OF 
2,276 LB, AND adding THE MOMENTS PRO 
duces A TOTAL OF 101,178 LB in The C G 
IS CALCULATED BY dividing THE TOTAL MOMENT 
B) THE TOTAL wreigbt 

101,178 
2,276 

44 5 in AFT OF DATUM 
7 THE TOTAL W E I G H T OF 2,276 LB DOES NOT ex 

C E E D THE maximum W E I G H T OF 2400 L B , 

AND THE COMPUTED c G OF 44 5 FAILS W I T H M 

THE ALLOWABLE C G RANGE OF 35 6 TO 45 8 
in AFT OF DATUM 

Weight AND BALANCE computations ARE GREATLY 
simplified bv TWO graphic aids—the loading GRAPH 
AND THE CENTER OF gravitj MOMENT envelope THE 
loading GRAPH (FIG 35) is typical OF thojse FOUND in 
GENERAL aviation aircraft OWNER'S manuals This 
GRAPH, in EFFECT, multiplies weight BY ARM giving 
MOMENT, THEN divides THE MOMENT BY A reduction 
FACTOR, giving AN index NUMBER Weigjit VALUES AP 
pear ALONG THE LEFT side OF THE GRAPH The MOMENT/ 
1,000 OR index NUMBERS ARE ALONG THE BOTTOM IN 
this EXAMPLE, EACH line representing a LOAD item is 
LABELED TO determine THE MOMENT OF ANY LOAD ITEM, 
find THE weight ALONG THE LEFT margin, THEN project A 
line right TO a point OF intersection with THE ap 
propnate LOAD item line FOR EXAMPLE, the index 
NUMBER OF A pilot weighing 170 LB is 6 1 THE c g 
MOMENT ENVELOPE (FIG 36) ALLOWS THE pilot TO BYPASS 
THE computation OF A c g NUMBER IT gives AN ac 
ceptable RANGE OF index NUMBERS FOR ANY aircraft 
weight FROM minimum TO maximum IF THE lines 
FROM TOTAL weight AND TOTAL MOMENT intersect within 
T H E envelope, the aircraft is within weight A N D 
BALANCE limits IN solving THE SAMPLE PROBLEM, fol 
LOW this PROCEDURE 

360 

320 

280 

240 

200 

160 

120 

60 

40 

-2 10 12 14 16 18 20 22 24 26 28 
0 

0 2 4 6 



70 75 80 85 90 95 

F i g u r e 36 C C moment envelope 

Example 24 

1 Determine THE aircraft EMPTY weight AND THE 
EMPTY WAGHT index FROM THE weight AND 
BALANCE REPORT 

2 CONSTRUCT a TABLE SUCH as the one that FOLLOWS 
IN THE LEFT COLUMN, ENTER THE ACTUAL weights OF 
THE EMPTY aircraft, od, pilot AND FRONT SEAT 
PASSENGER FUEL, REAR SEAT p a s s e n g e r , AND BAG 
GAGE IN THE right COLUMN, enter THE aircraft 
EMPTY weight index (moment/1,000) 

3 FROM THE loading GRAPH, FIG 35, determine 
THE index NUMBER (moment/1,000) OF EACH 
USEFUL LOAD WAGHT item AND ENTER it i n the 
TABLE 

4 ADD the weight AND MOMENT COLUMNS AND 
write in THE TOTALS 

5 REFER TO THE c G MOMENT ENVELOPE, FIG 36, 
AND FIND THE point OF intersection OF a line 
projected right FROM TOTAL WAGHT (2,276 
lbs ) AND OF a line projected UP FROM TOTAL 
moment/1,000 (1012) 

<I T H E pomt OF intersection FALLS within THE 
envelope, THEREFORE, THE WAGHT AND C g ARE 
within limits 

Sample Loading Problem 
Item 

1 EMPTY aircraft weight 
2 Oil 
3 Pilot and front passenger 
4 Fuel 
5 Rear seat passengers 
6 Baggage 
7 Total aircraft weight 

Weight Moment/1 flOO 
1 3 4 0 

15 

320 
241 

300 
60_ 

TTFir 

516 

-03 
112 

116 
216 
5.5 

Tim 

L I G H T T W I N - E N G I N E A I R C R A F T 

MODEM light twin engine aircraft are LARGER THAN 
m o s t s i n g l e e n g i n e a i r c r a f t , a c c o r d i n g l y , THEN u s e ­

f u l LOAD i s ALMOST a l w a y s g r e a t e r THAN THAT FOUND 
in THE SMALLER aircraft IN THESE aircraft, it is poaaible 
TO HAVE MANY different loading combinations Their 
LARGE BAGGAGE COMPARTMENTS m a y BE f u l l o r EMPTY 
AND THERE MAY BE W i d e variations in t h e NUMBER OF 
SEATS being occupied THESE variations a r e TO BE e x 
pected AND are normal FOR the types OF operations 
FOR which THE aircraft are USED HOWEVER, THE c g 
IS BOUND TO RANGE BACKWARD AND FORWARD as THE 
LOADS ARE v a r i e d , THEREFORE, w e i g h t AND b a l a n c e 

CONTROL i s e s s e n t i a l 

IF a variety OF LOADS CAN BE PLACED ABOARD a n 
aircraft i n a NUMBER OF locations, THE pilot MUST 
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especially aware OF duties REGARDING weight AND 
BALANCE CONTROL Pilots SHOULD USE A reliable weight 
AND BALANCE system, PREFERABLY THE TYPE recom 
MENDED BY THE MANUFACTURER TO assure THAT THE 
weight AND BALANCE is within limits FOR EACH flight 
THEY SHOULD insist THAT passengers ARE assigned TO 
THE CORRECT SEAT FROM A weight distribution stand 

THEY SHOULD ALSO BE SURE THAT PASSENGER 
BAGGAGE OR miscellaneous CARGO is properly LOADED 

THE WEIGHT AND BALANCE SYSTEMS USED ON LIGHT 
TWIN-ENGINE AIRCRAFT ARE ESSENTIALLY THE SAME AS THOSE 
USED FOR SINGLE ENGINE aircraft WEIGHTS, ARMS, AND 
moments are THE basic FACTORS, AND THE FINAL c G 
COMPUTATION MUST FALL WITHIN THE ALLOWABLE C G 
LIMITS MANY TWIN ENGINE AIRCRAFT MAKE USE OF THE 

GRAPH AND MOMENT ENVELOPE SYSTEM (FIGS 
35 AND 36) OTHER MODELS make USE OF INDEX TABLES 
SIMILAR TO THOSE EXPLAINED EARLIER FOR SINGLE ENGINE 
AIRCRAFT (FIG 24) 

SOME LIGHT TWIN-ENGINE AIRCRAFT HAVE WEIGHT AND 
BALANCE CONTROL SYSTEMS WHICH make USE OF A SPECIAL 
WEIGHT AND BALANCE PLOTTER THE TYPICAL PLOTTER IS 
MADE OF PLASTIC MATERIAL similar TO A" AERONAUTICAL 
COMPUTER IT CONSISTS OF SEVERAL MOVABLE PARTS WHICH 
CAN BE ADJUSTED OVER A PLOTTING BOARD ON WHICH IB 
PRMTED A C G ENVELOPE THE REVERSE SIDE OF THE TYPI­
CAL PLOTTER CONTAINS GENERAL LOADING RECOMMENDATIONS 
FOR THE PARTICULAR AIRCRAFT T H E RECOMMENDATIONS 
MAY SUGGEST THAT OCCUPANTS BE LOADED PROGRESSIVELY 
FROM FRONT TO REAR I" OTHER WORDS, THE FORWARD 
AND CENTER SEATS SHOULD BE OCCUPIED BEFORE PAS­
SENGERS ARE ASSIGNED TO THE REAR SEATS A PENCIL 
LINE PLOT CAN BE MADE DIRECTLY ON THE ENVELOPE IM 
PRINTED ON THE WORKING SIDE OF THE PLOTTING BOARD 
THIS PLOT CAN BE ERASED AND RECALCULATED ANEW FOR 
EACH FLIGHT THE PLOTTER is TO HE USED ONLY FOR THE 
aircraft FOR WHICH JT WAS DESIGNED This WEIGHT AND 
BALANCE CONTROL SYSTEM IS VERY SIMILAR TO ONE USED ON 
AIR EARNER AIRCRAFT AS EXPLAINED ON PAGE 60 AND 
ILLUSTRATED BY FIGURE 57 

A typical weight AND BALANCE PLOTTER SHOULD CON­
tain this reminder "IT is THE responsibility OF THE 
OWNER AND pdot TO ascertain THAT THE aircraft ALWAYS 
remains within THE ALLOWABLE weight versus C g EN 
velope while in flight" This NOTE should serve AS 
A precaution TO THE PILOT TO BE SURE TO CHECK THE 
weight AND BALANCE condition BEFORE TAKEOFF AND TO 
BE SURE THAT ANY shift IN PASSENGER seating LOCATIONS 
DOES NOT adversely affect THE LOCATION OF THE aircraft 
CENTER OF gravity 

