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FORE WORD 

This Publi cation has been prepared as a guide for 
persons who are engaged in some or al l of the activities 
associated with the weight control of aircraft. The objec ti ve 
has been to provide a basic source of materi a l to give inform­
a tion on aircraft weighing procedures and the determination of 
emp ty weight and empty weigh t centre of gravity position, on 
the need for weight control and on the compilation of loading 
data. In this regard the Publication has been prepared to 
reflect the Department of Transportts policies and recommen­
dat i ons concerning the weight and balance of aircraft, and due 
reference is given in the text to pertinent Air Navigation 
Regulations and Orders. The reader should be aware that 
these requirements are subject to amendment, and any query 
regarding the cu rrency of R egu la tion s and Orders should be 
referred to the appropriate Regional Office o f the Departmen t 
o f T ranspor t. 
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INTRODUCTION 

The Australian Air Navigation Regulations require 
that aircraft be operated with in the weight and centre of 
gravity limitat ions specified in the certif i cate of airworthiness 
or lapproved flight manual. Ult imately it is the responsibility 
of the pilot in command to ensure that his aircraft is co rrec tly 
loaded before fl ight, and for thrs purpose information in the 
fo rm o f load ing data and i~ structions are made available for 
his use. Such information normally contains details of the 
aircraft empty weight and empty weight centre of gravity 
position, together with s u itab le instructions as to the means 
by which the aircraft can be loaded with in safe limits. The 
information made availab l e to the pilot represents the end 
result of a number of steps made by persons whose task i t is 
to provide accurate and precise loading da ta. Correct loading 
is essential for the safe operation of an aircraft and it i s the 
r esponsibility of a weight control officer to ensure that the 
informa t ion he approves is not only correct but is a lso pres­
ented in a clear and unambiguous manner. 

All civil aircraft) whether they be of a fixed or 
rotary wing typ e, large o r small, have been certif icated 
against a comprehensive set of airworthiness standards for a 
c l early defined range of we i gh ts and centres of gravi ty . The 
manufacturer of an aircraft mus t demonstra te to the respons­
ible certification authori ty that h i s product can meet th e 
stringent safely standards laid down by that authori ty. These 
s tandards take in to conSiderati on, among other things, not' 
on l y the structura l streng th of the aircraft but also performance 
and flight handling characteristics, and the weight and centre 
of gravity limitations that result can be dictated by anyone of 
these parameters. An aircraft fl own ou tside approved limits 
is being operated in an area where comp li ance with the required 
levels of ai r worthiness may not have been demonstrated, and 
any pilot who fl ies his aircraft incorrec tly loaded could well be 
taking on the duties of an experimental test pilot. 

Maximum take- off and land ing we ights are in most 
cases determined by structura l considerat ions , and operat ion 
in excess of these weights cou ld downgrade the strength of the 
aircraft to unacceptab l e levels . Continued overweight oper­
ation could also. accelerate. the onset of metal fatigue induced 
structural faiture. In addition excessive weight reduces the 
flying ability o f an aircraft in almost every respect , the mos t 
significant deficiencies o f an overweight aircraft being: 



 

Longer take-off distance 

Reduced rate of climb 

Short er range 

Redu ced cruising speed 

H igher stalling speed 

L onger landing distance. 

The balance of an aircraft on the other hand refers 
to the position of the centre of gravity, and is o f primary 
importance in relation to flight handling characteristics. 
Adverse ba l ance si tuations can cause marked deterioration in 
stability and control to thepoint where an aircraft may become 
uncontro ll able. F o r examp l e, a pilot may ha ve difficulty, if 
h is aerop lane is loaded too far forward, in raising the nose 
du r ing take-off, or in being able to flare the aircraft i nto the 
correct landing attitude al the completion of the flight. Con ­
verse l y , if the aeroplane is loaded too far aft the longitudinal 
slabili ty may be seriously impaired, sta ll ing characteristics 
adversely affected and, if the aircraft is of a type approved 
for spinning, spin r ecovery difficult or even impossible. 

The prime concern of aircraft balancing is along 
the longitu dinal axis, that is, the fore and aft location of the 
centre of g r avi ty. The desi gn of airc r aft is such that la tera l 
symmetry is usually assumed to exist, and for each item of 
weigh t to the left o f the aircraft centre line there is an equal 
weight to the right existing at a corresponding location . Lateral 
imba l ance however can occur in aeroplanes with unevenly dis­
tr ibuted fue l loads, and in helicopters, where a li tter may be 
loaded on one side but not on the o ther. With the exception of 
r Olo r craft, where later a l centre of grav ity limits are usually 
specified, lateral imbalance is normal l y relat ive l y easy to 
contro l, the longitud i nal ba l ance being much more critica l. As 
thi s is the case, further reference to centre of gravity in this 
Publicati on wit l mean the longitudinal location of the po int of 
balance. 

T he need to operate within approved lim its is a 
matter: of ser ious concern , no t on l y to the pil ot bu t also to 
those ground personnel whose res pons ib i I i ties encompass the 
preparation of an aircraft for flight. Weight and balance con­
trol begins with the in itial determination o f the a ircraft empty 
weight and empty weigh t centre of gravity posi t ion. Subsequent 
changes as a resu lt of repair or modification are accoun ted for 
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either by adherence to a suitable weight and balance change 
record system or by reweighing the aircraft. Loading inform­
ation in the form of, for example, baggage compartment and 
fuel tank placards, toge ther w i th pertinent loading rules and < 

systems are made available to the pilot for his ready guidance 
and use to ensure safe load ing, All of these activities can be 
grouped under the one general heading, that is, the weight 
control of aircraft. 
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1 - DEFIN IT IONS 

DATUM 

FWD LIMIT .... ,....AFT LIMIT 

C.G.RANGE 

DATUM 

(+) ARM 
200mm 

WT 
IOKg. 

I 
STA 0 STA 200 

MOMENT: 2000 Kg. mm. 

Figure 1. Oeflnitions 

Th e var ious terms commonly used in weight control 
have the follow ing meanings. 

1. ARM (moment arm) - is th e horizontal di s tanc e 
in mi llimetres from the reference datum to the 
centr e o f gravity o f the i tem . The algebraic 
sign is plus (+) jf measured aft of the datum and 
minus {-} if meas ured forward of the datum. 

