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FOREWORD

This manual has been written 1n recogmition of a need by all airmen for a comprehensne set casmly
understood text on aiwrcraft woaght and balance An objective 15 to provide a knowledge source for the
many pilots who <how a need for a greater appreciation of the importance of weight and balanie contiol
as 1t relates 1o their safetv in fight The subject has been presented from the viewpoint of the mlot and
aircraft owner or opcrator The text progresses from an explanation of basic fundamental- to the comples
application of wuight and balance prinaples in large aircraft operations The manual will, therelore e
as a trammng guide for the beginning weight and balance ~tudint and as a refcrence for the veteran anman

Pertinent FAA regulations, publications, and advisory circulars which have an impact upon weight and
balance procedures have been considered in the development of this text Th, reader should be awarc how
ever, that regulations are sub]ect to amendment, anv questions regarding the currency of rules affe cing the
content of this text may be checked with the appropriate FAA office The reader 1+ also advised that Tules
governing certification for certain types of operations described i 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 avianon pilot when
operahng light aircraft, including twin engine air tax; types  Computations and solution methods for typ
cal welghl and balance problems are representative of those currently found 1n manuals pub]lshed by air
craft manufacturers, gir carners, and commercial operators  Adherence to the prmclp]es and procedures
described 1n this text should enhance the operatlona] eﬁi(:lency and safety of any aircraft

The Pilot’s Weight and Balance Handbook, 1ssued as Advisory Circular 91-23A, cancels AC 91-23,
dated 1969, and was prepared at the FAA Aeronautical Center by members of the Flight Standards Service
Comments regarding this handbook may be directed t” the Department of Transportation, Federal Awia
tion Admnistration, Flight Standards National Freld Office, P 0 Box 25082, Oklahoma City, Oklahoma
73125
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Chapter 1

WEIGHT AND BALANCE CONTROL

Weight 18 a measure of the attractive force of the
earth’s gravity upon & material bodv It 13 an indica
tion of the mass or heaviness of the body Weight 15
also one of the greatest enemies of the flyer It 18
8 factor which must be respected 1f flight 18 to be
conducted safely

The force of gravity acting on the mass of the
atrcraft continuously attempts to pull it down from
ﬂ1ght The force of hft which 13 generated by the
airfoils of the aircraft 18 the only force available to
counteract weight and keep the aircraft in flight
However, the airfoils can produce only a limited
amount of hft for use n resisting gravity, therefore,
any 1ncrease In aircraft weight I8 to be avoided 1f
posaible The total bft of the aireraft depends on the
design of the airfoils, the speed and angle of attack
of the airfoils as they move through the air, and the
density of the air through which the awrfoils are
moving If the generated lLift does not equal aircraft
weight, level fight cannot be maintamed and the
aircraft mpst descend

EFFECTS OF WEIGHT

Any object aboard the aircraft which increases
the total WEIght 51gmﬁcantly 15 an undesirable ob]ect
as far as ﬂlght 19 concerned However. aviaters must
accept g compromise and load some heavy objects n

Ficure 1 Lifh and weight



the fuselage or wings to make ﬂlght poss:ble Fuel
1s an example of a heavy but necessary 1item It 19
always easier to fly when the aircraft 1s Lhight and
more dificult and dangerous when the aireraft 1s
hea\} Therefore, 1t has always been a primary rule
of flight to make the machine as light as possible
without sacrlﬁcmg strength or sufe[) and to mclude
only those loads essennal for the particular flight
The total weight of a vehicle changes as the con
tents (passengers, fuel, or cargo) are vaned If' care
1s not taken, the yvehicle can be weighted down with
objects to a point where 1t can no longer function
efliciently as a mover of loads The operator of the
vehicle and especially the pilot of an aircraft should
always be aware of the consequences of overloading
An overloaded boat mght sink a truck or auto
mohile might not be able to chmb a hill, and an air-
craft may not be able to Jeave the ground Each
vehrele has 1ts lirits, beyond which excessive weight
leads to inferior operation and possible disaster Of
all common vehicles, the aircraft 18 most susceptible
to trouble 1f weight considerations are disregarded,
its hmits are most easﬂy exceeded Furthermore,
when the aircraft has weight problems, the initial
mdication of poor performance will be during take
off, an unfortunate place for the vehicle and the
pilot to be In trouble
Excessine weight (fig 2) reduces the fying ahhty

of an airplane tn 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 c¢limb

Lower maximum altitude

Shorter range

Reduced crusing speed

Reduced maneuverability

Higher stalling speed

FictRE 2 Overweight causes longer takeoff run

2

Higher landing speed
Longer landing roll
The pilot must appreciate the effect of excessive

weight on the performance of the aircraft Ever)
prefhght check should meclude 2 study of perform-
ance charts to see 1f the arrcraft weight may
contribute to hazardous nght conditions Most pilots
have been trained to recogmze and avoid such air
craft performance rf'ducmg factors as ngh densny
altitude, frost on the wings, low engine power, and
severe or uncoordinated maneusers
weight reduces the safety margins available to the
pilot when these conditions are encountered The
pilot must also consider the consequences of an over
werght aircraft 1f emergency conditions arise 1 f an
engine fads on takeoff or 1ce forms at low altitude, 1t
18 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 pay]oad (passengers, baggage, and
cargo) But, if weight has to be decreased by 1e
ducing the payload, the fight 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 paying passenger
But, if welght 18 lowered by reducmg fuel, the range
of the aireraft 18 shortened Fuel burn s normally
the only Welght change that takes place during
ﬂ;gh[ As fuel 18 used, the aireraft becomes llghter
and performance 13 ympros ed, this 13 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 arcraft Many air
craft are overloaded to a dangerous degree b} the
mstallation of extra radios or strumenls Repairs
or modificatione usually add to the weight of the
alrcraft, 11 15 a rare exceptlﬁn when a structural or
equipment change results Jn a reduetion of weight
A's with people, when an arcraft ages 1t just
naturally puts on weight The total effect of this
growth 13 referred to 85 “Service Weight Pickup”
Most service weight pickup 18 the known weight of
actual parts installed mn repair, overhaul and mod:
fication These parts should have heen weighed or
the weight calculated when they were stalled In
addition, an unknown we1ght plckup results from the
collection of trash and hardware, meisture 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 umt

Excessive



BALANCE, STABILITY, AND
CENTER OF GRAVITY

Balance refers to the locahon of the ¢ g (center
of gravity) of an aircraft It 1z of primary 1mpor
tance to aircraft stability and safety n flight  Pilots
should never fly an aiwrcraft 1f they are not per
sonally satisfied with 1ts loadmg and the resulting
weight and balance condition The ¢ g 18 the point
about which an aircraft would balance 1f 1t were
possible to support the awrcraft at that pomnt It 1s
the mass center of the awreraft, or the theorehical
pont at which the entire weight of the aircraft 13
assumed to be concentrated The ¢ g must be within
specific lumts for safe flaght

The prune concern of aircraft balancing 1s long
tudinal balance, or the fore and aft location of the
¢ g along the longitudinal axis Location of the ¢ g
with reference to the lateral aws, howeier, 13 also
important The design of the atrcraft 15 such that
lateral symmelry is assumed to exist as far as weight
18 concerned In other words, for each 1lem of weight
existing to the left of the fuscdlage centerhine, there 1s
generally a n equal weight existing a t a corre
sponding location on the nght This lateral mass
s,mmetry, however, mav be upset by unbalanced
lateral loading The position of the lateral ¢ g 15 not
computed, but the operating créew must he aware
that adverse effects will certainly anse as a result
of a laterally unbalanced condition Lateral un
balance will occur if the fuel load 1 mismanaged bv
supplying the engine(s) unevenly from tanks on one
side of the awrcraft {fig 3) The airplane pilot can
correct the resyling wing heavy condition by the
use of aileron tab adjustment or by holdlng a con

stant lateral control pressure However, thig puts
the aircraft controls in an out of streamline con
dition and results 1n a lowered operating efﬁmency
Since lateral balance 1s relatlvely easy to control and
longitudinal balance 15 most critical, further refer
ence to ¢ g 1n this handbook will mean longitudinal
location of mass balance

The ¢ g 1s not necessanly a fixed point, its loca
tien depends on the distribution of 1tems loaded In
the aireraft As vanable load 1tems are shifted or
expended, there 15 a resultant shaft 1 ¢ g location
The pilot should realize that 1if the mass center of
an awrcraft 1s displaced too far forward on the
longitudinal axis, a nose heavy condition will result
Conversely, |f the mass center 15 displaced too far
aft on the longitudinal axis, a tail heavy condition
will result (fig 3) It 15 possible that an unfavorable
location of the ¢ g could produce such an unstable
conditien that the pilot could loge control of the air
craft In any event, flying an aircraft which 15 out
of balance, either 1n & tail heavv or a nose heavv
direchion, may produce 1ncreased pilat fatigue with
obvious effects on the safety and efficiency of flight
The pilot's natural carrection for longitudinal un
balance 15 a change of trim to remove the excessne
control pressure However, excessive trim has the
effect of redumng primary control travel in the direc
tion the trim 13 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

FULL
S
LATERAL UNBALANCE WILL CAUSE WING HWVINESS

EXCESS
BAGGACGE

9

LONGITUDINAL UNBALANCE WILL CAUSE NOSE OR TAIL HeA VINESS

Ficure 3 Lateral or longrtudinal unbalance



are two essential airplane attributes which mar be
seriously reduced by improper balance, these are
stability and contrel Loading 1n a nose heavy direc
tion causes problems 1n controlling and raising the
nose, especially during takeoff and landmg Loading
in & tad heavy direction has 3 most serigus effect
upon longitudinal stability even to the extent of re
dueing the airplane’s ability to recover from stalls
and spins

Limits for the locatron of the aircraft’s ¢ g are
established by the manufacturer These are the fore
and aft limits beyond which the ¢ g should not be
located for Aight The limuts are published for each
arrcraft in the FAA Aareraft Type Certificate Data
Sheets or Specfications If, after loadmg, the
¢ g does not fall within the allowable hmats, it will
be necessary to shuft loads before flight 1s attempted

The forward ¢ g hmit 1s often estabhished at a
location determined by the landmg characteristics
of the arrcraft It may be possible to maintain stable
and safe crmsing flight with the ¢ g ahead of the
prescribed forward Limit, but since landing 1s one of
the most critical phases of fhight, the forward ¢ g
[umit 15 placed at a relatively rear position to avod
damage to the gireraft structure when landmg { fig
4})

Frcune 4 Forward ¢ g cntical on landing

A restricted forward ¢ g himit 15 also specified to
assure that sufficient elevator deflection 15 available
at mmumum airspeed When structural limitations or
large stick forces do not limit the forward ¢ g posy
tion, 1t 18 Jocated at the position where full up
elevator 1s requlred to obtain a hlgh angle of attack
for landmg

The aft ¢ g limut 18 the most rearward position at
which the ¢ g can be located for the most cntical

4

maneuver or operahion As the ¢ g moves aft, a less
stable condition occurs, which decreases the abﬂlt}
of the aircraft to right uself after maneuvering or
after disturbances by gusts {fig 5)

Ficene 5 Aft ¢ g cnibeal 1noa stall

For some aircraft, the ¢ g limits, both fore and
aft, ma, be specified to vary as gross weight
changes They may also be shifted for certain opera-
tion# procedures, such as acrobatic flight, retraction
of the landmg gear, or the nstallation of spemal
loads and devices that change the fhght charac
tenishics

The actual location of the ¢ g can be altered by
many varable factors-usually under control of the
pllot Placement of baggage and cargo tlems can
both determine ¢ g and be used to control ¢ g In
addition, the asstgnment of seats to particular pas-
sengers can be used as a means of obtaining the
most favorable balance (fig 6) If the awrcraft 13
tailheavy 1t 18 only logical “horse sense” to place a
heavy passenger 1n a front seat

The Ioadmg and selective use of fuel from various
tank Jocations can have a decided effect on aircraft

ALL PASSENGERS
MOVE TO THE FRONT OF THE AIR-BUS, PLEASEf!

Freuse 6 H taitheasy, move pas-engers to front «cats



balance Large aircraft must have fuel loaded 1n a
partlcular manner determined by the total load, and
then the tanks must be selected in a sequence that
will keep the load 1n balance Swept wing aircraft
bare speClaI problems along these lines Fuel 1n
outboard tanks has a tendency to rotate the aireraft
mn a tail heavy direction and fuel 1n 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 ¢ g under control

QUTBOARD FUEL = TAIL HEAVY

INBOARD

Ficire 7 Effect of fuel in swept wing aircralt

SHIFTING OF LOOSE CARGO

The shifting of cargo or baggage during flight can
result 1n several hazards, not the least of which 1s
a dangerous balance condition If the ¢ g of an
aircraft 13 already near the forward or aft hmmt, a
significant longatudinal shaft of cargo may make con
trol difficult or 1mpossible This hazard 18 most Likely
to occur 1n arrcraft having cargo poorly secured 1n

the main cabin Particular care must be taken to ye
strain this type load wath proper tiedown deyices

MANAGEMENT OF WEIGHT AND
BALANCE CONTROL

Weight and balance control 18 a matter of serious
concern to all pllots and to many people on the
ground who are 1nvolved 1n the support of fight
The pilot has control over the l(}ad].ng end fuel
management within established limits for the par
tcular arcraft The pilot has weight and balance
mformation available mn the form of aircraft rec
ords and operating handbooks Loading mnforma
tion s also svailable 1n the form of placards in
baggage compartments and on tank caps The air
craft owner or operator should make certain that
up to-date infermation 18 available 1n the aircraft
for the pllot’s use

The owner or operator of the aircraft should 1n-
sure that maintenance personnel make appropriate
entries 1n the aircraft records when repairs or mod,
fications have been accomplished Weight changes
must he accounted for and proper potations made 1n
we1ght and balance records Without such notations,
the pilot has no foundation upon which to base
calculations and decisions

The gireraft manufacturer and the FAA (Federal
Aviation Administration) have major roles 1n de
signing and certificating the aircraft wath a safe and
workable means of conr_ro]lmg WEIght and balance
If the prototype aircraft has we)ght and balance con
trol problems which are potentially dangerous, de-
sigm changes are made before the arrcraft 18 type
certificated



Chapter 2

TERMS AND DEFINITIONS

The student of WElght and balance needs to be
farmhar with terms used 1n publications related to
mans aspects of the subject These terms are fairly
well standardized, howeser, terms related to general
aviation aircraft do not always apply to air carrter
aircraflt Where there 13 a difference, the following
definihions will indicate to which type of awrcraft
the term applles

1.

Arm (moment arm)—ls the honzontal
distance 1n 1nches from the reference datum
Itne to the center of gravity of the item The
algebraic sign 13 plus ( +) 1if measured aft
of the datum, and mnus { —) f measured
forward of the datum

. Center of gravity (e.g,)—s the pomnt

about which an aircraft would balance if 1t
were possible to suspend 1t at that pomnt It
18 the mass center of the aircraft, or the
theoretical point at which the entire weight
of the arreraft 18 assumed to be concentrated
It may be expressed in percent of MAC
(mean aerodynamic chord) or 1n inches from
#he reference datum

3. Center of gravity limite—are the specified

forward and aft or lateral pomis beyond
whrch the cg must not he located dunng

Weight x Arm

@&é&

= Moment

takeoff, flight o r landing These imits are
indicated on pertinent FAA aircraft type
certificate d a t a sheels, specifications, o 1
weight and balance records, and meet the re

quirements of Federal Ax 18tion Regulations

Center of gravity range—is the distance
between the forward and aft cg limits in
dicated 0 n  pertment aircraft specifications

5> Datum (reference datum)—is an 1magl

nary vertical plane or hre from which all
measurements of arm are taken The datum
15 established by the manufacturer Once the
datum has been selected, all moment arms
and the location of permussible ¢ g range
must be taken with reference to that point

Delta—=s a Greek letter expressed by the
symbol A It 1§ used 1n weight and balance
calculations, as well as 1n other forms of
mathematics, to indicate g change of values
As an example, A ¢ g indicates a change (or
movement) of the ¢ g

Fuel load—is the expendable part of the
load of the aircraft It includes only usable
fuel, not fuel required to fill the hnes or that
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Fietre 8 Definitions

which remains trapped 1n the tank sumps

8 LEMAC—as the leading edge of the mean

aerody namie chord

9. Moment—is the product of the weight of an

10

11

12,

item multiphed by 1ts arm  Momenta are eX
pressed m pound inches (Ib m ) or nch
pounds  Total moment 18 the welght of the
aircraft multiplted by the distance between
the datum and the ¢ g

Moment mdex (or index)—1s a moment
divided by a constant such as 100, 1,000, or
10,000 The purpose of using a moment n

dex 15 to simphfy weight and balance cam

putations of large aircraft where heavy items
and long armas result 1n large, unmanageable
numbers

Mean aerodynamic chord (MAC)—s the
average distance from the leading edge to the
traihing edge of the wing The MAU 18
specified for the aircraft by determiming the
average chord of an imaginary wing which
has the same aerodynamic characteristics as
the actual wing

Reduction factor—-1s the constant which

when divided into a moment results ;p an
index Reduction factors of 100, 1,000, or

10,00 are used to simplify weight and bal
ance caleulation processes

13 Standard weights-—have heen ¢stablished

for numerobs 1tems mvolved 1n weight and
balance computations These weights are not
to be used 1n heu of available actual weights
Standard passenger weights should not be
used mn computing the weight and balance
of charter fights and other special services
mvolving the carrage of special groups, e g,
athletic groups, small foreign nationals, etc
Some of the standard weights are

General aviation — ¢rew
and passenger 170 1h
AT cartier — poassengel
{~ummer) 160 th
Air carrier — pas~engel
{winter) 163 b
Ar carrier — male
rabin attendant 150 1h
Aar carrier — [emale
cabin attendam 130 1h
Air carrier — all otha
cre wmembers 170 11
AlIr carrier — arry on
haggage 5 b
(asoline 6l /TS gal
1 751 US gal
Water 835 Ib /L 8§ gal
Jet fuel 67 b /LS gal

-
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15.