HIGH-DENSITY-SEATING AIRCRAFT 
MANY LIGHT TWIN ENGINE AIRCRAFT ARE BANG USED FOR 

TRANSPORTATION OF passengers, CARGO, OR MAD IN THE 
FORM OF COMMUTER OR AIR TAX, SERVICE TO SUPPLEMENT 

THE SCHEDULED AND UNSCHEDULED AIR CAMERA A" IN-
CREASING NUMBER OF TWIN ENGINE AIRCRAFT ARE BEING 
USED TO CARRY MAD ON A SCHEDULED BASIS MANY COM 
MUTER AND AIR TAX, OPERATORS CARRY PASSENGERS TO AND 
FROM SMALL CITIES TO MAKE CONNECTIONS WITH TRUNK 
CARRIERS AT AIRPORTS IN LARGE CITIES THE AIRCRAFT USED 
FOR THIS PURPOSE ARE IN SOME CASES FITTED WITH A LARGE 
NUMBER OF SEATS i n RELATION TO FUSELAGE SIZE AND ARE 
CALLED HIGH-DENSITY SEATING AIRCRAFT THE AIRCRAFT MAY 
CONTAIN SEATS FOR EIGHT TO 15 PASSENGERS AND SOME 
OF THE LARGER TYPES MAY SEAT OVER 25 PASSENGERS THE 
LOADING PROBLEMS ARE RELATIVELY MORE COMPLEX THAN 
FOR AIRCRAFT WHICH CARRY ONLY SIX PASSENGERS THE 
COMPLEXITY OF THE LOADING SITUATION APPROACHES THAT 
ENCOUNTERED IN AIR CARRIER OPERATIONS WEIGHT AND 
BALANCE LIMITS FOR HIGH DENSITY SEATING AIRCRAFT MUST 
BE RESPECTED THE PASSENGER, CARGO, OR MAIL LOAD ON 
HIGH DENSITY SEATING AIRCRAFT MAY VARY CONSIDERABLY 
FROM FLIGHT TO FLIGHT SOME TRIPS MAY BE MADE WITH A 
FULL LOAD AND OTHERS WITH A MINIMUM LOAD SOME OF 
THE HIGH DENSITY SEATING AIRCRAFT HAVE SPECIAL WEIGHT 
AND BALANCE PROBLEMS BECAUSE THEY HAVE BEE" MOD, 
FLED AND MODERNIZED FROM OLDER AIRCRAFT WHICH ONGI 
"ALLY DID "OT HAVE A GREAT NUMBER OF SEATS SOME 
OF THESE MODIFIED AIRCRAFT ARE VERY SENSITIVE AS FAR AS 
LOADING TOWARD THE REAR LIMIT IS CONCERNED THE 
RECOMMENDED WEIGHT AND BALANCE CHECKING PROCE 
DURES FOR MODIFIED AIRCRAFT MUST BE CAREFULLY FOL­
LOWED AND OPERATORS SHOULD BE SURE TO MAKE A 
THOROUGH ANALYSIS OF WEIGHT AND BALANCE RECORDS TO 

CURRENCY 
AN OPERATOR'S MANUAL, WHEN REQUIRED FOR HIGH 

DENSITY SEATING AIRCRAFT, SHOULD CONTAIN PROCEDURES 
FOR ASSURING COMPLIANCE WITH WEIGHT AND BALANCE 
LIMITS, INCLUDING PENODIC REWEIGHING OF THE AIRCRAFT 
THE WEIGHT AND BALANCE PROCEDURES CONTAINED IN THE 
MANUAL SHOULD 

1 BE BASED ON SOUND PRINCIPLES, USING STANDARD­
IZED TERMINOLOGY, AND BE COMPATIBLE WITH 
THE TYPE ( B ) OF AIRCRAFT OPERATED 

2 WHEN FOLLOWED, ASSURE THAT THE AIRCRAFT IS 
PROPERLY LOADED AND WILL NOT EXCEED AUTHOR 
WED WEIGHT AND BALANCE LIMITATIONS DURING 
OPERATION 

3 PROVIDE FOR BLOCKING OFF SEATS OR COMPARTMENTS 
WHEN NECESSARY TO REMAIN WITHIN, C G LIMITS 
EFFECTIVE MEANS SHOULD BE PROVIDED TO AS 
SURE THAT THOSE SEATS AND COMPARTMENTS ARE 
NOT OCCUPIED DURING OPERATIONS SPECIFIED 

4 PROVIDE CREWMEMBERS, CARGO HANDLERS, AND 
OTHER PERSONNEL CONCERNED COMPLETE INFOR 
ROATION REGARDING DISTRIBUTION OF PASSENGERS, 
FUEL, AND OTHER ITEMS, AND SHOULD GIVE COM* 

41 



C O M M U T E R T A X I A I R L I N E I N C . 

P A S S E N G E R A N D C A R G O M A N I F E S T 

PASSENGER - C A R G O LIST W E I G H T SEVT-
C O M P T 

INDEX 

t e o / 
n o z 
/ 4 0 3 

PASS£M6e"B NAMES iSO 
z o o 5 

ENTERED HSKE tbO 
7JO 7 

/ 5 0 8 

t%o 9 

/AO 10 
tt 

P A S S E N G E R - C A R G O - M A I N C A B I N T O T A L 

F U E L B A G G A G E C O M P T too N O S E 

W E I G H T T A N K INDEX B A G G A G E C O M P T 200 R E A R 

5 O 0 R - M A I N PILOT - COPILOT 3 3 0 -

3 0 0 L—MAIN OIL SB 
)Z0 R - A U X F U E L T O T A L 

n o L - A U X E M P T Y W E I G H T (>,IS0 — 

N O S E T A K E O F F W E I G H T -
T O T A L T A K E O F F LIMITS 10,000 -

A I R C R A F T A / / Z 3 QC 

F L I G H T 4£ 

R O U T E OKC? -MK 

D A T E 

* I H E R E B Y CERTIFY T H A T T H E A B O V E 
T A K E O F F W E I G H T A N D I N D E X I S 
W I T H I N LIMITS A S S P E C I F I E D IN T H E 

£ F L I G H T O P E R A T I O N S M A N U A L 

P I L O T I N C O M M A N D 

FiCUBE 3 7 Passenger manifest 
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O C C U P A N T S - M O M E N T S / 1 0 0 

Pilot & Seats Seats Seats seats Seats Sea* 
Weight Co-Mot 16-2 3i?4 5ir6 7 68 9 blO 11 

100 500 700 900 1100 130 0 150 0 170 0 
110 550 770 990 1210 1430 16.50 187 0 
120 600 840 108 0 132 0 1560 1800 2040 
130 650 910 1170 1430 1690 1950 2210 
140 700 980 1260 1540 182 0 210 0 238 0 
150 750 1050 1350 1650 1950 225 0 255 0 
160 800 1120 144 0 176 0 208 0 2400 272 0 
170 850 1190 153 0 187 0 2210 2.550 2890 
180 900 126 0 162 0 1980 2340 270 0 3060 
190 950 1330 1710 2090 2470 2850 3230 
200 100 0 1400 1800 220 0 260 0 300 0 3400 



BAGGAGE OR CARGO MOMENTS/100 

Weight 
Nose 
Baggage 

Compt 
A 

Compt 
B 

Compt 
c 

Compt 
D 
°9 0 

Compt 
E 

Rear 
Baggage 

20 40 16 0 2 0 0 240 560 320 380 
40 80 320 4 0 0 480 640 7 6 0 
60 120 480 600 720 840 960 1140 
80 160 640 800 960 1120 1280 1520 
100 200 800 1000 1200 1400 1600 1900 
120 240 9 6 0 1200 1440 168 0 1920 2280 
140 — 112 0 1400 168 0 196 0 2240 266 0 

2560 3040 
180 _ mo 180 0 298 0 22540 2880 342.0 
200 — 1600 2000 2400 2800 3200 3800 
300 — 2400 3000 3600 4200 4800 — 
400 — 320 0 4000 4800 560 0 6400 — 
500 — 4000 5000 6000 7000 8000 -

STA 2 0 

NOSE 
120 L B MAX 

STA 8 0 STA 100 STA 120 STA 140 STA 160 

M A I N C A B I N F L O O R L O A D I N G L I M I T 
150 L B S S Q F T 

STA 190 

l : A B C D E R E A R 

5 0 0 L B 7 5 0 L B 6 0 0 L B 5 0 0 L B 5 0 0 L B 2 0 0 L B 
, MAX MAX MAX MAX MAX MAX 

F I G U B E 39 Baggage and cargo loading monisms 

plete information regarding the distribution 
and security of cargo to prevent the shifting 
of weight in flight 

5 Provide other information relative to maxi 
mum weights, capacities, and other perti 
nent limitations affecting the weight and 
balance of the aircraft 

Pilots of these high-density seating aircraft must 
be aware of the effect of passenger and cargo loca 
tion on c g , and they must have a personal knowl 
edge of the means of correcting an out of limits 
condition They often have no one to assist them 
with loadmg problems, then act as pilot, dispatcher, 
and loading agent in many cases 

