Chapter 6

Weight and Balance Control—

Large Aircraft

Weight and balance control for lar ge air craft consists of
thefollowing:

« Establishing and monitoring the empty weight and
EWCG of the aircraft either individually, or as part of a
fleet. Thisincludes both the initial weighing and the
required periodic reweighing of theaircraft.

« Maintaining aloading schedulethat allowsthe aircraft
to be loaded in such away that the weight and balance
remain within the approved limits. Provisions are made
to track the weight and CG changes as occupants and
cargo areloaded or deplaned, and asthe CG isshifted by
moving cargo fromonebinto another. Thecargoloading
schedul etakesinto considerationthefloor loading limits
so the structure will not be damaged by an overweight
cargopallet.

¢ Providinginformation to theflight crew that allowsthem
to fuel and load the aircraft to carry the maximum
payload without exceeding either the maximum takeoff
or landing weights.

Thishandbook containsinformation about the adjustment of
theeevator trim for takeoff based on thetak eoff weight and
CG location, as well as information regarding the fuel
dumping time needed to reduce theweight of theairplaneto
its allowable landing weight in an emergency situation.

Weighing Requirements

FAA-approved operating manual s describe the requirements
for weighing the aircraft. These manuals may specify that
each individual aircraft be weighed, or they may allow fleet
weight to beusedif the operator has severa aircraft of the
same model and configuration, with the same equipment
installed on each.

Individual Aircraft Weight

Beforean aircraftisplaced into service, it should beweighed
and the empty weight and CG location established. New
aircraft arenormally weighed at thefactory and may beplaced
in service without reweighing, if the weight and balance
records have been adjusted for alterations or modifications
totheaircraft.

However, the Operation Specifications under which some
large aircraft are operated mandate that the aircraft be re-
weighed at specified intervals, and it is important when an
aircraft istransferred from one operator to another that the
regulationsregarding reweighing be observed.

Largeaircraft: An aircraft of more
than 12,500 pounds, maximum
certificated takeoff weight.

Empty weight: The weight of the
airframe, engines, all permanently
installed equipment, and unusable
fuel. 14 CFR, Part 25 includes full
oil and CAR 4B requires the ail to
be drained.

Loading schedule: A method and
procedure used to show that an
aircraft is properly loaded and will
not exceed approved weight and
balance limitations during operation.

Landing weight: The takeoff weight
of an aircraft less the fuel burned
and/or dumped en route.

Takeoff weight: The weight of an
aircraft just before lift-off. It is the
ramp weight less the fuel burned
during start, taxi, and ground run.

Fleet weight: The average weight of
aircraft of the same model and
configuration that have the same
equipment installed.



Fleet Weights

To establish afleet weight for agroup of aircraft of the same
model and configuration, with the same equipment installed
in each, severa aircraft must be weighed and an average
operating weight determined. Thenumber of aircraft weighed
depends upon the size of thefleet. The FAA recommendsin
AC 120-27, Aircraft Weight and Balance Control, that these
numbersrangefromall theaircraftin afleet of threeor less
to more than six aircraft in fleets of more than nine. The
aircraft chosen to be weighed are those having the highest
timesincelast weighing.

Weighing to reestablish fleet weightsisnormally conducted
on a 3-year basis unless changes in aircraft configuration
makeit necessary to reweigh and/or recd culatethe CG sooner
than called for by this schedule.

Weighing Procedures

Required operating practices must be followed when
weighing large aircraft. Check the aircraft to be sure al the
required equipment itemsareinstalled and al thefluidsare
properly accounted for. The aircraft must be clean, and the
weighing must be done in an enclosed building.

Largeaircraft arenot usually raised off thefloor onjacksfor
weighing. Rather, they are weighed on ramp-type scales
similar to thosein Figure 3-2 on Page 3-2. The scalesmust
be properly calibrated, zeroed, and used in accordance with
the manufacturer’s instructions. Each scale should be
periodically checked for accuracy as recommended in the
manufacturer’ s calibration schedule either by the manu-
facturer, or by arecognized facility such asacivil department
of weights and measures. If no manufacturer’s schedule is
available, the period between calibrations shoul d not exceed
lyear.

For Large Aircraft
Weight and balance control consists of:

» Establishing and monitoring the empty weight and EWCG.

¢ Maintaining a loading schedule to keep the weight and CG
within limits.

* Providing information to the flight crew that allows them to load
the aircraft in such a way that the maximum payload may be
safely carried.

Locating and Monitoring Weight
and CG Location

It isimportant that the flight crew have access to the most
current weight and balance records containing the empty
weight and the EWCG. Without thisbasicinformation, |oaded
weight and balance computations cannot produce accurate
results.

Determining the Empty Weight and EWCG
Whentheaircraftisproperly prepared for weighing ( seePage
3-2), roll it onto the scales and level it. The weights are
measured at threewei ghing points: thetwo mainwhed points
and the nose wheel point.

The empty weight and EWCG are determined by using the
following steps, and theresultsarerecorded in theweight and
balance record for use in all future weight and balance
computations.

1. Determine themoment index of each of the main-wheel
weighing points by multiplying the net weight (scale
reading lesstar eweight), in pounds, at these points by
the distance from the datum, in inches. Divide these
numbers by the appropriater eduction factor.

2. Determine themoment index of thenosewhed weighing
point by multiplying its net weight, in pounds, by itsdis-
tance from the datum, in inches. Divide this by the
reduction factor.

3. Determine the total weight by adding the net weight of
the three weighing points and the total moment index by
adding the moment indexes of each point.

4. Divide the total moment index by the total weight, and
multiply this by the reduction factor. This givesthe CG
ininchesfrom the datum.

5. Determinethedistance of the CG behind theleading edge
of themean aerodynamic chord (LEMAC) by subtracting
the distance between the datum and LEMAC from the
distance between the datum and the CG.

Distance CGto LEMAC = Datumto CG —Datum to
LEMAC

6. Determinethe EWCG in % MAC by using thisformula:
CG in inches from LEMAC x 100

EWUG in % MAC =

Moment index: The moment
(weight times arm) divided by a
reduction factor such as 100 or 1,000
to make the number smaller and
reduce the chance of mathematical
errors in computing the center

of gravity.

Net weight: The scale readings taken
when weighing an aircraft less the
weight of any chocks or other
devices used to hold the aircraft on
the scales.