16

17

Station—is a location 1n the aircraft which
15 1dentified by a number designating its
distanice 1n nches from the datum The
datum 15, therefore, 1dentified as station zero
The stabion and arm are usually 1dentical
An 1tem located at station + 50 would have
an arm of 50 inches
Useful load-—is the weight of the pilot, co
pilot, passengers, baggage, usable fuel and
dranable ol Tt 15 the emptv weight sub
tracted from the maximum allowable takeofl
weight This term applies to general aviation
arrcraft only
Weight, basic operating—:s thr weight of
the aircraft, including the crew read, for
flight but wthout payload and fuel Ths
term 15 only applicable to transport aircraft
Weight, empty-—consists of the airframe,
engines, and all items of operaling equipment
that have fixed locations and are permanently
wnstalled in the aireraft It includes optional
and special equipment, fixed ballast hydrau
e flud an d undramable (residual) fuel
and o)l When ol 15 used for propeller
felathermg such o1l 15 mecluded as residual
oL

18.

Weight, maximum landing- 15 the max;
mum weight at which the areraft may nor
mally he landed The maximum landing
weight may be hmited to a lesser weight
when runway length or atmosphenc cond
tions are adverse

19. Weight, maximum lakeoff—1s the max:

mum allowable wmght at the start of the

takeoff run  Some aircraft are approved for
loading to a grater weight (ramp or taxi)
only to allow for fuel burnoff during ground
operation The takeoff weight for g par
tricular fight may he lhmuted to a lesser
weight when runway length, atmospheric
condihons or other wvariables are gdyverse

20 Weight, maximum allowable zero fuel—

18 the maximum weight authorized for the
arrcraft not including fuel load Zero fuel
weight for each particular flight 1s the operat
ing wmght plus the payload

21 Weight, ramp or taxi—is the maximum

takeoff gross weight plus fuel to be burned
durmg tax1 and runup



AIRCRAFT WEIGHT NOMENCLATURE
{Transport Avrcraft)
Term Example (pounds) Notes

Empty weight 65 000 Includes Basic structure, hydraulic fluid, air conditioning
Auid and restdual fuel and ol

+ Operating items 5,000 Includes Crew crew luggage, o1, water, alcohol, and
normal passenger seTvice equiprnent

= Basic operating weight 70,000

-+ Payload 20000  Includes Passengers, baggage, and cargo
= Zero fuel weight 90,000

+ Fuel load 31000 Includes All usable fuel

= Ramp or tax; weight 121000

-- Ramp fuel 1,000 Includes Fuel used prior to takeoff

= Takeoff weight 120 000

= Fuel used 20,000 Includes Fuel burned or dumped

= Landing weight 100000

(General Aviabon Aurcraft)

Empty weight 2,905 Includes Airframe, engines, all fixed and permanent
operating equipment, and residual fuel and ol
+ Useful load 1,695 Includes Pilet, copllot, passengers, baggage, fuel, and
oll
= Takeoff weight 4,600
= Fuel used 460 Includes Fuel burned
= Landing weight 4,140

Note —The weights above are used for 1llustration only The actual values will vary for each awrcraft and each flight



Chapter 3

EMPTY WEIGHT CENTER OF GRAVITY

Weighing awrcraft with accurately calibrated
scales 1s the onlv sure method of obtammg an ac
curate empty weight and ¢ g location The use of
\«\relgh[ and balance records jn accounting for and
correcting the aircraft weight and balance location
15 rehable over certain periods of time Over ex
tended 1ntersals, however, unknown service weight
plckup and other factors will render the basic weight
and cg data 1naccurate For this reason, periodic
awrceraft weighings are desirable Aurcraft may also
be weighed when major modifications or repairs are
made, when the piot reports unsatisfactory flight
characteristics such as nose or tal heaviness, and
when recorded weight and balance data are sug
pected to be 1n error The pulot or owner may never
actually weigh an aircraft but he should he aware of
the general procedure and requirements

WEIGHING EQUIPMENT

The type of equpment which 1s used to weigh
aircraft will vary with t h ¢ aircraft size Light air-

10

craft may be weighed on commereal type platform
scales Large aircralt are usually weighed with
electronic weighing sets (fig 9) In any case, the
individual scale or the electronie cell should hare a
capacity ratmg suitable for the 81z¢ of the aircraft—

for nstance, three scales with 5,000 lb ratings
would be switable to weigh a 10,000 Ib aircraft
while an electronic cell set with cells of 50,000 Ib

capacity would be needed for a 100,000 1b aircraft

Only weighing equipment that 15 mantamned and
calibrated to acceptable standards should be used
to weigh awrcraft

Jacks are ordinarily used for levehng an aircraft

Care should be taken to use lacks of suffcient
capacity and extension for the particular aireraft
Adapters for jack points or blocks for wheels are
necessary to prevent the aircraft from moving or fall
ing when 1t has been rased off the ground Accurate
spirit levels are used to assure that the aircraft 18
mn a level posttion Large aircraft are often checked



Frerae 9 Flectrone weiching kit

for lcvel by the use of a surveyor s transit Plumb
bobs straight edges and chalk lines are some other
lems o £ auvihiary equipment used durmmgthe
weighing process

WEIGHING  PROCEDURE

The aircraft should be weighed 1n accordance with
mstructions 1n the manufacturers’ manuals or other
pertinent lechnical data T‘rplcal Proctdures inelude

a The aireraft should be cleaned nside and out

b The aircraft equipme nt should be checked

against the equipment st scction of the weight
and balance record (fig 21) This st should
have been updated to account for all equip
ment changes made after the list was imihally
established by the manufacturer A1l 1tems
which are not included as fixed equipment on
the updated list should be removed for the
empty weight check

¢ [uel tanks should be dramed in accordance

with the manufacturer’s 1nstructions In lieu
of specific mnslructions, the tanks can be
drained until the tank quantity gauges read
‘zero” or emply In level flight attitude The
amount of fuel remaining in the tanks, lines

and engines 15 termed “residual fuel” and it 1g
to be included 1n the empty weight In certain
cases, 1t mdy not be feasble to dram the fuel
tanks, 1f this 1s so, fill the tanks to capacity

The werght of the fuel 1n the tanks should then
be calculatcd and later subtracted from (he
total werght to obtain the empty we]gh[

d Unless otherwise noted m the awrcraft specifi

cation, the oil system should be completely

dramed through the normal dram ports Un
drr these conditrons, the amount of a1l
maining mn the tanks, hnes, and engine 15
te rmed “residual oi” and 1t will be mncluded
mt h e cmpty weight When the arreraft 10
waghed without draming the ail, the tanks
<hould be filled to capacity The o1l werght can
then be calculated at a standard weight of 7 5
lb< /gal

Reservours or tank~ containing hvdraulic fluid
anli 1cmg Aud a 0 d pther hquds which are
considered part of the emptv weight should he
filled to capacity

Generally all arcraft a r e weighed n a level
posiion This means t hr arreralt 15 placed
an attitude m which 1t~ longitudinal a n d
lateral axes art parallel 10 a honizontal surfau
leveling devices such as leveling lugs and
g located brackets and plates have been accu
rately installed on t h e aireraft by the manu
facturer to facilitate the loveling procedure
The methods used to level ":}J((‘IFIL aircralt
varv with the type of arrcraft and the leveling
mstructions provided by the manufacturer

1 Jacks which are used for leveling should
never be employed on t h e arcralt other
than al t h e spemfied jacking points I f
wing and fuselage Jacks are used to level
the aircraft 1t may he necessarv to prevent
the gear shock struts from extending when
the aircraft 15 raised The manufacturer’s
instructions wall indicate the appropriate
procedures 1n this case
2 During the leveling procedure, extrume
care should be exercised to aveid sids
loads which ma\ cause the arreraft to shp
off the jacks When raising the ajrerafl
with two wing or two main landing gear
jarks the) should he actuated simultan
ously in order to maintain the aircraft ma
laterally leve] attitude General instructions
for various types of aircraft are as follows
(@) hose wheel olea struts or tires may be
inflated or deflated to luevel the air
craft They may also be used to obtain
an approximately level position prior
to jacking the nircraft

ib) A howut or jack should be ¢mployed
to level tail whedl aircraft when the
aircraft 15 to” heavy to raise the tad
manually

(¢) Normaltv, the smaller tvpe of rotary

11



Ficure 10 Measurement of reaction points

wmg aircraft incorporating  skids
rest 1 approximately level posibion
Larger rotary wing aircraft with “leo
struts may be placed 1 the level
position bv inflating or deflating the
struts

(d) A float plane may be weighed bv
placing the Hoats on four scales with
suitable blocks to gbtain concentrated
reachion points Care must be taken
to prevent damage to the Boats from
this concentrated loading Ordinar
iy, the normal landplane lesehng
pounts are used The Hoats are not
necessarily level  Amphthians can be
weighed with the landmg gear down
and on the scalps

g Once the aircraft 1s 10 the level position, 1t 1s
necessary to measure and record dimensions
Three honzontal dimensions need to be meas
ured to determine the honzontal location of

the

cg 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 determned are as fol

lows (gee fig 10)

12

1 The horizontal distance from the reference
datum to some known jig pomnt This di
mension, for small aircraft, 15 usuallv zero
because the reference datum 15 an easily
1dentified location, such as the firewall “1
wing leading edge It s particularly 1m
portant to determine such a dimenston 1f
the datum ais located ahead of the nose of
the aireraft

2 The distance from the jig pont to a lateral
line passing through the main gear reac
tion ponts This measurement should be
made along a line which 15 parallel to the
longltudmal avis of the aircraft

3 The wheel base ‘i distance between the
marn and forward or aft reaction pomts

I\rfeasurmg these distances can be accomphshed
by projecting the reqmred 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 ]ig
point so that the plumb bob 18 appm\lma[el)’ one
half inch above the floor When the swing of the
bob dampens, a ¢rosa mark 1s made on the floor
directly under the tip of the plumb bob The mam
react,”” pomts are prOJected to the floor in the same
manner After marking the crosses for the two main
gear pomts, a chalked string 1s stretched between
them The string 15 then snapped to the floor, leaving
a clear straight chalkline between the main reaction
pomts The nose or tail reaction point 18 projected to
the hangar floor Ina simlar manner (fig I0)

After these pomts are projected to the floor 1t 1s
a simple matter to measure the required dimensions
W hen measuring these distances, 1t 13 necessary that
the tape be parallel to the centerline of the aircraft
Measurements made from the main reaction points

Ficure 11 Weighing aircraft on platform «cales.



are taken perpendiculer to the chalkline joining
these two pomts When fuselage and wing jack
points are used as reaction points i weighing the
awreraft, 1b 15 unnecessary to measure dimensions
These ponts will remain fixed and their moment
arms may be tound in the arcraft records Care
must be taken to use the fixed reaction points n
cicated 1n the records for the particular aireraft
being measured Because of manufacturing toler
ances and minor mode I chanw . the fixed reaction
pomnts arc not necessatily wentical for all aircraft of
a particular by pe

Weighing procedures may vary with the aireraft
and the type of weighing equipment employed The
wi1ighing procedures contained :n the manufacturers’
ntanuals shoyld he followed for each particular air
craft The following general nstructions 1illustrate a
common method and some of the typical precautions

(sec fig 11)

a  Awrcraft are WElghed m closed hangars to
avoird sibrabions or hft forces which would
otherwise be caused by air flowing over the

Iifting surfaces S u ¢ h sibrations or aerody
namic forces would result in ﬂuctuatmg scale

readings and 1ncrease the possihility of error

b The arcraft must be dry before 1t 15 weighed
An arcraft should never he weighed immed)
ately after 1t has hecn washed

¢ The aircraft should be weighed 1n the level
attitude If the main wheels are used as reac
tion points the brakes should not be get—
resultant side loads on the scales or welghlng
units may cause erroneous readings

d The aircraft should be rased ssmultanecusly
on all reaction points, especially when using
electronic weighing equipment When the air
craft 15 supported at the weighing reaction
points only, and 1s 1n the level position, scale
readmgs may be obtamed (fig 11)

e Several readings are taken for each reachon
point and the average reading 1s entered on
the awrcraflt weighing form

f Before the gircraft 18 lowered, it 15 necessary
to make certain that all necessary measure
ments and scale readmgs hare heen obtamed
and recorded The scales or cells should he
rechecked for errors and compared to the caly
bration errors recorded hefore the weighing
process Appropriate cahbration corrections or
re weighing may then be necessary

g When data for camparison 15 available, an
attempt should be made to venfy the results
obtamed from each weighing Verificabon
may be made by comparing results with a
previous weighing of an aiwreraft of the same
model

FINDING CENTER OF GRAVITY

After thr necessary dimensions and weights have
been obtained, the empty weight and the empty ¢ g
ran be calculated Empty weight 1s the total of the
three scale readings after subtracting the weight
of tare 1ems plus or minus cahbration errors This
welght 15 important for subsequent caleulation of
maximum weight and also 18 g necessary factor 1n
the determination of ¢ g

Centir o f gravity computations mav b e accom
phshed by several methods Fundamentally, the ¢ g
18 the point at which all the weights of the aireraft
can be considered to be concentrated The average
location of the welghts can therefore, be obtamed
by dividing the total momunts (wt X arm) by the
total weight The process then involves multiplying
each measured werght by 1ts arm to obtain 3 moment
and adding the moments

Example |
Weight (Ib ) Arm (in ) Moment (Ib - |
Right wheel 564 3 1,692
Left wheel 565 3 1,695
Rear wheel 40 225 9,000
Total 1.169 12,387
1287 10 6 ft of dat
1.,1_65 == n a (o] atum

Extra care must be taken in these types of empty
weight caleulations 1f one or more of the arms 18
located ahead of the datum In this event, the
algebraic sigh of the arm and moment will be nega
tive It should be remembered that & positive number
(the weight) times a negative number (tne arm)
results 1n a negative number (the moment) Fol
lowing the multiphcation step, additional care must
be taken when adding wheel moments to obtain total
moments and when dividing total moments by total
weight to ghtain ¢ g In all these mathematical opera
tions, the sigruficance of the algebraic sign must be
observed

The ¢ g can also be obtained by the use of a
special formula

XL
Cg :D+£W_

13
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DATUM
D—H

NOSE WHEEL TYPE AIRCRAFT

DATUM LOCATED FORWARD OF
THE MAIN WHEELS

FxL
CG =D—
w

NOSE WHEEL TYPE AIRCRAFT

DATUM LOCATED AFT OF
THE MAIN WHEELS

FxL
co=~(0+72)
W

DATUM
D—

TAIL WHEEL TYPE AIRCRAFT

DATUM LOCATED FORWARD OF
THE MAIN WHEELS

RxL
CC=D+(*—
W

’#DATUM

|

r I
TAIL WHEEL TYPE AIRCRAFT

DATUM LOCATED AFT OF
THE MAIN WHEELS

BxL
CGC = -D +(-—)
W

CG = Distance from datum to center of gravity of the aircraft

W = The weight of the aircraft at the ime of weighing
D = The honzontal distance measured from the datum to the mam wheel weighing point
I. = The horizontal distance measured from the main wheel weighing pomnt to the nose or

tall weighing pomnt

F = The weight at the nose weighing pont
R = The weight at the tad weighing point

Ficure 12 Empty weght c g formulas

This formula and others which are apphcable to
nose wheel aircraft and those with the datum located
i an aft position are shown 1n figure 12, together
with defimtions of the symbols 1mvolved Tbe use of
these formulas simplifies the calculations 1n several
ways In effect, the datum 15 mathematically moved
to the mam gear by this process, resulting n rela

trvely small moments which are easy to handle n

weight and balance calculations A major benefit of
the use of these formulas 1s the elimation of multi

phcahon steps that involve negative arms and nega
tive moments

A solution to the problem 1n example 1 by use of
the ¢ g formula s shown in figure 13 The answer