I n commuter or air taxi operations, pdots are 
confronted with the problem of frequent trips with 
varying loads Thev need to have a positive ac 
curate and fast way to compute the weight and 
balance They must have reliable empty weight 
and c g information readily available for use This 
information must be updated to account for all the 
modifications performed on the aircraft 
A load manifest, when required for air taxi or 

commercial operations, should contain the following 

information concerning the aircraft loading at take 
off time 

1 The weight of the aircraft, fuel and oil, cargo 
(including mail and baggage), and passen 

gers, 
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F U E L - MOMENTS/100 

Weight Nose Mam Aux Werght Nose Mam Aux 

30 60 270 360 330 660 2970 3930 
60 120 540 720 360 72 0 3240 432 0 
90 180 810 1080 390 780 3510 468 0 
120 240 108 0 1440 420 840 378 0 5040 
150 300 1350 1800 450 900 4050 5400 
180 360 162 0 216 0 480 960 4320 576 0 
210 420 189 0 252 0 510 1020 4590 612 0 
240 480 216 0 2880 540 1080 4860 648 0 
270 540 2430 3240 570 114 0 513 0 684 0 
300 600 270 0 3600 600 1200 5400 7200 

O I L - MOMENTS/100 

Gallon Weight Moment 

2 17 15 
4 34 3 1 
6 51 4 6 
8 68 6 1 

10 85 77 

F I G U H E 40 Fuel and OIL loading moments 

2 THE m a x i m u m ALLOWABLE WEIGHT FOR THAT 
flight, 

3 THE TOTAL WEIGHT COMPUTED UNDER APPROVED 
PROCEDURES, 

4 EVIDENCE THAT THE AIRCRAFT IS LOADED ACCORDING 
TO AN APPROVED SCHEDULE THAT INSURES THAT 
THE C G IS WITHIN APPROVED LIMITS 

THE EXECUTION OF A LOAD MANIFEST IS ALWAYS A 
HIGHLY RECOMMENDED PROCEDURE FROM THE STANDPOINT 
OF MAKING A UNIFORM PREFLIGHT CHECK OF THE WEIGHT 
AND BALANCE CONDITION A TYPICAL LOAD MANIFEST MAY 
BE A SIMPLE FORM SIMILAR TO THAT ILLUSTRATED IN FIGURE 
37 THIS FORM PROVIDES A RECORD OF PASSENGERS AND 
OF ALL USEFUL LOADS FOR THE PARTICULAR FLIGHT THE MAJOR 
ADVANTAGE OF SUCH A FORM IS THAT THE PILOT HAS A 
STANDARDIZED MEANS OF CALCULATING AND RECORDING THE 
WEIGHT AND BALANCE CONDITION OF THE AIRCRAFT FOR 
EACH FLIGHT IF CARE IS taken TO CARRY FORWARD OR MAKE 
PROPER RECORD OF THE EMPTY WEIGHT AND C G , THE PILOT 
CAN BE SPARED THE TASK OF a SEARCH THROUGH AIRCRAFT 
RECORDS FOR THIS v i t a l INFORMATION THE FORM MAY 

ALSO BE USED AS A RECORD OF PASSENGER IDENTIFICATION 
AS MAY BE NEEDED FOR ADMINISTRATIVE PURPOSES 

ONE TYPICAL WEIGHT AND BALANCE CONTROL SYSTEM FOR 
HIGH DENSITY-SEATING AIRCRAFT « BASED UPON THE UTI 
LIZATION OF USEFUL LOAD INDEX TABLES AND A TOTAL WEIGHT 
INDEX LIMIT ENVELOPE OR TABLE WITH THESE TABLES 
(FIGS 38 -41 ) , IT IS POSSIBLE T O DETERMINE if WEIGHT 
AND BALANCE IS WITHIN LIMITS EVEN IN A SITUATION 
"WHERE THE PASSENGER, CARGO OR FUEL LOADS CHANGE 
FAIRLY RAPIDLV THE TABLES CAN BE READ FOR INTER 
MEDIATE WEIGHTS BY INTERPOLATION O F VALUES T O 
SIMPLIFY N N D SPEED UP CALCULATIONS USE THE NEAREST 
LISTED WEIGHT, BUT BE CONSERVATIVE W H E N CHECKING 
AGAINST PARTICULAR LIMITS THE SYSTEM IS GENERALLY 
SIMILAR TO THOSE DISCUSSED ON SMALLER AIRCRAFT THE 
PILOT ADDS THE WEIGHT AND MOMENTS (INDEX) OF THE 
EMPTY AIRCRAFT AND THE USEFUL LOAD ITEMS THEN, 
CHECKS ARE MADE AGAINST THE PUBLISHED LIMITS—IN 
THIS CASE THE inde\ LIMIT ENVELOPE OR TABLE CARE 
MUST BE TAKEN TO U«e THE EMPTY WEIGHT AND MO 
MENTS OR INDEX FROM THE LATEST WEIGHT AND BALANCE 
REPORT T H E PILOT MUST B E SURE TO USE T H E SAME 
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T O T A L W E I G H T I N D E X L I M I T 

ENVELOPE INDEX TABLE 
Min Max 

WEIGHT INDEX INDEX 
9100 8167 9350 
9150 8212 9402 
9200 8257 9453 
9250 8302 9504 
9300 8347 9556 
9350 8392 9607 
9 4 0 0 8 4 3 7 9 6 5 9 
9450 8481 9710 

9500 8526 9761 
9550 8571 9813 
9600 8616 9 8 64 
9650 8661 9915 
9700 8706 9967 
9750 8751 10018 
9800 8796 10070 
9850 8840 10121 
9900 8885 10172 
9950 8930 10224 

10000 8 9 7 5 1 0 2 7 5 

FIGURE 41 Total neighi index limits 

reduction FACTOR FOR ALL MOMENTS in the calculations 
Sufficient accuracy i s obtained BY rounding OFF m 
DEX NUMBERS TO THE nearest tenth 
Example 25 

ASSUME YOU are A pilot planning a flight in an 
AX-TAN, aircraft YOUR LOAD consists OF YOURSELF, 
YOUR copilot, 11 PASSENGERS, 300 POUNDS OF FUEL 
in EACH OF THE main TANKS, 120 POUNDS OF FUEL m 
EACH OF THE auxiliary tanks, 75 POUNDS OF oil, 100 
POUNDS OF BAGGAGE m THE NOSE COMPARTMENT AND 
200 POUNDS OF BAGGAGE m THE REAR COMPARTMENT 
THE SAMPLE manifest form m FIGURE 37 HAS BEEN 
COMPLETED TO SHOW THE USEFUL LOAD AND EMPTY 
weight items USE the loading TABLES AND TOTAL 
weight index LIMIT TABLE shown m FIGURES 3 8 
THROUGH 41 TO determine i f THE aircraft I S PROP 
erlv LOADED FOR takeoff THE intersection OF THE 
DOTTED weight AND MOMENT,'100 lines i n FIGURE 
41 SHOWS THAT limits ARE NOT BEING EXCEEDED 

TWIN-ENGINE CARGO AIRCRAFT 
Small twin engine aircraft CAN BE USED effectively 

FOR carrying CARGO into airports WHERE operations 
WOULD NOT BE practical with TRANSPORT aircraft Cargo 
which is particularly suitable F O R twin-engine air 
CRAFT ARE high VALUE items or items which MUST REACH 
LOCAL destinations quickly THE SCHEDULED transporta 
tion OF MAD TO SMALL cities AND TOWNS is AN example 
OF the type service THESE aircraft provide 
Light twin engine aircraft CAN BE designed FOR 

more effective CARGO operations if SOME special LOAD 
ing AND handling FEATURES ARE EMPLOYED LARGE size 
CARGO DOORS are a GREAT HELP WHEN BULKY PACKAGES 
are TO BE LOADED Without THE USE OF LARGE DOORS, THE 
CARGO SPACE MAY BE restricted BECAUSE big PACKAGES 
CANNOT BE maneuvered THROUGH THE PASSENGER TYPE 
DOORS Provisions FOR securing THE CARGO TO THE air 
CRAFT STRUCTURE ARE also NEEDED Normally, tiedown 
rings are ATTACHED TO THE FLOOR AND TO STRUCTURAL mem 
HERS OF THE side WALLS FOR this PURPOSE 

MANY OF THE high density twin engine aircraft CAN 
BE quickly CONVERTED FROM PASSENGER TO CARGO USE BY 
removing THE SEATS FROM THE main cabin area (FIG 
42) IN some cases, CARGO is carried i n THE PASSENGER 
Seats AND SECURED BY THE REGULAR seat BELT IT IS also 
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F I G U R E 42 Cabm tiedown diagram 

possible THAT ONLY ONE OR TWO PASSENGER seats will BE 

r e m o v e d , resulting in a mixture OF CARGO AND passen 
GERS in THE mam cabin MEASURES MUST BE taken m 
this case TO PROTECT the passengers FROM possible 
CARGO movement 