2. C E N TRE OF GRAVITY (c . g. ) - is the poin t abou t 
which the aircraft wou ld balance if it were poss­
ib le to su spend it a t that point. The weigh t of an 
aircraft may be assumed to be concentrat ed at its 
centre of gravi ty, 
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3 , C E NTRE OF GRAVITY DAT UM (reference da tum ) 
- is an imaginary plane from which a l l measu r.e ­
ments of a rm are tak en. F or mos t a i rcraft the 
datum is estab li shed by the manufacturer an d in 
some cases its horizontal location is marked on 
the aircraft. Onc e selected all moment arms must 
be taken w i th reference to the datum. The datu m 
is specified in the certificate of airworthiness or 
approved fl i ght manual. 

4. CENTRE OF GRAVITY LIMITS - a re the most 
forWa r d and mos t rearward centre of gravity 
positi ons at which an a i rcraf t may be operated in 
accor dance wi Ih the a i r worthiness certif ica tion 
s tan dards of the Department of Transpo rt , Centre 
of gravity l imits are norma ll y expressed in milli ­
metres forward o r aft of the datum bu t for a fixed 
w ing aircra ft may be slated as a percentage of the 
mean aerodynamic chord (M. A. C. ) of the wing. 
The centre of gravity limits are specified in the 
certificate of airworthiness o r approved fligh t 
manual. 

S. CENTRE OF GRAVITY RANGE - is the dis tance 
between the forward and af l c en tre of gravity 
limi ts . 

6 . L OAD DATA SHEET - is a doc ument prepared in 
respect o f an Individua l aircraft to provide weight 
and centre of gra v ity information for u se in the 
loading system. 

7. L OADING SYSTEM - is a system fo r ensuring 
that an aircraft is loaded within approved gross 
w eight and centre of gravity limits at all times 
during flight . 

6. MEAN AERODYNAM IC CHORD (M. A. C . ) - is 
the average chord of an i mag inary wing hav in g 
the same aerodynamic characteristics as the 

,actua l wing. 

9. MOME NT - i s the product of a weight multiplied 
by i ts arm. The moment of an i tem about the 
datl;lm is obtain,ed by multiplying the weight o f the 
item by its horizontal distance from the datum. 
The tota l momen t of an aircraft about the datum 
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is the we ight of the aircraft mul tiplied by the 
horizonta l distance from the centre of gravity of 
the aircraft to the datum. Moments are usual(y 
exp r essed in terms of kilogram - millimetre. 
(kg. mm.). 

10. MOMENT INDEX (or index) - is a moment divided 
by a constant such as 1,000, 10,000 or 1 00,000. 
The constant is arbitrarily selec ted to reduce the 
number of significant figures in moment va lues to 
easily handled proportions but wh i ch will yet give 
the desired accuracy. An index is consider ed to 
conis! of so many i ndex units. 

11. REMOVABLE EQUIPMENT - is equipment carried 
on some or all operations but which is not inclu­
ded in the empty weight. 

12. SECRETARY - is the Secretary to the Depart­
ment of Transport or any person to whom he has 
delegated his authority in the manner concerned. 

13. STATION - is a location in the aircraft which is 
identified by a number designating its distance 
from the datum. The datum therefore is station 
zero. Station and arm are usually identical. 

14. WEIGHT CONTROL OFFICER - is a person 
holding a weight control authority issued under 
Air Navigation Orders Section 100.28. 

15. WE IGHT , EMPTY - is the measured or calcu ­
lated weight of an aircraft including all items of 
fixed equipment and other equipment that is 
mandatory for a ll operations, fixed ballast, 
unusable fuel, undrainable oil, total quanti ty of 
hydraulic fluid, but excluding all other items of 
disposable load. 

16. WE IGHT, MAXIMUM L ANDING - is the maximum 
weigh t, according to the certificate of airworthi­
ness or approved flight manual, at which the air ­
craft may u sua ll y be landed. 

17. WE IGHT, MAXIMUM TAKE-OFF - i s the max i mum 
weight, according to the certificate of airworthi ­
ness or approved flight manual, at which the air­
craft i s permitted to take-off. 
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18. WEIGHT, MAXIMUM ZERO FUEl- - is the' 
maximum weight approved for the aircraft not 
including fuel load. 

19. WEIGHT, OPERATING - is, in relation to a 
particular type of operation, the empty weight 
of the aircraft plus those items of removable 
equipment and disposable load that remain con­
stant for the type o f operation being conducted. 

20. WEIGHT, RAMP - is the allowable weight for 
take-off plus the fuel burned during taxi and 
run-up. 
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2 - WE IGHING OF AIRCRAFT 

Air Navigation Orders Section 100. 7 requires that 
the empty weight and empty weight centre of gravity position be 
determined for a ll aircraft prior to the initial issue of a certifi ­
cate of airworthiness. These determinations can be made 
either by weighing the aircraft or, as an alternative in the case 
of a new l y manufactured sma l l aircraft , by suitable computations 
made by the manufacturer. The empty weight details f o r an 
imported aircraft can be established prior to arrival in Aus­
tralia; however if reasonable doubt exis ts as to the va l idity of 
the weighing data the Secretary may require the aircraft to be 
weighed in Austral ia before a certificate of <:iirwo rthiness is 
issued. 

Over extended periods , unaccountable weight changes 
and other factors can render the ini tial weighing detai Is in­
appropriate, and because of this the D epartment of Transport 
requires periodic weighings to be carried out for certain classes 
of aircraft subsequent to the initi al weighing o r weigh t determin­
ation . The intervals between these periodic weighings have 
been made as long as possible consi stent wi Ih the probab l e 
effect of weight and centre of gravity changes on the airworthi­
ness of the aircraft . Aircraft must a lso be weighed when, as 
the resu l t of modification or repair, the empty weight or empty 
weight centre of gravity position has va r ied by more than a 
specified amount. The intervals between weighings, and the 
tolerances allowed on empty weight and empty weight centre of 
gravity, are given in Air Navigation Orders Section 100.7 . 
An operator may however reweigh an aircraft at any time he so 
desires . 