14

15 the same but the process 13 somewhat SImphﬁed
because the step of mulhplication of each weight and
arm has been eliminated T h e solution shown m
figure 13 shows how the information 1s entered 1n
the empty w Elght ¢ g part of a welght and balance
report form

An aeronautical computer (fig 14) can he used
to further mmphf} the problem when the formula 3
converted 1nto a proportion form

Example 2
The computer solution (7 6 in ) 18 then added to the



DATUM (LEADING EDGE
OF WING ROOT SECTION)

COMPUTED

MAIN WHEEL
WEIGHING POINT H

LEFT SCALE 565 LBS
RICHT $CALE 584 LBS

TARE 27 LBS

SCALE READING
67 LBS

D,MEASURED = |4—

LMEASURED

TO FIND EMPTY WEIGHT AND EMPTY WEIGHT CENTER OF

GRAVITY

GIVEN Datum 15 the leading edge of the wing

D, Measured distance from main wheel to datum

= 3’

L, Measured distance from mam to tail wheel = 2227

SOLVING EMPTY WEIGHT

Weighing Scale Net
Point Reading Tare Weight
Right 564 0 564
Left 565 0 565
Rear 67 27 40
Empty Weight (W) 1169
SOLVING EMPTY WEIGHT CENTEH OF GRAVITY

I

CG

=3+76
= 106"

(RXL
D+

W

)

3 + (40 X 222/ 1169)

Ficire 13 Empty weight and empty weight c g

15



TAIL WHEEL WEIGHT _

DISTANCE FROM MAIN WHEEL TO CC

TOTAL WEIGHT

SETUP THESE NUMBERS

Gl
STy

w55 }st
. 11 7‘ f ;”’ 2

DISTANCE BETWEEN MAIN AND TAIL WHEEL

READ ANSWER ON OUTER SCALE

L

Fictar 14 Compuler ~oluhion—empty weitht ¢« g

arm of the mamn wheelz (3 1n) to obtain the c g
location (106 1n ) aft of datum

PERCENT OF MEAN AERODYNAMIC
CHORD (MAC)

Expression of the ( o rilatne to the MAC 15 a
common prachice The ¢ g positon 1s cxprvssed as a
¢ MAC (percent of the mean aerodynamic chord)
and the ¢ g hmuts are expressed 1n the same manner
(fig 15)

Thr relabve positions of the c g and the aero
dynamc center or center of hft of the wing have
entical effects on the flight characteristics of the air
craft Consequentlv, rdlating the ¢ g location to the
chord of the wing 18 convenient from & design and

CGC = 25% MA
157 — 4 €

(—
f-———mc = 60" -i

Ficure 15 Percent of mean aerodynamic chord

LEMAC

16

operations standpeint Normally, a
have acceptable nght characteristics 1f tbe cg I8

located somewhere near the 25% average chord

pomt Ths means the ¢ g 15 located one fourth

of the total distance back from the lecading edge of

the everage wing sechon S u ¢ h a location will
place the ¢ g forward of the aerodynamic center

for most airforls

The mean aerodynamlc chord 13 estahbshed by
the manufacturer If the wing 15 not swept and
has a constant chord, the straight Line distance
from leading edge to traihng edge (the chord)
would also be the MAC  However, 1f the wing is
swept or tapered, the mean aerodynamm chord 1s
more comphicated to define, and the manufacturer’s
description 18 the only reliable description for weight
and balance purposes The MAC can he defined
as the “chord of an imagmary airfoil which has
the same aerodynamic charactenstics as the actual
airforl 7

In summary, the MAC 1s established h. the manu
facturer who defines 1ts leading ¢ d g e (LEMAC)
and 1ts trailing edge 1n terms of inches from datum
The ¢ g location and sanous himits are then ex
pressed n percentages of the MAC  The followmg

aircraft will



are lypical computations to use 1n finding the cg
location 1n relation to MAC

Example 3
Given
MAC—Sta 100 to Sta 250
cg—>5Sta 130
Find ¢ g m ¢ MAC
Solution

1 MAC=250-100=150 m
2 Distance of ¢ g from LEMAL=130~-100=
301n

3 cg e MAC

_ Distance of cg from LEMAC

MAC
= 1—5% = 20% MAC
Use the following method to com ¢ 1t locations ex

pressed 1n 92 MAC to locations «xpressed 1n inches
from datum

Example 4
Given
MAC—170 in
LFMAC—5ta 500
cg—2757: MAC
Find eg n mches from datum
Solution
1 MAC o BMAC =1nches alt of LT MAC
170X 275= 1675 m
2 LEMAC+4675--+ ¢ alt ol datum
S00-3675=51075 1n
Proportion formula~ ran be roadily adapted to the
conversion of €¢ MAC 1o wddu~ Trom datum
A typical problem ~ohvcd by the use of a propor
tion formula follows

Example 5
Given
¢ g—Sta 410 2

MAC—180 m

Liading adge of MAC 1 EMAC) —Sta 390
Find ¢ g m ¢ MAC
Solution

I Lse the proper proportion [ormal

cg 1n inches from LEMAC VM A(
e g m Se MAC 1007,
4102-3%0 180
¢ goan MAC = 1007,

20 2 180

cer 1 S MAC 100
2 Cross multiply
180 cg n 5 MAC=2020
3 Diide both sides of the equation by 180

4 cg m 9% MACL=112%

NoTE —Steps 2 and 3 can be ehmmated by tht
use of an aeronautical computer to solve the propor
tion 1n step 1 (fig 16)

With the use of the proportion formula prescnted
above, the expression o £ a location can be easily
changed from ¢r MAC to “inches from datum * The
following example 1llustrates & typical problem with
a computer solution

Example 6
Given
e g —20% MAC
MAC-175 1
LEMAC-Sta 380

Find ¢ g n inches from datum

Solution
I Setup thr proportion on the computer (fig
17)

2 4dd to LEMAC
380+35=4150
Note —It 15 easy to check the computer solution
{fig 17) bv arthmetical means T h e anthmetical
solution IS
1 MACX% MAC
175X 20=350 1n (c g aft of LEMAC)
2 Add to LEMAC
380-+-350=1150 1n
FAA writlen tests often make use of 4 graphc
presentation of the information needed to solve cen
ter of gravity problems (fig 18) The following1s a
typrcal (xample wlich combines some of the prin
aples cxplained i this chapter

Example 7
€vin The airerafll o figure 18 was woghed m
the cmpty waght conditton and w~ found 1o
have the followime ye idine~ at the three scales

Pounds

Nos whed weight 20,500

light wheel weight 70,000

I it wheel waght 70,500
Pl The ¢ g location expressed i G MAC

Solulion
1 tind cg in inches from datum using pro
portion formula
Nose wheel weight
Total weight
_ Dhstance from mamn wheel to ¢ g
" Distance betwecn mam and nose wheels

20 500
161,000
=(111n

Distance from main wheel to ¢ g
480

17
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READ ANSWER ON INNER SCALE

SETP THESE NUMBERS
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DATUM

STA 500

MAC
STA 630

gﬁ Llbbbibibbbbbe bbbl bbb bbbl

il

I
o’ 120

600

Ficure 18 Large awplane wetght and halance caleulabon diagram

2 6000—61 1=538 9 1n aft of datum
3 538 9—500=389 m aft of LEMAC
1 Convert to ¢ MAC by using the proportion
formula {sec L\amp]e 5)
38 9 1n 190
e MAC — 100%
cg 1 §¢ MAC=205%
By using mlorrration on the diagram (fig 189,
we can determine ¢ g hmits 1n inches from datum
when they are expressed 1n 67 MAC

Evample 8
Guven Tht aireraft Mustrated 1n figure 18 has 1ts
forward ¢ ¢ Liout located at 126, MAC and 1t
rearward ¢ g limat located at 327¢ MAC
Find What are the ¢ g limits of this aircraft in
mches from datum?
Solutron
1 Muluply MAC timee the given percentages
(m dec imal form
190 12=228 1n
190X 42=608 n
2 Add t o LIMAC
Forward hmmt (5()+228) =52281n aft of
datum

Aft it (50046081 =560 8 i aft of datum

AIRCRAFT MODIFICATIONS

After alteration of an aireralt or after the removal
or nstallation of equipment 1t 15 necessary to estab
lish that the authorized werght and ¢ g limits as
shown on the FAA arcraft type certificate data
sheet or specificatton are not exceeded when the
awrcraft 15 properly loaded The owner should
assure that this determination has heen made and
that the repair agency has entered approprate
changes 1n the weight and balance records of the
aircraft If equipment alterations are made with
out preparation of weight and balance records, all
subsequent calculations by
would he m error The effect of weight and balance
calculation errors upon the safety of fght 15 po
tentially tragic, therefore, strict adherence to regu

lations and ethical practices by the owner and re
pair agency 15 essential
The ongnal bass for weight and balance caleu

lations pertaming to alierations of the aircraft are
the FAA aircraft type certificate data sheets or

specifications  The, provide the essentials for cal-
culabion of cg changes due to aircraft modifica
tions welghtg arms, a n d lLimtations These essen
tials are dlustrated 1n the excerpts from a typical
FAA awrcraft type certificate data sheet shown 1n
figure 19 It should he noted that all details hsted
n the type cerhficate data sheet may not be appro
priate for an aircraft which has been modified
Thr manufacturer 18 required to provide docy
ments which show the certificated empty weight and
¢ g for each new aircraflt Ths weight aud balance
data may also 1nclude @ schematic diagram which
lustrates the fixed dimensions for all aircraft of the
partlcular model (see fig 20) The confinued valid
1ty of wmght and balance records durng the life of
the aircraft depends upon the mamntenance of a
ser1es of sumilar documents which show the calcula
hions for each successive weight change This series
of documents starts with the manulfacturer’s data
and continues 1 chroneological order to the latest
weight and balance report When & new welght
and balance report 1§ prepared for an aireraft the
previpus 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 propared by the repair agency for each
modification should 1ndicate that the maximum
weight of the aircraft will he within the maximum
allowable werght with anticipated loads The new
emptv waght 1s derned from the empty weight
recorded on thr most recent v-e1ght nnd balance re
port plus the weight of the items added minus the

operating personm‘r\mght of 1tems removed W hen load jtems are added

to thisnew empty weight, the total weight can be
compared to the bhmit listed 1n the aireraft speclﬁ
cations

19



1V _- Model PA-24~260, & PCIM (Normal Cstegory} Approved June 13, 1964

Engine Lycoming 0-540-E4AS  (See Item 109(f) for optional emgines)

Fuel 91/96 min grade aviation gascline

Engine Limits All operations 2700 r pm (260 hp )

Alrspeed limite (CAS) Vhe Rever Exceed 227 m p h, (197 komota)
vno Max satructural cruising 180 m p.h (156 knots)
¥y, Landing gear extended 15¢ m,p,h (130 knots)
Vp Mapeuvering 144 m p b (125 knots)
Vio Flaps extended 125mph (108 knots)

C G range {(+86 0) to (+93 0) at 2900 1b

(gear extended) (+82 5) to (+%3 0) at 2600 lb

(+80 5) to (+93 0) at 2000 lb, or less
Straight line variation between points given
Moment due to retracting of landing gear (1266 in -1b )

v (=] o
® & 2
3100
1
2900 - )
Alreraft Weight
{1t )
2600 —_—
['al
[=3
©
1
2000 | — -
Inches Aft of Datum
Empty 'n‘eighi': None
C G range
Maximim welght 2900 1b,
No of aeats 4 (2 at +85, 2 at 4120 5)
Maximm baggage 200 1b (Rear Compartment) (+142)
Fuel cepacity 56 gal (Two 28 gal wing tanks) (+50)
(See Note 1 for unusable fuel)
(See Item 112 for auxiliary fuel tanks)
01l capacity 3 gal (+28)
ROTRE 1

20

Current weight and balance report including list of equipment included in certificated empty waight
and loading instructions when necessary, must be provided for each ail.craft at the time of original
certification The certificated empty weight and the correeponding center of gravity location must
include unusable fuel (not included in fuel capacicy) as follows

24 1b  (+90) for Model PA-24-250 Serial Nos 24-2563, 24-2844 and up and PA-24-260, and 36 lb (+30)
for Model PA-24-400, Seriml Nos 26-2 snd up

Frcuae 19 FAA mircraft type cerhificate data sheet excerpts



WEIGHT AND BALANCE DATA

DATUM { FIREWALL, FRONT FACE)

STA 00
MAC 59 &/

202

2

@ O

]

LEVEL ON WINDOW SILL
CG

L._.

]

L A
| B
N L&R
SCALE POSITION SCALE BEADING | TARE SYMBOL NET WEIGHT
LEFT WHEEL L
RIGHT WHEEL A
NOSE WHEEL N
AIRCRAFT EMPTY WEIGHT (AS WEIGHED) w
N yox (0}
x = ARM (CC) = (A) .,(_)\_Zﬂ Xe=( )= — =( )IN

Ficure 20 Typical weight and halance data

WEIGHT AND BALANCE REPORT

Detailed nstructions o n repair a n d alteration
procedures are contamed in Adwisory Circulars
13 13-1A and 43 13-2 (enerally, the repair agency
should prepare weight and balance data to show that
the aircraft does not exceed maximum weight himts,
1n varlous load combinations, after the alteration
has been made The owner should assure that the
data has been provided by the repair agency

The repair agency also includes 1n the weight and
balance data, information showing that the ¢ g of
the aircraft (usually 1 the fully loaded condition)
falls between tbe specified ¢ g ljmits when loaded n
one of the extreme eonditions The weight and
balance extreme conditions represent the maximum
forward and rearward ¢ g position for the awrcraft
The computations are known as the forward and
rearward extreme conditions check

When a forward extreme condihon check 18 made,
the objecive 15 to establish that nejther the maxi
mum weight limit nor the forward ¢ g limit hsted

m the aircraft specifications 1§ exceeded Normally,
1 the case of a four place airplane, this check must
be made assuming both front seats are occupied and
the rear seals empty If the baggage compartment 1s
1 the rear, 1t 13 also assumed to he empty If the
fuel tanks are located forward oi the forward lmit,
they are assumed to be full If they are located aft
of the forward hmat, they are assumed to be empty

However, a mymumum fuel load s always included
i the calculation This mimmum fuel load for a
small arrcraft with reciprocahing engines 1= caleu
lated by

Minimum fuel {Ib )

_ METO (maximum except takeoff) horsepower
a 2

For jet engme aircraft the mimmum fuel for ex-
treme conditions check 1§ specafied by the manu
facturer

When a rearward welght and balance check 18
made, the objective 15 to establish that neither tbe
maximum weight limit nor tbe rearward ¢ g limut
listed 1n the aircraft specifications 13 exceeded The

21



TEM | ¢ B x| DESCRIPTION WT || arMm
el Engine Continental, 0-200-4 2000 -185
002 Piopeller, McCauley 14 17X 200 -320
(X} Spmner, Propeller 10 -345
0034 Spinner, Propeller, Large 20 -345
()4 Generator, 35 Amp, 14\ olt 125 - B0
005 Regulator, \ oltage, 35 Amp, 14 Volt 10 =10
(006 Battery, 12 Volt, 24 4H 245 =45
007 Filter, Carburetor Air 05 =235
008 Heatmg System, Carburetor and Cabin 10 5 -200
009 Wheel, Brake & Tire Assy, (two), 6 00%6, 4 Plv

Ratmg, Mam 355 485
010 Wheel & Tire Assy, 5 00%5, 4 Ply Rating, Nose 90 -105

Freure 21 Typical

loading conditions are obviously opposite to those
used for the forward check For a typ]ca] four seat
airplane, the rearward check 15 made with one pilot,
maximum redal passengers, Maximum rear baggage,
and full fuel loaded 1n tanks hehind the rear ¢ g
limit After makmg these checks, the reparr agency
completes records mm the form of a “elght and
balance report, loading schedule or placard to m
form the owner and operator about the permssible
load combinabions

A list of the equipruent (fig 21) included 1n the
arrcraft during calculation of the certificated empty
weight ma\ be found 1n either the approved arplane
flight manual or the weight and balance report The
repair agency should enter in the we[ght and balance
report all required optional, and special equipment
wnstalled 1n the aircraft at the time of weighing and
when equipment changes are made The owner
should assure that the person makmg an equipment

22

equipment list

change completes an entry on the equipment Tist
to indicate 1tems added, removed, or relocated The
entry should also include the date accomplished,
identity of the person making the change, and cer
tificate number of that person

Suggested methods of tabulating the various data
and computations for deternining the ¢ g, in the
empty weight condition and the forward and aft
extreme loaded conditions, are given 1n figure 22

Ballast 1s sometimes permanently installed for
¢ g balance purposes as a result of installation or
removal of equipment 1tems and 15 not used to cor
rect a pose up or nose down tendency of an aircraft
It 1s usually located a3 far aft or as far forward as
possible 1 order to bring the ¢ g posihon within
acceptable hmils with ¢ mimmum of weight 1n
crease



WEIGHT AND BALANCE REPORT

EMPTY WEIGHT C.G.