THE following ARE RECOMMENDED FOR THE loading OF 

CARGO in OTHER THAN appro\ed CARGO COMPARTMENTS OR 

bins 
a IF PASSENGERS are carried, THE CARGO MUST BE 

earned FORWARD OF THE FOREMOST PASSENGER 

B THE CARGO SHOULD BE PROPERLY SECURED b) A 

SAFETY belt or OTHER tiedown device TO PRE­

VENT it f rom becoming A HAZARD BY shifting 
C THE CARGO must n ° t impose any LOAD ON SEATS 

OR THE floor structure THAT EXCEEDS THE LOAD 

limitations FOR THESE components 
D T H E location OF THE cargo MUST NOT restrict 

ACCESS TO OR USE OF ANY required EMERGENCY 

OR REGULAR exit BY any passenger, or access 
TO an EMERGENCY exit BY A pilot if A REGULAR 

exit is NOT accessible TO THE pilot 
e T H E location OF the CARGO MUST NOT obscure 

an, passenger's v i e w OF anv required Sign, 
UNLESS AN auxiliary SIGN OR OTHER approved 
means FOR PROPER instruction OR notifies 
tion is provided 

Cabin CARGO is in danger OF shifting if the d e c k 

ANGLE (floor attitude; is NOT LEVEL as during THE ROTA 

tion AND initial climb AT TAKEOFF Unrestrained CARGO 

will shift REARWARD in this EVENT AND CAUSE a tail 
HEAVY CONDEMN which ma, LEAD TO A DANGEROUS TAKE 

off STALL Cabin CARGO is ALSO subjected TO inertia 
FORCES resulting FROM turbulence, acceleration, DE 

celeration, vibration, A N D H A R D landings T H E S E 

inertia FORCES ACT MORE STRONGLY in SOME directions 
THAN in OTHERS AND TEND TO shift THE CARGO UNLESS it is 
PROPERLY restrained A FORWARD force IS THE ONE most 
likely TO ACT ON CARGO This FORCE MAY RESULT FROM a 
SUDDEN application OF brakes, landing ON a SOFT sod 
runwa), or A CRASH landing THAT is WHY CARGO 

SHOULD be LOCATED forward OF ALL PASSENGERS irl a 
mixed load configuration CARGO MUST ALSO BE SE 

CURED FROM moving aft. FROM side TO side (laterally), 
OR UP AND DOWN (vertically) 

CARP may BE SECURED BY means OF tiedoivn DE 

Vices SUCH AS straps, ropeSjOr NETS THESE devices, 
when PROPERLY used, will restrain THE CARGO FROM 

moving in ANY direction Tiedown fittings SHOULD BE 

ADEQUATE jn NUMBER AND STRENGTH TO restrain a CARGO 

OF any ALLOWABLE weight AND size FLOOR structure, 
particularly WHERE the tiedown fittings are anchored, 
MUST BE STRONG ENOUGH TO resist ANY anticipated LOAD 

without distortion c a r g o floor loading lirnita are 
usually expressed as maximum weight in pounds PER 
square FOOT IF A CARGO item is LOADED in a seat, THE 

pilot WOULD BE wise TO limit its weight TO THAT OF an 
AVERAGE PASSENGER A tiedown OR SAFETY BELT SHOULD 
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V I C L R E 43 Securing cargo ui <*al 

restrain its MOVEMENT in THE SEAT (fig 43) A single 
CARGO item ON THE cabin floor SHOULD BE SECURED jn A 

MANNER similar TO THAT SHOWN m FIGURE 44 Its CENTER 

OF gravity MAY BE determined BY THE METHOD SHOWN 

in figure 45 
THE following GENERAL precautions SHOULD BE OB 

served WHEN ACTUALLY loading THE CARGO 

1 I N A tailwbeel aircraft, cylindrical items O N 
their sides SHOULD BE chocked until LASHED 

DOWN 

F I G U R E 44 Securing cargo to floor 

4 8 

4 Shoring or planking MUST be USED when THE 

CONTACT ares f Jikelv TO exceed THE FLOOR 

strength limitations 
MANY CARGO LOADS carried in air taxi aircraft Will 

consist OF A variety OF boxes, crates, sacks, drums, 
etc This type OF composite CARGO MAY BE secured 
with THE type devices SHOWN in FIGURES 46 AND 47 
Sufficient restraint SHOULD BE USED TO prevent shifting 
BECAUSE OF high DECK ANGLE or inertia FORCES IN 

F I C U B E 46 Securing composite cargo with straps 



C O M M U T E R T A X I A I R L I N E I N C . 

P A S S E N G E R A N D C A R G O M A N I F E S T 

P A S S E N G E R - C A R G O LIST \ \ EIGHT S E A T 
C O M P T 

I N D E X 

b i o B 
CARGO DESCRIPTION &Ol7 c 

500 D 
ENTERED HERE 500 B 

F U E L 

W E I G H T T A N K I N D E X 

200 R —MAIN 

200 L — M A I N 

400 R - A U Y 

400 L - A U X 

N O S E 

T O T A L 

A I R C R A F T 

FLIGHT 

R O U T E 

D A T E 

A//Z3QC 

C A B I N T O T A L 

B A G G A G E C O M P T N O S E 

B \ G G A G E C O M P T ZOO R E A R 

P I L O T - C O P I L O T 340 -
O I L 75 -

F U E L T O T A L 

E M P T Y W E I G H T 5b55 - S27U 

T A K E O F F W E I G H T 

T A K E O F F LIMITS /Q000 

4 6 

MATC- DEN 

I H E R E B Y CERTIFY T H A T T H E 4 B O V E 
T A K E O F F W E I G H T A N D I N D E X IS 
WITHIN LIMITS A S SPECIFIED IN T H E 
F L I G H T OPERATIONS MANUAL 

PILOT IN COMMAND 

FICUM: 48 Cargo manifest 
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arranging composite loads, cargo items should not } t P 

arranged s o [he l o a d is topheavy I f po«ible the 
hnght of the load should not exceed its length 
Particular care should be taken to retire thi* tvpt 
load against slipping out from under the tiedown de 
\ICP I f the individual items of this type cargo are 
comparatively light, a net type tiedown deuct |s 
adequate Heavy items will require roper or strap1-

Cargo should be placed as near to the c g 0 f thr 
airplane a s possible, roughly a t the 30 <Y c h o r d 
point, but limitations o f particular areas should tie 
observed to prevent overloading the structun Car* 
must also be taken not to block access to an exit Hi 
the rear of the cabin or to cut off an aisle needed f ° r 

inflight inspection of the main cabin cargo 

Example 26 
This problem is an example of the use of a mam 

fest form to determine the weight and balance con 
dition of a cargo flight The airplane IS the same one 
used in example 25 with the seat= removed from the 
main cabin Notice t h a t the emptv vveight a n d 
moments have been changed due to the removal of 
the scatn This change must be carefullv noted ac 
cording to the manufacturers recommendations The 
sample manifest form in figure 4B has been com 
pleted to show the useful load and empty weight 
items 

I sing the loading tables and total weight index 
table shown i n figures 38 through 41 to determine 
the loading condition of the aircraft you should oh 
tain a moment of 10038 7 index units It is apparent 
when the index limit table is checked that the cargo 
is loaded too far to the rear The aircraft is not safe 
or legal to fly in this loaded condition The maxi 
mum index limit rear c g limit) has been exceeded 
by 20 7 index units 12070 0 lb in ) If the cargo m 

compartment E c nsists of cartons e a c h weighing 
20 pounds, how many cartons must be mo\ed to 
compartment A to bring the index within the maxi 
mum limit' 

Thr baggage or cargo table ran be used to help 
determine how much cargo must be shifted A t 
least two methods are available 

1 Select the cargo weight which would make 
a difference of at least 20 7 index units 
when compartments A and E are com 
pared (4.0 lb = 64 0 - 3 2 0 = 32 0 index 
units) 

2 Determine t h e difference in a rms between 
compartments 4 a n d E (Sta 160 — Sta 
8 0 = 8 0 in ) Divide t h e excessive mo 

ments bv this a r m (2070 0 - 80 = 25 9 
lb ) 

By use of either method H P can see that the 
movement o f 40 lb I two ea 20 lb c a r t o n s ) 
would be required to reduce the index by at least 
20 7 A new passenger sod cargo manifest should 
now be executed to prove that the c g ] S within 
limits with th r proposed new l o a d distribution 
Of course it would be possible to shift a greater 
number of cartons ihun the minimum to he on the 
safe Side In an, case ran must be taken to j-p 
mam within the compar tment maximum Weight 
limit the f loor loading limit and the minimum 
and maximum index limits 

HELICOPTER WEIGHT AND BALANCE 
Thr weight and balance pnnciphs and procedures 

which have b e e n described in connection with air 
planes applv gent rally to helicopters Fach m o d e l 
h< licopter is certificated for a specific maximum gros^ 
weight Howevtr, it is n o t safe t o operate at this 
maximum weight under all conditions Combinations 
of high altitude hrph temperature and high humid 
ltv determine the density altitude a t a particular 
location This, in turn critically affects the hovering 
takeoff, climb, autorotation, a n d landing perform 
ance of a helicopter Additional factors to he con 
sidtred are wind obs t ac l e s , tvpc of surface , and 
space available for takeoff and landing Just because 
a helicopter can take off with a heavy load does not 
mean that flight with that load will be safe A 
heavily l o a d e d helicopter has less ability to with 
stand shocks and additional airloads caused by 
turbulence The greater the weight, the l e s s the 
margin of safetv for the supporting structures such 
as the main rotor fuselage and landing gear 

