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1. PURPCSEE. This advisety ecikcullar (AC) provides one meamns, but
not the only meanss, for obtainimg approvall of a welight and
ballance conttoll system.

2. FOQUS. This docunent provides guidanee te certifiicafte
hbliders that are required to have an approved weight and ballamce
program by Titlle 14, Code of Federall Regullations (14 CER)

partt 121 ot choose to have an apptroved programn undet

.14 CFR patt 135. It shoulld be particullarly useffull to eurtent

14 CFR patt 135 opetateirs who nay be attected by requitefmenits
proposed in the Conmuter Opetatiions and Genetall Certifieation and
Opetations Requitememnirs Notice of Proposed Rullemmakiimgy

(60 FR 1623®, March 29, 1995)..

3. CANCHIIATIINI. AC 12002783, Airetaft Wéight and Balance
Contirell,, dated October 25, 1990, is ecancelllled.

4. DISCUSSIIOW. An operator nay submitt,, for inclusien inte its
ogelratliems speciiffiicaii D5%s, any method and procedure whiech shows
that an aireraffit willll be ptroperlly lLoaded and willll not execeed
apptoved weight and ballance lLimitaftiiens during opetatiiom. Tge
apptovall of suech a weihght and ballance conttell system is based on
an evaluation of the program presented for a particwllar aitetafft
and of a particullar operatet''s ability to impleneat that proxgram.
Whateverr nethod is used], the Wg_lrogrram shoulld account for alll
ptrobablle loadling conditions which nBy be experienced in serviee
and show that the loading schedulle develloped willll ensute _
satiisfaetory airetaft loading within the approved Liniits duting
ground opetatiiaiss and throughout each fligfhit .

5. CONTENTS. Weight- and balance contrell systefs enconpass the
Eolllowing :

_a. Metheds fot establliisitiigyg, ﬁibl_fniitt@:fﬂin%, and adjustiimgy
individuall airctafft ot fleet enpty weiighit and centet of gravity
(€CB) I1%1% conjunction with the intithall and petioedic rewehnghimg of
aitreiraffit .
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b. A loading schedulle composed of grapis, tablles, and
conputatriiems and/or conputer prognrams, etc., whereby the various
weiighit and ballance conditions of an aircrafft may be establliished
based on pertiinemt data for use in loading that patticullat
airctrafft in a satisfactory nanmer.

c. Procedutres for using the loading schedulle to establliish
that the Loaded conditiom of the airectafftt is within approwved
weiightt and GG Lintits..

d. A load maniiffestt to documenit loading information by
petsonmell responsible for weighit and ballance controll and
proceduires for its preparattiiom.

e. Procedutes for allll appliicablle personmel concetned with
airerafft loading and operaftiianss, giving conplete detaiills
regardimgy distributiiom of passemgens, fuell, cargm, and necessatry
gﬁstggﬂctlim to passenger novenent on the ground and dutting

i gt

£. Opetationzll performamee factors such as takeoffff and
landing weLghtt accountalvilliitty,; extensiom and retracthion o6
landing gear;, flaps, sllats, and thrust: reversenss; and en route
and taxi fuell bummeifff, shoulld be proviided fotr in the program.

6. TERMS, DESCRIPMXM)SS, AND GENFRAL STANDARDS .

a. Enpty Weiahit. The weiighit of the aitffirame, engiimess,
propellllens;, rotors, and fixed equipmenit. Enpty weiighit excludes
the weiighict of the ctew and paylload but includes the weiighi: of alll
fixed balllasit, unusablle fuell, undraimzidle oill,, and totall quantiity
of hydraullic fluidl. The empty weighit of an airenaffit is the
fmaxtnum certificated weiight Less the followimg:

(1) ALL drainablle fuell and oill,, except system fuell and
oill.. System fuell and oiilll are the amounts requited to filll both
systens and the tanks, where applliicaitbke, Up to the outllets to the
engimess. When oill is used for propellller feathemingy, such oill is
included as system oiill.

(2) Other drainablle fluiidss, including potablle watet and
lavatery servicing fluidi, thrust augnmentaftiiom, and deiciimgy
fluids..

(3) Crew and crew baggage .

(4) Passengers and cargo (revenue and nontrewemis))..
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(5) Renopvablle passenger service equiipmeit, food,
magazimess, ete., including setviee cattrs, dishess, trays, and

beverages .
(6) Renbvablle enmergency equipmeErit.
(7) Othet equipmemnt variable fotr flighits.
(8) Spare pantts.

b. %ratiing Wetighit.. The basie operatiimg weighit
established by the opetater for a patticular nbdell airetafft
shoulld inecllude the followimg standard itens in addition te the
enpty weiight of the aitetaffit or as otherwise specified by the

opetaftar .

1) Normall oill quamititty:.

2)) Lavatery setviicimg fluidi, potablle water;, ete.
3) Drainable unusablle fuell.

4) Crew and crew baggage:.

5) Passenget service equipmmit, including serviee
carts, food, dishaes;, beveragess, magazitess, etc.

(6) Spare patts normalllly carried on-board and not
accounted for as catgm.

(7) Requited enetgemcy equipfenit for alll flights.

(8) ALl 6ther items of equipmenit considered standatd by
the opetatar.

c. A detailled listing of the itens conptiisiimg enpty weighit
and operating weight shoulld be inciuded in the opetatoi''s
prrogiram.

d. Structwurall timifts. Weight and CG Limits are establlished
at the-tiime of aikeraft certiifficaitiiem. They ate specified im, or
referenced by, the applicabile type certiificatte data sheet ok
aircrafft speeciffiiesitiion. The operatet''s weihghit and ballance
progrann shoulld ptovide for maimtaiming these lifiits and shoulld
stress the point that the aircrafft nust be operated at ot below
its nmximum certificated operatiihg weighit. The following are
generall deffimiittiienss of structuwrall weightt Linits normalllly
consiidetred in weight and balance progiraiss .
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(1) Mbxinum Zero Fuell Weiishit. The nmxinum zetro fuel
welightt fneans the maxinum pernissiiblle weighi: of an aikreraffit with
ne disposablle fuell and oill (see FAR Sections 121..1%H ()
and 135.2(@) (3))..