MAC

Tareweight: The weight of all
chocks and other items used to
secure an aircraft on the scales for
weighing.

Reduction factor: A number,
usually 100 or 1,000 by which a
moment is divided to produce a
smaller number that is less likely to
cause mathematical errors when
computing the center of gravity.



Determining the Loaded CG of the
Airplane in Percent MAC

It isthe responsibility of the flight crew to know that both
the weight of the airplane and the location of the CG are
within the allowable limitsfor both takeoff and landing.

Thebasic oper ating weight (BOW) andthe basic oper ating
index are entered into a loading schedule like the one in
Figure 6-1 and thevariablesfor the specific flight are entered
as are appropriate to determine the loaded weight and CG.

Usethe datain thisexample:

Basic operatingweight (BOW) .......ccccceeveverenee. 105,5001bs
Basic operating index (total moment/1,000) ......... 92,837.0
Y 180.9in
LEMAC ..ottt 860.5
Item Yaight Moment{1000
O 105,500 52,837
FAX farwand 18 3,060 1,781
FAX aft 25 16,1850 16,602
Fwd cargn 1.500 1.020
Aft cargo 2.500 24915
Fuel tank 1 10,500 10,151
Fuel tank 3 10,500 10, 454
Fiel tank 2 38000 3R, ARG
177,710 161,646

Figure 6-1. Loading tables.

Use Figure 6-2 to determine the moment indexes for the
passenger s(PAX), cargo, and fuel.

Theairplaneisloaded in thisway:

Passengers (nominal weight 170 pounds each)

Forward compartment ...........ccceceeeenennseneseeseeens 18

AftCompPartment .......cccoeeeeveverereree e 95
Cargo

Forward hold .........ccoovvvvnnrrrrrrnrrene, 1,5001bs

AFLOID e 2,5001bs
Fuel

TaKSL & 3 ..o 10,5001bseach

TANK 2 ot 28,0001bs

Basic operating weight (BOW):
The empty weight of the aircraft plus
the weight of the required crew, their
baggage and other standard items
such as meals and potable water.

PAX: Passengers.

Basic operating index: The
moment of the airplane at its basic
operating weight divided by the
appropriate reduction factor.

Determinethelocation of the CG ininches aft of the datum
by using thisformula:

CG in. aft of datum

('It:tal moment index)x 1000
Total weight
161,645
= (177,710
= Q09.6 inches

Determine the distance from the CG to the LEMAC by
subtracting the distance between thedatum and LEMAC from
the distance between the datum and the CG:
Listance CG to LEMAC = Datumn to CG — datum
to LEMAC
=509.6 — BA0.3
= 49.1 inches

Thelocation of the CG in percent of MAC must beknownin
order to set the stabilizer trimfor takeoff. Usethisformula:

Distance O to LEMA C) % 100
MAC

49.1 )

= (180.9 XA

- 27.1%

)xl,UDO

CG%MAC:(

On Board Aircraft Weighing System

Some large transport airplanes have an on board aircraft
weighing system (OBAWS) that, when the aircraft ison the
ground, givestheflight crew a continuousindication of the
aircraft grossweight and thelocation of the CGin% MAC.

The system consists of strain sensing transducers in each
main wheel and nose wheel axle, a weight and balance
computer, and indicatorsthat show the grossweight, the CG
location in % MAC, and an indicator of the ground attitude
of theaircraft.

The strain sensor s measure the amount each axle deflects
and send this datainto the computer, where signalsfrom all
of the transducers and the ground attitude sensor are
integrated. Theresultsaredisplayed ontheindicatorsfor the
flight crew.

Strain sensor: A device that
converts a physical phenomenon into
an electrical signal. Strain sensors in
awheel axle sense the amount the
axle deflects and create an electrical
signal proportional to the force that
caused the deflection.
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Figure 6-2. Loading schedulefor determining weight and CG.




Determining the Correct Stabilizer
Trim Setting

Itisimportant before takeoff to set the stabilizer trimfor the
existing CG location. There aretwo waysthe stabilizer trim
setting systems may be calibrated: in % MAC, and in Units
ANU (Airplane Nose Up).

Stabilizer Trim Setting in % MAC

If thegtabilizer trimiscdibratedinunitsof %o MAC, determine
the CG locationin % MAC as hasjust been described, then
st the gtabili zer trim onthe percentage figurethusdetermined.

Stabilizer Trim Setting in Units ANU
(Airplane Nose Up)

Some aircraft give the stabilizer trim setting in Units ANU
(Airplane Nose Up) that correspond with thelocation of the
CG in % MAC. When preparing for takeoff in an aircraft
equipped withthissystem, first determinethe CGin% MAC
intheway described above, then refer to the Stabilizer Trim
Setting Chart on the Takeoff Performance page of the AFM.
Figure6-3isanexcerpt from such apagefromthe AFM of a
Boeing 737.

Consider an airplanewith these specifications:

CGlOCALION ... station 635.7
LEMAC ..ot station625
Y 134.0in

First determinethe distancefromthe CG tothe LEMAC by
using thisformula:

Distance CG to LEMAC = Datum to CG — datum
to LEMAC
= 035.7-625.0
= 10.7 inches
Then determine the location of the CG in percent of MAC
by using thisformula:

Distance CF to LEMAC
MAC = s 100
CG % MAC ( T )

10.7
= (134.[))“ 10

= B.0% MAC

Refer to Figure 6-3. For all flap settingsand aCG located at
8% MAC, the stabilizer setting is 73/4 Units ANU.

Stabilizer Trim Seting—Units Airplane Nose Up

GG Flaps (All}
& A
& 7y

10 7Y

12 7

14 &%

18 8Y

18 6%

20 8%

o2 g

a4 4k

26 4

28 34

a0 K]

32 Y

Figure 6-3. Sabilizer trim setting in ANU units.

Determining CG Changes Caused
by Modifying the Cargo
Largeaircraft carry so much cargo that adding, subtracting,

or moving any of it from onehold to another can causelarge
shiftsinthe CG.

Effects of Loading or Offloading Cargo
Boththeweight and CG of an aircraft are changed when cargo
is offloaded or onloaded. This example shows the way to
determinethe new weight and CG after 2,500 pounds of cargo
isoffloaded from theforward cargo hold.