Gcale Tare Net
Teft Jack Foint 51k 2 512
nlght Juck Point 515 2 513
Noge Wheel 70 0 (0
1095
B _ F X L n - Ox + .
C.G. = D = =  437.5 SL__EELil1095
C.G. = +37.5 = 3.7
ce. = +33.8
WEIGHT AND BAIANCE EXTREME CONDITIONS
Forward Cl :k Rearward Che
Wt. Arm Mom. Wt . Arm Mom.
Airplane) Fmpty 1065 +33 8 37011 1095 +33.8 37011
Pilot 170 +39.0 6630 170 +39 0 6630
Passenger - - 170 +39.0 6630
Fuel 50 +4e.0 2100 135 +42.0 5670
011 11 -12.0 -132 11 -12.0 -132
Baggage - - 120 +6b .0 7680
1326 45609 170L 63489
45609 ) ' 63489  _ "
T = 34.4 to0r T 3743
Most Forward C G. Locaticn Most Rearward C.G. Location

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

Frerer 22 Weght and belonce teport
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Chapter 4

INDEX AND GRAPHIC LIMITS

MAX TO LIMIT

FWD LIMIT

INCHES FROM DATUM

\|

Awviation has been one of the most dynamic of 1n
dustries since 1ts beginming New aircraft are con
tinvally being developed and always represent an
improvement over older models Improvements 1in
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 maintepance procedures can be ac
complished by the average ajrman 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
simphfied methods 1n common use

INDEX NUMBERS

The use of index numpers and a reduction factor
greatly simplifies weight and balance calculations,
especially for large aircraft The index 1s a moment
divided by a reduction factor and may be found
by this formula
Tndex = Werght X Arm (moment)

Reduction factor

24

AFT LIM:IS

The moments with which we are concerned on
trans,ort ajrcraft and the larger general aviation air-
craft will be large numbers because of the large
werghts and arms which are involved In a transport
atrcraft, a fuel tank located at stahon 500 which 13
loaded with 5 000 pounds of fuel would represent a
moment of 2,500,00() This moment when divided
(or reduced) by & reduction factor of 10,000 be
comes g more manageable index of 250 0 The same
problem exists to a smaller degree for general avia
tion arrcraft In this case, & reduction factor of 100
or 1,000 produces manageable numbers

A slmple way to change the moment 1ato the 1n
dex 15 to count the number of zeros 1n the reduction
factor and move the decymal point of the moment
the same number of place to the left

Reduction factor-10,000 (4 zeros)
—2.500,000 move the decimal
point 4 places to the left
250 0000 =Index of 250 0
If the moment 15 a number with sufficient zeros,
for 1nstance a moment of 5,600,000, stmply cross out

Moment



the same number of gzerps as you find 1 the reduc
tion factor For example
Reduction factor- 1,00¢ (3 zeros)
Moment —9,600,000 cross out 3 zeros
5,600m=lndex 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=Moment of
32,120 0
You will notice that the simplified steps above
would not be qute 83 easy 1f the reduchon factors
were not numbers such as 100, 1,000, or 10,000 If
& reduction factor such as 7,750 were used, the
process would be more compheated Therefore, re
duction factors are usually standardized to be either
100, 1,000, or 10,000 for a particular aircraft
Reduction factors of 20,000 or 40,000 are used
for some large arrcraft 17 order to tailor the index
numbers to a partlcular anght and balance system
When these reduction factors are used, the process
of decimal pomnt movement must be combined with
& division or multiphication step
Reduction factor—20,000 (4 zeros)
Moment —7,200,000—crogs 0 v ¢t 4
zeros and divide by 2

7.2 2’ = Index of 3600
Reduction factor-30,000 (4 zeros)
Index 492 1-move decimal 4
places to the nght and
multiply by 3
4,921,000 OX 3 =Moment
of  14763,000
It should be apparent that the index number sys-
tem can be applied to total aircraft moments as
readily as to individual load items This principle 15
dlustrated 1 the following example
Example 9
Gwen
Axrcraft total weight—105,000 Ib
¢ g (average arm) —Sta 500
Reduction factor —10,000
Find Total weight index

Solutien
_ WeightX Arm
Use index formula = Reduction lactor
105,000 X500
oo - 3200

Total weight index = 5250 0

In typical problems involving index numbers, the
weights and 1ndex numbers of partlcular aircraft
load 1tems are given and the fully loaded ¢ g must
he found
Example 10

Gwen

Aarcraft empty weight—65,000 1b

Empty weight ¢ g —Sta 4000

Reduction factor —10,000

liem Weght (Ib)  Indes
Crew 770 154
Full o o) 270
Passengers 8,000 3600
Bagpage 1,000 452
Fuel 6,000 2400

Find What 1s the ¢ g location when the aircraft
18 loaded with the items given above?

Solution

1 Find empty welght index by use of formula

Weight X Arm
Empty weight index — Reduction factor

65,000X400 0
Empty We1ght index :W

Empty weight index=2600 0
2 Add loaded weights and index units

Item Feght (Ib)  Index
Arcraft emply 65,000 26000
Crew 170 15 4
Full ol a0 270
Passengers 3,000 3600
Baggage 1.000 452
Fuel 6,000 2400

Total 0L.670 3287 6
3 Divide the index by the weight
3287 6
81,670 04025

4 To find ¢ g , move the decamal pownt to the
nght the same number of places a8 there
are zeros 1n the reduction factor

cg =04025=4025 1n aft of datum

( 04025<10,000= 402 5)

The index umts given for the particalar items m
the problem above are easilv obtaimed from tables
n 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 1s
shown n figure 23

index units may be used during flight to calculate
the effect of fuel consumplion upon the ¢ g of the
awrcraft The index umits for the fuel used are sub
tracted from the aircraft total index which 1s caleu
lated for takeoff conditions The new ¢ g 18 then
obtained by dividing the new total index by the new
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OIL TABLE

CAPACITY = 94 GALLONS
ARM = 777

Us Weight Moment

Gals {Pounds) 100
1 75 6
2 150 12
3 225 17
4 300 23
5 375 29
6 4.50 35
( 525 40
8 60 0 46
9 675 52
94 705 54

Fietre 23 Oul index table

total aircraft weight after fuel burnoff Fuel con
sumption index units may either be obtained from g

table, such as that shown 1n figure 24, or by calcula

Exemple 11
Given
Aurcraft total werght —125,000 1b
Total weight index -6250 0
Reduction factor —10,000

Average furl tank Jacatipn—Sta 350

Find The cg of the aircraft after consuming
6,000 1b of fuel

Solutien

I Determine the mndex of the fuel used

Index Werght X Arm
~Reduction factor
Fuel indes, = 6 000 X550
10.000

b uel index= 3300

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

Feght (16 ) Index (unurs)
125,004 6250 1)
—6,000 -3300
119,000 59200

3 Multsply index by reduction factor and
divide by weight

3 920 ox 10000 _ o0 o ot of datum

tions using weight, arm, and reduction factors 119,000
TOTAL FUEL IN GALLONS AND INDEX '
Fuel = 6 bs/gal
Gals Index Gals 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

Figure 24 Fuel index table
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Example 12
Guven
Aireraft total werght—101 000 1b
cg —200% MAC
MAC —Sta 395 to Sta 565
Reduction factor -10 000

Find What 15 the location of thr ¢ g in £ MA(
after consuming 4,000 gallons of fuel? Usc the
fuel index table thg 24

Solution
1 Determine onginal ¢ g 1n inches fr o m

datum
c g =LEMAC+ (MACX )
cg =3950- (1700 1n X 20)
cg=3950+340=42901n
2 Determimni total \\elght index
Werght X Arm

Total werghtindex = ¢ 5 & - factor

0
Total weight indes = 10100024290
Total weight index = 4332 9
3 Find fuel burned index on table (fig 24)
Fuel bumed 1ndex for 4,000 gals = 1082 0
4 Convert fuel gallons to pounds
4,000 gal X6 0 1b /gal =24,000 Ib
5 Subtract furl burned weight and index from
original total weight and 1ndex

6 Muluply index by reduction factor and
divide bv weight
32509x10000
77,000
7 Determine c g 1n g MAC
ce — LEMAC

=422 2 1n ¢ g aft of datum

—ic =<z MAC
422 2—3950
— 0% MAC

CENTER OF GRAVITY
VARIABLE LIMIT GRAPH

Many aircraft are designed with ¢ ¢ limits winch
vary with changes of WEIght and g¢ertain other
operational factors The lymits are presented 1n the
arcraft type certificate data sheets (fig 19) or
specifications and other publications 1 a graphic
form and are usually expressed m inches from
datum or 9% MAC A typical graphic presentation
of aircraft ¢g limts 13 shown 1 figure 25

It 1= apparent from inspection of the graph that

limuts for various weights would 1nclude

K eghe Foruard Aft

io (N0 20 0% 27 2%
100 MO 20 0% 26 6%
130 000 23 0% 26 0%

Limts for intermediate weights may be deter
mined by visual or mathematical mterpolatlon ot the
graph The graph should be read to the nearest one
tenth of a percent of MAC As an example, the rear

Feght (Ih) Index (uniis}
101,000 19329 himit for a weight of 90 000 Ib 15 1nterpolated to be
24 000 ~10820 268; MAC
77,000 3250 4 The limits may bc converted to “mches from
MAX TO LIMIT — 130,000
\ — 120,000
‘g \
L
\‘\‘k‘ ?ﬁ — 110000
\: 5
ot =
2 — w000 2
) \A =
2 <
=
- b
S0 000 E
INCHES FROM DATUM
h - 80,000
P —- 70 000

20 21 22 23 24

25 26 27

PERCENT OF MAC
MAC = STA 40(Qto STA 560

Fwcire 2 5 CG vanable hmit graph
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datum” by computation methods previously ex
planed A typical problem using the limts 1n the
graph (fig 25) follows

Example 1 3
Ewen

Graphic ¢ g hmts (fig 25)
MAC Sta 400 to Sta 560

Find Forward ¢ g limt for 115,000 1b 1n inches
from datum

Solutron

I Determine forward ¢ g hmit 1n G MAC
by usge of graph for 115 000 1h
Fwd ¢ g limit=21 5% ( 215)

2 Find length of MAL
560—400=160 m

3 Fmd mit in “inches from datum”
160 215= 34 4 1 aft of LEMAC
400434 4= 434 4 1n aft of datum

INDEX ENVELOPE

C G lmuts may be expressed graphically m the
aircraft weight and balance reporis by means of an

index envelope  The envelope defines the forward

and aft Limits and also the maximum weight limt
m terms of mdex units

The envelope permuts the rapid determnation of
the weight and balance condition of an arcraft
when the welgh[ and total index umts are known
Thus, the procedure of computing the c g location
from datum or 1n relation to MAC 15 5|mphﬁed The
envelope informs the pilot that the ¢ g 15 within ac
(‘eptable hmits without actually locatmg tt on the
longitudinal axis In most cases, this 15 all the pilot
needs to know The pﬂot needs in} to be assured
that the ¢g 18 within approved limits

A typical index emvelope 13 shown 1 figure 2 6
The similarities and differences between this graphic
form and the varrable hmit graph (fig 25) should
be noted

It 18 apparent from the emelope that a loading
of 2000 1b with an index of 110 15 within limits
{point A ) while a loading o £ 2060 1b with an
index of 130 1s not within hmts {pomnt C) Index
information which the operator must gather 1n order
to utilize the envelope 15 obtained from index charts
or tables 1n the weight and balance report Various
load 1tems and associated mdex numbers are added
to obtain the totals

The following 15 g simplified loading check mak
Ing use of the index envelope

MAX WEIGHT LIMIT

2200

2100

f*[
1900 Ky

TOTAL WEIGHT

1800
57 [
=
A
A7 9
& %"
1800 — & égv
/ / i
1500 =f L L] T 1 | ] 1 ]
80 95 100 105 110 115

TOTAL INDEX OR MOMENTS/1000

Ficure Lb Index envelope
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Item Feght Index
Aurcraft Empty 1,300 67 8
Pilot 170 102
Passengers 310 225
Fuel 210 136
Ou 60 24
Bapgage 50 50

Total 210 1215

The intetsection of the above total weight and total

index values falls well within the index envelope

{point B), therefore, the alrp]ane in the example

15 considered t o be within i3 operating himitahions
as far as weight and balance 13 concerned

The jndex number system can be modified by ap
plying selected constant factors to the moments of
load jtems The selected constants are chosen to
make the index system less complex. and 5o that the
system can be used 1n conjunction wmith special load
ing charts In these cases, spPClal formulas are used
to obtain mdex units Typical formulas are

Lockheed [-188—Index
=100

Convarr 880M-—Index
_ 100+We1ght>< (Sta ~8490)

100,000
Douglas DC-0B—Index
- 10 + Weightx (Sta —430)
20,000
It should be noted that these speclal formulas are
refinements of the standard formula
Index = Weight X Arm
Reduction factor
The ¢onstgnts that are used n the specm} formulas
do not affect the accuracy n determinng ¢ g loca
tions, as long as the same formula 1s apphed to all
weights and arms  These modifications to the 1ndex
formula pernut the index numbers to be related
easily to other 1mportant numbers, such as % MAC
and stabihzer setting

—Weight X (598 2—Sta )
30,000
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Chapter 3

CHANGE OF WEIGHT

A p].lOt must be able to solve accurately and
rapidly problems which mvolve the shift, addinon,
or removal of weight For example, the pilot may
load the aircraft within the allowable takeoff weight
limit, then find & ¢ g limit has been exceeded The
most satisfactory solution to this problem 13 to shaft
baggage, or passengers, or both The pilot should
be ablr to determine the minumum load shift needed
to make the aircraft safe for flight Pilots should
also be able to deterrmne if the shifting of a load to
a new location will correct an put of limt condition
There are some standardized and simple calculations
which can help make these determinations

WEIGHT SHIFTING

When werght 15 shifted from one location to an
other, the total weight of the airerait 1s unchanged
The total moments, however do change 1n relation
and proportion to the directton and distance the
weight 1s moved When weight 1s moved forward, the
total moments decrease, when weight 18 moved aft,
total moment5 1ncrease The moment change 18 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 ¢ g If we start with a known
aircraft welght, ¢ g, and total moments, we can

30

calculate the new ¢ g (after the “Elgh[ shaft) bv
dividing the new total moments by the total air
craft weight

Example 14

To determune the new total moments, find out
bow many moments are gamed or lost when the
weight 1s shifted

The weight shift conditions mdicated for thr air
craft Illustrated 1n figure 27 show that 100 1b has
been shifted from Sta 30 to Sta 150 This move
ment Licreases the total moments of the arrcraft by
12,000 1h 1n

Baggage moment when at Sta 150
=1001bX 150 in =15 0} b 1n

Baggage moment when at Sta 30
=100 1b X 30 1 =3000 lbin

= 12000 Ib 1

By adding the moment change to thr orgnal mo
ment (or subtracting 1f the weight had heen moved
forward 1nstead of aft), we obtan thr new total
moments We can then determune thr new cg by
dividing the new moments by the total weight

Total moments= 616,000+ 12 000=628 000

- 628 000
= = 5
e TR

Moment change



100 LBS SHIFTED
ORIGINAL C G =STA 770

S5TA 150

‘//—*“\\Jl: . .

120 140, 180 180 200

DATUM CC LIMITS
75927 TO 80 57
14 8% TO 30 pg MAC

MACT70 " TO 105 (*

TOTAL WEIGHT = 80 LBS X OLD C G (STA 77 0) = 816,000 LB IN

Fictre 27 Weght shiftimg diagram

The shift of the baggage has caused the c g to ~hift
to Sta 785

A sumpler solution may bhe obtained by vsing the
aercnautical computer and a propertion formula
tfig 2817 This can be done bieause the ¢ g will shaft
a distance which 1s proportional to the dislance the
weight has shifted
Example 15

1

Weight shufted _ Acg (change of cg)

Total woight Distance weight 18 shufted

S0 acp
8000 120
Acg =15
SETUP THESE NUMBERS

100

2 The change of c g 15 added to {or subtracted
from) the onginal cg to determine the

new c g

77+15=785 1n aft of datum

A possible pomnt of difficulty arises in the computer
typc solution when an attempt 15 made to locate the
decimal pont 1n the answer How do we make sure
the Acg in the above problem 1= not 15 i or
150 1n ¢ The answer you get can alwavs be checked
by cross muliplying Subsntute the answer 1n step
1 {example 15)

1538 000=12 000
100 120= 12 (K0

READ ANSWER ON OUTER SCALE

Fictee 28 Computer soluton—shifting weight
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If the cross multtplication answers are not the samt
you have selected the wrong decimal location for
the Ae g and the decimal should be relocated ac
cordingly

Finding the decimal location 1s primarily a matter
of observation, remember that the proportions on
either side of the equal sign (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 ghift of the ¢ g Thr
following problem illustrates a solutton of this tvpe

Example 16
Guien
Arrcraft total weight—7.800 lb
cg —Sta 815 n

Aft ¢ g limit -80 5 n

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 cg to eractly the aft lLimt?