(2) Maxinum tanding Weiighit. This landing webghit Linst
is the maxinum weighit at which the, aiterafftt nmy notnallly be
landedi. Sofe attectafft are equipped to jettison fuell to reduce
aiitretrafftt wetightc down to the landing Limit in an emetrgency
sii tuattiiem .

(3) Meximum Takeoffff Weiighit. This is the nmxinum
allowaitlee, totall Loaded aitecraft wehight at the staxt of the
takeoff frum.

(4) Maxinum Ranp Weiighit. This is the nmxinum
allhowailes, totall Loaded aiketraft weight for taxi.

7. AICRCRAFT WEIGHT ESTABLISHMENT. Aitetafftt weighit and ballance
controll systems normalllly contain glroviisiim for determining
aitetrafft wehighit in aceordance with the followimg ptocedunress :

a. Individuall Aireraft Wéightt and Changess. The lLoading
schedulle may utillize the individuall wet of the ahtetafftt in

conputing pertinemt maximum certdifficated weiighit and balamee. The
indiviiduall weiigﬁnﬂ: and CG positiom of each aiteraffit should be
confiirmed at the speciified reweighiimg periieds. Ih additiieyn, it
shoulld ber eesswdbl sdtesh by conputiing ok reweighing whenever the
cunullative change to the operatimng weight exceeds plus or HHhUS
one-hallff of 1 petcemt of the naxinum landing weiighit ot the
cunullative change in the CG positiiom exceeds one-hallff of

1 percent of the meam aerodynanmic chord (MAC).. In the case of
hellii tess, whenevetr the cumullatiiwve change in the CG positiion
exceeds one-hallff of 1 percent of the totall CG rangss, the welight
and ballance shoulld be reestabllished .

b. Fleelt Wei Establliidtmeaht, and Cha . Fotr a fleet
group of aiterafftt of the same nbdell and confiiguiraitioy, an average
operatiing fleet weightt nmy be utillized if the opetatiimgy weii%knlts
and CG positiom ate within the Liniits established hereiim. he
fleet weight shoulld be callecullated on the folllewing basis:

(1) An_opetratotr's enpty fleett weight is usuallly
detetmined by weiighimg aitrcrafft according to the following tablle:
for a fleet of 1 to 3, weigh alll aitewaffit; for a fleet of 4 to 9,
weiigh 3 aiterafftt pllus at lLeast 50 petcent of the nunbetr over 3;
for fleets over 9, weigh 6 aitrctafft pllus at least 10 percenmit of
the nunbetr over 9.
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_ (2) In choosiing the airciafft to be weiafed], the =~
airetraffit in the Fleet having the hhighesit time since Last weighiimg
shoulld be sellectedi. When the average enpty weight and CG
position have been deterfiined for anteralfit weighed and the fleet
operating weight establliistesi, necessary data shotulld be cofputed
for airetafft not weighed but which are consideted eligible undet
such fleet weiighit. If the operatimg weighit of any aiteraffit
weiighed ot the caleullated oEeratﬁmg wei of any of the
remaining aitctaft in the fleet vatiies by an anbufit exceediitgy
pllus or mimus one-hallff of 1 percentt of the nmxinum landing wedighit
from the establlished operatiing fleetr weiighit ot the CG posiitiiem
varies more than plus ot ninus one-hallff of 1 petcent of the
Llength of the MAC from the fleetr weiight CG, the airetafft shalll be
oitted from that group and operated on its actuall ot callculated
operating weiight and CG pesiiliiwh. The Federall Aviatiom
Admnii strraftiiam (FAA) willl consider submissiianss by an operatter that
it is sate to go beyend the limits desecribed in the preceding
sentence witheutr having te take that aitetafft out of the fleei
weiighit . If it fallls within the Liftits of another fleet or groum,
it may become part of that fleet. For those cases in which the
aiteraffit is within the operatiihg fleelt welighit tolerance but the
CG posiitiom varies in excess of the toletrance allowed, the FAA
woulld accept an opetaft@r usihg the aitetaffit undetr the appliicablle
operating fleelr weiighit and with an individwall €6 pesitiom.

_ (3) Reestabllisthm#it of the opetator''s empgg fleet
weiighit ot operatiimg fleet weight and cortespomdiingy posiitiienss
may be accompllii between weighing petiods by caleculatiiem based
on the curtent empty weighit of the aiterafftt previeuslly weighed
for fleet weight Eump@sﬁs. Weighing for reestabllishmenit of fleet
weiights is normallly conducted oh a 3-year basiis uniless changes in
aircraft configurattiiorn nake it necessaty to reweigh and/or
recalleullate CG sooner.

_c. Establiishingy fnitiiall Wéiighit.. Prior te being pllaced inte
serviicss, eaeh atrectalflt shoulld be weighed and the empty weiighit and
CG location establlishedi. New aireraffit ate nornmllly weighed at
the factory and are eligiblle to be pllaced into operatiiom without
reweighing if the weiighit and ballance recotds have been adjusted
for altetatiions ot nbdiifficaitiniss to the ahrewalfit. Afrerafft
transterred from one operait@y, that has an approved weiighit and
ballance prognam, to another operater with an approved progtam
need net be weighed ptier to use by the reeeivihg opetatar unless
note than 36 calendar nbaths have ellapsed sinee last weligihiingy.
Aireraft tramsiferrmssd, purchasedi or leased from an operater
without an apptroved weighit and balance Eteg&aﬁqcan e pllaced into
setrviice withowt being rewetighed if the last weighing was
acconpllished by an acceptahblle methed and was acecofiplished withiin
the last 12 calendatr fohithss .
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d. Periodic Weighimg - Aircrafftt tising Individuall Weiighits .
Airetraffit operated under a loading schedulle utilliziimgy indhviiciwell
airerafftt welighits in computimg the nmxinmum certificated weiighit are
notmally weighed at intervalls of 36 calendar momithss. Ah operator
may,, howewsry, extend this weighing period for a particullar nodell
aircrafftt when pertimemt recotds of actuwall routine weighing during
the precediing period of operatiom show that weight and balance
tecords maintained are sufficientlly accurate to indicate aircraftt
wetights and CG posiitioms ate withim the cumulatiwe Linits
specified in paragraph 7a. Such applicatioms should be
substantiated in each instance with at lLeast two aitewaffit
weiighedl. An increase shoulld not be granted which woulld pemrmitt
any airecraft to exceed 48 callendar nonths since the last
wetighimgs. In the case of hellicopitssss, increases shoulld not
exc_e&cé a time which is equivallemt to the airecrafftt ovetaull
periiad .