Consider these specifications:

(0720 (=0 IAVIV/= o 0| 90,0001bs
Loaded CG ... 22.5%MAC
Weight Change .......cccveeveveeeerere s —2,5001bs
Fwd. cargo holdcentr oid .....coeeeeeerenencnincnenes station 352.1
MAC .ot 141.5in
LEMAC ..ottt station 549.13

Centroid: The distance in inches aft
of the datum of the center of a
compartment or a fuel tank for
weight and balance purposes.



1. Determine the CG location in inches from the datum
beforethe cargoisremoved. Do thisby first determining
the distance of the CG aft of the LEMAC:

CGin % MAC

100
22
= ( 100 x 141.5
= 31.84 inchcs
2. Determine the distance between the CG and the datum
by adding the CG ininchesaft of LEMAC tothedistance
from thedatumto LEMAC:

CG (in. frem dawm} = CG in, aft of LEMAC +
datum to LEMAC
=31.84 + 549.13
= 530.97 inches
3. Determine the moment/1,000 for the original weight:
Weight X Arm
1,000
90,000 * 580.97
1,000
= 52,287.30
4. Determine the new weight and new CG by first
determining the moment/1,000 of theremoved weight.

CG (in. aft of LEMAC) = ( )xMAc

Moment/1,004 =

Multiply theamount of weight removed (—2,500 pounds)
by the centroid of theforward cargo hold (352.1 inches),
and then divide this by 1,000.

Weight x Arm
1,004
—2.500 ¥ 352.1
1030

—8BB0.25

5. Subtract the removed weight and itsmoment/1,000 from
the original weight and moment/1,000.

Moment/1.0{4 =

Iterm Weight Mement1060
Original weight 90,000 5228730
AWeaight — 2,500 — 8R0.25
New waight & moment 87,500 E1.407.05

6. Determine the location of the new CG by dividing the
total moment/1,000 by the total weight and multiplying
this by the reduction factor of 1,000.

Total mument:'l,UDU)x 1,000
Totul weight
51,407
= (87,500
= 547.5 inches behind the datum

7. Convertthenew CGlocationto% MAC. First, determine

the distance between the CG location and LEMAC:
CG (in. aft of LEMACY= CG {in, from datum) —
LEMAC
= 587.5-542.13
= 38.37 inches
8. Then, determine new CG in % MAC:

Dvistance CG to LEMAC) % 100
MaC

)xlﬂi)

cG=(

)x 1,000

CG%MAC:(

(33.37
=\1415
= 27.1% MAC

Offloading 2,500 pounds of cargo from the forward cargo
hold movesthe CG from 22.5% MAC to 27.1% MAC.

Effects of Onloading Cargo

The previous example showed the way the weight and CG
changed when cargo was of floaded. Thisexample showsthe
way both parameters change when cargo is onloaded.

The same basic airplane is used in the example, but 3,000
pounds of cargo isonloaded in theforward cargo hold.

Weight beforecargoisloaded .........ccoccvevrenneee. 87,5001bs
CGbeforecargoisloaded .........ccoevveniernnnnns 27.1%MAC
Weight Change ......cccveeveveeerereee s +3,0001bs
Fwd. cargo hold centroid .........ccoevvvenerercnccne. station 352.1
MALC ..ttt 141.5in
LEMAC .ottt station 549.13
CG Shift

When the CG moves aft, ?CG is positive; when it moves forward,
?CG is negative.



. Determine the CG location in inches from the datum
beforethecargoisonloaded. Do thisby first determining
the distance of the CG aft of the LEMAC:

CG (inches aft _ /CG in % MAC MAC
of LEMAC) ‘( 100 )x

Z1)
= (Hlﬂ % 141.5

= 38.35 mches
. Determine the distance between the CG and the datum

by adding the CG ininchesaft of LEMACtothedistance
from the datum to LEMAC:

G (in. from datum) = CG in. aft of LEMAC +
datum to LEMAC
=38.35 + 549.13

= 587.48 inches
. Determine the moment/1,000 for the original weight:
Weight X Arm
1,000
_ B7,300 x 587.48
- 1,000
= 51,4045

Moment/1,000 =

6. Determine the location of the new CG by dividing the
total moment/1,000 by the total weight and multiplying
this by the reduction factor of 1,000.

Total moment/1,000
Tolal weighl

52,460.8

= 90,500 »x 1,300

= 579 .68 inches hehind the datum

7. Convertthenew CGlocationto% MAC. First, determine
the distance between the CG location and LEMAC:

CG (in. aft of LEMAC) = CG (. from datum) —
LEMAC

= 579.08 —549.13

% 1,000

CG=

= 30.55 inches
8. Then, determine new CG in % MAC:

Distance C0 w0 LEMAC) s 100
MAC

CG%L{AC:(

(3{1.55
=\141.5
= 21.59% MAC

Onloading 3,000 poundsof cargointotheforward cargo hold
moves the CG forward 5.51 inches, from 27.1% MAC to

))-:100

4. Determine the new weight and new CG by first deter-
mining the moment/1,000 of the added weight. Multiply 21.59%MAC.
the amount of weight added (3,000 pounds) by the
centroid of theforward cargo hold (352.1 inches), and then
dividethisby 1,000.
Weight x Arm
Moment/1,000 = gl,OUD
3000 x 352.1
= 1,000
= 1,056.3
5. Add the onloaded cargo weight and its moment/1,000
to the original weight and moment/1,000.
Weight Morment/1000 CG infdatum CG % MAC
Criginal weight and GG 87,500 31,4045 5E7. 48 271
A Weight + 3,000 1,056.3
New weight and CG 20,500 52,4608 579.58 21,59




Effects of Shifting Cargo from
One Hold to Another

When cargoisshifted from onecargo hold to ancther, the CG
changes, but thetota weight of theaircraft remainsthesame.

Asan example, usethis data:

(0720 (=0 JAVIV/= o 0| 90,0001bs
Loaded CG.............. station 580.97 (whichis22.5% MAC)
Fwd. cargo hold centroid .........c.ccoceeeevvenennnnes station 352
Aft cargo hold centroid........ccccoveeevrererecennene. station 724.9
MALC ... nnes 141.5in
LEMALC ..o station549

To determine the change in CG, or ?CG, caused by shifting
2,500 poundsof cargo from theforward cargo hold to the aft
cargo hold, usethisformula:
iz Weight shifted % Distance shifted
Total weipht

_ 2.500%{724.0 352)

90,400
_ 2,300% 3729

20,000

10.36 inches
Since the weight was shifted aft, the CG moved aft, and the

CG change is positive. If the shift were forward, the CG
change would be negative.