WEIGHING EQUIPMENT 

The equipment used to weight an aircraft must be of 
a type approved by the Department as complying wi Ih the 
accuracy and repeatability standards specified i n Air Naviga­
tion Orders Section 100. 7 . Intending purchasers of sca les 
shOU l d contact their local Department of Transport Regional 
Office to ascertain if the proposed equipmen t is of an approved 
type, or if not, and approval is sou ght, to provi de such sub­
stantiating data as is necessary. Each scale unit used to 
weigh an aircraf t mus t have been calibrated either b y the man­
ufacturer or by a State Weights and Measures Authority within 
a period of one year prior It:? the weighing of an aircra f t. The 
Department can liowever reduce this period if it considers it 
to be n ecessary , or increase it if the owner of the scales can 
justify a longer calibrat ion peri od. 

8 



 

The type of equ ipment u sed w ill vary wi th the air': 
c raft size. Ligh t aircraft may be we ighed on platform type 
sca les w hereas large aircraft wi ll usuall y need an el ec tronic 
weighing k it. In any case the equipmen t must have a capacity su it­
ab l e to the si ze of the a i rcraft . F o r examp l e , thr ee sca les w i th a 
2000 kg. capacity each wou ld be required for an aircraft w ith 
an empty weight o f approximately 4000 kg., whi l e an e l ect roni c 
weighing kit with ce ll s of 30,000 kg. capacity wo uld be needed 
for a 60,000 kg. empty weight ai r craft. 

WEIGHING PROCEDURES 

Aircraft weighings shou ld be conducted i nside cl osed 
hangars to avoid the possi bili ty of air cur rents affecting the 
accu r acy o f th e weigh ings . The floor surface s hou ld be l evel, 
particul ar l y where the we ighin g kits o r jacks are placed, an d 
suitable fo r marking with chalk o r pencil. In prepar ing an air­
craf t for weighing the following general procedu r es shou ld be 
obser vedj 

(a) T he aircraft should be cleaned inside and out, 

(b) The aircraft mus t be dry before weighing. An 
aircraft should not be we i ghed immediate l y after 
it has been washed. 

(c) Seat backs should be p l aced in the upright 
pas il ion. 

(d) Wing f l aps must be retracted and al l o ther 
control su rfaces secured in the neu tral position. 

(e) The equipment sta te of the aircraft must be 
checked , and all items that ar e to be i nc luded 
in the empty we ight p l aced in thei r appropriate 
posit ions . An aircraft equipment list must be 
r aised, or if one is already in force must be 
amended, to refl ec t the con f igura li on of the 
aircraft at the time of weigh ing. A ll items not 
inc luded as fixed equipment should be removed, 
or if th is is inconv enient such equipmen t ma y 
remain i n the aircraf t provided that the 
app r opriate deductions ar e subsequentl y made. 

(f) F ue l tanks shoul d be drain ed in accordance wi th 
the manufacturers ' instructions. In some cases 
it may not be f easib l e to drain the tanks, and if 
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this is so, they should then be fi ll ed- to capacity' 
and the aircraft weighed in this configuration. 
The weight of fuel in the tanks should then be 
calculated and l ater subtracted from the tota l 
weight to obtain the empty weight. If the total 
quantity of fue l in al l tanks is 700 l itres o r less 
a speci f i c grav ity for aviation gasoline of 0.7 1 
f or 100/130 grade and 0.72 for all lower grades, 
or in the case of aviation kerosene a spec ific 
gravity of 0. 79, may be assumed in calculating 
the weight. If the total fuel quantity is in excess 
of 700 l itres the actual specific gravity must be 
determined and used for weight ca lcu l ations. 
Where a weighing has been carr i ed out wi th 
drained tanks, the weight o f the unusable fuel 
quantity should be established and the appropri­
ate change made to the weigh ing details when 
determining the empty weight and empty weight 
centre of gravity position. 

(g) Unless otherwise spec ified by the aircraft man­
ufacturer the oi l system should be completely 
drained through the normal drain ports. Under 
these conditions the amount of oil remaining in 
the tanks, lines and engines is termed "undrain ­
able oi l" and must be included in the empty weight. 
When the aircraft is weighed without draining the 
oil the tanks should be filled to capacity. T he oil 
weight can then be ca lculated and the appropriate 
deduction made. The speci fic grovity of oil may 
be assumed to be 0. 90 f o r mineral base oil and 
0.96 for synthetic base oil. 

(h) Reservoirs and tanks containing hydraulic fluid, 
anti-icing flu id and o ther liqu i ds tha t are to be 
considered as part of the empty weight should be 
filled to capacity. 

(i) If the main wheels are to be used as reaction 
_points the brakes should not be set. Resultant 
horizontal loads on the weighing equipment may 
cause erroneous readings. 
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Figure 2. Weighing on platform sca les 

Aircraft should be weighed in a level position, that is wi th the 
longitudina l and lateral axes horizontal . On most aircraft, 
l eve lling devices such as l ugs, pins or p l ates have been 
accurately insta l led by the manufacturer . The methods used 
to level aircraft vary with the type of aircraft, and reference 
must be made to the manufacturer I S instructions. The fo ll ow­
ing genera l procedures should however be followed; 

(a ) Jacks u sed for levelling shou l d never be emp l oyed 
other than at the specified jack points. 

(b) During the levelling procedure extreme care 
should be taken to prevent side loads developing 
which may cause an aircraft to slip off the j acks. 
When raising an aircraft with two wing o r main 
undercarriage jacks they shou ld be actuated 
simul taneously in order to mainta in the aircraft 
in a latera ll y l evel position . 

(cl Nose whee l o l eo s truts or lyres may be inflated 
or def lated to leve l the aircraft. 

(d) Rotary wing aircraf t fitled with undercarriage 
o l eo struts may be placed in the leve l pos i tion 
by inflating or def l ating the struts . 

(e) A hoist or jack should be used to level tailwheel 
aircraft jf the tai,l is too heavy to be raised 
manua'lly. 
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(f) Ballast may be placed to cor rect ar')Y instability 
of the aircraft. However if this is done the 
weight and position o f the ballast s hould be 
accurately determined so that the appropriate 
deductions may be subsequent l y made. 

When the aircraft is in a level position it may be necessary to 
measure and reco rd relevant dimensions so that the empty w e igh t 
centre of gravity position may be calculated. The horizon tal 
distances that need to be measured for th is purpose are those 
establishing the position of the reaction points in relati on to 
some fixed datum. As an example, when an aircraft is weighed 
using the land ing gear wheels as weighing (reaction ) points the 
following three dimensions must be determinedj 

(a) Th e horizontal distance from the reference 
datum to some known jig point. Th is dimensi on 
for small aircraft is usually zero, becau se the 
r eferen ce datum is an eas ily identified location 
such as the firewall or wing root leading edge. 
However for certain aircraft the datum may be 
located ahead of the nose, and in these cases it 
is necessary to u se some convenient jig point 
on the aircraft. 