_ e. Periiodiic Weighing - Aircrafftt Using Fleelt Weéigfhits .
Ai reraffit operatiimg under fleet weights shoulld be weighed in
accordamce with procedures outlined for the establlisimmwenit of
fleetr weiighitss. Since each fleet is notmallly reestablished every
3 years and a specified nunber of aitrcraft weighed at such
petiiadbs, no additiomall weighing is considered necessamry.. !
rotation progtram shouwlld], howewesrr, be incorporated so alll aircrafft
in the fleet will be weighed periodicalllly..

f. Weéighing Proceduwne. Notrnall precauttiiomss, consistemt with
good piraciticess, shoulld be taken such as checkiing te insute the
aiecrafftt has the required items of installled equiipmenit,
determining that the fluids are properlly accounted for, that the
aireraffit is clleam, and that weighiimg is accomplished in an
enclosed builldiimg. Any acceptalble scalles nmy be used for
wetighiing provided they are propenrlly calibraitesl, zerr@mg, and used
in accordance with the manuffactturesr’s instructions.. ach scalle
shoulld be calliibnattesll, either by the nmnuftacturer or by a
recognized facillity such as a civill departmentt of weights and
measures, periiodiicallly as recommended in the manufacturer's
calibratiiom schedwlee. If a calibration schedulle is not avaiillablle
from the manuffactturmesr, the FAA woulld find it acceptablle to use
the scalle to weiigh the aircraffit within one year atter the
calibratiieam of the scalle. The FAA willl consider any evidence
that woulld justify a safety determinatiiom for accepting a lLonger
period between calibrations..

8. LOADING SCHEDUIE. Loadimg schedulles shoulld be sinple and
otderlly;, based on sound glriimiimim, thus reduciing the elemenits of
human errorr.. Loading schedulles nay be applied to indiwviidiwel
aircrafftt or to a complete fleeit. en an opetator utillizes
severall types or nodells of airenaifit, a loading schedullee, which
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may be index , tabullaritynee, or a conputterr, shoulld be
identifiied with the type ot nodell of aitetaft for whieh it is
desigmst .

9. LOADING PROVISIOMZE. All seaftss, conpartmemitss, and other
loading statiiems shoulld be properily nmarked and the i dentiffiieaftiiomn
used shoulld cortespond with the insttuectiions establlished for
conputing weight and balanee of the aiteraffit. wWhen the lLoadi
schedulle provides for bllockimg off seats ot conmparthents in order
to remain within the CG limilttss, effectiive means shoulld be
provided to ensute that suech seats or cofipartmenits atre net
ocecupied duting operatiens speectffied. fn suech casess,
instructions shoulld be prepared for crewnenbenrss, Load agesits,
cargo handllenss, and othetr persennet] concemins, -giving conplete
informatiiom regarding distribufiiem of passengenrss, cakgm, fuell,
and other items. Informatiiom relative to nmaximum capaciitiies and
other pertiimemit Limitations atfecting the weighic ot ballanee of
the aitetafft shoulld be ineluded in these instrueitienss. When it
is possiiblle by adverse distributiiem of passengers and/er catgo to
exceed the approved CG liniits of the aiteraifit, speetall
instructioms Shoulld be issued to the piillet in conmand and
appropiiiaite personnell so that the Lead distributien ean be
maintatned within the approved Limitaitidh. A suitablle
commercialllly availlable scale shoulld be availlablle for use when
passengssy, baggayse, and cargo weights are otherwtise
undetetrmimayle .

10. STANDARD PASSENGER WEIGHTS. Actuall weiighitss, ot when
appropridtte, average passenger weﬁghts are used to conpute
passenger loads over any segnent of a certifiecaite holldenr''s
operaftiimiss. Actuall weiighits are used for operatiienss with aiterafftt
having nine or less passengelr seats and airerafftt catrtylimg
non$tandardl passenger loads as descriibed in patagtaph 11. _

The lLoading s§stemlshouud readilly accommbdiaite nonstandard weight
groups, and the maniffesit shoulld indicate whethet average of
actuall weiighitss, or a conbiinatiiom thereoff, were used in the
conpuiitatt 1vn .

Not&: The intemit of this AC is to provide nethods and
proceduires for devellopimg weiighit and ballance conttell
systems, not to addiess the entike spectrumn of allll
possiiblle weight conftigutaltii®nts. Thereffarme, the
opetratoir should considetr ptoviding the FAA with a
relliablle survey to establish an avetage passenger
wetlghit for its specifiec opetatiiam.

a. Average Passenger Wéiighits. The standard average
passengelr weights Listed in the following table wete developed
ftor conventiiomzll airline passenger groups. They cannot be
arbitrariilly adopted for operatioins with passenget groups that
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appreciably diffetr from the basis ot whete the mix of malle and
fenmlle passengenrs is known to be diffetent than a 60 peteent
malle//40 percentt femmlle opetaidian. Speciiall average weLghits or
speciiall raties nay be established fotr patticullar opetatiions based
on sutveys that:: (1) indieate that those weightts conststemitily
proviide for Loading within prescriibed weighit and balanee Linbits;;
and (2) neet the critetiia fot sutveys and statisticall anallysiis
outllined in Appendiix 1.