ACG

Before the cargo was shifted, the CG waslocated at station
580.97, which is 22.5% MAC. The CG moved aft 10.36
inches, sothenew CGis:
New CG = 0ld CG £ ACG

= 380.97 + 10.36

= 591,33 inchcs
Convert thelocation of the CG ininches aft of the datum to
percent MAC by using this formula:
ACG mmches

MAC

3 (ID.S{S
“A\141.5
= 7.32% MAC

ACG%MAC:( )xmu

)xlOD

Thenew CGin % MAC caused by shifting the cargo isthe
sum of the old CG plus the change in CG:

New CG % MAC = 0ld CG £ ACG
= 22.5Gh + 7.32%
= 29.82% MAC

Someaircraft AFMslocatethe CG relativetoanindex point
rather thanthedatum or theMAC. Anindex pointisalocation
specified by theaircraft manufacturer fromwhicharmsusedin
weight and bal ance computationsare measured. Armsmeasured
fromtheindex point arecdledindex arms, and objectsahead of
theindex point have negativeindex arms, whilethosebehind the
index point have positiveindex arms.

Use the same data as in the previous example, except for
these changes:

Loaded CG.......... index arm of 0.97, whichis22.5% MAC
190 (57¢ o o 1 | A fuselage station 580.0
Fwd. cargo hold centroid ............cceuenee. —227.9index arm
Aftcargohold centroid..........ccceerererennns +144.9index arm
MAC ..o 141.5in
LEMAC ..o —-30.87 index arm

The weight was shifted 372.8 inches (—227.9 to +144.9 =
372.8).

The changein CG can be calculated by using this formula:
Weisht shifted x Distance shifted

Total weight

2,500 (227.9 + 144.9)

= 90,000

_ 2,500 x372.8

90,000

= 10.36 inches
Since the weight was shifted aft, the CG moved aft, and the

CG change is positive. If the shift were forward, the CG
change would be negative.

ACG =

Index point: A location specified by
the aircraft manufacturer from which
arms used in weight and balance
computations are measured. Arms
measured from the index point are
called index arms.



Before the cargo was shifted, the CG was located at 0.97
index arm, which is 22.5% MAC. The CG moved aft 10.36
inches, and the new CG is:
New UG = Old CG £ ACG
097 + 10.36
11,33 index arm
The change in the CG in % MAC is determined by using
thisformula:
New C(i % MAC = Qld CG £ ACG
=225%+732%
= 20.52% MAC

The new CG in % MAC isthe sum of the old CG plus the
change in CG:

ACG % MAC = x 1060

1[).3{1)
= (141.5 7100

= 7.32% MAC

Noticethat thenew CGisinthesamelocation whether thedis-
tancesaremeasured fromthedatum or from theindex point.

(ACG inc.hes)

Determining Cargo Pallet Loads with
Regard to Floor Loading Limits

Each cargo hold hasastructural floor loading limit based on
theweight of theload and the areaover which thisweight is
distributed. To determine the maximum weight of aloaded
cargo pallet that can becarried inacargo hold, divideitstota
weight, which includes the weight of the empty pallet and
itstiedown devices, by itsareain square feet. Thisload per
squarefoot must be equal to or lessthan thefloor load limit.

In this example, determine the maximum load that can be
placed on this pallet without exceeding the floor load limit.

Pallet dimensions ........ccccccceevreererseenereseeeens 36 by 48in
Empty pallet Weight ... 471bs
TiEdOWN EVICES ... 33lbs
Floor load limit .......ccccovueunee. 169 pounds per squarefoot

Floor Load —Caution

Loaded cargo pallets must be checked to be sure they do not impose
a load on the floor that is greater than the floor load limit.

The pallet has an area of 36 inches (3 feet) by 48 inches (4
feet). Thisis equal to 12 square feet. The floor has aload
limit of 169 pounds per square foot; therefore, the total
weight of theloaded pallet can be 169° 12 = 2,028 pounds.

Subtracting the weight of the pallet and the tiedown devices
givesan allowableload of 1,948 pounds (2,028 —[47 + 33)]).

Determinethefloor load limit that isneeded to carry aloaded
cargo pallet having these dimensions and weights:

Pallet dimensions ........cccoevvevenenenenenenenenenens 48.5by 33.5in
Pallet WEIght ..o 441bs
TiedOWN AEVICES ... 271bs
CargoWeIght ..o 786.51bs

First determine the number of square feet of pallet area:

Length (inches) x Width (inches)
144

Area (sq. ft.) =
48.5 % 33.5
144
_ 16247
144

11.28 square [t
Then determine the total weight of the loaded pallet:

Pallet 44.01bs
Tiedown devices 27.01bs
Cargo 786.51bs

857.51bs

Determine theload imposed on thefloor by theloaded pallet:

Thefloor must have aminimum load limit of 76 pounds per
squarefoot.
o _+_ Loaded weight
Lokl Pallet area
8575
11,28

76.0 pounds/square foot



Determining the Maximum Amount of
Payload That Can Be Carried

The primary function of atransport or cargo aircraftisto carry
payload. Thisisthe portion of the useful load, passengersor
cargo, that produces revenue. To determine the maximum
amount of payloadthat canbecarried, follow aseriesof steps,
considering both the maximum limitsfor theaircraft and the
trip limitsimposed by the particular trip. In each step, thetrip
limit must be less than the maximum limit. If it is not, the
maximum limit must be used.