(b) The distance from the jig point to a lateral line 
passing through the main gear reaction points. 
This measurement should be ma de along a line 
which is parallel to the longi tudinal axis of the 
aircraft, and 

(c) The distance from the jig point to the forward 
o r aft reaction point for nose and tail wheel air­
craft respectively. 

The required points can be projected to the hangar floor by 
means o f a plumb bob, after wh i ch it i s a s impl e matter to 
measure the necessary dimensions . When an aircraf t is 
weighed using the wheels as reaction points it is important to 
measure the releyant distances, and not rel y on published 
dimensions. -Variations in o leo strut extensions can vary the 
position of the rea c ti on points to a significant degree. 

When fuselage and wing jack points are used as 
react ion points it is unnecessary to measure dimensions as 
these points remain fi xed, and the i r moment arms may be found 
in the aircraft records. It is important however to use the 
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fixed r eaction points indicated i n the basic aircraft records for 
the particular a ircraft, because manufactu r ing tolerances and 
other factors can cause var i ations in these dimensions between 
aircr a ft of the same type or model . 

DATUM JIG 
fo----C' • '._----'~ INT 

FWD 

, , 
< 

00 

.. ~ 
MAIN 

DATUM 
(JIG POINT) 

'.' 10-----"< ''---:-::=01 
MAIN AFT 

Figure 3. Neeenary we~ghlng dimensions 

The empty weight can be determined from the results 
of two consecutive and i ndependent weighings, the load being 
removed from the scales between each recording. Weighings 
must be r epeated if necessar y unt i l the differences between two 
consecutive measurements agree within the to l erances speci ­
fied in Air Navigation Orders Section 100.7. 
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3 - EMPTY WEIGHT AND EMPTY WEIGHT CENTRE 

OF GRAVITY 

When all the required d imensions and weights have 
been established they must be entered into an Aircraft Weighing 
Summary Form CA. 65 or an approved equivalent, and the empty 
weight and empty weight centre of gravi ty pos! tion determined. 
The empty weight is the average tota l of the scale readings 
from which the weights of appropriate deductib le items such as 
ballast, wheel chocks and fuel have been removed. The scale 
readings must of course be corrected as necessary for equip ­
ment ca librati on errors. (Figure 4). 

T he centre of gravity of an aircraft is that pO,int at 
which all the we i ghts of the aircraft can be considered to be 
concentrated, in other words if the aircraft could be suspended 
from that point it wou ld neither pitch nose up or nose down. 
The posit i on o f the cen tre of gravity can be obtained by divid­
ing the tota l moment of the aircraft about the datum by the tota l 
we i ght. 

Consider as an example the following weighing 
detai ls; 

We;ght (kg. I Arm (mm.) Moment (kg . mm.) 

Right wheel 223 80 17840 

Left wheel 22 1 80 17680 

Tail wheel 30 5250 157500 

Total 474 * 193020 

The centre of gravity position from the 
datum can then be ca lculated by dividing 
the total moment, (193020), by the tota l 

-weight , (474), as follows; 

C of G '" 
193020 

474 
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As the determination of the centre of gravity involves 
the addi ti on and subtraction of moments (weights multiplied by 
arms), care should be exercised to ensure retention of the . 
correct algebraic signs (+ or -) throughout a ll b'alance ca lc u­
lations . For th e sake of convention the aircraft should always 
b e visua lized with the nose to the left. In this positi on any arm 
to the left (forward) of the datum is minus, and any arm to the 
right (aft) of the datum is p lus. Any item of weight added to the 
aircraft, ei ther forward or aft of the datum is a plus weight , 
and conversely any weight removed is a minus weight. When 
multiplying weights by arms to obtain moments the answer i s 
positive if the signs are like, and negative if the signs are un­
like, the fo ll owing combinations being possible; . 

(a) i terns added forward of the da tum 
(+) weight x (-) arm = (-) momen t 

(b) i terns added aft of the da tum: 
(+) weight x (+) arm = (+) moment 

(c) i terns removed forward of the da tum 
(-) weight x (-) arm = (+) moment 

(d) i terns removed aft of the da tum : 
(-) weigh t x (+) arm = (-) moment. 

I t can be seen that a moment acting in a c lockwise 
manner , tending to pi tch the nose up, is posi live, whereas a 
momen t ac ting in an anticlockwise manner, p i tch i ng the n ose 
down, is considered negative. 

The calculation of the empty weigh t centre of gravity 
position ther efore becomes no more than the summat ion, about 
a datum, of a number of moments, wh i ch are then divided by the 
emp ty weight o f the aircraft. Weights may be added or sub­
tra cted, in turn giving r ise to positive or negative momen ts . 
As noted above, a l though a weight may be removed from an 
aircraft its very r emova l wi ll create a moment change affecting 
the position of the centr e of gravity. Similarly, the addition 
o f a weigh t wi ll also give r ise to a moment shifti n g the po int 
of balance. It should however be noted that if weights are 
added to o r sldbtracted from the centre of gravi ty position the 
only change wi ll be to the gross weight of the aircraft, the 
centre of gravi ty in th is instance remaining constant. 
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The basic formu la used to ca lculate the centre of' 
gravi ty distance from the datum may therefore be writtenj 

x = 
total moment 

weight 
M 

= W 

The example given at fi gure 5 illustrates how the empty weigh t 
centre o f gravi ty positi on may be ca l culated for a typical nose 
whee l aircraft. 

In ba l ance ca l culations therefore, the important 
things to remember are; 

(a) All moments are calcu l ated about a given fixed 
point called the datum, the pos i tion of which 
is specified by the manufacturer. 

(b) Moments must be clearly identified as positive 
or negati ve. The question should be asked, 
wi ll the effect of this weight , o r the lack of i t, 
cause the nose of the aircraft to p itch up o r 
pi tch down when using the datum point as the 
moment centre? With the nose of the aircraft 
to the l eft pitch up i s positive, pitch down is 
negative. 

(c) When all the relevant moments have been 
calculated, the major ones being those 
de term ined from the weights on the react ion 
points (e. g . main wheels and nose o r tail 
wheel), they are added and sub tracted as 
necessary to obtain the total moment. This 
is then di vided by the empty weigh t of the 
a i rcraft to obtain the d is tance of the centre 
of gravi ty from the da tum. 