STANDARD AVERAGE PASSENGER WEIGHTS
(imeludes 20 pounds carty-on baggage for adulltt passengpsss)
Summer —~ for the petiod of May 1 through October 31:

Adulit: Passengefr (60%40% malle//ffefmlle MiX)...............1800 pounds

MBLE....ccieee et e e m e e e - o oo L 9DO5 pOUNDS

FemBlle,. . . covecceec e e ettt ammm T e . . . 1DD55 poOURDS
Winter - for the periiod of November 1 through Aptiill 30:

Adullt Passengetr (60%/40% malle//ffefmlle MiX)......,.........085 pounds

MBILE. ... oo e e e e e e e st s e s e s s 2000 pOURDS

FORBIe. ...cvieiii e e e et v nww s o000 | 6060 pOURAS
Suniwet-// Wi fit-@sr

Chilldren............. ... ..... 8080 pounds

(#pplicablle between ages 2 and 12 yeans)
(1) The tablle above is for cettificate hollders
authoriized to use an approved carty-on baggage progtam with a

specified 2-bag linit as descriibed ot referenced in
patagtaph A-11 of theit operations spectfhcatiioms.

(2) For certificate holdetrs authotiized to use an
approved carty-on baggage program with a spectified bag Linmit of
other thamn 2 bagsy, the standard average passenger weighits willl be
diffferenit . These opetrators may contacit theiitr Cettiiffiicaites Hollding
Distriiet Office fotr assistance in detetnimifg the apptopiiiafte
standatd average passenger welighitss. Additiomall guidance for the
Aviiatiom Safety Inspectet assighed this task is provided in the
A rworrthiimesss Inspectots Handbeek, FAA Ordet 8300.10), and in the
Air Transpottattiiem Opetations Inspecteotr's Handbeak,

FAA Ordet 8400..10..
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(3) For those operators that do not have an approved
cartry-omn bag program descriibed in theiitr operations
spectficattiions, allll baggage nmy be eithet accounted for at actuall
weiigiit,, ot in accotdance with patragtaphs 13b and 13<.

(4) The ecarry-on bags perniitted by an operator''s
progtanm shoulld be included in the standard avetage passenger
weiighitss. Any novememit of these carry-on bags from the eabtn to
the baggage conpatimentt fmy not requite any weightt recallculattienss
but the operatotr must ensute that CG caleculations atre not
advetrselly effecttes.

b. Average Weight for Chilldrem. The average weiighit off
chilldrem aged 2-12 years nornmllly is used onlly when needed to
accombdiaite available payllezdi. Otherwisse, as passemgpsss, they
are considered the sane as adullt passengesiss. The welghic off
chZ;gFem less than 2 yeatrs old has been factored into the adullt
welightt .

11. NONSTANDARD PASSENGER WETGHIS .

a. Actuall Passenger Wéiigitits. Actuall passenger weighits atre
used for nonstandard weightt grougss, unlless average weiighitss have
been establliished for those irom@s. This ineclludes athletiic squads
and other groups which atre larger ot smaller than the U.S.
avetage. When sueh groups form onlly a patt of the totall
passenger load], actuall weiigfitss, or establlished avetrage weligiits
for the nonstandard ¢ , nay be used fotr such exceptiom groups
and avetrage weiighits used for the ballance of the passenger lLoadi.
In sueh instamesss, a notatiomn shoulld be nmde in the Load maniiffestt
indieatiing the nunber of petsons in the speciiall group and
identiffyiimngy the growy; fi.e., footballl squad, ete.

b. Detemrmimaitiiem of Aetuall Passenger Weiightt. Actuall
passenger weiighits nay be deternimed by:

(1) Scalle weighiingy of each passenger ptiot to boarding
the aireraffit, inelluding handbags eartged on board by the
passemger,; Or

(2)) Askiingy each passenger his/her weightt and adding to
it a predeternined constant te ptovide for handbags and cllothing.
This constamit ney be approved fotr an opetrator on the basis of
studies by the operator that consider patticullar routes and
seasonall variiattiionss, when appllicallee. Petsonnell listing
passengers on this basis shoulld receiive instruetion for
estimattiimg passemger weights to reasonablly confitm theiit
aceuTasyy .
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_c. Nonstandatd Average Passenger Weights - Millitaty Groupss.
In lieu of actuall weighits (prefetired), the LOLLOWLAG average
weiighits may be used for nillitary growps, unlless the passengens or
thi;ﬁ carty-onh baggage appreciialy diffetr from these standatd
weligrtss :

Noneofnbat-Equipped Miliitary Persean@l.................1955 pounds
Note: This wetbghit inclludes 20 pounds of hand-eattied
baggegre .

Conbat-Equipped Millitatry Persomm@l.....................22%35 pounds

Notes: This reptresents the standatd coftbat solldier as
woulld be seen on contraet flighits invelving latge
novemenitss.  This inecludes 195 peounds as shown abowes,
20 pounds for additiomall hand-eartied nobilliity pack,
and an additiionail 10 pounds for hand-canried weapons.

12. CREW VEIGHT. For crewmenmilssss, the folllowimgy approved
average weighics may be usedi:

a. Malle cabin attendants 180 poumdss; fenmlle cabin
attendanits 130 pounds;; or 140 peunds avetrage for alll flight
attendamnits..

b. Malle flightt crewnenbers 180 powndss; female flighit
crewneribenrs 130 poumdss .

13. PASSENGER AND CREW BAGGAGE AND MAILL.. Procedutes shoulld be
provided so that all bagga@s:, includimg that carried aboard by
the passemgeirs, and maiill is propetlly accounted for.. ff desited
by the operaitayry, a standard crew baggage weiighit nmy be used.