Most helicopters have a much more restricted c g 
range than do airplanes In some cases this range is 
less than 3 inches The exact location and length of 
the c g range is specified for each helicopter and 
usuallv extends a short distanrc fore and aft of the 
main rotor mast or the centroid of a dual rotor sys 
tern Ideally, thr helicopter should hare such perfect 
balanre that the fuselage remains horizontal while m 
a h o v e r and the only c>clic adjustment required 
should be that made necessary by the wind The 
fuselage acts as a pendulum suspended from the 
rotor \ n v change in the c g changes the angle at 
which it hangs from thi» point of support Many 
recently designed helicopters have loading compart 
ments and furl tanks located at or near the balance 
point I f the helicopter is no t loaded properb, and 
the c g is not verv near the balance point, the fuse 
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lage does not hang horizontal in a ho\er If the c g 
is too far aft the nose tilts up and excessive forward 
cyclic is required t o maintain a stationary ho\er 
Conversely, if the C g IS too far forward, the nosi 
tilts down and excessive aft cyclic is required (fig 
49) In extreme out of balance conditions full fort 
or aft cyclic may he insufficient to maintain <ontrol 
Similar lateral balance problems may be encountered 
if external loads are carried 

U p o n delivery by the manufacturer, t h e empty 
weight, empty weight e g a n d the US( ful l o a d dre 
noted on the weight and balance data sheet i n the 

helicopter Might manual If, after delivery, add , 
tional fixed equipment i-, added or removed, or if a 
major repair or alteration is made which may affect 
the empty weight, imptv weight c g or u=eful load 
the weight nnd balance data must be n vised All 
wught <*nd balance (hang< s s h o u l d he enkred m 
the appropriate aircraft record T h r helicopter flight 
manual includes direc tiOtlS for solving loading prob 
lems T h e procedure« are similar t o those alreadv 
described for airplanis For further information, 
read t h e F \ A Basic Helicopter H a n d b o o k , A C 
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C h a p t e r 7 

CONTROL OF LOADING-LARGE AIRCRAFT 

The principles of weight and balance which have 
been discussed m previous chapters apply to large 
aircraft used by the air carriers and commercial 
operators as well as to small aircraft used by general 
aviation pilots and operators The general concept 
of weights, arms, and moments apply regardless of 
aircraft size The location of the c g can alwavs be 
found by dividing total moments by total weight 

Targe aircraft hare the same dange rous flight 
characteristics as small aircraft w h e n weight and 
balance limits are exceeded It is not safe to assume 
that a large aircraft, because of its apparent abun 
dance of engine power and spacious passenger and 
cargo compartments, cannot be loaded in an ad 
verse manner Any aircraft can be overloaded or 
loaded out of balance if weight and balance control 
procedures are not followed 

Aircraft which have a large number of passenger 
seats potentially possess great flexibility of loadmg 
configurations From a utilization standpoint, such 
flexibility is desirable, but unless due consideration 
IS given to weight and balance control, such an air 
craft mav easily be loaded in a nose heavy or tad 
heavy condition 

Targe aircraft, particularly those operated by air 
carriers, are flown and maintained by a large num. 
ber of people No one pilot or mechanic may be 

fully and personally familiar with the loadmg or 
weight and balance condemn of a particular air 
craft A properly documented weight and balance 
control system which is understwd by flight, main­
tenance, and dispatch personnel is necessary for safe 
and orderly flight operations 

Weight control has a direct relationship to the 
profit or loss made by air carrier and commercial 
operator aircraft When extra fuel is required for 
long tops or to allow for delays, the payload (pas 
sengers, baggage, cargo) must be proportionately 
r educed to p reven t exceeding maximum weight 
limits When trips are short and the payload IS high, 
there are frequent changes of passenger end cargo 
load Under these condemns, a quick, accurate 
method must be available to keep account of the 
aircraft weight and balance condition 

WEIGHT AND BALANCE CONTROL 
PROCEDURES 

The operator should develop a method and pro 
cedure by which it can he shown that the aircraft 
IS properly loaded and will not exceed authorized 
weight and ba l ance limitations during operation 
The large aircraft operator should also account for 
all probable loadmg conditions which may be ex 
penenced in service and devise a loadmg schedule 
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which will provide satisfactory weight and balance 
control Loading schedules may he applied to in 
dividual aircraft or to a complete fleet When an 
operator utilizes several types or models of aircraft, 
the loadmg schedule should be identified with the 
type or model of aircraft for which it is designed 

CENTER OF GRAVITY TRAVEL DURING 
FLIGHT 

The operator's flight manual should show pro 
cedures which full) account for the extreme vana 
tions i n c g t r a w l during flight caused bv a l l or 
an, combination o f the following variables 

1 The movement of passengers and cabin at 
tendants from their normal seat position in 
the aircraft cabin to the lounge or lavatory 

2 Possible change in c g position fdue to landing 

gear retraction 

3 The effect of the c g trawl during flight due 
to fuel used 

RECORDS 

The operator's weight and balance system should 
include methods by which responsible personnel ^JU 
maintain a complete, current, and continuous record 
of tbe weight and c g of each aircraft Such records 
should reflect all alterations and changes affecting 
either the weight or balance of the aircraft, and will 
include a comple te and current equipment list 
When fleet weights are used, pertinent computations 
should also be available in individual aircraft files 

The operations specifications of each air carrier 
should also contain the procedures used to maintain 
control of weight and balance of all aircraft op 
erated under the terms of the tamer's operating 
certificate The procedures should assure that the 
aircraft, under all operating conditions, is l o a d e d 
Within the gross weight and c g limitations They 
should include a reference to the procedures used 
for determining waght of passengers and crew, 
weight of baggage, periodic aircraft weighing, type 
of loadmg devices, and identification of the aircraft 
concerned 

WEIGHT AND BALANCE SYSTEMS 

The large aircraft operator's weight and balance 
control system may be m any form that proves 

workable Several systems have been devised and 
many variations of the required document4 are m 
use A l l the systems strive for a rapid method of 
determining if the aircraft's weight and balance is 

the stated tolerances The systems are more 
sophisticated than those used for general aviation 
aircraft, however, they are subject to some of the 
same errors Simple arithmetic errors and errors m 
updating necessary records after equipment changes 
arc common sources of trouble The latest systems 
are designed to eliminate the human error factor 
while speeding up the process of getting weight and 
balance Information to the pilot and others who are 
responsible 

Weight and balance control systems are primarily 
based upon information contained in official sources, 
such as the Airplane Flight Manual, Type Certifi 
cafe D a t a Sheets e t c Ultimately, all systems are 
debigr^d t o provide values f o r a l o a d manifest 
which in turn shows that thr weight and balance 
condition is within limits for the flight 

AIRPLANE FLIGHT MANUAL 

The airplane flight manual may he found in sev 
eral forms—variations of the manuals are the result 
of the slight differences in operations by the various 
aircraft operators Some manuals contain all the 
essential weight and balance information together 
with flight performance information in one volume, 
others utilize a separate volume for loadmg informa 
tion 

A typical manual contains an explanation of the 
ap proved waght and balance system It also pro 
vides limitations as they apply to the aircraft under 
various operating conditions Furl loadmg charts 
are Included, these charts indicate fuel load arrange 
ments and also the moments or index which apply 
to a particular fuel load 

The loadmg section of the manual also contains 
about passenger and cargo loadmg It 

includes tabulated charts which indicate the index 
value for normal payloads Instructions are also con 
tained in the manual concerning procedures to use 
when the load is other than normal For example, 
the manual explains the adjustments to make in 
passenger com p a r tmen t index calculations w h e n 
cargo containers are placed in passenger seats 

Typical information from the weight and balance 
section of the manual is shown in the crewmember 
table, figure 50 It will he noted that the table pro 
vides the normal waght and balance information 
(waght, arm, and moment/1,000) which is to he 
used in the load manifest 
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[ Title Weight Arm Moment 
i Lb 1000 

Captain 170 229 39 
First Officer 170 229 39 
Flight Engineer 
First Observer 

170 263 45 Flight Engineer 
First Observer 170 263 45 
Second Obsen er 170 290 49 
Fwd Cabin Attendant - Female 130 311 40 
Fud , Cabin A t t e n d a n t - Male 150 311 47 
Aft Cabin Attendant — Female 130 1169 152 
A f t Cabm A t t e n d a n t — Male 150 1169 175 