These arethe specificationsfor theaircraft inthisexample:

Basic operatingweight (BOW) ......ccevvererenne. 100,5001bs
Maximumzerofuel weight .......cccevevevererene. 138,0001bs
Maximum landing weight .........ccoevervrererenene. 142,0001bs
Maximum takeoff weight ..........ccccovvevvrerernnnen. 184,2001bs
Fuel tank 10ad ... 54,0001bs
Est. fuel burnenroute .........ccovveeeeeeviscncncseeeene, 40,0001bs

1. Computethe maximum takeoff weight for thistrip. This
isthe maximum landing weight plusthetrip fuel.

Max. Limit Trip Limit
142,000 Landing weight 142,000

+tripfuel +40,000
184,200 Takeoff weight 182,000

2. Thetriplimitisthelower, soitisused to determinethe
zero fuel weight.

Max. Limit Trip Limit
184,200 Takeoff weight 182,000

—fuel load —54,000
138,000 Zerofuel weight 128,000

3. Thetrip limit is again lower, so use it to compute the
maximum payload for thistrip.

Max. Limit Trip Limit
138,000 Zerofuel weight 128,000
-BOW —100,500

Payload (pounds) 27,500

Under these conditions 27,500 pounds of payload may
be carried.

Payload: The weight of the
passengers, baggage, and cargo that
produces revenue.

Maximum zero fuel weight: The
maximum authorized weight of an
aircraft without fuel. This is the sum
of the BOW and payload.

Determining the Landing Weight

It is important to know the landing weight of the airplane
in order to set up the landing parameters, and to be certain
the airplane will be ableto land at the intended destination.

In this example of afour-engine turboprop airplane, deter-
mine the airplane weight at the end of 4.0 hours of cruise
under theseconditions:

Takeoff WEIght ... 140,0001bs
Pressuredtitudeduring Cruise .........ccccevveveevenene. 16,000feet
Ambient temperatureduring Cruise ........c.ccceeeverennas -32°C
Fuel burned during descent and landing ............... 1,3501bs

Determine theweight at theend of cruise by using the Gross
Weight Table of Figure 6-4 and following these steps:

1. Usethe U.S. Standard Atmosphere Table in Figure 6-5
to determine the standard temperature for 16,000. This
is-16.7°C.

2. The ambient temperatureis-32°C, which isadeviation
from standard of 15.3°C. (-32° —-16.7° = 15.3°). It is
below standard.

3. InFigure6-4,follow thevertical linerepresenting 140,000
poundsgrossweight upward until it intersectsthediagonal
linefor 16,000 feet pressurealtitude.

4. From thisintersection, draw ahorizontal lineto theleft
tothetemperature deviationindex (0°C deviation).

5. Draw adiagonal line parallel to the dashed lines for
“Below Standard” from theintersection of thehhorizontal
line and the Temperature Deviation Index.

6. Draw avertical lineupward fromthe 15.3°C Temperature
Deviation From Standard.

7. Draw ahorizonta linetotheleft fromtheintersection of
the “Below Standard” diagonal and the 15.3°C
temperaturedeviation vertical line. Thislinecrossesthe
“Fuel Flow—2100 Pounds per Hour per Engine” index at
11.35. Thisindicatesthat each of the four enginesburns
1,135(100?11.35) poundsof fuel per hour. Thetotal fuel
burnfor the4-hour cruiseis:

Tatal fuel burn = Lb/hr/engine ¥ No. engines x
Hemrs flight duration
=1,135x4x4
= 18,160 pounds

8. Theairplanegrossweight was 140,000 poundsat takeoff,
and since 18,160 pounds of fuel wasburned during cruise
and 1,350 pounds was burned during the approach and
landing phase, the landing weight is:

140,000 (18,160 + 1,350) = 120,490 pounds



16

15

14

13

12

11.35

11

10

Fuel FLew — 100 Pounds =er Hzur Pe Engine

£
&

'l‘/.l
1

TIT Limit —‘“;

a
\

%

NV

&l ]

L

IS
LY

AN

7
o
/

g

AN R

WEESREE RN

|

i

7
=
7z

NN

RN

ha
L]

L1

AR

ElRR Y
PNEUREY

1
AN

20 153

10

Tenips Dewy
Frem STD G

]

Figure 6-4. Grossweight table.
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TABLE OF U.S. STANDARD ATMOSPHERE

Fast inHg i Hy Pl Yo iE
¥ 20 92 TEO O 1470 150 5940
2,000 27 B2 O Y 1366 1.0 oh Ik
4 000 25 84 6658 12.69 71 447
£,.000 ac Rl ] 081 11.78 a1 37 6
8,000 22.23 L6486 10.€2 -0.B 05
10,000 2068 g2y 1011 -4.5 233
12,000 1908 483 4 9.35 -A8 162
14,000 17.58 4465 863 127 91
16,000 1B.22 112.0 786 -16.7 1.8
18,000 14.85 arav 7.34 =207 52
20,000 13.78 3495 8.78 -24.6 -12.3
22,000 1265 3218 €21 -28.8 -19.5
24,000 11.61 2949 570 -32.5 -26.6
26 000 1064 2703 522 -35.5 -33.7
28.000 9.74 2374 4.78 -40.5 -40.2
30,000 8.80 22561 437 -44 .4 -42.0
32,000 Bz 2063 38E -d5.4 -05 1
34,000 .40 128.0 a43 -b2.4 -62.3
35,000 G673 1710 3.30 -Bi3.3 -G.4
35,000 612 1555 28¢% -hB.5 -69.7
40,000 ES6 1412 a27e -565 637
42,000 L.as 128.3 2.47 -5E.5 -E9.7
44 000 4.5 1166 2.24 -5G.5 -G9.7
45 000 417 1059 2.0 -58.5 -8%.7
43,000 7 95,2 1.85 -a8.5 -69.7
50,000 344 874 1.68 -BE.5 -GR.T
B, 000 2.7 B3 B 1.32 TERM="ATUNE
60,000 44 544 1.04 REMAI NS CORSTANT

inllg - Inches of Mercury
mmHy = Millineter of Mercury

FSI = Founds pet square inch

Figure 6-5. Sandard atmospheretable.

& Cantigrade

“F = Rahrenheit

Determining the Minutes
of Fuel Dump Time

Most large aircraft are approved for a greater weight for
takeoff than for landing, and to makeit possiblefor themto
return to landing soon after takeoff, afuel jettison system
issometimesinstalled.

Itisimportant in an emergency situation that theflight crew
beableto dump enough fuel tolower theweight toitsallowed
landing weight. Thisisdone by timing the dumping process.