Mai 1 by and cheeked baggage average weights may be used as
desetrii belows. Actuwall weights shoulld be used fot aitetafft of
nine or less passenger Seats. Actuall weights are used when it is
noticeallle that the checked baggage ot the maillbags exceed the

average weigfhitss .

a. Average Weiigfit ot Actuwall Weiighit. An operator nay
establlish average passengelr baggage weights predicated on a study
of actuall baggage weiighits for the opetatiions ot routes involved
that consiidetr seasonall and other vatiiablless; or it may use the
following average welighits for each piece of checked baguags .

b. Donestiic OPetations. Not Less than an average of
25 pounds shoulld be used.

¢. Internatiionall Flag and Supplememitall Operatiions. Not
less than an avetrage of 30 pounds shoulld be used.
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Notes: Use of ge_f 2 C ighits is not
adviisablle in conputing the weighit and balamce of
chartetr flightts and other specnall services iLnvollvimng
the carriage of speciall groups.

d. Normell Opewattionss. Alll mail bag nmanifested weighit
shoulld' be used in detetrniinimg the weights of maiillbag shipmemits.
Shoulld it be necessary to sepatrate (break bullk) a nmnifested
shipnent or shoulld nanifested weigltitss not be avaiillaiiles, the FAA
would aceept the use of average indiwiduell bag welighits, in
circunstames where the average has been determined and
substantiated by recent surveys that follow the survey and
statiisticall mbdiells suggested in Appendiix 1.

14. MOVEMENT OF PASSENGERS AND CREWMEMBFRS DURING FLUIGHT.. The
opetrator shoulld show that the procedures fullly account for the
extrene variation in CG travell during flight caused by alll et any
conbinatiian of the following variiadless:

2nIFh DY
u:
.

a. Hunan Movemenit. The opetrator shoulld conpute the
novemenit of passemgenrs and cabin attendants from theitr normell
posiition in the aitrenaffit cabin to othet areas such as the gallley
or lavatamy . If the eapacity of such compartmemt is one, the
novemenit of either one passemger or one cabin attemdantt,
whiichever nost adverselly atfects the CG condiitdian, shoulld be
consideredl. When the capacity of the Lavatory or gallley is two
or more,, the nbvemerit of that numbet of passemgers ot cabin
attendamits from positions evenly distributed throughoutt the
aircrafft may be usedl. Where seats are blocked offff and the
novemenit of passemgers and/or cabin attendamts is evenlly
distributed througflomit, onlly the actuall loaded section of the
airerafftt shoulld be usedl. The exttrene novenentts of the cabiim
attendamits cattylimg out theitr assigned duties withim the cabin
shoulld be consiideredi. The vatieous conditions shoulld be combined
in such a manner that the nbst adverse effect on the CG willl be
obtained and accounted for in the devellopmemit of the lLoadimg ;
schedulle to assutre the airerafftt is loaded within the apprawes
limits at all times duting the ground and flighit opetatiiemss.

b. Landimg Gear,6 Fllapss, Slats and Thrust Reverser Extension
and Retracttiiam. Possiblle change in CG positieom due to the
extensiom or retractiom of landing gear;, flapsy, slats, thrust
reverser ot other translatimg equipmentt, as proviided by the
manuffactturssr, shoulld be investiigated. The resullts of such an
investigaftiiem should be taken into considetattiiam.

c. Fuell. The effeectt of the CG travell within the airewaffit
dutriing fhbghit, due to fuel used down to the requiired reserve fuel
or to an acceptaitle ninimum resetrve fuell establlishedi by the
operaftar;;, shoulld be takem inte consideratiiom.
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15. RECORD. The weiighit and ballance system shoulld inellude
nethods by whiieh the operatet willll nminftaiim a conpllete, eussepir
and continuews record of the weighit and CG of each atitemaffic.
Sueh reeotds shoulld reflleet allll altetations and changes aftfeetiitg
eiithetr the weiighit or ballance of the airerafft and willl ineclude a
current equipmentc Listt. COperators shoulld have the faeiillity to
update the equipmeftr list as nmy be requited fotr transfet or
subllease of the airewaffit. When fleet weights are used], pertiimesit
conputattiais shoulld allse be availlablle in individual airetafft

filles.

16. WELGHT OF PLUTDRS. The weight of alll fluids used in the
aiirerafftt nmay be establlished on the basiis of actuall welighit, a
standatd vollume conversiimh, or a vollume convetsiomn UtHlliziimg
appropiiiaite tempetature cortreection faeters to aeceutatell _
dgtgggim& the weiighit by conputatiion of the quantiity of fluid
aboarrd .

17. CONTENT OF OPERATIONS SPECIFLCATIONS PROCEDURES FOR AILRCRAFT
WErCGHT AND BALANCE CONTROL. The operations speeciificatiienss shoulld
contaimn the procedures (or nake reference to the operateor'’'s
approved weiighit and ballance conttell program docwmenity)) used te
nmaintain conttoll of weighi: and ballance of alll airetaft opetated
undetr the tetns of the operating cetrtificate whieh assutes that
the aitemaifit, under allll operatihg condiitdiwnss, is loaded within
weighit and CG lintitattiess. This desetiiptiiom shoulld inelude a
refetrence to the procedures used for determinimg welght of

pass 1S ormdy, weiightt of baguege, periodiic airerafftt welighiingg,
type of loading deviieess, and identiiftcatiion of the aiketafft
concerins .

18. ADOPTLON OF THIS GUIDANCE. To the extemi: that a certiiffiicaite
holider adopts the suggestions contained in this AC, the
certifficaite hollder nust ensute thalt, wheh apptopdidtes,
diseretionary language such as "sheulldi” and "may" is replaeed
wiith nendatery language in the operations specificatiions and in
rellevanit famels .