FirLRF 50 IrrHmembcr mde\ tablf 

L O A D M A N I F E S T 

The load manifest I fig 51) is completed by use 
o f information f r o m the manual as it pertains to 
the particular (light Basic operating weight is either 
calculated or carried forward from previous records 
Payload and fuel load indexes are obtained from 
load tables U hen the weight and index items are 
totaltd on the load manifest such factors as zera 
fuel weight taxi gross weight, a n d c g i" c/c MAC 
are indicated The load manifest makes provisions 
for last minute corrections such as would be neces 
sari when cargo or additional passengers are added 
just before takeoff Weights on thr load manifest 
ma> be indicated in kilograms (kilo o r k g ), or 
pounds or both Forms used for international op 
erations will usually have weights indicated in 
kilogram1: 

TYPICAL SYSTEMS 

loadmg summary chart \ tvpical approach to 
the problem of finding C g quickly is found in the 
use of d loading summary c h a r t Representative 
loading summary charts art. shown in figures 5 2 
and 53 These charts provide a means for determin 
ing c g position with some of the arithmetic steps 
omitted Generallv, the char ts are entered at the 
top with basic operating weight and its index Then 
a line is drawn downward and corrections are made 
to the right "i left as appropriate for loads in each 
compartment When all the compartment loads are 
considered the line Will indicate the zero fuel weight 
index Continuing the line downward, a right "i left 
adjustment is made for fuel load The line is then 
termmated m the grid section of the chart at a 
horizontal line which represents t h e t o t a l weight 

The terminal point o f the line is an indication o f 
eg m <-}( MM o r index Many turbojet aircraft 
load Mimmarv chart* will provide an answer directly 
in stabili/t r s i t ing increments 

Ijxtd adjusters Militan aircraft have f o r m a n y 
vears made use of load adjusters for weight and 
balance computations The load adjuster IS a balance 
computer similar in form to the conventional slide 
rule It consists of a base a slide and a transparent, 
movable indicator A representative load adjuster is 
illustrated in figure 54 

Load adjusters should never be interchanged be 
tween aircraft o f different series or m o d e l s A l 
though the method of using all load adjusters is 
generally the same, the scales that appear on a load 
adjuster are designed for use with one specific type 
of aircraft 

Generally, the load adjuster is used in a manner 
similar to the procedure explained for the load 
summary char t The process begins ^ith the basic 
operating weight a n d index The index is always 
placed under the cursor or hairline of the load ad 
juster Then the cursor is moved to the right or left a 
distanre determined bv the unght and index units 
for each load item added to the basic operating 
weight A s each load item is considered, the cursor 
is moAed until all l o a d items, including f ue l ha^e 
been accounted for After the final movement of 
the cursor the total weight index will appear under 
the cursor hairline 

The load adjuster a lso has a c g grid which 
permits quick conversion of the answer from total 
weight index to c g in % MAC Inasmuch as the 
load adjuster is designed for one model airplane 
the fore and aft limits are indicated on special 
scales A f t e r determining to ta l weight index, the 
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FLIGHT LOADING MANIFEST 
MODEL AIRPLANE NO F L I G H T NO 

WEIGHT 
POUNDS 

"INDEX-

"NITS 

I ' N D L X U N I T E 

R E M A R K S 
WtHHTllAL AHK-411) 

10,000 

ITEM 

BASIC WEIGHT (FROM WT • ML L0.1 LB 
O I L « A L ) 

I N O 

C R E W B A O F L A V E 

I T L H S D R I N K W A T E R ( • A L ) 

P A I S E M O E R S E R V I C E E Q U I P M E N T 

EM1ROEMCT E Q U I Rill N T 
• P E C I A L E Q U I P M E N T 

BASIC OPERATING 
WEIGHT LB 

• A « « A « E - F W 6 C O M P T 

• A Q T A A E - A P T C O M P T 

C A R « 0 - F W D C O M P T 

C A R T O - A F T C O M P T 

ZERO FUEL WEIGHT LB 

c « %"AC 

C • % M A C 

% M A C 

CORRECTIONS 
I T E M CHANGES I T E M WT I N D E X 

U N I T ! 

TOTALIZER - — — 
ITEM i WEIGHT-LB I NDEX units 

TOTAL FUEL «AL LI/SAL | 
I 

TAXI GROSS WEIGHT 
( U N C O R R E C T E D ] 

CORRECTIONS U P R E Q U I R E D ) 

LB 
c a % M A C 

TOTAL ADDED + + 
TOTAL REMOVED - -NET 
DIFFERENCE 

TAXI GROSS WEIGHT 
( C O R R E C T E D ) 

COMPUTED 

CHECKED _ 

PILOT 

LB 
c « 

DATE 

DATE . 

DATE 

F I G U R E 5 1 Flight loading M A N I F E S T form 

% M A C 
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Dupokh Airpirl 

Dntlnotion 

LOADING SUMMARY. DOUGLAS DC 68 
( FIRST CLASS • 66 PASSENGER • CONFIGURATION ) 

I Flight 

Dot* 

NOTES 
flJ ItvOEXES ARE DETERMINED BY THE fDLLO'V/Wa EQUATION 

20 GOO 

(Z)tiAStC OPERATING WEIGHT INCLUDES A. CflfW J JNp I OBSERVER CREW 
WEIGHT ' I70LAS EACH CftE* McMAGE 
- so l b s rorjiL-

I-3J use OF 
DfSPATCHING CO 

fNTE/TAT" TO> kVlTw INDEX FOR BASIC 

opEPflrwa I V C C H T *pftoccco down 
WARD BV COWFARTWEfjr NOTING 
AffROW TR̂ vfiTL a WEIGHT PCR UNIT 
THROUGH COMPARTMENT H SUBTOTAi-
OF WEiĜ TS flT THfS POINT WILL. GIV£ 
ZERO FUfL WEIOHT iF WtTHtN LJM/T£ 
PROCEED DOWNWARD THROUGH FUfL 
LOADING TO F/MJL l,VOfX ENrCfl FWM 
LfFT WITH D(SPJrCH WCGH T" ANO 
INOEX MEET READ CG IN HMAC 

LANDlNO C G 
L/SfNG INDEX FOfl D/SPATCWJVO WEIGHT 
PROCEED VERTICALLY UPWrrD TO *"UFL 
fl£y£RSrT dfTROkV INDICATION IN THE 
AMOUNT TO BE USEO T»-HS WILL GIVE 
A NEW INDEX (LESS} THEN PROCEED 
DOWNWARD TO INTERSECTION OF 
LAMO'NG * E ( G H T AMD NF* INDEX THIS 
WILL G(VE LANOINO CCS IfM J*. M A C 
Cr̂ E CG WWLL -ALWArS TRAVEL FOR­

WARD AS FUEL IS USED > 
^-CURRENT INDEX FOR BASIC OfEPATlNG 

WEIGHT WILL RE FOUND IrV THE" WEIGHT * BALANCE SOCK FOR EACH AIRPLANE 

to ait *o KJ *o ro* ( 2 0 
I I O # 0 £ 0 0 I S O 1*0 

m n t i t i IT 

F I G U R E 5 2 Loading summary chart—DC-6B 
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Figure 5 4 Load adjuster 



BALANCE COMPUTER 

location of the c g relative to its limits can easily 
he seen 

A diagram of the aircraft fuselage i s normally 
included on the load adjuster This diagram is used 
to help identify various compartment locations 

Balance computer A slide rule can be circular 
as we l l as linear in construction—the aeronautical 
computer is an example of the circular t\pe Cir 
cular slide rules or computers have been adapted 
to the solution of weight and balance problems 
Essentially, these balance computers are circular 
load adjusters, and bke the linear type, can be used 
only for an aircraft of one make, model and con 
figuration The identification markings of a balance 
computer should be carefully checked to insure its 
correct use 

The circular balance computer consists of a card 

on which are printed curved scales for load items 
and a curved c g grid A different card is pro\ided 
for each configuration aircraft and can he Included 
in the weight and balance section of the aircraft 
flight manual A transparent plastic overlay sheet 
with a simple straight line similar to the cursor on 
the load adjuster IS used on top of the balance 
computer card (fig 55) 

The procedure for use of the circular balance 
computer is similar to that used on the slide rule 
type l o a d adjuster Starting with basic index units, 
progressive movements o f the overlay are made in 
clockwise o r counterclockwise directions A pencil 
mark is made on the overlay before making each 
adjustment for a load item After the final fuel item 
adjustment is accounted for, the line on the plastic 
overlay indicates the c g location where it crosses 
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F I G U R E 56 T e m p l a t e and grid 

the gross weight line on the c g grid The c g is 
indicated in c/c M A C on the grid and the gnd itself 
i s a limit envelope (fig 5 5 ) 

The design of the circular balance computer takes 
into account several general assumptions pertaining 
to the normal operation of the aircraft Among these 
is the assumption that passengers will hare a pref 
erence for empty seats nex t to the windows and 
that the fuel will be loaded and consumed according 
to standard schedules 

If standard practices are followed, the computer 
allows omission of the intermediate steps of calculat 
ing moments and indexes for the load items 

Template and grid A similar system makes use 
of a large weight and balance grid upon which the 
weight items are directly plotted The grid indicates 
the f l i g h t and ba l ance limits o f the aircraft as 

expressed m % M A C The grid can be printed 
on a hard plastic material from which the p lo t 
is erased after use or on a paper form which IS 
kept as ft record for each flight The values for the 
load items are plotted progressively by the use of a 
plastic template (fig 56) The final plot of the fuel 
load terminates at the intersection of the total weight 
and c g in % M A C 