Inthisexample, theaircraft hasthree engines operating and
these specificationsapply:

CruiSEWEIGNL ....cveveievereieieeee e eeeenenes 171,0001bs
Maximum landing weight ...........ccceoveverrnienennns 142,5001bs
Timefrom start of dump to landing ................... 19 minutes
Averagefue flow

during dumping and descent ................ 3,170 Ib/hr/eng
Fuel dump rate......cooeveeeeininenennne, 2,300 pounds per minute

Follow these steps to determine the number of minutes of
fud dump time:

1. Determinetheamount theweight of theaircraft must be
reduced to reach the maximum allowablelanding weight:

171,000 Ibscruiseweight
—142,500 Ibs maximum landing weight

28,500 Ibsrequired reduction

2. Determinetheamount of fuel burned from thebeginning
of the dump to touchdown:

_ 3,170 Ib/hr/engine

B 6l

= 52.83 Ib/min engine

For al three engines, thisis52.83° 3 = 158.5 Ibs/min.

Fuel Tlow

Thethreeengineswill burn 158.5° 19 = 3,011.5 pounds
of fuel between the beginning of dumping and touchdown.

Fuel jettison system: A fuel sub-
system that allows the dumping of
fuel in an emergency to lower the
weight of an aircraft to the maximum
landing weight. This system must
alow enough fuel to be jettisoned that
the aircraft can still meet the climb
requirements in 14 CFR Part 25.



3. Determine the amount of fuel needed to dump by
subtracting the amount of fuel burned during thedumping
from the required weight reduction:

28,500.0 Ibsrequired weight reduction
—3,011.5 Ibsfuel burned after start of dumping
25,4885 Ibsfuel to be dumped

4. Determinethetime needed to dump this amount of fuel
by dividing the number of pounds of fuel to dump by the
dump rate:
25.488.5 Ibs
2,300 1b/min

= 11.08 minutes

Weight and Balance of Commuter
Category Airplanes

TheBeech 1900isatypical commuter category airplanethat
can be configured to carry passengers or cargo. Figure 6-6
showstheloading dataof thistypeof airplaneinthe passenger
configuration, and Figure 6-14 on Page 6-18 showsthe cargo
configuration.

Jet Fuel Weight Affected by Temperature

The colder the fuel, the more dense and therefore the more pounds
of fuel per gallon.

LOADING DATA
STANDARD SEATING

- NOSE BAGGAGE COMPT. rs rs.

Determining the Loaded Weight and CG
Asthis airplane is prepared for flight, a manifest like the
onein Figure 6-7 is prepared.

1. The crew weight and the weight of each passenger is
entered into the manifest, and the moment/100 for each
occupant isdetermined by multiplying theweight by the
armand dividing by 100. Thisdataisavailableinthe AFM
and is shown in the Weight and Moments— Occupants
tablein Figure 6-8 on Page 6-14.

2. The weight of the baggage in each compartment that is
used isentered with itsmoment/100. Thisisdetermined
in the Weights and Moments— Baggage tablein Figure
6-9on Page6-14.

3. Determinetheweight of thefuel. Jet A fuel hasanominal
specific gravity at +15°C of 0.812 and weighs 6.8 pounds
per gallon, but at +25°C, according to the chartin Figure
6-10 on Page6-15, it weighs6.75 Ibs/gal.

Using Figure 6-11 on Page 6-16, determine the weights
and moment/100 for 390 gallons of Jet A fuel by
interpolating betweenthosefor 6.7 Ibs/gal and 6.8 1bs/gal.
The390 gallonsof fuel at thistemperature weighs 2,633
pounds, and itsmoment index is 7,866 |b-in/100.

(Continued on Page 6-17)
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Figure 6-6. Loading data for passenger configuration.



ltam Weaight Arm Momentf100 cG
Aimplans basic EW 9,226 25,323
Craw 340 1259 439
Passangers
Rovw 1 300 200 &00
Rew 2 250 230 B75
Rowr 3 140 280 404
Rowr 4 170 290 483
Row & 120 320 a08
Rew & 340 350 1,120
Row 7 140 380 a2
Rowr 8 410
Row 8 440
Baggans
Nose 55.5
Fwd Cabin 100 1583.6 164
Aft {Fwd Section) 200 483.5 957
Aft (ARt Saction) GO0 B33.0 3,188
Fuel Jet A & +25°C
Gallons 390 2,633 7,560
14,7249 43,139 262.9

Figure 6-7. Determining theloaded weight and CG of a Beech 1900 in the passenger configuration.

USEFUL LOAD WEIGHTS AND MOMENTS

USEFUL LOAD WEIGHTS AND MOMENTS

OCCUPANTS BAGGAGE
CREW CABIN SEATS AFT AFT
FORWARD | BAGGAGE! | BAGGAGE/
FS. FS |FS5.|FS.|Fs.|Fs.|Fs.|Fs.|F8.|Fs. CABIN CARGO CARGO
WEIGHT 120 200 | 230 |260| 290 | 320|350 | 380 | 410 | 440 NOSC | BAGGAGL | COMPART- | COMPART-
WEIGHT BAGGAGE | COMPART MENT MENT
MOMENT/ 00 COMPART-|  MENT {FORWARD {AFT
MENT F.5. SECTION} SECTION)
B0 108 | 160|184 208|232 | 256|280 304 | 328 452 F.&. 65.5 164.6 FS5.4835 | FS.§33.0
90 116 | 180|207 234|261 | 288|315 342|389 396
100 126 | 200 | 230 260|290 | 320|350 380 | 410 440 MOMENTA00
110 142 | 300|353 385|310 | 352|3BE 41B | 451 484 12 7 16 42 53
120 155 | 240|276 312|348 | 384|420 455 | 492 528 = 1 24 o sty
130 168 (260|299 335|377 | 416|455 494 ( 533 572 22 20 49 1z JET
140 181 | 280|322 364|406 | 448|400 532|574 616 o = o s 28
150 194 | 300|345 300|435 | 480|525 570 | 615 660 ks o o5 S i)
(50 206 (320 (366 416|464 [5(2]560 605 (656 To4 o 2 I i -
170 218 | 340 | 397 442|493 | 544|606 648 | BI7 748 a5 5% 147 et 435
180 232 | 360 | 414 488|522 [ 576|630 €84 | 73R 792 o &5 154 Agd 537
190 245 | 330|437 494|551 | 508|885 722 | 77¢ 838 o 98 245 7oc g0
200 258 | 400 | 460 520|680 | 640|700 TE0 | B2O BAD 224 327 287 1088
253 280 1200 1232
210 271 | 420|483 545|609 | 672|735 798 | 861 G24 300 1250 1552
220 234 (440|506 572|638 | 704|770 838 | D02 565 35D 1862 1885
230 297 | 480|529 595|667 | 736|805 a74 | 943 1012 40 1934 22
240 310 | 450|532 624|636 | 768|840 212 (984 (055 4=0 2176 2358
250 323 | 500 |B75 650|725 | 800 |87E €50 11025 1100 B ol £oib
akd 2654 2032
Tt WhalIb e FErlectas 1 s Talk rak et wasidnt Gor ot EEE: ;giﬁ ‘;3;2
Figure 6-8. Weights and moments—occupants. = o
FE 3825
L] ettt |
[ it] 4110
820 4285

Figure 6-9. Weights and moments—baggage.