A V4 ’,f{// g :

Wiiltam J. White
Deputy Dhteeityy, Fllight Standands Serviee
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Appendix 1
APPENDITX 1. PROCEDURES FOR CONDUCTING SURVEYS AND ESTABLISHING

AVERAGE WEIGHTS

1. FOCUS. The methodollogy presented can be used to determine
standard average weights for passem%@s, checked baggagss,
cartry-on baggmgse, maiill, other normall averaged itens and
male//ffemelle fatios in lieu of using those standatrd average vallues
suggested in the Adviisory Citcullar (AC)..

2. DETERMINATION ANDARD AVERAGE WELI AL FOR
PASSENGFERS , BAGGAGE, AND CARGO/MAIL,. It is ctithcall that
opetrators determime that average weights used for passeEIgeNss,

b , and cargo/maill do not adversely affect operatiiamall
saffeittyy. In lieu of using the standard average weightt values
contained in this AC, average weights nay be generated by use of
a suitablle statisticall anallysiis.

a. This appendix contains an acceptalle nethodollogy for
eonducting a statiisticall anallysiis and establliishiingy suitablle
average welighits .

b. Avetage weight vallues fotr adullts shoulld be based on a
nmalle/ffemalle ratio of 60/40.. Use of a differemtt ratio shoulld be
based on acceptablle survey datam. An acceptablle nethodollogy is
shown in this appemdiix.

c. Fok praetiiecall reasons passenger weightt values nmay be
rounded to the neatrest wholle nunber in powmdss, and the checked
bag wetightt nmay be rounded to the nearest 0.5 poumds.

3. SAMPLING MFTHOD. Avetrages shoulld be determimedi by a random
safplle, i.e., evetry menbetr of the group nmust have a chance of
sellectiiam. The ptocess namy be determined by ticket selectiiom
with random seleected numnbeirss, flightt selleeitiionss, aitpoitt
sellectiions with consideratiiom given to cheeck peint or
gate/fllighits withiin those aiirponrtss. The process used is
dependent on the divetrsity of the cartier''s opetratiom. In
addiitiiem, the random samnplle nust be of a conventiomall airline
popullatiom and shoulld consiider the type of openatdimm, the mankeit,
and the frequency of flights on various routess. Signifficantt
variations in the weights shoulld be taken inte considemrattiiom.

A sutrvey pllan shoulld cover the weighing of at lLeast 1500 of the
itens beiing samnpled ot as specified in patragtaph 6a((l)) of this
appendiik, whichever is larger.
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a,. Passenger Weiidhits.

(1) Adullts and Chilldrem. For putposes of this AC only,
adulits may be defined as persons of an age of 13 or nbre yeans.
They may be further classified as male ot femalle. No
differenttiatdiem of sex shalll be nmde for chilldirem, who ate
defined as petsons less than age 13.

2) Survey partiicipamits shoulld be given the assurance
that alll data taken willl remain confidenitiiall and that undet ne
circunstame® are they oblligated to pamtixipdee, although
particiipaiiiosn shoulld be encouragedi. Alll displlays off weii%mt
figutres shalll be artranged so that they are onlly visiblle to
authotiized sutvey peoplle.

_ (3) Sukveys should be conducted inside an aitpert
location and at a site that will net ineonvenienc® pattiiciigaits
ot othet aitlline passSemyers.

(4) Carry-on baagage shoulld be acecounted for as pakt of
the totall weiight of the passengeir. ff desiinsstl, carry—om baggage
may be weighed sepatatelly and added to the passengeir weiighit .

(5) Sutvey data shoulld inelwdk, but not be Limited te:
sex, adullt ot chilld categotiizattiiwn, sutvey lLoecatiiem, wehight with
carwﬁ, weiighit withouwit carty-@h, date conducitedi, and child
cartied.

b. Checked Baguage .

(1) The totall of checked baggage and/ot nmiill shalll be
deternimedi by either the sum totall of the actwall weiighits of allll
the pieces or the actuall totall weiighits of the contents of the
baggage contatnexrs they are ih.

_ (2) As an altemmaiiiee, an approved standard average bag
weiighit,, speetifie to the individuall caktiet''s opetaitiion,
nulltipllied by the totall count of the numnbet of piecess, may be
used. Those average weightts may be determimed as speciffied in
this documenit .

_ (3) Checked baggage averages specified in the AC nay be
used in lieu of detetmimiing Speeciffic averagess.

_ (4) A form shoulld be designed to include boatdiing
poiinit, destimait Do, weihghtc of bags ot any other intormaitiiam
pertinemnit to the finall resullts. Consiideraidiom shoulld be givem to
size and diffetemees in items bebhg sanplled.
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c. Maill.

(1) Maiill wehghits may be as specified in patagtaph 13d
of the AC.

~(2) Survey data shoulld include boardiimg poiimt,,
destiimaitiimn, weight of bags or any other infornatiiem pettiimetit to
the finall resulltts. Consii timn shoulld be given to size and
differences in items being sanplles.

4. SCALFS. The weighiimg scalles to be used for conduetiin? wed gt
surveys shallll have a capaciity of at lLeast 400 pounds. Alll
wetightts shoulld be displayed at a minimum intetwall of 1 pound and
shoulld be accurate to within & % poundl. The toletramce shalll net
exceed + 1 pound for every 200 pounds of welighit .

5. WEIGHT DATA. The recordiing of wei data nmy be done
manualllly or automatiicalllly.. Alll data shoulld be retained for
perfinnent feeoids and as substantiatiom of data resullits.

6. EVALUATION OF DATA. The nethodeollogy deseribed in the
follhowimgy subparagtraph a. shoulld be used if the survey is being
conducted to deternine average weighits. If the survey is being
conducted to detetniine onlly male/femalle percentagess, use the
nethodollogy in subparagtaph f.

a. Calleulaftiiom of Passenget Avetage Weiiahit .

(1) Sanplle size. For calculating the requited sanple
size it is necessary to estimate the standatrd deviation based on
standatrd deviatioms caleullated fotr simillar popullatiienss. It is
canon practiice to compute the preecisiom of a sanple estimate for
some speciffied degree of rellialillity. A reliabillitty of
95 percerit is conmonly usedi, i.e., there is a 95 percenit
ptobabiillity that the true vallue willll falll withiim the speciffied
confidence intemwedl, around the estinmted vallue. In okder to
keep the safnplle size at an economicall levell and to achiewe an
acceptablle degree of accunany, it is necessary to use this vallue
for ecalleulalting the standard passenger avetagg.