Solution
1 Use the shiflting weight proportion

Weight shifted Acg
Total wereht Dist wt shafted
Weight (to he) shifted _ 1 0 mn
7,800 120 1
Weight to be shifted = 65 Ib

SETUP THESE NUMBERS

MAC op 35
100% 100

-
-Iu_li t'l\?,
o

W

AR
EL =
3 %8
“EL =

[RY

ﬂ":;
R
o

INCHES

2 Cross multiply to check for accuracy of
decimal pomnt focation 1n the answer

7,800<10=7800
65X120=7,800

A combrnation problem may wnvolve the shifting of
werght when the ¢ g and the c¢g hmuits are ex
pressed in ¢ MAC

Fxample 17

(nven
Aircraft total weight—7 200 1b
(g 120 MA(
Fwdc g limt —14 8% MA(L
MAC —Sta 70 to Sa 105=

35 1n

Find How much cargo must he shifted from the
front baggage compartment at Sta 30 to thr
aft baggage compartment at Sta 150 to maove
the ¢ g to exactly the forward lipmt?

Solution

1 Convert the % MAU locahions t o inches
from datum by using the aeronautical
computer (fig 29)

cg =LEMAC (70 m )+ ¢z MAC
m tnches (42 n)=742m
Fwd hmit=LEMAC (70 m) +¢; MAC
i nches (52 1n) =752 1n

READ ANSWER ON OUTER SCALE

=427

L3 L BYTHY
NolLyo1a¥N

iq

Ficure 29 Computer solution—lumits in percent MAC
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2 Determine Ac g (distance cg must be
moved)
752—-742=10
Ac g =10 1n aft

3 Lse the shftmg weight proportion
W eight shufted Ac g
Total weight  Dist  wt
Weight (to bel shifted 10
7 200 120
W erght to be shifted = 60 1b

shifted

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 ¢ g must be
calculated and checked agamnst thr limitations to
see 1f the lacation 13 acceptable This tvpe of weight
and balance problem 15 commonly 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 ¢ g, therefore, the consumption of fuel does not
affect the ¢ g to any great extent However, large
Jet aircraft with fuel tanks located 1n the swept
back wings require careful planming on each fhght
to prevent the ¢ g shifting out of limts due to the
consumption of fuel

The addition or removal of carge presents a ¢ g
change problem which ma, have to be calculated
rapidly before flight The problem may always be
solved by calculations involving total moments
However a shorteut formula which can be adapted
to the aeronautical computer may be used to simplify
computations
Weight added (or removed)

Yew total weight

Ac g
= Distance between wt and old cg

In this formula the terms “new” and “old” refer to
conditions before and after the we1ght change

It 1s often more convenient to use another form
of thig formula when required to find the weight
change needed to accompllsh | partlcular cg change
{Ac g ) In this case we use
Weight (to be) added (or removed)

Old total weight

— Acg
" Distance between wt and new ¢ g

Notice that the terms “new” and “old” are not
found on both sides of the equation m either of
the above proportions If the “new” total weight 18

used, the distance must be calculated from the
“old” cg Just the opposite 18 true if the “old”
total welght 18 used

A typical problem may mvolve the calculation of
g new ¢ g for an awrcraft which, when loaded and
ready for flight, receives some additional cargo or
passengers Just before departure tune

Example 18
Given
Aurcraft total weight—6 860 Ib
g —Sta 800

Find &hat 1s the loration of the ¢ gif 140 I
of baggage 15 added to station 1507
Solution
1 Use the added weight formula

Added werght

Acg
New total weight

Dist hetween wt and old ¢ g

140 _ o Acg
6.860+140 150—80
140 _ acg
7000 70

de g = 14 1 aft

2 Add Acgtothneold cg
New cg =800 1n +14 1n =814 m

Example 19
CGiven
Aurcraft total weight—& 100 Ib
cg —Sta 78

Fmd W hat 1 the location of the ¢ gaf 100 1h s
removed from station 1507
Solution

1 Use the removed weight formula

Weight removed
New total weight =~ Dt hetween wt andold c g

Acg

100 _ Acg
6100-100 150--78
loo _ Acg
6000 72

Ac g = 12 1n forward

2 Subtract Ac g from old ¢ g
New cg =781 —121m =768 un

NoTE — In the sbove two examples, tbe Ac g 18
either added to or subtracted from the old ¢ g
Deciding which to accomplish 15 best handled by
mentally calculating which way the ¢ g will shuft for
the particular weight change If the ¢ g 18 shifting
aft, the Ac g 12 added to the old ¢ g, 1f 1t 18 safting
forward, the Ac g 15 subtracted from the old ¢ g
To summarizec g movement
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Weight added fwd of old ¢ g
Weight removed aft of old ¢ g
Weight added aft of old ¢ g
Weight removed fwd of old ¢ g

3 ¢ £ moves fwd

} ¢ g moves art

Example 20
Gaven
Aircraft total weight-—7,000 1b
g -—5ta 79 0

Rear ¢ g |imit -S4 805

Find How far aft can additronal baggage weigh
ing 200 |b be placed without exceeding the
rear ¢ g himit 7

Solution
1 Use the added weight formula
A d d e d weght Ac g
New total weight — [ist between wt and old c g
200 15

7,200:])15t between wt anﬂiﬂg_
Distance between wt and old ¢ g =54 n
2 Add to old ¢g
79 1n +54 i =133 1p aft of datum
When the 200 lb 18 located at Sta 133 thr

new ¢ g will be exactly on the aft hmt, 1f the
weight 15 located anv further to the rear, the aft
¢ g limut will he exceeded

Frample 21
Gryen
Aircraft total weight—6,400 Ib
(g -Sta800

—Sta 805

kind How much baggage can be located 1n the
aft baggage compartment at station 150 with
out exceeding the oft ¢ g hmmt?

Aft c ¢ hmt

Solution
Use the added weight formula

Nore —In this problem, the new total weight
19 not given therefore, 1t 15 more convenent
to use the version of the formula which makes
use of the old total umghl

Added weight Aoz
Old total werght Thst between wt and new cg
Added weight 5 _
6,400 150—-805 ~
Added weight = 46 1b




Chapter 6

CONTROL OF LOADING—

GENERAL AVIATION

Before any flight, the pilot should determine the
nght and balance condition of the aireraft In
the early days of flying, aircraft were loaded by
guess and intmition  On occasion, the results were
grm Through tnal and error the carly plots
learned about weight and bhalance Todav there 15
no excuse for following this method  Simple and
orderly procedures based on sound principles have
been devised by aircraft manufacturers for the de
termunation of loading conditions  The mlot how
ever, must use these procedures and exercise good
judgment In many modern aireraft, 1t 18 not
possible to fill all seats, baggage compartments, and
fuel tanks and shll remam within the approved
weight and balance hmuts  If the maximum passen
ger load 15 carried the pllot must often reduce the
furl load or reduce the baggage

USEFUL LOAD CHECK

A simple and fundamental waght check <hould
alwavs be madc by general aviation julots belore
flight This check <should determine 1f the uscful load

18 exceeded The check mav he a mental calculation
if the pilot 15 familiar wath the aircraft’s lumts and
knows that ynusually heawy loads are not aboard
But when all seats are belng Occupled fuel tanks
are full and some baggage 18 aboard, the pilot
should do some careful calculations

The pilot needs to know the useful load lmt of
the parhicular arrcraft This information may be

EMPTY AIRCRAFT

Ficire 30 Empiy weight + useful load = lakeoff weipht
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WEIGHT & BALANCE DATA

AIRCRAFT SERIAL N o 15556480

FM REGISTRATION No N3248X

|

|
ARM = MOMENT

ITEM WEIGHT X

STANDARD AIRPLANE 975.0 32.0 31200.0
OPTIONAL EQUIPMENT 89.0 26.1 2322.8
PAINT 15, 5 85.3 1322.2
UNUSABLE FUEL 200 430 8000
LICENSED EMPTY WEIGHT 1099.5 32.5 35705.1

(GROSS WT)-(LICENSED EMPTY WT) =

(1800 LB)-{ 1099.5

USEFUL LOAD
LB) = 700.5% LBS

IT IS THE RESPONSIBILITY OF THE OWNER AND PILOT TO
ENSURE THAT THE AIRPLANE IS PROPERLY LOADED. THE
DATA ABOVE INDICATES THE EMPTY WEIGHT, C.G, AND USE-
FUL LOAD WHEN THE AIRPLANE WAS RELEASED FROM THE

FACTORY REFER TO THE LATEST

WEIGHT AND BALANCE

RECORD WHEN ALTERATIONS HAVE BEEN MADE.

SAMPLE LOADING PROBLEM

ITEM WEIGHT ARM MOMENT
(LBS) (IN) (LB IN/1000)
LICENSED EMPTY WEIGHT 1099.5 35.7
OIL 12 -150 -0.2
PILOT & PASSENGER 340 400 13. 6
FUEL 188.5 430 8. 1
BAGGAGE 160 650 10, 4
TOTAL LOADED AIRPLANE 1800 67.6

Ficure 31 Werght and balance data

found 1n the latest welght and balance report, 1n a
log book, or on a major repair and alteration form,
located 10 the aircraft If useful load )s not stated
directly, sumply subtract empty weight from max

mum takeoff weight Be especially weight consctous
of arcraft which have a hmited useful load because
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they are the ones which cause weight and balance
troubles

The check 13 sm:ple enough-just be sure to
include all the load items included 1n the useful
load-then check the total against the Lmit The
calculations might look like this



Example 22

Pounds
Mr Jones (instructor) 175
Pilot 180
Fuel-—30 gallons 180
Oi1l—8 quarts 15
Baggage 3
Total 555

Useful lead limst 1 575 1be

The calculations 1ndicate that the useful load 1s not
exceeded and the ﬂlght can take place

Now suppose that Mr Jones, In the example, |9
replaced by a new instructor who weighs 210 Th A
useful load check whll show that the aircrait 1s too
heavy The pilot 1n our example most reduce the
load to the specified useful load lymt There 15 no
alternative 1n this small aircraft but to reduce the
fuel load, even if all the baggage has been removed

Pilols should he aware of, and on the alert for,
unusual lpadings They should remember that the
manufacturer’s 1mitial weight and balance ralcula
tions and some exam,les in the owner’s manyal
make the assumption that the pllot and passengers
welgh a standard 170 1b each Heayywelgh[ passen
gers can overload a small aircraft seriously 4
student and instructor may easily weigh 220 1b each
in winter clothing, this represents a potential over
load of 100 1b The baggage compartment 1g another
place where ptlot vigilance should be dneaed-the
maximum compartment load placard must be
obeyed Frequently, a restriction 1s 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 1n the owner’s manual due to
modifications or equipment changes Sample load-
g problems 1n the owner’s manual are intended for
guidance only, each arcraft must he treated sepa
rately for weight sod balance The pilot should
understand that althouh the aircraft 15 certified for
a specified maximum gross weight, it will not safely
take 05 with this load under all eonditions Con
ditions which affect takeoff and ¢himb performance
such as high elevations, high temperatures, and high
humidity (high density altitudes), m a 'y
operation at reduced weight Other factors to con
sider are runway length. runway surface, runway
slope, surface wind, and the presence of obstacles
Pilot expenience and proficiency should always be
considered-—f 1n doubt. reduce the load

require

Some small aireraft are designed so that 1t 18 not
posatble to load them in a condition which wall
place the ¢ g gutaide the fore or aft Jymits if stand
ard load schedules are observed  These gircraft
hare the seats fucl, and baggage accommodations
located very near the ¢ g lymts They also have
special e m p t y weight ¢ g limts hsted i their
specifications Loads can be added to or removed
from any location within the ¢ g range with com
plete freedom from concern about ¢ g movement
Such action cannot cauge the ¢ g to move bevond
the cg hmts of these aircraft (see fig 321 but
maximum waght limits can ghll be exceeded

ADDING OR REMOVING THIS WEIGHT
CANNOT movE THE CC BEYOND LIMITS

AFT LIMIT

FORWARD LIMIT

Fictre 32 Changing weight hetween cg limis

Most aircraft, however can be loaded 1n a manner
which will place the ¢ g beyond hmiis Even though
the useful load 1s not exceeded, an out of balance
condition 15 serious from a stalhty and control
standpoint The pilot can quickly determine if the
load 18 within limuts, if the aircraft 13 simple enough
to make use of a lJoading schedule This schedule
may be found 1n the welght 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 symilar to the one shown 1n figure 33

LOADING SCHEDULE
FUEL PASSENGERS BAGGAGE
FULL 2 REAR 100 LB’,
19 GAL 1 FRONT AND NONE
2 REAR
FULL 1 FRONT AND FLIL
1 REAR II

INCLUDES PILOT AND FULL OIL

FigLre 33 Loading schedule placard
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The loadmg schedule should he treated gsa sug
gested loadmg plan only The p]lot should make a
check by means of weight and balance calculations
to see if limitations are not being exceeded The
assumption 1n the use of the loadmg schedule 15 that
each passenger weighs apprommately the standard

weight of 170 1b It 13 obvious that passenger weights
could vary widely from the assumed standard

AIRPLANE FLIGHT MANUAL

Each airplane of over 6,000 lbs maximum weight
18 furmshed with an airplane flight manual An
airplane of less than 6,000 Ibs, may have mforma
tion furnished in the form of placards, markings
or manuals When an airplane flight manual 13
furnished, the following 15 ncluded

a Limitations and data
(1) The maximum weight
(2) The empty weight and ¢ g location
(3) The useful load
(4) The composition of the useful load,

cluding the total weight of fuel and
011 with full tanks

b Load distnbution

The established ¢ ¢ ltmits are furmshed 1n
the an-plane flight manual If the gvailable
loadmg space 1§ adequately placarded or
arranged sp that no reasonable distribution
of the useful load will result 1na ¢ g out

side of the stated limus, the airplane fight
manual may not include any 1nformation
other than the statement of ¢ g hmits In
other cases, the manual jncludes enough 1n

formation to 1ndicate loadmg combmations

that will keep the ¢g 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 followmg weight and balance problems
will show how the pilot can determine 1f the max
mum weight limit 15 exceeded or the ¢ g 13 located
beyond hmts

Assume you are a pilot planming a flight 1n a
llght smgle engine, four place aircraft Your load
consists of yourself, one front seat passenger and two
rear seat passengers, full fuel and o, and 60 1b of
baggage (fig 34) Here 18 how the crhical 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 ¢ g (arm) of the aircraft

2 Determmne the arms for all useful load jtems

3 Determme the maximum weight and cg
range (For thiscase-Max TOGW=
2,400 |b, ¢ grange = Sta 35 6 to 45 8 )

4 Calculate the actual welghls for the useful
load 1tems

5 Construct 4 table as follows (pg 39), and
enter the appropriate values Multlply
each individual weight and arm to obtain
moments

OIL PILOT & FRONT PASS TwWO REAR PASS BAGGAGE
—20” 357 +72 + 927
v \vi Y A%

A
- C G LIMITS
NEGATIVE ARMS | POSITIVE ARMS FUEL i +356" to 445 8"
+48”
Ds UM EMPTY WEIGHT 1340 LBS

MAX T 0 WEIGHT 2400 LBS
EMPTY WEIGHT ¢ G 438 YV

Ficure 34 General aviation awrcrait—weight and balance diagram



Feght x Arm = Moment (Ib in ) Weight and balance computations are greatly
Arrcraft simphfied by two graphic aids—the loading graph

Od(emnm 13;‘? 5 (3)8(5) 5_1'3533 and the center of gravaty moment envélope The
Pilot and front loading graph (fig 35) 1s typical of thope found 1
passenger 3 2 0 350 11,200 general ayiation aircraft owner’s manuals This
Fuel 241 480 13,568 graph, 1 effect, multiphes weight by arm piving
Rt;a;ssengers 720 21,600 moment, then divides the moment by a reduchion
Baggage 60 920 5520 factor, giving an index number Weight values ap
Total 7276 101,178 pear along the left mide of the graph The moment/

Note —CObsenve that the gl 1ank for this 1,000 or index numbers are along the bottom In
awreraft 1 located forward of the datum Care this example, each line representing a load 1item 1s
must be taken to subtract the negatne al labeled To determine the moment of any load Item
moment when totaling the moment column >

find the weight along the left margin, then project a
line right to a pont of intersection with the ap
propriate load item lihe For example, the index
number of a pilot weighing 170 1b 15 6 1 The ¢ g
moment envelope (fig 36) allows the p]lot to bypass
101.178 the computation of a ¢ g number It gives an ac

-2—575—: 445 m aft of datum ceptable range of index numbers for any aircraft
7 The’total weight of 2,276 1b does not ex weight from mmmum to maximum If the lines
ceed the maximum \mlght of 2400 Ib, from total we1ght and total moment mtersect within

and the computed ¢ g of 44 5 falls withm ~ t h e envelope, the aircraft s within weight a n d
the allowable ¢ g range of 35 6 to 45 8  balance limits In solving the sample problem, fol