DENSITY VARIATION OF AVIATION FUEL
BASED ON AVERAGE SPECIFIC GRAVITY

AVERAGE EFECIFIC
FUEL GRAVITY AT 15T (56°7)
AVIAL N KEHOSENE a1z
JET A AMNC JET A1
JET B (JF-2: TOR
A GAS GHALE 1004150 F05
NOTE: Tha Fued Quantlty Indizator |s calbrated for correcd Indication when uglng Avlaton Kerosana Jot A and Jat A1, Whan uslng cther fuals, muliphy
the indicated fuel quartity in pounds by .20 far Jet B (P-4} or by .98 for Avialion Gasoling [100/130) ta obitain actual luel quantity in pounds.
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Figure 6-10. Density variation of aviation fuel.



USEFUL LOAD WEIGHTE AND MOMENTE

USABLE FUEL
B.5 LBAGAL 6.6 LIfeAL 0.7 LB/GAL 0.8 LB{GAL
GALLONS WEKGHT |MOMENT WEIEHT MOMENT | WEIGHT MOMENT| WEIGHT |MOMENT
od {.1] 00 1.1}

10 ] 19r B5 200 s p.ig) ] 206
20 120 w0 132 qm 18d a7 186 3
an 185 582 198 [y} 2m i) 20d 618
40 260 T 64 B0z il 814 212 Lt
o0 325 Y 30 12 338 1ma 340 e
&0 300 1185 308 1203 02 1m2 a8 | 1240
i 455 1383 462 1404 469 1436 4rg 1447
B0 onl e 4] 1605 uag 1630 b4 1G04
a0 A8 irrd 584 1BOB E03 1134 12 1861
100 650 1oy =] 2007 E7D 2038 BE0 AIBE
110 e NrE il 2208 7ar 2242 T48 2275
1e0 700 gire e 2408 BO4 2445 16 24n2
130 E45 25RE 58 2808 B 2648 8R4 HRET
140 §10 EfEh w4 “BUE 548 2440 gb2 2883
150 o5 | 20ee 0 anor 1005 4048 | 1020 | MM
180 1040 k1B 1058 3203 1072 354 1086 3303
170 105 | 236 1122 3403 1138 3454 | 1166 | 2606
180 1170 3545 1188 BEDD 1208 a564 1224 ¥
190 1205 | M 1254 oz 1278 G854 | 1202 | M2
200 1300 dadz 1320 asaz2 1540 4043 1360 13
Fali] 1365 4124 1386 4167 1407 250 1428 4314
220 [RE.1 1315 1162 1352 14 1118 1186 1574
23l 1485 4507 s 457E 1841 A5G 1564 4118
b ] 1560 4588 1584 4770 1808 4843 1832 4515
250 1625 | 468G 1650 | 4864 1675 60 | 1700 | G116
350 1850 EOR0 178 5158 1742 5298 1788 5318
270 1758 BEH 1782 5352 1608 54133 1836 5514
280 1620 5482 1848 5548 1878 5630 1804 a7
230 1EBS il a4 i) 1843 5825 1472 FE1Z
300 1580 BR42 1580 =t ann B2 2040 Bi12
310 2015 BUaz 2iHd B128 207 B8 2108 BN
a2l 2080 GRS 2112 Gazl 2144 6416 2176 6512
380 245 | BT 178 B518 211 85 | 2244 | HF1S
340 2210 B&10 2344 6711 2278 6413 eaiz 18
560 76 EB02 2810 GBO? 234E TR 2360 Fi bl
L] 20 | GRS 2375 o 212 TX0 | 2R | 19
3 2405 7186 2442 F2a8 2479 T4 b1 it
30 470 T3B1 2508 7495 2548 THA 2584 Tra
a0 2535 1515 o574 7ER1 2613 TR 2552 704
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420 oW B15E e Begz 2814 By 2858 amae
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Figure 6-11. Weights and moments—usablefuel.
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Itarn Wieight Arm Mament/ 100 G
Rowr 1 {-] 300 200 -k 00
Row 2 (-] 250 230 {-) 575
Row 8 {+) 300 410 (+; 1,230
Row g {+] 230 440 [+31.100
Original conditions 14.729 43,139
GChanges 0 (431,155
MNew conditions 14,729 44,294 300.7

Figure 6-13. Changein CG caused by shifting passenger seats.

4. Add al of the weights and all of the moment indexes.
Divide the total moment index by the total weight, and
multiply this by the reduction factor of 100. The total
weight is 14,729 pounds, thetotal moment index is43,139
Ib-in/100. The CGislocated at fusel age station 292.9.

5. Check to determine that the CG iswithin limitsfor this
weight. Refer to the Weight and Balance Diagram in
Figure 6-12 on Page 6-16. Draw ahorizontal lineacross
the envelope at 14,729 pounds of weight and a vertical
linefromthe CG of 292.9inchesaft of datum. Theselines
crossinsidetheenvelopeverifying the CGiswithinlimits
for thisweight.

Determining the Changes in CG When
Passengers are Shifted

Consider theairplane abovefor which theloaded weight and
CG have just been determined, and determine the changein
CG when the passengersin rows 1 and 2 are moved to rows
8and 9. Figure 6-13 showsthe changesfrom the conditions
shown in Figure 6-7. There is no weight change, but the
moment index hasbeenincreased by 1,155 pound-inches/100
t044,294. The new CG isat fuselage station 300.7.

43,139 + l,lSS)x 100

S ( 14,729

= 300.7

This type of problem is usually solved by using these two
formulas (below). Thetotal amount of weight shifted is550
pounds (300 + 250) and both rows of passengershavemoved
aft by 210 inches (410—200 and 440 — 230).