MOMENT INDEX 

Because weights are measured in ki lograms and 
arms In milfimetres the moments calculated can be very large 
numerica ll y, for example, a weight of 1000 kg. at an arm of 
1000 mm. has a momen t of 1, ODD, 000 kg. mm. Such large 
numbers are unwie l dy, and because of this it is easy to intro­
duce mistakes . Therefore, in order to simplify the handling 
of balance ca lculations, moments are usually divided by a 
constant "e ll ca ll ed an index constant. Thi s constant is 
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arbitrar il y selected depending on the magnitude of. the moments 
handled, and can vary from 1000 to 100, 000 or even larger, but 
once selected for a particular aircraft remains unchanged for 
that aircraft. A moment d i vided by an index constant i s ca lled 
an index; 

Example: 

A moment of I, 000, 000 kg. mm. 
divided by an index constant of 
10,000 has an index of 1,000,000, 

10,000 

or 100. 

In the above example the moment has an index of 
100, or alterna ti vely it may be said to be composed of 100 index 
un i ts. Whenever index un i ts are used the index constant should 
always be c l early specified. 

Obviously, the index number system can be appl j ed 
to total aircraft moments as readily as to individual load items . 
An aircraft with an empty weight of 474 kg. and an empty weight 
centre of gravity position 407 mm. aft of the datu m has a total 
momen t of 193, 020 kg. mm., or if an index cons tan t of 1000 is 
used, a total index of 193.02. 

MEAN AERODYNAM I C CHOR D 

Expressing the centre of gravity relative to the 
mean aerodynamic chord (MAC) is common practice with fixed 
wing aircraft , both the centre of gravity posi ti on and the centr e 
of gravi ty limits being given as a percentage of the MAC. Rela­
t i ng the centre of gravity location to the chord of the wing is 
convenient from an aerodynamic design viewpoint, and normal l y 
an aircraft will have acceptable f l ight characteristics if the 
centre of gravity is located over a range of some 15 to 30 per­
cent of the MAC. The al lowable range will however vary from 
aircraft type to aircraft type. 

T-he MAC is calcu lated by the manufacturer and 
may be defined as the chord of an imaginary wing having the 
same aerodynamic characteristics as the actual wing. The 
MAC can be quite complicated to determine, particu l ar l y if the 
wing is tapered or swept, and the manufacturer is normally the , 
only reliab l e SOlJrCe of information for this parameter. Where 
the MAC is used for weight and balance purposes its location 
relative to the aircraft ' s datum must also be specified. 
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Figure 6. Mean aerodynamic chord 

To convert a centre of gravi ty posi lion in terms of 
distance from the datum to a percentage of the MAC the calcu­
lation steps as shown in the following example are madej 

Given: (j) MAC = 2010 mm. 

(ii) position of the .leading edge 
of the MAC from the da tum :=: 

+500 mm. 

(iii) empty weight centre of gravity 
position from the datum"" +915 mm. 

Therefore the di s tance of the centre of gravity 
from the I eading edge of the MAC = (915-500) 
= 415 mm' l and the percentage MAC iSj 

415 100 
"ZlJl(j x 1 = 20.65. 

Consequently the empty weight centre of 
gravity position is at 20. 65 percent of the 
MAC. 

Conversely, jf it is desired to convert a centre of 
gravity position in terms of percentage MAC to a distance 
relative to the datum the above procedure is reversed. 
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LOAD DATA SHEET 

On completion of the weighing the empty weight -and 
empty weight centre of gravity positIon must be entered onto a 
l oad data sheet. Th is document, of which fjgure 7 is a typical 
example, is the formal expression of the weight and centre of 
gravi ty information for the aircraft, and in many cases can be 
used directly by the operating crew. It can also include a 
description of the aircraft configuration to wh ich the we ight 
and balance details refer, together with an expiry date. If 
the operator wishes to use an operat ing weight in lieu of an 
empty weight then the appropriate operating weight and oper­
ating weight centre of gravity position must also be included 
on the load data sheet, together with the relevan t conf.igurati o n 
details. Whenever an operating weight is used an operating 
weight equipment list, readily available to the crew, must also 
be provided. The comp leted load data sheet must be approved 
by a vyeight control officer who has the relevant authority to 
make such an approval. 
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. 
AUSTRAL..A 

DEPARTMENT OF TRANSPOR T 

LOAD DATA SHEET 

......... .. .... .. -.......... __ .... .............. 
( Hom l Of Or ."' ~I . a l ioll) 

Aircraft T~p. •.••• . • ••• •• . .• ••• •••••••• • •• • ••• • • Aircrafl ,lit, . VH - •• • _ •• .• • 

Approvld Locd;~. 51,"m •• ••• •••• ••••• •• • , _ , •••• • __ ••. ___ ._ •••••••••• ••• __ ._. 

"'UTHOR I S~O DATE DATE OF EXP IRY ISSUE 

_C APPROVAL STAMP 

AIRCRAFT WEIGHT AND CENTRE OF GRAV IT Y' DATA 

tUM WEIGHT ... INDEX UN ITS CO N,.' OU RAT IO N 

EMPTY WE IGHT 

OPERATI NG 
WE IGHT 

-

DATUM 

Figure 7, 
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4 - L OADING SYSTEMS 

The determination of the empty weigh t and empty 
w e igh t centre of gravi ty is jus t the first step in making sure 
that an aircra ft is safe ly loaded for fli gh t. It is sti ll necess ­
ary to devise some means whereby the pi lot can control the 
loading o f his aircraft 50 as to maintain the wei ght and centre 
o f gravity within approved lim i ts. Thi s is usua lly done by the 
provision o f a su i tab le loading sys tem, which may take the f orm 
of a cockpit p lacard o r a combi nation of placards, load chart, 
load and trim s h ee t or loa ding compu ter. For sma ll and re l ­
a ti ve l y simple aircraft a formal load i ng syst em may not be 
requ ired as an extreme condit i ons check ma y show that , for 
al l possible l oa ding combinations, it i s impossi ble to exceed 
ei ther w e i ght o r cen tre o f gravi ty I lmi 15. 