6 Addlng the weights produces a total of
2,276 1b, and addlng the moments pro
duces a total of 101,178 Ih in The ¢ g
18 calculated by dwndlng the total moment
by the total weight

i aft of datum low this procedure
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Ficure 36 CC moment envelope
Example 24 Sample Loading Problem

1 Determine the arrcraft empty welght and the E ti:cm of V;ﬂ Moment/ 1,000
empty waght index from the weght and 21 Olllnpyurcr L weight 5 _501;
balance report 3 Pilot and front passenger 320 112

2 Construct a table such as the one that follows 4 Fuel 241 116
In the left column, enter the actual weights of 5 g”f seal passengers 300 25155
the empty aircraft, o1, pilot and front seat 6 Baggage " 60 "”'2
passenger fuel, rear Seat passenger, and bag 7 Totel arrcraft weight 2218

age In the mipht column, enter the sircraft
8u8 B LIGHT TWIN-ENGINE AIRCRAFT
empty weight index (moment/1,000)

3 Trom the loading graph, fig 35, determne Modem light twin engine aircraft are larger than
the index number {moment/1,000) of each  most single engine awrcraft . accordmngly . then use-
useful load waght item and enter 1t in the ful load 1s almost elways greater than that found
table in the smaller arcraft In these aircraft, 1t 18 possmble

to have many different loading combinations Their

4 Add the weight and moment columns and

the fotal _ large baggage compartments may be full or empty
write 1n the lotals _ and there may be wide vanations 1n the number of

5 Refer to the ¢ g moment envelope, fig 36,  seats heing occupied These variations are to be ex
and find the point of intersection of a lme  pected and are normal for the types of operahons
projected night from total waght (2,276 for which the aircraft are used However, the cg
lbs ) and of a line projected up from total 18 bound to range backward and forward a§ the
moment/1,000 (1012) loads are varted, therefore, weight and balance

f The pomnt of ntersection falls within the  control Is essential

emvelope, therefore, the waght and c¢ g are
within himits
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If a vanety of loads can be placed aboard an
aircraft 1n a number of locations, the pllot must be



especially aware of dulies regardmg weight and
balance control  Pilots should use a reliable weight
and balance syalem, preferably the type recom
mended by the manufacturer to gassure that the
weight and balance 15 within limits for each flight
They should insist that passengers are assigned to
the correct seat from a weight distribubion stand
pomnt They should also be sure that passenger
baggage or mscellaneous cargo 15 properly loaded

The we1ght and balance systems used on llght
twin-engine aircraft are essennially the same gg those
used for single engine aircraft nghm, arms, and
moments are the hasic factors, and the final ¢ g
computation must fall within the allowable ¢ g
limits Many twin engine arrcraft make yse of the
loading graph and moment envelope system (figs
35 and 36) Other models make use of ndex tables
simlar to those explained earher for single engine
aircraft (fig 24)

Some light twin-engine aircraft have weight and
balance control systems which make use of g specnal
weight and balance plotter The typlcal plotter 18
made of plastic materiel similar to a” seronautcal
computer It consists of several movable parts which
can be adjusted over a plotting board on which 18
prmted & ¢ g envelope The reverse side of the typr-
cal plotter contains general loading recommendations
for the particular aircraft The recommendations
may suggest that occupants be loaded progressnely
from front to rear I” other words, the forward
and center sgeats should be occupled before pas-
sengers are assigned to the rear seats A pencil
line plot ¢ap be made dlrecﬂy on the envelope im
printed on the working side of the ploting board
This plot can be erased and recalculated anew for
each flight The plotter s to he used only for the
aircraft for which jt was de-g]gned This welght and
balance control system 18 very aimlar to one used on
air carrier aircraft as explamned on page 60 and
\llustrated by figure 57

A typlcal we;ght and balance plotter should ¢on-
tain this reminder “It 15 the responsibihity of the
owner and pilot to ascertain that the aircraft always
remains within the allowable weight versus ¢ g en

velope while m flight”  This note should serve as
a precaution to the pilot to be sure to check the
“EIght and balance condinon before takeoff and to

be sure that any shift 1n passenger seating locations
does not ad\rerse]} affect the location of the pircraft
center of gravity

HIGH-DENSITY-SEATING AIRCRAFT

Many hght twin engine aircraft are bang used for
transportation of passengers, cargo, or mail 1n the
form of commuter or gir tax, service to supplement

the scheduled and unscheduled air carriers A” in-
creasing number of twin engine aircraft are being
used to carry mad on a scheduled bams Many com
muter and aIr tax, operators carry passengers to and
from small cities to make connechions with trunk
carners at airports 1n large cities The aircraft used
for this purpose are 1n some cases fitted with a large
number of seats in relation to fuselage size and are
called high-density seating arrcraft The areraft may
contain seats for eight to 15 passengers and some
of the larger types may seat over 25 passengers The
loadmg problems are relatlvely 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 limuts for high denaity 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 awrcraft have special weight
and balance problems because they have bee” mod,
fied and modermzed from older aircraft which ong
“ally did “ot have a great number of seats Some
of these modified aircraft are very sensitive as far as
loading toward the rear lumit 18 concerned The
recommended wmght and balance checklng 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
assure currency
An operator’s manual, when requn‘ed for h]gh
density seating aircraft, should contain procedures
for assuring comphance with weight and balance
limits, including penodic reweighing of the areraft
The WEIghl and balance procedures contained in the
manual should
I Be based on sound principles, using standard-
1zed terminology, and be compatible with
the type(s) of aircraft operated
2 When followed, assure that the aircraft is
pmper]y 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 occupred during operations specified
4 Provide crewmembers, cargo handlers, and
other personnel concerned complete wnfor
mation regarding dhstribution of passengers,
fuel, and other 1items, and should give com-
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COMMUTER TAXI AIRLINE

INC.

PASSENGER AND CARGO MANIFEST

PASSENGER — CARGO LIST WEIGHT | SEAT- INDEX
COMPT
180 /
170 Z
/40 3
PASSENGER NAMES /150 4
200 5
ENTERED HERE 160 &
210 7
/30 8
120 Q
/40 /0
/30 /1
PASSENGER — CARGO — MAIN CABIN TOTAL
FUEL BAGGAGE COMPT OO | NOSE
WEIGHT | TANK | INDEX BAGGAGE, COMPT Z00 | REAR
200 |R-MAIN PILOT — COPILOT 330 | -
300 |L-MAIN OIL 85| -
120 |R-AUX FUEL TOTAL
)20 |L-AUX EMPTY WEIGHT | /50| - 5825
NOSE TAKEOFF WEIGHT -
TOTAL TAKEOFF LIMITS | /QO00| -

—_— |
AIRCRAFT N 123 Q&

FLIGHT
ROUTE

DATE

42
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OKC -MKC

Ficure 37 Passenger manifest.

I HEREBY CERTIFY THAT THE ABOVE
TAKEOFF WEIGHT AND
WITHIN LIMITS AS SPECIFIED IN THE
FLIGHT OPERATIONS MANUAL

PILOT IN COMMAND

INDEX IS




OCCUPANTS - MOMENTS/100

Pidot &> Seats Seats Seats seats Seats Seat
Weight Co-Pilot 142 3ird 5¢{6 748 9 ¢ 10 is
100 500 700 900 1100 1300 150 0 170 0
110 550 770 930 1210 1430 16.50 187 0
120 600 840 1080 132 0 1560 1800 2040
130 650 910 1170 1430 1690 1950 2210
140 700 980 1260 1540 182 0 210 0 2380
150 750 1050 1350 1650 1950 295 0 2550
160 800 1120 144 0 176 0 208 0 2400 272 0
170 850 1190 1530 187 0 2210 2.550 2890
180 900 126 0 162 0 1980 2340 270 0 3060
190 950 1330 1710 2000 2470 2850 3230
200 1000 1400 1800 220 0 2600 300 ¢ 3400
e e
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Ficure 38 Occupants loading moments
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BAGGAGE OR CARGO MOMENTS/100
Nose Compt Compt Compt Compt Compt Rear
Weight Baggage A B c 2%0 E Baggage
20 40 160 200 240 560 320 380
40 80 320 400 480 640 760
60 120 480 600 720 840 960 1140
80 160 640 800 960 1120 1280 1520
100 200 800 1000 1200 1400 1600 1900
120 240 960 1200 1440 1680 1920 2280
140 - 112 0 1400 168 0 1960 2240 266 0
2560 3040
180 - 1280 1800 298 0 22340 2880 3420
200 - 1600 2000 2400 2800 3200 3800
300 — 2400 3000 380 0 420 0 4800 -
400 - 3200 4000 4800 5600 6400 -
500 - 4000 500 0 6000 7000 8000 -
STA 20 STA 80 STA 100 STA 120 STA 140 STA 180 STA 190
B ol D E REAR
750LB ! 800 LB 1+ 500LB ' 500 LB 200 LB
MAX MAX MAX MAX

T
i
1
1
1
1
MAX:
1
|
1
I
L

S U U

120 LB MAX

MAIN CABIN FLOOR LOADING LIMIT

150 LBS SQ FT

Ficure 39 Baggage and cargo loading moments

plete iformation regarding the distnbution
and secunity of cargo to prevent the shifting
of weight 1n flight

5 Provide other information relative 10 max
mum weights, capacities, and other pert1
nent himitations affecting the weight and
balance of the aireraft

Pilots of these high-density seating aircraft must
be anare of the effect of passenger and cargo loca
tion on ¢ g , and they must have a personal knowl
E‘dge of the means of correchng an out of luymts
condition They often have no one to assist them
with loadmg problems, then act gs pilot, dispatcher,
and loading agent 1n many cases
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I n
confronted with the problem of frequent trips with
varying loads They need to have a positive ac
curate and fast way to compute the weight and
balance They must have rehable empty weight
and ¢ g mformation readdy available for use This
information must he updated to account for all the
modifications performed on the aircraft

A load manifest, when required for air taxa or
commercial operations, should contain the following
information concerning the aircraft loading at take
off time

I The weight of the aircraft, fuel and oul, cargo

(including mail and baggage), and passen
gers,

commuter or air taxi operations, pilots are



FUEL — MOMENTS/100

Weight Nose Mamn Aux Werght Nose Mam Aux
30 60 270 380 330 66 0 2970 3930
80 120 540 720 360 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 2520 510 1020 4590 612 0
240 480 216 0 2880 540 1080 4860 848 0
270 540 2430 3240 570 114 0 513 0 684 0
300 600 270 0 3600 600 1200 5400 7200

OIL — MOMENTS/100
Gallon Weight Moment
2 17 15
4 34 31
g 51 46
8 65 61
10 85 77

Ficure 40 Fuel and ol loading moments

2 The maximum allowable weight for that
flight,

3 The total weight computed under approved
procedures,

4  FEwidence that the aircraft 1s loaded accﬂrdmg
to an approved schedule that insures that
the ¢ g 1§ within approved limits

The execution of a load mamfest 18 always g

hjgh]y recommended procedure from the Standpomt
of making & umform preflight check of the weight
and balance condition A typical load manifest may
be a simple form simlar to that )llustrated in figure
37 Thig form provides a record of passengers and
of all useful loads for the particular flight The major
advantage of such g form s that the pglot has a
standardized means of calculeting and recording the
weight and balance rondition of the aircraft for
each ﬂlght If care 18 taken to carry forward or make
proper record of the empty weight and ¢ g, the pllot
can be spared the task of a search through aircraft
records for this vital information The form may

also be used as g record of passenger identification
as may be needed for administralive purposes

One typlcal welg}lt and balance control system for
high density-seating aircraft 1s based upon the un
lization of useful load index tables and a total weight
mdex it envelope or table  With these tables
(figs 38-41), 1t 15 possible t o determine o weight
and balance 15 within hmils even 1n a «tuation
where the passenpger, cargo or fuel loads change
farrly rapdly The tables can be read for inter
mediate weights by nterpolation o £ values T o
51mpl1jv nnd spf'ed up caleulations use the nearest
listed weight, but be conservative when checking
agamst particular limits The system 18 generally
gimilar to those discussed on smaller aircraft The
pilot adds the weight and moments {mdex) of the
empty aireraft and the useful load 1tems Then,
checks gre made aganst the published limts—n
this case the mdex limit envelope or table  Care
must he taken to u<e the emptv welght and mo
ments or index from the latest welght and balance
report The pilot must be sure to use the same
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TOTAL WEIGHT INDEX LIMIT

ENVELOPE INDEX TABLE
1 S bs wil T I...FI LT ol
Fr }Frn:t'95‘0u(;u :”i&::::“ '10“0;{‘; Fr jT Min = Max
900 H o 0  isssas; adan: 10000 Weight Index Index
0 S Rpies MAXTMUM WEIGHT LIMIT $f 9100 8167 9350
HHEH FF A HH P T
i o SINEHE e e O T 9150 8212 9402
S S 1 48 9500 9200 8257 9453
AR } : S é 9250 8302 9504
e S e S O R HE 9000 2| 9300 8347 9556
INDEX T 5 PR 21 9350 8392 9607
2508 > MOy e i #8500 (] 9400 8437 9659
: ! /1 oo BHEETES t <k e 9450 8481 9710
HHE b, S s T =l 9500 8526 9761
?0 1 T+ [\- : g 8 w'
e €, i SHIE T § 0000 E 9550 8571 9813
SERIEEA ) T b :icaii'E 9600 8616 9864
ingd s NS it b S s S i gl T 9650 8661 9915
H A ) “ i : S35 a8k S :7500 1 9700 8706 9967
icisaartipaics: ARR s SRS, 35 Hofee . BEEHEE 7000 9750 8751 10018
900 % HiEissc Bi E Fqﬁ 9800 8796 10070
H ” ﬁ S it E ThE 9850 8840 10121
3 1 1 1 T T
88 90 92 94 96 98 100 102 104 3328 2328 18;;2‘
CENTER OF GRAVITY = INCHES AFT OF DATUM iloooo 8975 10275

Ficure 41 Total weight index limats

reduction factor for all moments In the calculations
Sufficient accuracy 1s obtained by rounding off 1n

dex numbers to the nearest tenth
Example 25

Assume you are a pilot planning & flight 1n an
ax-tan, aircraft Your load congsists of yourself,
your copilot, 11 passengers, 300 pounds of fuel
in each of the main tanks, 120 pounds of fuel jp
each of the auxihary tanks, 75 pounds of ], 100
pounds of baggage 1p the nose compartment and
200 pounds of baggage in the rear com,artment
The sample mamfest form n figure 37 has been
completed to show the useful load and empty
weight 1tems Use the loading tables and total
weight index limit table shown in figures 38
through 41 to determine 1f the aircraft 15 prop
erly loaded for takeofl The intersectzon of the
dotted weight and moment,"100 lines 1n figure
41 shows that limits are not being exceeded

TWIN-ENGINE CARGO AIRCRAFT
Small twin engine aircraft can be used effectively
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for carrying cargo into airports where operations
would not be prachcal with transport aircraft Cargo
which 1s particularly smtable £ o r twin-engime air
craft are hlgh value 1tems oI items which must reach
local destinations quickly The scheduled transporta
tion of mad to small cities and towns 1s an example
of the type service these aircraft provide

Light twin engine aircraft can be designed for
more effective cargo operattons if some specia] 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 blg packages
cannot be maneuvered through the passenger type
doors Provisions for securing the cargo to the ar
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 qumk]y converted from passenger to cargo use by

removing the seats from the main cabin area (fig
42) In gome cases, cargo g carried m the passenger

seats and secured by the regular seat belt It 18 also
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Ficune 42 Cabin tiedown diagram

possible that only one or two passenger seats will be
removed, resulting 1n a mixture of cargo and passen
gers 1N the main cabin Measures must be taken jp
this case to protect the passengers from possible
cargo moyement
The following are recommended for the loading of
cargo In other than apprmed cargo compartments or
bins
g If passengers are carred, the cargo must be
carried forward of the foremost passenger
b The cargo should be properly secured b) a
safety belt or other tiedown device to pre-
vent 1t from becoming a hazard by shifting
¢ The cargo must not impose any load on seats
or the Aoor structure that exceeds the load
limitations for these components
d The Jocation of the cargo must not restrict
access to or use of any required emergency
or regular ea:l by any passenger, Or access
to an emergency exit by a pilot if a regular
exit 18 not accessible to the pilat
¢ The location of the cargo must not obscure
an, passenger’s view of anvy requ:red fgn,
unless an ausiliary sgn or other appraved
means for proper mstruchen or nohifica
tion 15 provided