A s m all other systems, this system relies upon 
getting o f f t o a good start with a reliable basic 
operating weight a n d basic operating c g t n f o 
M A C Since the final plot represents the fuel load, 
the plotted fuel line can be followed down the chart 
as fuel is consumed in flight to get a continuous 
graphic indication of c g location during flight (fig 
57) 

Advanced systems New systems of weight and 
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B A L A N C E LIMITATIONS 

% M A C 

1 0 0 , 0 0 0 

4 4 4 0 3 8 3 2 2 8 2 4 2 0 1 8 1 2 

F I G U R E 5 7 Balance limitations grid 
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W E I G H T A N D B A L A N C E M A N U A L 

510-61 Equipment List N - 1 1 3 

Chk Description and Identification 

C o m p r e s s o r - A u Fuel Starter 
A B C C o 4056728 

Quantity 

1 

Weight 

500 

Balance 
Arm 

6 

Pressure Regulating Shutoff V a l v e 
Jones Inc 1726001-10 
Jones Inc 1726001- 9 (Optional) 

Boost Pump, Fuel, High Pressure 
Smith Co HD 309721-1 

Boost Pump, Fuel, High Pressure 
L o t c o Inc XX45678-9 

1 7.5 8354 

2 78 7 5 6 3 

2 7 8 779 2 

2 7 8 8015 

2 7 8 8357 

1 1 0 2 7 5 3 0 

F I G U H E 5fl La rge aircraft equipment Lst 

ba l ance con t ro l are bang dewed and will un 
doubtedly be adopted )n the future by the large 
aircraft operators Electronic computers can be u3ed 

to calculate and print out the weight and balance 
ANSWERS, the computer input possibly being based 
Upon passenger and cargo reservation information 

Other systems have been investigated Utilizing 

devices which measure the weight applied to each 
landing gear when the airplane is on the ground 
These devices are installed in the landing gear sys 
tern and produce a numerical read out of gross 
weight and c g position The read out could be 
located ui a convenient location in the flight com­
partment 

LARGE AIRCRAFT WEIGHT AND BALANCE 
RECORDS 

It is apparent when a study is made of the weight 
and balance control systems Introduced in this chap 
ter, that the use of a valid Basic Operating Weight 
(BOW) is essential for accurate results Operating 
personnel must rely upon BOW information in the 
aircraft records Maintenance personnel must assure 
that the recorded BOW js correct 

BOW is defined as the weight of the aircraft as 
loaded ready for payload and fuel The BOW, there 

fore, includes the empty aircraft with all perma 
nently installed equipment, n o r m a l oil a n d fltmls 
(except fuel), crew and crew baggage, passenger 
service equipment, emergency equipment, and spe 
cial equipment 

The aircraft is weighed to establish the empty 
weight and c g before it is put into service When 
a record is made of this weighing, an equipment 
list is established which shows each item of installed 
equipment Included in the empty weight From then 
on, the condition for empty weight can be duplicated 
by assuring that this same equipment is installed 
An excerpt from the equipment list of an F A A 
aircraft IS shown in figure 58 

When equipment changes take place, an appro 
pnate entry is made on a weight and balance log 
or the equipment list itself IS amended SO that the 
empty weight and c g are properly corrected It IS 
essential that any change in structure or equipment 
be entered in the records, otherwise all other cal­
culations will be inaccurate Part of a weight and 
balance log for an F A A aircraft is shown in figure 
59 
The use o f "empty f lee t weights" and "basic 

operating fleet weights" are explained in F A A A d 
visory Circular 120-27 When fleet weights are used, 
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A C T U A L W E I G H T A N D B A L A N C E L O G 

Serial 18066 Registration N 113 

Item and Description Weight 
Balance 

Arm Moment CG %MAC 
Index 
Units 

SUMMARY 

P r e - f l i g h t W e i g h i n g 98,320 8^7-3 83355696 25 .5 +3,783 

A d d i t i o n s +978 +795556 

D e d u c t i o n s -k29 -338838 

B A S I C WEIGHT — 98,869 (8^7.7) 83812414 2 5 . 4 +3,803 

F I G U R E 5 9 Weight and balance log 

weight and balance procedures can be standardized 
and periodic weighings reduced, these advantages 
are possible when a large number of similar aircraft 
are used by a particular operator 

The term "zero fuel weight ' indicates the rnaxi 
mum authorized weight of an aircraft without fuel— 
this Weight is the sum of B O W and p a y l o a d It 
should be understood that passengers or cargo are 
included in zero fuel weight When the zero fuel 
weight is high because of a large payload the fuel 
load must be proportionately low to prevent exceed 
ing maximum t akeo f f or landing weights On the 
other hand, i f a large fuel load u needed for a 
long range flight or for low altitude operation, IFR 
holding, or traffic delays, a reduction of payload and 
zero fuel weight may be required 

Average weights of adult passengers are assumed 
to be 160 pounds in summer (May 1-Ott 31) and 
165 pounds in winter (Nov 1-Apr 30) Children 
under 2 are considered "babes in arm" and children 
2 through 12 are averaged at 80 pounds each Pas 
senger carry on baggage ig calculated at 5 pounds 
each Most weight and balance control systems as 
sume that passengers will select the window seats 
first, the aisle seats second, and the center of three 
abreast seating last With these assumptions, pas 
senger index tables are calculated Allowances are 

made for those loading situations where passengers 
happen to group in extreme forward or aft locations 
In flight, movement of passengers or crewmembers 
is also considered and load adjustments made Any 
such allowances have the effect of reducing the 
load carrying flexibility of the aircraft 

A typical passenger load index chart is shown in 
figure 60 It should be noted that this chart assumes 
that passengers are seated m the normal distribution 
around the center (centroid) of the forward and aft 
passenger compartments A separate table 111 figure 
60 provides information about ca rgo loads The 
assumption is again made that the cargo is loaded 
evenly around the centroid of the cargo hold 

Fuel is loaded in large aircraft according to a 
schedule presented in the F A A approved manuals 
Such a procedure distributes the fuel among the 
fuel tanks in a manner which will cause a mini 
mum of difficulty with weight and balance (fig 61) 
Personnel in\olved with weight and ba l ance are, 
therefore, able to determine the fuel moments or 
index from standard tables or by calculating the 
moment of the fuel in each tank 

Fuel i s used according to procedures given i n the 
flight manual Besides ensuring structural rnteg 
ntv, an important reason for following a standard 
sequence of fuel tank selection IS to control the c g 
location The flight crew has a much less complex 
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PASSEYGER LOADING TABLE 

Number Wetght Moment 
of 1000 

Pass Lb 

F W D COMP C E N T R O I D 486 3 

5 850 413 
10 1,700 8 2 7 
15 2,550 1,240 
20 3,400 1,653 
25 4,250 2,067 
29 4 , 9 3 0 2,397 

4FT C O M P C E N T R O I D 928.8 

5 850 789 
10 1,700 1,579 
15 2,550 2,368 
20 3,400 3,158 
25 4,250 3,947 
30 5,100 4,736 
35 5,950 5,526 
40 6,800 6,315 
45 7,650 7,105 
50 8,500 7,894 
54 9,180 8,528 

CARGO LOADING TABLE 

Moment 

Weight 
Lb 

Forward Hold 
Arm 
581 

AFT Hold 
Arm 
1066 

6,000 6,396 
5.000 2,905 5,330 
4,000 2,324 4,264 
3,000 1,743 3,198 
2,000 1,162 2,132 
1,000 581 1,066 

900 523 959 
800 465 853 
700 407 746 
600 349 640 
500 290 533 
400 232 426 
300 174 32.0 
200 116 213 
100 58 107 

F U E L L O A D I N G TABLE 

Weight 

Lb 

Tank 1 and 3 Tank 2 
(3 Cell) 

Weight 

Lb 

Weight 

Lb Arm 
Moment 

1000 Arm 
Moment 

1000 

Weight 

Lb 

8,500 8921 7,583 817 5 6,949 8,500 
9,000 893 0 8,037 817 2 7,355 9.000 
9,500 893 9 8,492 817 0 7,762 9 500 

10,000 8947 8,947 816 8 8,168 10 000 
10,500 895 4 9,402 8166 8,574 10,500 
11,000 8961 9,857 8165 8,982 11,000 
11,500 896 8 10,313 816 3 9,387 11,500 
12,000 8975 10,770 816 1 9,793 12,000 

18,500 906 8 16,776 815 1 15,079 18,500 
19,000 907 8 17,248 815 0 15,485 19,000 
19,500 908 9 17,724 814 9 15,891 19,500 

20,000 9101 18,202 814 9 16,298 20,000 
20,500 9117 18,690 8148 16,703 20,500 
21,000 913 4 19,181 814 7 17,109 21,000 
21,500 915 5 19,683 814 6 17,514 21,500 