(2) Conseguenitly, fotr the patrameiterrs of welighit
distribution thtee cases of nean and standard deviation have to
be distifguuisirest

g,y = The ttue vallue of the average passenger wei

and standard deviiatiiom which are unknown and which are
to be estinmted by weighing passenger sanplless.
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rm.auuewmwuwnwmpmmnwgmnmm Om nsmm<mHmQWUmmmmbmmH
weight and standard deviation {walues obtained from
earlier survey samples).

X,s = The estimates for the current true values of W
and 0 calculated from the sample.

b. Formulas. The following formulas will be necessary in
determining the correct results:

(1) FORMULA - Calculation of the sample size:

AH.mm*QH*Hooku

n = max [1500, (eTepl) 2

where:

n = No. of passengers to be weighed (sample size),
e! = Allowed relative confidence range (accuracy)
for the estimate of M by X, .

Note: The allowed relative confidence range
specifies the accuracy to be achieved when
estimating the true mean. For example, to
estimate the true mean to within + 1 percent,
e! will be 1 in the above formula.

1.96 = Value from the Gaussian distribution for

95 percent significance level of the resulting
confidence interval.

(2) FORMULA - Calculation of the arithmetic mean:
If the sample of passengers weighed is random, the
arithmetic mean of the sample, X, is an unbiased

estimate of the Brue average weight p of the
population.

n
MU X5
J=1

n

x =
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(3) FORMULA - Callcullatiom of the standatd deviatiom:

n

)2
(Xj X)
J=1
n-1

e

whetre (x;-%) is the deviation of the indiviiduall
vallue from the sample meam.

(4) FORMULA - Caleulatiom of the accutracy of the sanple

The accuracy (comfidence ramgs)) which can be
ascribed to the samplle meam, as an indicator off
the true meamn, is a function of the standard
deviation of the sanple (which is why this had to
be estimated initiallly by fi* and 6').. ft has to
be checked after the sample has been evaluated and
can be done using the followimg fotrmulla :

o= 1.96%5%100 4
VX

e shoulld not exceedi:

1 percemit for an adullt average weiighit ;

2 percentt for an average nalle or female weiighit; or
4 percentt for checked baggage and maill weighirs..

(5) FORMULA - Callculatiom of the confidence range of the
safiplle meam:

This means that with 95 percent probabiilliity, the
true average wetght p lies within the intetwall:

%y 1.96%s

¢. Exanplle - Adullt Average Weiighit. The following exanplle
nmay be applied to any sanmplle item. It shows the variious steps
requited for establlishing the sample size and evalluatiimgy the
sanplle data. It is provided primatilly as a gquide for statistiicall
conputattiianss. ALl weight: figures used throughwoutt the exanple are
entirelly fictithiows.
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d. Calleullattiiom of The Requitred Samplle Size. For
calleulating the requitred sanplle siz®, estimatess of the standard
(avetragsy) passenger weight and the standard deviatiom are needed.
The initiall estimates from an earlietr sutvey nay be used for this
p . [If such estinmtes are not avaiillabbe, a smalll _
representatiive sanplle of about 100 passengetrs shoulld be weighed
so that the requited vallues can be caleculattedi. Howewerr, the
representatiive smalll sanplle cannot setve to be the totall sanplle
requireninit . The following exanplle assumes an 860passenget

sanplle.

n = 86
Step 1: Estiimated average Step 2: Estinated standawd
passenget weight deviattion
1 K (1b) %;=<%) Cx =T
T 176.1 s
2 150.1 p =X 5.5 30..2
3 171.1 #16.1 259..2
4 164.2 + 8.6 73.9
5 119.2 = %] 36.4 1324..%
6 137.2 18.5 342.2
7 196.8 +41.2 1697.4
8 239.6 +84.0 7056..0
. 13385..4 . .
= 86
85 139.3 = 155.616 Lb. -16.3 265.6
86 166..2 +#10.6 112 .4
E 86 13,385.4 168,559..3
n
(x;-%) 2
n-1
z 4168.5509.3
v85
= 44.5311b.
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Step 3: The requited numbet of passengers to be wei
shoulld be such that the confidence range:, &', does
not exceed 1 perceiit.

=]
1

ax [1500, (L:96%0 *10@)* )

(elwp)Z
- max (1500, -(1L:96*44.53%1A0)7,
(1%155..616) 2
= max (1500, 314%))
~ n = 3146
Resuilit: At least 3,146 passengrirs have to be weighed to

achieve the requited accuracy. A pllan for weteghiimg
this sanplle size of passengenrs shoulld then be
wotrked ouit .

e. Deterniination of Passenger Avetage Weiaitt .

Step 1: Aftetr having collected the requited nunber of

passenger weighit valluess, the avetrage passenger weighit
can be calcullatedi. For the gulrpose of this exanplle,
it has been assuned that 3,180 passemgens wete
weiighedl. The sum of the individuall weighits amounts
to 509,673.0 poundss.

A = 3,180.

Exj = 509,673..0 ks,

— 509,673..0
% 3180

= 160..27 [bs.
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Step 2: Callcullatiiom of the standard deviiaitiimm.

E (%% ? = 3,621,07%.6 (gi ven)

\ JZ; (x;-%)2

n-1

43,621 005 .6
43179
33.75 I,

Step 3: Callculatiiom of the accutacy of the sanple feamn.
1, 96%s+100

YR¥X
- 1.96%33..75%100

VITEORGO0 277

0.73%

e=

Step 4: Callcullatiiom of the confidence range of the safplle
neain .