Cabin cargo 15 1n danger of shifting it the deck
angle {floor attitude} 15 not level as during the rota

tion and 1mitial chimb 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 18 also subjected to 1nertia
forces resulting from turbulence, acceleration, de

celeration, vibration, and hard landings These
mertia forces act more strongly 11 some directions
than 1n others and tend to shift the cargo unless 1t 18
properly restrained A forward force 18 the one most
likely to act on cargo This force may result from a
sudden application of brakes, landing on a soft sod
runway, or a crash landing That 18 why cargo
should be located forward of all passengers 1n &
mixed load conﬁgural‘.lon 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 bedown de
vices such as straps, ropes,or nets These devices,
when properly used, will restran the cargo from
moving 1n any direction Tiedown httings should be
adequate jn number and strength to restrain a cargo
of any allowable we1ght and size Floor structure,
particularly where the nedown fittings are anchored,
must be strong enough to resist any antIClpated load
without distortion C argo floor loading himits are
usually expressed as meximum weight 1in pounds per
square foot If a cargo item 18 loaded 1n & seat. the
pilot would be wise to limt its weight to that of an
average passenger A tiedown or safety belt should
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Fictre 43 Securing cargo m <eal

restrain its movement 1n the seat (fig 43) A smgle
cargo Item on the cabin floor should be secured jp a
manner symilar to that shown jn figure 44 Its center
of gravity may be determined by the method shown
1n figure 45
The following general precautions should be ob
served when actually loading the cargo
1 In a talwheel aircraft, cylindrical items o n
their sides should be chocked until lashed
down

2 Liquid containers should be placed with their
outlets at the top

Ficure 44 Secunng carge to floor
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FicLre 45 Determining ¢ g by means of a roller

3 Lightweight items should he stacked on
heavier ttems, or stacked separately
4 Shoring or planking must he used when the
contact area 1s likelv to exeeed the floor
strength limitations
Many cargo loads carried 1n air taxa arcraft wall
consist of a variety of boxes, crates, sacks, drums,
gtc This type of composite cargo may be secured
with the type devices shown 1n figures 46 and 47
Sufficient restraint should be used to prevent shifting
because of h1gh deck angle or nertia forces In

Ficure 46 Securing composite cargo with siraps

Ficure 47 Securing composite cargo with net



COMMUTER TAXI AIRLINE INC.
PASSENGER AND CARGO MANIFEST

PASSENGER = CARGO LIST WEIGHT | SEAT |INDEX
COMPT
677 B
CARGO DESCRIPTION col7| c
s500| D
ENTERED HERE 500 E
PASSENGER - C 4RGO - MAIN CABIN TOTAL
FUEL BAGGAGE COMPT NOSE
WEIGHT| TANK | INDEX BAGGAGE COMPT | 200 | REAR
Z00 |R-MAIN PILOT — COPILOT | ZBOD —~
200 |L—iAN OIL 75 | -
400 |r-auy FUEL TOTAL
400 |1-sux EMPTY WEIGHT | 5655 | - 8§27)C
NOSE TAKEOFF WEIGHT -
TOTAL TAKEOFF LIMITS | /@000 | -

arcrarr MIZ23Q I/

FLIGHT

ROUTE

DATE

MKC- DEN

4 6

PILOT IN COMMAND

I HEREBY CERTIFY THAT THE 4BOVE
TAKEOFF WEIGHT AND INDEX IS
WITHIN LIMITS AS SPECIFIED IN THE
FLIGHT OPERATIONS MANUAL

Ficure 48 Cargo manifest

49




arranging composite loads, cargo items should not he
arranged so the load 13 topheavy If possible the
hnght of the load should not exceed ifs length
Particular care should be taken to seure L ty
load agamnst shpping out from under the ticdown de
vice If the individual items of this type cargo are
comparatively hght, a net type tiedown device 5o
adequate Heavy 1tems will require roper or siraps

Cargo should be placed as pear to the ¢ g of thr
airplane as possible, roughly at the 30¢c chord
point, but limitations of particular arcas should be
observed to prevent overloading the strugture Care
must also be taken not to block access to an exit in
the rear of the cabin or to cut off an giale needed for
nflight nspection of the main cabin cargo

Example 26

This problem 15 an example of the use of a mam
fest form to determine the welght and balance con
ditton of a cargo fight The airplane 15 the same one
used m example 25 with the seats removed from the
main cabmn Notice t h a t the empty weight an d
moments have heen changed due to the removal of
the scats This change must be carefully noted ac
cording to the manufacturers recommendations The

sample manifest form tn figure 48 has heen com
p]eted to show the useful load and empty \&(‘lght

items

Lsing the loading tables and total weight index
table shown in figures 38 through 41 to determne
the loading condition of the arrcraft you should oh
tain & moment of 10038 7 index units It 1s apparent
when the index limit table 15 checked that the cargo
1% loaded too far to the rear The aircraft 13 not safe
or legal to fly 1n this loaded conditton The man

mum tndex limit rear ¢ g limit) has been exeeeded
by 20 7 index umts 12070 0 b 1n ) If the cargo 1n

compartment £ ¢ nsists of carfons each weighing
20 pounds, how many cartons must be moved to
compartinent A to hring the index within the maxi
mum hmrt?

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

1 Select the cargo weight which would make

a difference of at least 20 7 1ndex umils
when compartments A and £ are com
pared (4.0 Ib =640—320=320 1ndex
units)

2 Determine the difference in arms between

compartments 4 a n d £ (Sta 160—Sta
80=80 mn ) Diade t h e excessive mo
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ments by this a + m
b )

By usc of either method HP can sce that the
movement of 40 1b {(two ea 20 1b cartons)
would be required to reduce the index by at least
207 A new passenger sod cargo manifest should
now b executed to prove that the ¢ g 1s within
himits with thr proposed new load distribution
Of coursc 1t would be possible to shift a greater
number of cartons than the mmmum to he on the
«afe side In an, (ase rare must be taken to re
main within the compartment maximum M‘lght
hmit the floor loading limut and the mmimum
and maximum ndex himits

HELICOPTER WEIGHT AND BALANCE

Thr weight and balanee principles and proccdures
which have been described 1n connection with air
planes applv gencrally to helicopters Fach model
he hicopter 1s certificated for a <pecific maximum gross
weight Howeser, it 1s no t sale t o operate at this
maximum weight under all eonditions Combinations
of high altitude hrph tempurature and high humid
ity determine the density altitude a t  a  particular
location This, 1n turn critically affects the hovering
takeoff, chmb, autorotation, a n d landing perform
ance of a hehcopter Additional factors to he con
sidered are wind obstacles, type of surface, and
space available for takeofl and landing Just because
a helicopter can take off with a heavy load does not
mcan that fhght with that load will be safe A
heavily loaded helicopter has less ability to with
stand shocks and additional amrloads caused by
turbulence The greater the weight, the less the
margin of safety for the supporting structures such
as the main rotor fuselage and landing gear

Vost helicopters have a much more restricted ¢ g
range than do airplanes In some cases this range 1s
less than 3 1nches The exact location and length of
the cg range 1s spectfied for each he]lcopter and
usually extends a short distance fore and aft of the
main rotor mast or the centroid of a dual rotor gys
tem Ideally, thr helicopter should hare such perfect
balance that the fuselage remains hornizontal while 1n
a hover and the only eyche adjustment required
should be that made necessary by the wind The

(20700—-80=259

fuselage arts as a pendulum suspended from the
rotor Anv change m the ¢ g changes the angle at
which t hangs from thrs pownt of support Many
recently designed helicopters have loading compart
ments and furl tanks located at or near the balance
pomt If the hehcopter 15 not loaded properly and
the ¢ g 15 not very near the balance point, the fuse



Ficire 49 ERect of cg on helicopter atiitude in hover

lage does not hang horizontal 1n a hover If the ¢ g
18 {00 far aft the nose bilts up and excessive forward
cycllc 18 rcqmred t o mamtain a stalionary hover
Conversely, if the ¢ g 1s too far forward, the nost
tits down and excessive aft cyclic g5 required (ﬁg
49) In extreme out of balance conditions full forc
or aft cyclic may he insufficient to maintain ¢ ontrol
Similar lateral balance problems may be encountered
if external loads are carricd

Upon delivery by the manufacturer, the empty
weight, empty weight ¢ g and the usc ful load are
noted on the weight and balance data shect in the

helicopter thght manual If, after delivery, add,
tional fixed equipment 15 added or removed, or )f a
major repair or alteration 1s made which may affect
the empty weight, cmpty weight ¢ 2 or useful load
the weight nnd balance data must he revised All
waght 2nd balance changes should be entcred in
the appropriate aircraft record Thr helicopter Aight
manual 1ncludes direc tions for solving loading prob
lems The procedures are similar to those alreads
described for airplancs For further information,
read the FAA Basic Helicopter Handbook, AC
61-13A
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Chapter 1

CONTROL OF LOADING-LARGE AIRCRAFT

The prinaples of werght and balance which have
been discussed i previous chapters apply to large
aircraft used by the air carriers and commercial
operators as well as to small aircraft used by general
aviahion pilots and operators The general concept
of weights, arms. and moments apply regardless of
aircraft size The location of the ¢ g can always be
found by dividing total moments by total weight

Large aircraft hare the same dangerous fhght
charactenistics as small aircraft when WEIghl and
balance |imits are exceeded It 1s not safe to assume
that a large aircraft, because of 1ts apparent abun
dance of engine power and spaclous passenger and
cargo compartments, cannot he loaded 1n an ad
verse manner Any aircraft can be overloaded or
loaded out of balance 1f weight and balance control
procedures are not followed

Aurcraft which have a large number of passenger
seats potentially possess great flexibihty of loadmg
configurations From a utilization standpont, such
Aexibility 15 destrable, but unless due consideration
1s given to welght and balance control. such &n air
craft may easlly be loaded in a nose heavy or tad
heavy condition

Large aircraft, particularly those operated by air
carners, are flown and maintained by a large num
ber of people No one pilot or mechanic may be
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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 15 understwd by flight, main-
tenance, and dispatch personnel 1s 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 18 required for
long tops or to allow for delays, the payload (pas
sengers, baggage, cargo) must be proporhionately
reduced to prevent exceeding maximum weight
Limits When trips are short and the payload 15 high,
there are frequent changes of passenger end cargo
load Under these condemns, a gquick, 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
18 properly loaded and will not exceed authorized
weight and balance limtahons during operation
The large sircraft operator should also account for
all probable loadmg conditions which may be ex
perienced 1n service and devise a loadmg schedule



which will provide satisfactory weight and balance
control Loadlng schedules may he apphed to 1n
dividual aircraft or to a complete fleet When an
operator utihzes several types or models of aircraft,
the loadmg schedule should be i1dentified with the
type or model of arrcraft for which it 15 designed

CENTER OF GRAVITY TRAVEL DURING
FLIGHT

The operator’s (light manual should show pro
cedures which fully account for the extreme varia
tions in ¢ g trawl during flight cansed by all or
an, combmation of the followmg 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 Posaible change 1n ¢ g position due to landing
gear retraction

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

RECORDS

The operator’s we:ght and balance system should
mnclude methods by which responsible personnel wil]
maintain a complete, current, and continuous record
of tbe welght and ¢ g of each arrcraft Such records
should reflect all alterations and changes affecting
either the weight or balance of the aircraft, and will
mnciude a complete and current equipment List
When fleet welghts are used, pertinent computations
should also be available in 1ndividual arcraft files

The operations specifications of each air carmer
should also contain the procedures used to maintain
control of welght and balance of all aircraft op
erated under the terms of the rarrier’s operating
certificate The procedures should asgure that the
aircraft, under all operating conditions, 1s loaded
within the gross weight and ¢ g hmitations They
should 1nclude a reference to the procedures used
for determmmg waght of passengers and crew,
weight of baggage, periodic aircraft weighing, type
of loadmg devices, and identification of the aireraft
concerned

WEIGHT AND BALANCE SYSTEMS

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

workable Several systems have been devised and
many variations of the required document4 are jn
use All the systems strive for 3 rapid method of
determining 1f the aircraft’s weight and balance 15
within the stated tolerances The systems are more
sophlstlcated than those used for general aviation
arrcraft, however, they are subject to some of the
same errors Simple anthmetic errors and errors 1p
updatlng 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 pllot and others who are
responaible

Weight and balance control systems are primarnly
based upon information contained m official sources,
such as the Airplane Flight Manual, Type Certifi
cate Data Sheets etc Ulhimately, all systems are
desigred to provide values for a load mamfest
which 1n turn shows that thr wmght and balance
condition 18 within limits for the flight

AIRPLANE FLIGHT MANUAL

The airplane flight manual may he found 1 sev
eral forms—vanations of the manuals are the result
of the shght differences 1n operations by the various
aircraft operators Some manuals eontain all the
essenttal weight and balance 1nformation together
with flight performance nformation 1n one volume,
others utihze & separate volume for loadmg informa
tion

A typical manual contains an explanation of the
ap,roved waght and balance system It also pro
vides limitations as they apply to the aircraft under
iarious 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
information about passenger and cargo loadmg It
mmcludes tabulated charts which indicate the index
value for normal payloads Instructions are also con
tained 1n the manual concerning procedures to use
when the load 13 other than normal For example,
the manual explains the adjustments to make 1n
passenger comyartment ndex calculations when
cargo containers are placed 1n passenger Seats

Typical information from the weight and balance
section of the manual 1s shown 1n the crewmember
table, ﬁgure 50 It wil] he noted that the table pro
vides the normal waght and balance information
(waght, arm, and moment/1,000) which 18 to he
used 1n the load mamfest
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[ Title Weight Arm Moment

Lb In 1000
Captain 170 229 39
Fust Officer 170 229 39
Fhight Engimeer 170 263 45
First Observer 170 263 45
Second Obsery er 170 290 49
Fwd Cabin Attendant ~ Female 130 311 40
Fwd,.Cabin Attendant — Male 150 311 47
Aft Cabin Attendant — Female 130 1169 152
Aft Cabin Attendant = Male 150 1169 175

Ficurr 50 Crewmember indey tahle

LOAD MANIFEST

The load mamfest { fig 51) 15 completed by yse
of information from the manual as 1t pertains (o
the particular fight Basic operating weight 15 erther
calculated or carried forward from previous records
Payload and fuel load indexes are obtaimed from
load tables When the weight and index jtems are
totaled on the load manifest such factors as zero
fucl weight tan1 gross weight, and ¢ g1~ ¢ MAC
are imndicated The load manifest makes provisions
for last minute corrections such as would bc neces
sars when cargo or addilional passengers are added
Just before takeoff Weights on thr load mantfest
may he indicated 1n kilograms (kilo o r k g ), or
pounds or both Forms used for international op
eratrons wul usually have weights indicated 1n
kilograms

TYPICAL  SYSTEMS

{oading summary chart A typical approach to
the problem of finding ¢g quickly 15 found 1n the
use of 4 loading summary ¢ h ar t Representative
loading summary charts arc shown 1n figures 5 2
and 53 These charts provide a means for determin
mg c g posttion with some of the arithmetic steps
omitted Generally, the charts are entered at the
top with basic operating weight and its index Then
a line 1s drawn downward and corrections are made
to the right “I left as appropnate for loads m each
compartment When all the compartment loads are
considered the line will indrcate the zero fuel weight
index Continwng the line downward, a night “1 left
adjustment 15 made for fuel load The Iine 18 then
termmated 1p the grld section of the chart at g
horizontal Iine which represents the total weight
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The termunal point of the line 18 an ndiration of
cg m & MAC o r
load summary charts wil} provide an answer directly
n stabilize r sctting mnerements

Load adjusters Military aireraft have for many
vears made use of load deustLrh for welght and
balance computations The load ad]usler 15 a balance
computer similar an form to the comventional shide
rule Tt consisls of a base a shide and a transparent,
movable indicator A representative load adjuster 15
lustrated 1n higure 54

Load adjusters should never be mterchanged be
tween aircraft of different series or models Al
though the method of using all load adjusters 1s
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 13 used 1n a manner
similar to the procedure explained for the load
summary chart The process begins with the basic
operating weight a n d index The mndex s always
placed under the cursor or hairhne of the load ad
juster Then the cursor 18 moved to the right or left &
distance determined by the unght and index umnits
for cach load item added to the basic operating
weight As each load 1item 15 considered, the cursor
15 moved unti] all 1oad items, including fuel have
heen accounted for After the final movement of
the cursor the total weight index will appear under
the cursor hairline

The load adjuster also has & c g gnd which
permits quick conversion of the answer from total
weight index to ¢ g 1n % MAC Inasmuch as the
load adjuster 18 designed for one model airplane
the fore and aft hmits are indicated on special
scales After deternrmning total “Elgh[ index, the

index Many turbojet aircraft



MODEL

AIRPLANE NO

FLIGHT LOADING MANIFEST
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ITEM CHANGES
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PILOT

DATE
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Fricvre 51 Flight loading manifest form
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Ficure 55 Balance computer and osverlay

location of the ¢ g relative to 1ts limts can easily
he seen

A dlagram of the aircraft fuselage 1s normally
included on the load adjuster This diagram 15 used
to help 1dentify various compartment lpcations