Weight shifred x Distance shifted

AcG = Total weight
550 210
T 14,7
= 7.8 inches
CG = QOriginal CG + ACG
=2929+78

= 300.7 inches att of datum

The CG has been shifted aft 7.8 inches and the new CG is
at station 300.7.



Determining Changes in Weight and CG When LOADING DATA

the Airplane is Operated in its Cargo CARGO CONFIGURATION
Configuration
Consider the airplane configuration shown in Figure 6-14. MAX MU
STRUCTURAL CENTRGID
SECTION CAPACITY AFi_I'n.'I
The airplane is loaded as recorded in the table in Figure i i s
6-15. Thebasic operating weight (BOW) includesthepilots £ s e
and their baggage so there is no separateitem for them. E o srass
= MY 3
g B 5] BuC -8 dle
. . . . - | — H ANt =543
Thearm of each cargo sectionisthe centroid of that section, | ] i 50 -4, dkb
. . . K N S5.408 5
asisshowninFigure 6-14. - — 7 o ity
R 20— ] i
The fuel, at the standard temperature of 15°C weighs 6.8 - SEGIOR 1, ALL GATCS 1M SCOTICHS & THROLS | .
. 8T BE AU L TNESCa
pounds per gallon. Refer to the Weights and Moments— g5 s _|—— T i
Usable Fuel in Figure 6-11 on Page 6-16 to determine the e R AT I k] HRE R AR RS
weight and moment index of 370 gallons of Jet A fuel. Sl | p—— : .
Ea it 2, CANCSERTRATED CARC LaADS |k
£z a0c ik SCOTIGHS AT IHGUG L MUST BOT
. i . il — i £ EQUALZ [T,
The CG under these loading conditions is located at sta- FECHER e
H 2 FARGE 1M 2SOTEDNS K AR LMUST B2
tion296.2. ZL L | Epre— F=—A NF 7 BY RAGEAGE WERS Ak
By PARTITIONS PROVIZED AS PART DOF
.. . - s = STAMDARE AIRPLAKE,
Determining the CG Shift When Cargo is Moved T (e i
i 2 X 4. ANY CXZOPT GRS 0TI C ASTYE
From One SecFlon to Another ) . e r PRGCEL JAES WILL AESIRZ AFSROVAL
When cargo is shifted from one section to another, usethis "~ = SCOTICN R & OGA =84 GFFIGE,
formula: el o
Weight shifted x Distance shifted REGHE
ACG = : ¥
Total weight Fo 450 —
. . SECTICR
If the cargo is moved forward, the ?CG is subtracted from e aat o
the original CG. If it is shifted aft, add the ? CG to the - |' sEC
.. £ <
original. ol — :
Figure 6-14. Loading data for cargo configuration.
Item Weight Arm Mamenti100 GG
BOW B.005 25,234
Cargo Section & 300 225 875
Garge Section B 400 255 1,020
Cargo Section & 450 285 1,283
Gargo Section D €00 Mb 1,880
Cargo Section E E00 b 2,070
CGargo Section F &0 374 2,250
Cargo Section G 200 405 510
Garge Section H 435
Cargo Section J 4650
Cargo Section K 499,56
Cargo Section L £33
Fuel Jet A& & +15°0
Gallons 370 2516 7.520
14,671 43,452 286 2

Figure 6-15. Flight manifest of a Beech 1900in the cargo configuration.

6-18



Determining the CG Shift When Cargo
is Added or Removed

When cargoisadded or removed, add or subtract theweight
and moment index of the affected cargo to the original

loading chart. Determine the new CG by dividing the new
moment index by the new total weight, and multiply thisby
thereduction factor.

G = Total moment index
=7 Total weight

»* Reduction factor

Determining Which Limits are Exceeded

When preparing an aircraft for flight, you must consider all
parameters and check to determine that no limit has been
exceeded.

Consider the parameters bel ow, and determine which limit,
if any, has been exceeded.

e Theairplanein thisexample hasabasi c empty weight of
9,005 pounds and a moment index of 25,934 pound-
inches/100.

e The crew weight is 340 pounds, and its moment/100
is439.

¢ The passengers and baggage have a weight of 3,950
poundsand amoment/100 of 13,221.

e Thefud iscomputed at 6.8 Ibs/gal:
Theramp load is 340 gallons, or 2,312 pounds.
Fuel used for start and taxi is20 gallons, or 136 pounds.
Fuel remaining at landing is100 gall ons, or 680 pounds.

e Maximum takeoff weight is 16,600 pounds.
e Maximum zero fuel weight is 14,000 pounds.
e Maximum landing weight is 16,000 pounds.

Takethesestepsto determinewhichlimit, if any, isexceeded:

1. Determinethezerofue weight, whichistheweight of the
arcraft withall of theuseful load except thefuel onboard.

tom Weight Momeant100 CG
Basic ermply weaight 5,005 25,954
Crew 340 439
PAX & Baggage 3550 13241
Zero fuel weight 13.295 39,584

The zero fuel weight of 13,295 pounds is less than the
maximum of 14,000 pounds, so this parameter is
acceptable.

2. Determinethetakeoff weight and CG. Thetakeoff weight
is the zero fuel weight plus the ramp load of fuel, less
the fuel used for start and taxi. The takeoff CG isthe
(moment/100 + weight)°2.00.

Item Weight Mamentf100 oG
Zaro fual weight 13,293 36,584
TakecH fuel 320 gal
Hamp load = fuel
for start & taxi
240 — 20 = 320 gal 2176 6012
Takaoff waight 15441 46 106 2080

The takeoff weight of 15,471 pounds is below the
maximum takeoff weight of 16,600 pounds, and acheck
of Figure 6-12 on Page 6-16 showsthat the CG at station
298.0isalsowithinlimits.

3. Determine the landing weight and CG. Thisis the zero
fuel weight plus the weight of fuel at landing.

Ham Waight Mamant/100 [ e]
Zaro fusl waight 13,2¢5 38,554
Fuel at tandinng 100 gal Goo 1,977
Landing weight 13,075 41,571 2975

The landing weight of 13,975 pounds is less than the
maximum landing weight, of 14,000 pounds. According
to Figure 6-12, the landing CG at station 297.5 isaso
within limits.