A cer t ifi ca Ie o f type approva I wi II be issued to the 
manufac turer of an aircra ft only after he has shown that the 
type can comp l y wi th the re levant certification requirements 
appropriate to its design. Comp l iance w ith these requirements, 
o r safety standards , i s demonstrated for parti c ula r ranges o f 
weights and cen tr es of gravity, and th ese ranges can in tu rn be 
declared as ai r wor thiness l imitations and speci fie d as such in 
the cert if ication approva l of the type. Each production ai rcraft 
musl then b e operated in accordance with these approved limits, 
and to do otherwise i s not only illega l, but also poten ti a ll y 
dangerous . 

F or an Australian registered a ircra ft the pertinent 
weigh t and balance limitat ion s must be inc luded i n the approved 
fl ight manua l o r cert i fic ate of airworthiness for that a ircraf t. 
Reference can also be made to the type cert i fica te data shee t 
(figure 8). However, i f the aircraft is o f an imported type due 
ca re should be exer cised as local c hanges may resu l t in vari­
ations to the limitations given in that document. Many aircraft 
are designed w ith cent r e of gra v ity limits that vary w ith changes 
in weigh t, and a typical graphica l representation of these limits 
i s shown at figure 9. 

The l oading system must provide me thods or instruc ­
tions to ensure- tha t an aircraft may be conveniently and cor r ec t­
l y loaded wi thin the approved weigh t and balance limits . · E ven 
in its most complex form a loading system is no more than a way 
of adding up a ll the weigh ts comp r i ,sing the loaded a ircraft 
(empty aircraft , fu e l, o'il, pas sengers and bagga ge), together 
wi th the i r moments, and using th es e to ca lcul a te a gross weight 
and cen tre o f gra v ity p os it ion , w hich items are then compared 
to the all owab le we i gh t and balance enve lope. 
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1. Model Civil 1, (Normal and Utility Category) 

Engine 
Fuel 
Engine I imi ts 
Propel I er and 

propeller 
lim its 

Airspeed l im its 
(CAS) 

C . G. range 

Emp ty weight 
C. G. range 

Maximum weight 

Nu mber of sea ts 
Maximum baggage 
Fuel capac i ty 
Oi l capaci,ty 
Can tro! surface 

movements 

Serial numbers 
eligible 

Figure B. 

Lycoming O-J20-E2D 
80/87 minimum grade aviation gasoline 
All operations, 2700 rpm (150 hp) 
McCauley IC 172/TM. Diameter: not 
over 2320 mm. , not under 2200 mm. 
Static rpm at maximum permissib le 
throttle setting; not over 2360, not 
under 2260. 

Never exceed 
Maximum structural 

c ru ising 
Manoeuvring 
Flaps extended 

Norma I ca tegory -

154 knots 

117 knots 
95 knots 

20° - 95 kno ts 
350 

- 80 kno ts 

(+220 mm.) to (+549 mm.) at 850 kg. 
or less . 
(+333 mm.) to (+549 mm.) at 1050 kg. 

Utility category -
(+220 mm .) to (+530 mm.) at 850 kg. 
or less. 
(+3 10 mm.) to (+530 mm.) at 1000 kg. 
Linear variation between points given. 

None. 

Normal category - 1050 kg. 
Utility category - 1000 kg. 
4 (2 at +413 mm", 2 at + 1220 mm.). 
55 kg. (+ 1900 mm. ). 
165 Ii tres (160 usab l e) at +630 mm. 
9 litres (-1248 mm.). 
Wing 'flaps 
Ai leron 
Eleva tor 
Elevator 
Rudder 

tab 

001 through 00139 except 005. 

Type cert ificate d ata sheet 
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Figure 9 , Centre of gravity limits 
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However, before embarking on the task of preparing 
a loading system it i s just as wel l to establish whether one is 
required o r not. A lthough any aircraft with a reas'onable dis"": 
posable load, either passengers or baggage, wil l p r obab ly 
require a loading system of one sort or another , there are a 
good many sma ll aircraft which, without exceeding perm i ss ible 
compartment loadings and seat i ng capaci ties, cannot be loaded 
ou tside their weight and balance li mi Is. Therefore, in o r der to 
establish that a loading system is not required, it is necessary 
to carry out weight and balance extreme conditions checks . 
The fo ll owing example shows how these checks can be made: 

NOTE: T h e standard crew and passenger 
weight of 77 kg. per person must 
be used when ca r rying out extreme 
condition weight and ba lance checks 
except where a particu lar seat 
installation has been approved for a 
lesser weight. In this case the max i ­
mum placarded passenger weight for 
that seat must be used instead. 

OAT M ~
D LIMIT 

~T LIMIT 

~f;~~~FUEL 
OIL ;j 

<~~~ 
BAGGAGE 

SEAT'ROW 2 
SEAT ROW I 

Given: 

Empty weight of the aircraft 

Empty weight centre of gravity position 

Maximum take-off weight 

Forward cen!re of gravi.ty limit 

Aft centre of gravity l imit •• 
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530 kg. 

+250 mm. 

1020 kg. 

+220 mm. 

+549 mm. 



 

Item 

Oi I (capaci ty 9 Ii tres a t an arm of 
- 1248 mm. ) ...• . . 8. 1 kg • 

Fue l (capacity 160 litres at an arm of 
+630 mm. ) 114 kg. 

+413 mm. First row of seats 2@ 

Second row of 5 ea ts 

8aggage arm (45 kg. maximum) 

2@ +1220mm. 

+1900 mm. 

(a) Forward wei ght and balance extreme condi tion. 

For this case it is necessary to load the aircraft 
so as to achieve the most forward centre of gravity 
position possible. All items iocated ahead of the 
forward centre of grav ity limit must be included, 
fu l l fuel being used if the tank is in front of this 
l imit, and zero fuel if it is located behind. 

Weight (kg. ) Arm (mm.) Index uni ts (e =1000) 

Empty weight 530 +250 + 132.50 

Oi l 

Pilot 

Total 

8. 1 -1 248 -1 O. 11 

77 +4 13 +3 1. 80 

6 15. 1 • + 154. 19 

The most forward centre of gravity position 
possible is then; 

+ 154. 19 x 1000 
615 . 1 = +251 mrn. * 

Since the most forward centre of gravity limit 
(+220 mm. ) and the maxim!Jm take-off weigh t 
(t.020 kg. ) are not exceeded, the forward weight 
and balance extreme condition is satisfactory. 