Balance computer A shde rule can be arcular
as well as linear 11 construction—the aeronautical
computer 18 an example of the circular tvpe Cir
cular shde rules or computers have been adapted
to the solubion of “elght and balance problems
Essentiallv, these balance computers are cireular
load adjusters, and bke the linear type, can be used
onl) for an aircraft of one make, model and con
figuration The 1dentification markings of a balance
computer should be carefully checked to nsure is
correct use

The circular balance computer eonsists of a card

on which are printed curved scales for load 1tems
and a curved c g grid A chifferent card 15 provided
for each gonhguration aircraft and can he Included
in the weight and balance section of the aircraft
fight manual A transparent plastic overlay sheet
with a simple straight line simtlar to the cursor on
the load adjuster 18 used on top of the balance
computer card (fig 55)

The procedure for use of the circular balance
computer 18 similar to that used on the shde rule
tvpe load adjuster Starting with basic index umts,
progressixve movements of the cwel‘]a) are made 11
clockwise o r counterclockwise directions A pencil
mark 15 made on the overlay before making each
adjustment for a load 1tem After the final fuel item
ad]ustment 15 accounted for, the line on the plastlc
overlay indicates the ¢ g location where 1t crosses
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Ficure 56 Template and gnd

the gross weight hine on the ¢ g grid The ¢ g 18
indicated 1n % MAC on the gnid and the gnd itself
15 a limat envelope (fig 55)

The destgn of the errcular balance computer takes
into account several general assumptions pertaining
to the normal operation of the aircraft Among these
15 the assumption that passengers wili hare a pref
erence for empty seats next to the windows and
that the fuel will be loaded and consumed according
to standard schedules

If standard practices are followed, the computer
allows omssion of the intermediate steps of calculat
ing moments and indexes for the load 1tems

Template and gnd A simlar system makes use
of a large weight and balance grid upon which the
weighl 1tems are directly plotted The grid indicates
the waight and balance hmits of the aiwrcraft as
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expressed n % MAC The gnd can be prmted
on & hard plastic material from which the plot
1s erased after use or on a paper form which 1s
kept ag & record for each flight The values for the
load 1tems 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 ¢ g in % MAC

As 1n all other systems, this system rehes upon
gettmg o f f to a good start with & reliable basic
operating weight a n d  basic operating cg t %
MAC Since the final plot represents the fuel load,
the plotted fuel line can be followed down the chart
as fuel 13 consumed 10 flight to get & continuous
graphic indication of ¢ g location during fight (fig
57)

Advanced systems New systems of weight and
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CENTER OF GRAVITY = % MAC
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510-61

WEIGHT AND BALANCE MANUAL

Equpment List

Description and Identification

Compressor-Au Fuel Starter

ABC Co 4056728

Pressure Regu]atmg Shutoff Valve
Jones Inc 17268001-10
Jones Inc 1726001- 9 (Optional)

Boost Pump, Fuel, High Pressure

Smuth Co HD 309721-1

Boost Pump, Fuel, ngh Pressure
Lotco Inc XX45678-9

Ficure 58 Large

balance control are bang dewed and will un
doubtedly be adopted In the future by the large
arrcrafl operators Electronic computers can be used
to calculate and print out the WElght and balance
answers, the computer Input possibly being based
upon passenger and cargo reservation information

Other systems have been inveshigated ubhzng
devices which measure the weight apphed to each
landing gear when the arplane 1s on the ground
These devices are installed in the landing gear gya
tem and produce @ numencal read out of gross
weight and ¢ g possthon The read out could be
located 1 a conventent locabion 1n the Hight com-
partment

LARGE AIRCRAFT WEIGHT AND BALANCE
RECORDS

It 18 apparent when a study 18 made of the weight
and balance control systems Introduced in this chap
ter, that the use of a vahd Basic Operating Weight
(BOW) 18 essential for accurate results Operating
personnel must rely upon BOW information 1n the
awrcraft records Mamntenance personnel must assure
that the recorded BOW 18 correct

BOW g defined as the welght of the aircraft as
loaded ready for payload and fuel The BOW, there
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N-113
Balance
Quantity ~ Wewght Arm
1 500 8756
1 7.5 8354
2 78 7563
2 78 779 2
2 78 8015
2 78 RI57
l 102 7530

arcraft equipment list

fore, includes the empty aircraft with all perma
nently 1nstalled equipment, normal ol and fwmds
(except fuel), crew and crew baggage, passenger
service equipment, emergency equipment, and spe
ciel equ:pment

The aircraft 13 weighed to estabhsh the empty
weight and ¢ g before 1t 15 put Into service When
g record 18 made of this werghing, an equipment
hist 15 established which shows each 1item of installed
equipment Included 1n the empty weight From then
on, the condition for empty weight can be duphcated
by assuring that thiz same equipment 15 1nstalled
An excerpt from the equipment hst of an FAA
arreraft 18 shown 1n figure 58

When equpment changes take place, an appro
pnate entry 18 made on & weight and balance log
or the equpment hst itself 13 amended $o that the
empty weight and ¢ g are properly corrected It 18
essential that any change n structure or equipment
be entered n the records, otherwise all other cal-
culations will be 1naccurate Part of & weight and
balance log for an FAA arrcraft )3 shown 1n figure
59

The use of “empty fleet welghts” and “basic
operating fleet weights” are explained in FAA Ad
visory Circular 120-27 When fleet werghts are used,



ACTUAL

WEIGHT AND BALANCE LOG

Serial 18066 Registration N 113
Balance Index
Item and Description Weight Arm Moment | CG *MAC Unats
SUMMARY
Pre-flight Weighing 98,320 8u7.3 | 83355696 25.5 +3, 783
Additions +978 +795556
Deductions -L2g -338838
BASIC WELGHT — 9,869 | (847.7)[83812414| ;54 +3,803

Ficure 59 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 ayreraft
are used by a particular operator

The term “zero fuel weight ' indicates the maxi
mum authenized weight of an aircraft without fuel—
this weight 1 the sum of BOW and payload It
should be understood that passengers or cargo are
mncluded 1n zero fuel weight When the zero fuel
weight |5 hlgh because of a large payload the fuel
load must be proporhonately low to prevent exceed
g maximum takeoff or landing weights On the
other hand, if a large fuel load ;5 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 1n summer (May 1-Ott 31) and
165 pounds 1in winter {Nov 1-Apr 30) Children
under 2 are considered “babes 1n arm” and children
2 through 12 are averaged at 80 pounds each Pas
senger carry on baggage 15 calculated at § pounds
each Most we:ght and balance control systems g8
sume that passengers wjll select the window seats
first, the aisle seats second, and the center of three
abreast seating last With these assumptlions, pas
senger ndex tables are calculated Allowances are

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

A typlcal passenger load mndex chart 18 shown m
figure 60 It should be noted that this chart assumes
that passengers are seated 1n the normal distribution
around the center (centroid) of the forward and aft
passenger compartments A separate table in figure
60 pl‘O\'ldC’S information about cargo loads The
assumption )3 again made that the cargo 13 loaded
e\enly around the centroid of the cargo hold

Fuel 1 loaded 1n large aireraft according to a
schedule presented 1n the FAA approved manuals
Such a procedure distributes the fuel among the
fuel tanks 1 a manner which will cause a mim
mum of difficulty with weight and balance (fig 61)
Personnel involved with Wﬁlght and balance are,
therefore, able to deterrmne the fuel moments or
mdex from standard tables or hy calculatlng the
moment of the fuel m each tank

Fuel 1s used according to procedures given in the
ﬂ1ght manual  Besides ensuring structural mteg
rity, an 1mportant reason for following a standard
sequence of fuel tank selection 18 to control the ¢ g
location  The ﬂlght crew has a much less complex
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PASSEYGER LOADING TABLE

CARGO LOADING TABLE

Number Weight Moment Moment
of 1000 1000
Pass Lb Forward Hold Aft Hold
Werght Arm Arm
FWD COMP CENTROID 486 3 Lf 81 1066
5 850 413 6,000 6,396
10 1,700 827 5.000 2.905 3,330
i5 2550 1,240 4 (00 2,324 4,264
20 3,400 1,653 3,000 1,743 3,198
25 4,250 2.067 2000 1,162 2,132
29 4,930 2,397 1,000 581 1,066
900 523 959
4FT COMP CENTROID 928.8 800 165 853
700 107 746
5 850 789 600 349 640
10 1,700 1,579 500 200 533
15 2,550 2,368 400 232 126
20 3,400 3,158 300 174 32.0
25 4,250 3,947 200 116 213
30 5,100 4,736 100 58 107
35 5,950 5,526
10 6,800 6,315
15 7,650 7.105
50 8,500 7,894
54 9180 8,528
FUEL LOADING TABLE
Weight Tank 1 and 3 Tank 2 Weight
{3 Cell}
Moment Moment
Lb Arm 1000 Arm 1600 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 9300
10,000 8947 8,947 816 8 8,168 10 000
10,500 895 4 9,402 8166 8,574 10,500
11,000 896 1 9,857 8165 8,982 11,000
11,500 896 § 10,313 816 3 9,387 11,500
12,000 8975 10,770 816 1 9793 12,000
18,500 906 8 16,776 815 1 15,079 18,500
19,000 78 17,248 815 0 15,485 19,000
19,500 9089 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 7,109 21,000
21,500 915 5 19,683 814 6 17,514 21,500

FicLre 60 Loading lables




STANDARD FUEL LOADING

Total Outboard Center Total Outboard Center
Fuel Tanks Tank Fuel Tanks Tank

Load 143 2 Load 1&3 2
29,550 9,850 9,850 40,000 11,600 16,800
30,000 10,000 10,000 40,500 17,300
30,600 10,200 10,200 41,000 17.800
31,050 10,350 10,350 41,500 18,300
31,500 10,500 10,500 42,000 ” 18,800
32,100 10,700 10,700 42,500 19,300
32,550 10,850 10,850 43,000 19,800
33,000 11,000 11,000 43,500 " 20,300
33,600 11,200 11,200 44 000 20,800
34,050 11,350 11,350 44,500 21,300
34,500 11,500 11,500 45,000 " 21,800
35,000 11,600 11,800 45,500 22.300
35,500 12,300 46,000 22,800
36,000 ” 12,800 46,500 ” 23,300
36,500 13,300 47,000 23,800
7,000 13,800 47,500 24,300
37,500 " 14,300 48,000 " 24,800
38,000 14,800 48,500 95,300
38,500 13,300 49000 25,800
39,000 ” 15,800 49,700 11,600 26,500
39,500 16,300 50,000 11,750 28,500
50,526 12,013 26,500

Ficure 61 Fuel load distribution 1able

yob n determuming 1n faght ¢ g trawl 1f standard
bumn out procedure are followed

W hen the aircraft 15 loaded read, for takeoff the
total weight of the aircralt s called tavi gross weight
or ramp gross weight Berause of high fuel con

sumptien during ground operation, this weight may
be 500 to 1,000 pounds more than takcoft weight

Maximum takeofl weight 15 the maximum allowable
just before brake release This weight m a y b ¢
hmited to a lesser weight for any particular takeoff
by many factors rclated to aircraft performance
The actual takeoff weight hmit 15 calculated by the
us¢ of varwous performance charts taking into ac
count such factors a< Runway lingth, temperature,
density altitude runway slope, and wind conditions

Maximum landing weight 1< a structural limit and
18 the maximum weight authorized at touchdown
All weight 1n excess o

must consist of disposable fuel A furl dumping sys
tem 15 required on the aircralt if the maximum take
off weight 1s more than 105 percent of maximum
landing weight

Conditions may arise during flight such as engine
failure or an aircraft system failure, which may
require a landing sooner than oryginally planned
In this event fuel may have to be dumped to reduce
weight t o maximum landing weight If the fuel
dumping procedures contained 1o the aircraft flight
manual arc followed, ¢ g travel will remain withim
}]TPSCl‘lbf‘d llmltS Calculations of the effects of furl
dumping are simular to those used for fuel bum
Lse of the fuel load table moments makes the cal
culations simple Some manuals will provide a fuel
tank centrowd as a single arm, then the eflect of fuel
dumping can b €
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calculated by a single remove
maximum landing weight  weight formula such as the one which follows
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EXAMPLE.

ENTER AT 25% MAC, PROCEED TO DIAGONAL LINE,
READ RIGHT OR LEFT, 2 Uh-ITS NOSE UP

AIRPLANE

NOSE
DOWN
——{—{-{-}= AIRPLANE NOSE DOWN LIMIT={={={=f = -|—==—==—
I
= b,
= R ///////////////4
S _ N
E > = S o D [~ MID
= -t [
v 4 3 i — FWD
E R 3 I,
. :
F_‘ [ ]
g 8 $
ﬂ ¢
A 2 10
— AIRPLANE, NOSE UP LIMIT e o e e
* AIRPLANE
] } | T | 1l_L L1 1 | NOSE UP
15 20 25 20

CENTER OF GRAVITY

- PERCENT MAC

Freure 62 Stabihzer trim

Weight before dumpmg-160,000 Ib

¢ g before dumping  —Sta 615 5

Fuel to dump —40,000 b

Centrotd of fuel tanks —8ig 750 2
Find ¢ g after dumping

Use remove weight formula

Wt removed _ Ac g
New total wt  Dist from ¢ g to tank
40,000 _ Acg
120000 13 47
Acg =449

cg after dumping=6155—-449=5706 n
STABILIZER TRIM SETTING

Before starting a takeoff 1n a large turbojet air
craft, the stabihzer trym mu&e placed 1n a position
dictated by the ¢ g location An Improperly set
stabilizer trim mav have such a powerful effect that
1t cannot be overcome by elevator control During
takeoff, 1t ma, be difficult to raise the nose (rotate
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at Vi) , or on the other hand, the nose may pitch
up uncontrollably depending on which direction the
stabilizer 15 out of trim Once the gircraft 15 air

borne, the trim 1s adjusted by the pilot to a setting
which will enable him to fly with mimmum control
pressure The only acceptable procedure for takeoff
1s to set the trim according to ¢ g location before
the takeoff roll 1s started

Some of the ¢ g control systems previously ex-
planed (see Convair 880M loading summary, fig
53) provide a stabilizer setting directly when the
total weight ¢ g 18 calculated Other systems require
the use of a simple chart to couvert from ¢ g In
% MAC to stabihzer setting for g particular takeoff
weight A typical chart from an aircraft flight man
ual 15 1llustrated 1n figure 62

When the ¢g 15 determuned to he located at a
particular station, that location must first be con
verted to 6% MAC to use the stabilizer trim chart
A typical problem follows


file:///STAB

Given

Takeoff ¢ g —Sta 575 0
MAC —Sta 5400 to Sta 7450
Stabihzer trim chart {fig 62)

Find Stabihizer tnim settmg for takeoff

Solution
1 Determine ¢ g 1n % MAC

cg % MAC:%
_5750-5400
2050
35
=505 = 17 196 MAC
2 Determine stahilizer settmg to nearest 14
unit

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

LARGE AIRCRAFT LOADING PROBLEM

Gwen An air carrier aircraft has the following
load condition
Feight Index moment/1 000

1 Basic operatmg weight 85,000 657200

2 Cargo

Fwd 3,000

Aft X6
3 Passengers

Fwd 20

Aft 40

(Winter wt =165+

5 b carrv on baggage)

1 Fuel load
Tank 1 20,000
Tank 2 20,000
Tank 3 20,000

5 Aserage fuel consumption to pomt of Arst wntended
landing—3 600 1b /hr /engine Three engine op
eralon for 2 30 hours Straight tank to engine
fuel management for enure flight

6 Limitauions
a Max ramp wt—1653,000 ih

Max zero fuecl wt —110,000 1b

Max landing w1 —135000 1b

c g limits—15% 10 359 MAC

MAC—Sta 7500 to Sta 9550

2 oan

Find
Ramp and landing weights and c g
Investigate i limitations are exceeded
Stabihzer trim setting

Solution
Use loading tables—figure 60
Usc stabslizer tim setting chart—figure 62
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Complete the loading form below

Takeoff conditions check

Load *em

Basic operating weight
Payload
Cargo
Fwd
Aft
Passengers
Fwd
Aft

Weght

Index

Sub total (zero fuel weight)

Fuel load
1 Main
2 Main
3 Main

Total (ramp and takeoff wt '

Ramp ¢ g —% MAC

Stabilizer trim setting

Landing conditions check

Load vtemn

W ewght

Index

Zero fuel weight
Remaimng fuel load
1 Mam
2 Main
3 Mamm

Total (landing wt )

Landing ¢ g % MAC

Notice that the fuel arms (fig 60) vary with
welght because. the ajreraflt used in the problem 1s
a swept wing type The correct procedure 15 to add
a new fuel index to the ZFW index Subtraction of

Using the principles explaned 1n the preceding
chapters, you should he able to solve the sample
problem As a spot check, here are several answers

1 No hmuts are exceeded

index units for fuel burned will not properly ac 2 Stabihzer trim for takeoff 18 one half nose up
3 C Gat landing weight 1s 22 262 MAC

count for the change in arm
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