Xf, 1.96%s_
VR
%f, 1.96%33.75
Gmo =
160.27 il1.2

The resulltt of this callcullation shows that thetre is a
95 petcenitt ptrobabiillitty of the actuall nean for all

passengers lying within the range of 159.07 to
161..47 poundss .
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£. Callculaftiiom of Male/Feimlle Ratii®. The nethodollegy
descriibed in this section shoulld be used only if the ulrp@se oft
the survey is to determim® the percentage nix of malle//ffemesless.
Once determinesti, use the nmlle and female weighits from
paragiraph 10 of the AC and the petcentages found in the survey to
callcullate the standatrd avetage adullt weligfit. .

Lett:
k., = nunber of nales in the sample
k; = nunber of fenmlles in the sanplle
k =k, + K, = totall sanplle size
p = percentage of nales
g = percentage of fenales
p + q = 100

Sp = S, = Standard deviatiiom of petecentage
K, = standard average adullt wedgfhit

a

X, = standard average fale weight from patragtaph 10 of
the AC

%l = standard average femalle wetghit from patragtraph 10 of
the AC

s = standard deviation of nale weligfhit

standard deviattion of female wedigfit

S
sis= Standard ertoir of average adullt weiighit
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(1) Fotmulas. The following fotmulas shoulld be used in
determiming the cortrect results:

(i) FORMDLA - Calcullatiiom of the percentage of
malle and female passemgers and the standawd deviattiiom.

p =%’. * 100 (%)

q =-l§f- * 100 (%)

_ (i) FORMULA - Calleullatiiom of 95 petcenit
confidimmce range for both male and fenmle percentages.

p 2 1.96%s
(iiid)) FORMULA - Caleulatiiom of standard average

agullngcweiighlt usiing nale and fenmle welighits from patragtaph 10 off
the .

10

0 =2P , ¥
a

[N
o
(=4
++
}
=
o
M

L (iv) FORMULA - Calleulatiiom of the standatd
deviatiiom of the standard average adullt weiighit .

2 2
sz, - J(pZ*ﬁ]+(q2*%]+((k?n—z)Z*s;)

g, f
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W FORMULA - Calleullattiiam of the aceutaey of the
standard average adulltt weligyt .

e= % * 1.00((%)
G

_ (vi)) FORMUDLA - Caleullaitiien of the 95 peteesnit
confidence range of the standard average adullt weiighit .

FORMULA - Callcullation of the sanple size.

(wiLid))
k=nmax |1500 (x,-K}) 24p*q )
' = YV 2552 g2xg2
(e* . ) _ | p2xsz, g**si
1.96 n, n,

Note: Data frofn the surveys ﬁiielldﬁng the avetages if

paragtaph 10a of the AC nmy be used to derive the sanplle
size needed for update surveys. These vallues applly:

n, = 1039; n, = 640; X = 195; %f= 155; p =.61%; g = ,381;
X = 180; s, = 35.1 and s = 34.8.

Thuss, for malle//ffemelle averagess, e = .02, and

ke=nmx [15@@’ l0z+180) _ (.sfg;@;:(ig%'ﬁ;ﬁi) (.381)2%(34.8)2 }
oy - [y ) . [Cmnppar)

= nax (143, 150@)

. k = 1500

This samplle size can be used untiill the average weights in the AC
are updated with latet sutvey data.
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g. le - Malle/Fenmlle A . The folllowihg exafiplle
may b lied@ to any samplle. It shows the vatiious steps
requited for evaluating the sanple data. ft is provided
primarilly asa guide for statiistiicsll conputaidiosss. ALl wedghi
figures used throughoufr the exanplle are entirelly fictiitiieiss.

Giveri: Sanplle of 1,500 passeigssss, 910 malle and

590 femalle.
Step 1. Calecullatiimgy the petcentage of malles and fenmiles.
z £m %
p = £2 4 100
 Hify+ 100
= 60.7%

a4 = 100.0 - 60.7 = 39.3%.

step 2. Calleulatiien of the standard deviatiieh. Note that
the standard deviatiess for the petcentage of nen and
wonen atre ecquall.

s = ¥P*g

n-1

460.7439.3
e g
1.26%
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Step 3. Calleullating the confidence range.

P i 1. 964, =
60.7 % 1.96%1L 265 =
60.7% & 2.47%

This indiecates that thete is a 95 petcenit probability that
the actuall percenmtzge of men is between 58.2 percent and
63.2 percenit,, and that the percentage of wonen is between
ggg/ éltgehit and 41.8 petecenit, i.e., 58.2/41..8 and

-2//36. .8 .

Step 4. Caleulaitiem of the standard average adulltt weiighit.
tise the standawrd avetage nmlle and female weiighits shown in
patagiraph 10a of the AC (assufe sunmer weights fotr this
exanplled) and the percentages of nen and wonen found in the
survey.. When doing this calewlaitisn, divide py and ¢, by
100 to express them in decifmll fotm.

=X*P | Xi*g
X o0 - tae

_ 195%60.7 i 155%39.3
100 100

= 179 libss.

Step 5. Calleullaitiiem of the standard deviatien of the
average adulltt weiigiit. When doing this calleulaftiian, divide
p, &, and s, by 100 to exptress them in deciimgll fottn.

SZ SZ
Sy, = || |Pa*—" [H|@E* = |+ (XXp) 2xs]

“ m f
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From the survey supporting the AC averages:

s, = 35.1; n, = 1039; s, = 34.8; n, = 640; X = 195; and
X, = 155. Thus,

i

2, (35.1)% 2, (34.8)2 2 2
- »:?mo.: 332 +AT$8 «132-8) 114024 0126

= .99

Step 6. Calculation of the accuracy of the standard
average adult weight.

e = —__ % % 300

_ 1.96%.99 .

179
1.1%

Step 7. Calculation of the confidence range of the
standard average adult weight.

X, £ 1.96%s55 =

179 £+ 1.96 * .99 =
179 + 1.9 lbs.

This indicates that there is a 95 percent probability that
the actual standard average adult weight is between 177

and 181 pounds.
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