F I C L R E 6 0 L o a d i n g [ a b l e -



S T A N D A R D F U E L L O A D I N G 

Total Outboard Center 
Fuel Tanks Tank 
Load 1& 3 2 

Total Outboard Center ' 
Fuel Tanks Tank 
Load lb-3 2 

29,550 9 , 8 5 0 9 , 8 5 0 

3 0 , 0 0 0 1 0 , 0 0 0 1 0 , 0 0 0 

3 0 , 6 0 0 10,200 1 0 , 2 0 0 

4 0 , 0 0 0 1 1 , 6 0 0 16,800 
4 0 , 5 0 0 1 7 , 3 0 0 

4 1 , 0 0 0 17,800 

3 1 , 0 5 0 1 0 , 3 5 0 10,350 
3 1 , 5 0 0 10,500 10,500 
32,100 1 0,700 10,700 

41,500 18,300 
4 2 , 0 0 0 „ 18,800 
42,500 19,300 

32.550 1 0 . 8 5 0 1 0 , 8 5 0 

3 3 , 0 0 0 1 1 , 0 0 0 1 1 , 0 0 0 

33,600 11,200 11,200 

43,000 19,800 
43,500 „ 20,300 
4 4 , 0 0 0 2 0 , 8 0 0 

3 4 , 0 5 0 1 1 , 3 5 0 1 1 , 3 5 0 

3 4 , 5 0 0 1 1 , 5 0 0 1 1 , 5 0 0 

3 5 , 0 0 0 1 1 , 6 0 0 1 1 , 8 0 0 

44,500 21,300 
4 5 , 0 0 0 „ 21,800 
45,500 22,300 

3 5 , 5 0 0 1 2 , 3 0 0 

3 6 , 0 0 0 " 1 2 , 8 0 0 

3 6 , 5 0 0 1 3 , 3 0 0 

4 6 , 0 0 0 2 2 , 8 0 0 

46,500 „ 23,300 
4 7 , 0 0 0 2 3 , 8 0 0 

3 7 , 0 0 0 1 3 , 8 0 0 

3 7 , 5 0 0 " 1 4 , 3 0 0 

3 8 , 0 0 0 1 4 , 8 0 0 

47,500 24,300 
4 8 , 0 0 0 „ 24,800 
4 8 , 5 0 0 2 5 , 3 0 0 

3 8 , 5 0 0 1 5 , 3 0 0 

3 9 , 0 0 0 " 1 5 , 8 0 0 

3 9 , 5 0 0 1 6 , 3 0 0 

4 9 , 0 0 0 25,800 
49,700 1 1 , 6 0 0 2 6 , 5 0 0 

5 0 , 0 0 0 11 ,750 2 6 , 5 0 0 

50,526 12,013 2 6 , 5 0 0 

F l & U R E 61 Fuel load distribution table 

job m determining in flight c g trawl if standard 
burn out procedure are followed 
U hen the aircraft is loaded read, for takeoff the 

total weight of the aircraft is called ta\i gross weight 
or ramp gross weight Because of high fuel con 
sumption during ground operation, this weight may 
be 500 to 1,000 pounds more than takiotT weight 
Maximum takeoff weight is the maximum allowable 
just before bralu release This weight m a y b e 
l imited to a lesser weight for anv particular takeoff 
by many factors rilated to aircraft performance 
The actual takeoff weight limit is calculated by the 
USC of various jaerformance charts taking into ac 
count such factors a« Runway kngth, temperature, 
density altitude runwai slope, and wind conditions 

Maximum landing weight i<= a structural hmit and 
is the maximum weight authorized at touchdown 
-Ml weight in excess o f maximum landing weight 

must consist of disposable fuel A furl dumping sys 
tern is required on the aircralt if the maximum take 
off weight is more than 105 percent of maximum 
landing weight 

Conditions may arise during flight such as engine 
failure o r an aircraft system F A I L U R L , which m a y 
require a landing sooner than originally planned 
In this event fuel may have to be dumped to reduce 
weight t o maximum landing weight I f the f u e 1 
dumping procedures contained I N the aircraft flight 
manual arc followed, c g travel will remain within 
prescribed limits Calculations o f the effects of furl 
dumping are similar to those u«ed for fuel burn 
T_.se o f the fuel load table moments makes the cal 
culations simpli Some manuals will provide a fuel 
tank centroid as a single arm, then the effect of fuel 
dumping can b e calculated by a single remo\e 
weight formula such as the one wludi follows 
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ENTER AT 25% MAC, PROCEED TO DIAGONAL LINE, 
READ RIGHT OR LEFT, 2 Uh-ITS NOSE UP 

\STAB T R I M | 

\ AIRPLANE 
1 NOSE 

D O W N 

15 20 25 30 
CENTER OF GRAVITY - PERCENT MAC 

F I G U H E 62 Stabilizer trim 

Weight before dumpmg-160,000 lb 
c g before dumping —Sta 615 5 
Fuel to dump —40,000 lb 
Centroid of fuel tanks —Sta 750 2 

Find c g after dumping 
Use remove weight formula 

Wt removed ^ i c j 
New total wt Dist from c g to tank 

40,000 _ A c K 
120 000 1 3 4 7 

Acg =44 9 
eg after dumping = 615 5 - 44 9 = 570 6 in 

STABILIZER TRIM SETTING 

Before starting a takeoff in ajarge turbojet air 
craft, the stabilizer trim mu&e placed m a position 
dictated by the c g location A n Improper ly set 
stabilizer trim mav have such a powerful effect that 
it cannot be overcome by elevator con t ro l During 
takeoff, it ma, be difficult to raise the nose (rotate 

at V R ) t or on the other hand, the nose may pitch 
up uncontrollably depending on which direction the 
stabilizer is out of trim O n c e the aircraft IS air 
borne, the trim is adjusted by the pilot to a setting 
which will enable him to fly with minimum control 
pressure The onl) acceptable procedure for takeoff 
is to set the trim according to c g location before 
the takeoff roll is started 

Some of the c g control sj stems previously ex­
plained (see Convair 880M loading summary, fig 
53) provide a stabilizer setting directly w h e n the 
total weight c g is calculated Other systems require 
the use of a simple chart to convert from c g in 
% M A C to stabiliser setting for a particular takeoff 
weight A typical chart from an aircraft flight man 
ual is illustrated in figure 62 

When the c g is determined to he located at a 
particular station, that location must first be con 
verted to % M A C to use the stabilizer trim chart 
A typical problem follows 
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Given 
Takeoff C g —Sta 575 0 
MAC —Sta 540 0 to Sta 7450 
Stabilizer trim char t (fig 62) 

Find Stabilizer trim setting for takeoff 
Solution 

1 Determine c g in % MAC 
LEMAC 

2 Determine stabilizer set t ing to neares t y2 

unit 
Enter chart at bottom on 17 1 % line 
Proceed upward to diagonal line 
Read stabilizer setting = 5 nose up 

LARGE AIRCRAFT LOADING PROBLEM 

Gwen A n air carrier aircraft has the following 
load condition Weight Index moment/1,000 

1 Basic operating weight 85,000 65720 0 

2 Cargo 
Fwd 3,000 
Ah 900 

3 Passengers 
F*d 20 
\ft 40 
(Winter wt =165 + 

5 lb carrv on baggage) 
t Fuel load 

Tank 1 20,000 
Tank 2 20,000 
Tank 3 20,000 

5 Vverage fuel consumption to point of first intended 
landing—3 600 lb/hr/engine Three engine op 
eralion for 2 30 hours Straight tank to engine 
fuel management for enure flight 

6 Limitations 
a Nfax ramp wl—165,000 !h 
b Max zero fuel nt—110,000 lb 
c Man landing wl—135 000 lb 
d r g limits—15% to 35% MAC 
o MAT—Sta 750 0 to Sta 955 0 

f ind 
Ramp and landing weights and c g 
Investigate if limitations are exceeded 
Stabilizer trim setting 

Solution 
Use loading tables—figure 60 
Use stabilizer trim setting chart—figure 62 
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Complete the loading form below 

Takeoff conditions check 

Load *em Weight Index 

Basic operating weight 
Payload 

Cargo 
Fwd 
Aft 

Passengers 
Fwd 
Aft 

Sub total (zero fuel weight) 

load 
1 Main 
2 Main 
3 Mam 

Total (ramp and takeoff wt ) 

Ramp c g — % M A C 

Stabilizer trim setting 

Landing conditions check 

Load item Weight Index 

Zero fuel weight 
Remaining fuel load 

1 Main 
2 Main 
3 Mam 

Total (landing wt ) 

Landing c g % M A C 

Notice that the fuel arms (fig 60) vary with 
weight because, the aircraft used in the problem is 
a swept wing type The correct procedure is to add 
a new fuel index to the ZFW index Subtraction of 
index units for fuel burned will not properly ac 
count for the change in arm 

Using the principles explained in the preceding 
chapters, you should he able to solve the sample 
problem As a spot check, here are several answers 

1 No limits ATE exceeded 
2 Stabilizer trim for takeoff IS one half nose up 
3 C G at landing weight is 22 2 % M A C 