(b) Rear weight and ba lance extreme condition. 

For this case the aircraft must be loaded in such 
a manner as to achieve the most rearward centre 
of gravity position poss i b l e. All items located 
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It em 

behind the af t centre of gravity limit must be 
inc luded and on ly those essential i tems forward 
of this li mit may be used. Full oit ho~ever shou ld 
be a ssumed in every case , together with zero fuel 
if the fuel tanks are ahead of the aft limit. 

Weigh ' (kg.) Arm (mm.) Index un; ts (C= 1000) 

E mpty weigh t 530 +250 + 132.50 

Oil 8. 1 -1248 -10.11 

P ilot 77 +413 +31.80 

Pa ssenger (2) 154 +1220 + 187 . 88 

Fu e l (ful l) 

Baggage 

Total 

11 4 +630 +71. 82 

45 +1900 +85.50 

928. 1 • +499. 39 

T he most rearward centre of grav ity pos it ion 
pos s ible is thenj 

+4 99.39 x 1000 
928. 1 538 mm. * 

Since the most r earward cen tre of gravity l imi t 
(+549 mm.) and the maxi mum take-off weight 
(1020 kg.) are not exceeded, the rear weigh t and 
balance extreme condition is sati sfac tory. 

(c) Maximum weight extreme conditi on . 

Ther e is one further check to be carr ied out, 
and that is to ensure that the max imum take- off 
weight cannot be exceeded when the aircraft is 
ful ly loaded. 
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Item Weight (kg.) Arm (mm.) Index uni 1's (C=1000) 

Empty weight 530 +250 + 132 . 50 

Oil 

P i lot 

Passenger 
(row 1) 

Passenger 
(row 2) 

Fuel (full) 

Baggage 

Total 

8. 1 -1248 - 1 O. 11 

77 +4 13 +31. 8 

77 +413 +31. 8 

154 +1220 +187.88 

114 +630 +7 1.82 

45 +1900 +85.50 

1005 . 1 528 +531. 19 

Since the maximum take-off weight ( l OZO kg.) is 
not exceeded and the resulting centre of gravity 
position is within permissib l e limits (+220 mm. 
to +549 mm. ) the maximum weight extreme condi tion 
is sat i sfactory. 

In the above example it has been shown that the subject 
aircraft cannol be loaded (while observing all compartment and 
seating limi tations) outside permissible weight and centre of 
gravity limits. Consequently, a l oad ing system would not be 
required in this case. 

T he aircraft used in this example has forward and aft 
centre of gravity limits that do not change with weight. Where 
s loping forward or aft centre of gravity limits app l y, many 
checks may be necessary to ensure safe loading wi thin the com­
plete weight and centre of gravity envelope. 

A decision to carry out weight and balance extreme 
conditions checks, rather than specify at the outset some, 
per haps rather complex, loading system, must however be made 
in the first instance. As a general rule it can be assumed that 
most single eng in e fi x ed wing a i rcraft with up to four seats may 
not need a l oading system, and that the time taken to carry out 
the relevant checks may be well spent. It is i mportant to real­
ise that extr eme cond i tion checks are on l y a means to establish 
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that a loading system f or a particular aircraft is unnecessary 
for that aircraft, and that, jf preferred, a loading system could 
sti It be u sed. 

If, as a resu l t o f making a weight and ba l ance ex treme 
conditions check, it is found that a wei ght or centre of gravity 
limit is exceeded then it may still be possible to establish a 
suitab l e loading li mitation in l ieu o f a more formal loading 
system. Given that the max imum placarded baggage compart ­
men t loading f or the aircraft used in the previous example is 
60 kg. instead o f 45 kg., but that in ail other respects the 
ai r craf t are identical, the rear centre of gravity ex tr eme con­
dition check wi ll take the fol lowing form. 

Item Weight (kg. ) Arm (mm.) Index un! ts (C= 1000) 

Empty weight 530 +250 + 132.50 

O il 8 . 1 -1248 -10. 11 

Pilot 77 +4 13 +31.80 

Passengers 154 + 1220 +187.88 
(row 2) 

Fuel 114 +630 +71. 82 

Baggage 60 +1900 + 114.00 

Tota l 943. 1 560 +527.9 

A lthough the maximum take- off weight i s s ti ll withi n 
l imits , the ca l cu l ated centre of gravity position o f +560 mm. is 
outside the permi tied rear I imi t and is therefore unsatsifactory. 
The most obviou s, and easiest, so luti on to this prob lem i s to 
provide a particu lar limitation on the baggage compartment 
restricting the load that may be carri ed to some va lue l ess than 
the maximum for w hich it is designed. T his may be accom-
pi ished as foll ows j 
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'" B 

The aircraft is balanced at 1t8" (+560 mm.), but is 
required to be balanced at IIA" the aft lim i t (+549 mm.). 
Removal of some baggage from the locker moves the centre o f 
gravi ty forward, and the weight to be removed (We) to reach 
the rear l imit must be calcu l ated. This is done by balancing 
the moments o f Wand We about the r ear limit IIA" . 

- Ws (1900-549) = 943 (560 - 549) 

or We = -943 x 11 
135 1 

= -8 kg . 

Thus 8 kg. must be removed from the rear compartment 
to res tore the cen tre of gravi ty to the rear t j mi tt and the locker 
subsequent ly placarded l imiting th e maxi mum l oad to 52 kg. 

This solution, although perfec tl y adequate, is not the 
optimum answer to the loading of the above aircraft, as the 
maximum perm i ssib l e carry ing capacity could not be realised. 
To overcome th i s problem a loading system wou l d be required, 
and in this instance need be no more than a simp l e cockpit 
placard instructing the pi lot as to the correct procedures to be 
used when loading his aircraft. 

T he rear extreme condi tion check was based on a 
loading configuration of two passengers in row two, and one 
occupan I, the pi lot, in r ow one. A check of the cen tre of 
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gravity position with a loading condition of filling the first row 
of seats before the second needs to be made. A weight and bal­
ance calculation made w i th two persons in row one, one person 
in row two, full fuel and full baggage (60 kg,), shows that the 
gross weight is 943 kg. with a centre of gravity position of 
+494 mm. Wi th the remaining passenger included at row 2 the 
gross weight is increased to 1020 kg., and the centre of gravity 
position moves aft to +549 mm., both of which however are still 
within the allowable limits. 

In this case therefore a cockpit placard, mounted so 
as to be clearly visible to the pilot, can be provided statingj 

o Q 
LOADING LIMITATION 

BOTH FRONT SEATS TO BE OCCUPIED 
BEFORE REAR SEATS . 

o Q 

Or Alternatively 

o 
LOADING LIMITATION 

WHEN LOAD IN BAGGAGE LOCKER 

o 

~~:~rgc~~~~~O~~F6~~N~E~~ATS O:} 

Cockpit placards must be both d.urable and securely 
located so that there is no possibility of their becoming 
illegible or detached. To this end placards made from pressure 
sensitive tape with an adhesive backing are considered unsuit­
able. 

Th~ placard form of loading system may be extended 
in scope considerably from the simple examples given above, to 
a somewhat more extensive loading rule such as the example 
shown at fi gure 10, The method of cons truction of loading 
placards however remains the same, to establish a set of par­
ticular loading cases, and to specify limitations on the method 
of loading or on the various items of disposable load, in order 
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to ensure that the weight and centre of gravity is always with in 
approved I imi Is. 

o 0 
NO·of Occupants Maximum Fuel Maximum Baggage 

Front Rear Permitted Permitted 
Seats Seats (Capacity 300 L ) (Max Comp Load 8OKg) 

·ONE 280 80 
TWO - 235 80 
ONE ONE 300 65 
TWO TWO 300 22 
ONE TWO Operation Not Permitted 

TWO ONE 300 J 80 

o 0 

Figure 10. Load ing placard 

F o r larger and heavier aircraft, o r when , for some 
reason o r an o ther, the use o f placards is no longer practical 
o r desirable, a mo re preci se loading sys tem i s nec essary . 
A s the loadi ng sys tem p rovides a means o f adding momen ts and 
weights the choice of how th is may be done is to some e x tent 
governed by the size and complexity of the aircraf t concerned. 
F o r mos t aircraft however moment information can be provided 
either graphica ll y or i n tabu lar form, separate l y prescr ibed 
for each l oad item. T yp i ca l graph i ca l and tabu l a r presenta tions 
o f momen t info rmation are shown at figure 11. 

The chart or tabu l ation is entered with the weight of 
the item concerned and the relevan t moment (or index) estab­
l ished. T he table a t fi gure 1 1 provides the same data as shown 
on the grap h for the relevant load ing item, add! ti ona l tabula­
ti ons (not s hown) being required fo r the oi l , fuel and baggage 
momen ts . Tl=le tabular fo rm of load ing system i s no rmally 
bulkier than the graphi cal one, however the choice o f presen­
tation is at the di scretion o f the per son preparing the system, 
and there is litt l e reason to prefer one method to the o ther. 
The graph o r tabulati on is easily established, for each appro­
pri ate l oca ti on, the momen ts for the range of wei ghts l ike ly at 
that l ocation are ca lculated, and then pl o tted or tab l ed as the 
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Figure 11 . Loadi ng chari and tabulation 
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case may be. Unless the moment arm varies as the weight is 
changed , as may be the case wi th some fue l sys tem o'r baggage 
compartment designs, the moment-we i ght variation is linear, 
and therefo re only the extreme points need to be calculated 
when preparing a loading graph. Of course if a tabular pres­
entation is preferred each indi vidua l moment mu st be ca l culated 
for the r equ ired weight interval s . 

T he weight ranges covered will be determined b y such 
parameters as tank capaci ties and baggage compartment s tructural 
limitations . Although standard crew and passenger weights are 
specified in Air Navigation Orders Section 20. 16, an operator 
may el ect to use actua l occupant weights . Consequently, when 
presenting passenger weight moment data, it is desirable to 
provide for more than the maximum standard passenger weight 
of 77 kg., and a weight of 90 kg. per seat position is suggested. 

Having determined both the gross weight and moment 
for the loaded aircraft a simp le ca lc ulation can be made to find 
the centre of gravity position . Th is final s tep however can be 
el imina ted by providing a moment-weight envelope. In th is case , 
the gross weigh t and moment can be used directly to determine 
whether the aircraft is safely loaded, in s tead of going through 
the additional step of calculating the actual centr e of gravity 
pos i tion . (Figure 12) . 

A diagram such as that shown at figure 12 can be 
prepared from the standard weight-cen tre of grav i ty enve lope 
by multiplying each weight by its arm and p lotting the resultant 
graph. Alternatively, if a moment table type of presentation is 
being u sed, a table of gross weight-moment limits may be pro­
vided, in which case maximum and minimum allowable moments 
can be calculated for the full range of gross weights . In 
addition to the above the loading system shOUld provide a floor 
plan showing the loca tion o f the various items together with 
thei r momen t arms. 

A comp l ete loading system, therefore, contains a 
loading graph or table for a ll the items of disposable load, an 
al l owab le we ight-momen t o r weight-centr e of gravity graph or 
table, and a f loor plan, together with any other items or 
instructions as are necessary. A typical loading system of 
the graphical sort is shown at figure 13. 
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5 - WEIGHT AND BALANCE DOCUMENTATION 

WEIGHT AND BALANCE REPORT 

Air Navigation Orders require that a weIght and 
balance report for each aircraft be submitted to the Depart­
ment, as part of the certification documentation for that 
aircraft, prior to the initial Issue of an Australian certIficate 
of airworthiness. The weight and balance report must contain 
at least the followIng; 

{a} A list of the various weight limits such as 
maximum take-off, landing, zero fuel and 
ramp wei ghts. 

(b) The approved centre of gravi ty range, 

(c) Weighing details including all relevant 
calculations made to establish the empty 
weight and empty weight centre of gravity 
pasi tions. 

(d) Equipment li5t. 

(e) Load da ta sheet. 

(f) Loading system. If a loading system is not 
required the Justification as to why it is not 
required must be providep. 

(g) Such other instructions are as considered 
necessary for the safe loading of the aircraft. 

Each weight and balance report SUbmitted to the 
Department will be retained by the Department for record 
purposes. 

LOADING DATA 

Weight and balance data necessary to enSUre that an 
aircraft can be correctly and safely loaded for flight must be 
contained in the flight manual. In lieu of the Hight manual, 
Regulation 113(3) of Air Navigation Regulations permits 
carriage in the aircraft of operations manuals, placards or 
other documents, prov1ded that th'ey supply the pilot in 
command with all the relevant data contained or referened in 
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