Chapter 4

General Aviation Aircraft Operational
Weight and Balance Computations

Weight and balance data allows the pilot to determine the
|oaded weight of the aircraft and determine whether or not
the loaded CG iswithin the allowable range for the weight.
See Figure4-1for an exampleof thedatanecessary for these
calculations.

Allplane basic empty weight  1,874.0 lbs, EWCG +38.1

&G range {+40.9) to (+46.0) at 3,100 lbe
{+32.0) to (+46.0) at 2,250 b
or |e3s

atralght ine varlation betwaen

peirts given

Determining the Loaded Weight and CG

Animportant part of preflight planning isto determine that
theaircraft isloaded soitsweight and CG location arewithin
the allowable limits. [Figure 4-2] There are two ways of
doing this: by the computational method using weights,
arms, and moments; and by the loading graph method,
using weight and moment indexes.
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Figure 4-1. Weight and balance data needed to determine
proper loading of a 14 CFR, Part 23 airplane.
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Figure 4-2. Airplane loading diagram.

Computational Method

Thecomputational method usesweights, arms, and moments
and relates the total weight and CG location to a CG limits
chart similar to those included in the TCDS and the POH/
AFM.

A worksheet such astheonein Figure 4-3 provides spacefor
al of the pertinent weight and balance data. Dataisincluded
for theairplaneweight, CG, and moment along with thearms
of the seats, fuel, and baggage areas.



Item Weight Armm Mement GG
{3,100 max.) {inches) (IB-in) {infdatum}
Airplane (BEW) 1,874 361 57.661.4
Front seats 37
Rear ceats T4
Fuel (38 gal usatis) 46.6
Baggage A {100 max.} 97
Baggade B (860 may.) 116

Figure 4-3. Blank weight and balance worksheet.

When planning the flight, fill in the blanksin the worksheet
with the specific datafor the flight. [Figure 4-4]

] o TN 1201bs
Front seat Passenger .......cocovvvrerererereeneresesesesessenens 1801bs
Rear Seat PASSENJENS ...ccovvrrereeeeeessssesssssnens 1751bs
FUEl B8 0l ... 5281bs
BagQagE A ... 1001bs
Baggage B 501bs

Determinethemoment of eachitem by multiplying itsweight
by its arm. Then determine the total weight and the sum of
the moments. Dividethetotal moment by thetotal weight to
determinethe CG ininchesfrom the datum. Thetotal weight
13,027 poundsand the CG is43.54 inches aft of thedatum.

To determine that the airplane is properly loaded for this
flight, usethe CG limitsenvelope in Figure 4-5 (whichis
typical of those found in the POH/AFM). Draw aline
vertically upward from the CG of 43.54 inches, and one
horizontally to the right from the loaded weight of 3,027
pounds. Theselines crossinsidethe envel ope, which shows
the airplane is properly loaded for takeoff, but 77 pounds
overweight for landing.

Loading Graph Method

Everything possible is done to make flying safe, and one
expedient method is the use of charts and graphs from the
POH/AFM to simplify and speed up the preflight weight
and balance computations. Some use a loading graph and
moment indexes rather than the arms and moments. These
charts eliminate the need for calculating the moments and
thus make computations quicker and easier. [Figure 4-5]

Item Weight Arm Mament CG
(3.100 max.) {inches) (Ibx=itn} {infdatumy
Airplane (BEWY) 1,674 36.1 67.651.4
Front seals 3a0 37 1o
Rear ceats {75 T4 2. W50
Fuel (38 gal usakie) 52F 46,6 26 924, 8
Baggage A (100 max.) Fa0 a7 & 70
Baggage B (60 max.) 50 116 5§50
3027 (ol 87 . A - i S

Figure 4-4. Completed weight and balance wor ksheet.

Loading graph: A graph of load
weight and load moment indexes.
Diagonal lines for each item relate
the weight to the moment index

without having to use mathematics.

Moment index: A moment that has

been divided by a reduction factor to

obtain a smaller number to make
computations easier and reduce the
likelihood of mathematical errors.

Loading Graph Method

Loading graphs simplify weight and balance computations because
they eliminate the need for multiplication when computing a loaded CG.

CG limits envelope: An enclosed
area on a graph of the airplane
loaded weight and the CG location.
If lines drawn from the weight and
CG cross within this envelope, the
airplane is properly loaded.
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Item Weight Momentf100p
Airplane (BEW) 1,874 Gy
Front seat 300 I8
Fear seal I75 /24
Fugl 52-3' 2
Baggage A o0 4.7
Baggage B Y] 5. ¥
Total 3.027 ALy

Figure 4-7.Loading schedulechart.

Reduction factor: The number, L oading schedule: A chart filled in

usually 100 or 1,000, that is used to by the pilot during preflight planning

divide the moment to get the that lists the weight and moment

moment index. indexes of all occupants, fuel, and
baggage.
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Figure 4-6. Loading graph.
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Determine the load moment for the fuel and the baggagein
areas A and B in the same way and enter them all in the
|oading schedule chart. The maximum fuel ismarked onthe
diagonal line for fuel in terms of gallons and liters. The
maximum is 88 gallons of usablefuel . Thetotal capacity is
92 gallons, but 4 gallons are unusable and have a ready been
included in the empty weight of the aircraft. The weight of
88 gallons of gasolineis 528 pounds and its moment index
is$24.6. The 100 pounds of baggagein area A has amoment
index of 9.7 and the 50 poundsin areaB hasanindex of 5.8.
Enter al of theseweightsand moment indexesin theloading
schedule chart and add all of the weights and moment
indexesto determinethetotals. Transfer these valuesto the
CG moment envelopein Figure4-8.

Theloading schedul e showsthat thetotal weight of theloaded
aircraft is 3,027 pounds, and the loaded airplane moment/
1,000is131.8.

Draw alinevertically upward from 131.8 on the horizontal

index at the bottom of the chart, and ahorizontal line from
3,027 pounds in the left-hand vertical index. These lines
intersect within the dashed areawhich showsthat the aircraft
isloaded properly for takeoff but it istoo heavy for landing.

If the aircraft had to return for landing, it would have to fly
long enough to burn off 77 pounds (slightly less than 13
gallons) of fuel to reduceits weight to the amount allowed
for landing.

Usable fuel (GAMA): Fuel available
for flight planning.

CG moment envelope: An enclosed
area on a graph of the airplane
loaded weight and loaded moment.
If lines drawn from the weight and
loaded moment cross within this
envelope, the airplane is properly
loaded.
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Figure 4-8. CG moment envel ope.
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Multiengine Airplane Weight
and Balance Computations

Weight and balance computations for general aviation
multiengineairplanesaresimilar to those discussedfor single-
engine airplanes. Computations for large airline and cargo
airplanes are discussed in Chapter 6. See Figure 4-9 for an
exampleof weight and balance datafor atypical twin-engine

general aviation airplane.

The airplane in this example was weighed to determine its
basi c empty weight and EWCG. Theweighing conditionsand
resultsare:

Fuel drained —

Oil full —

Right wheel scales— 1,084 |bs, tare 8 1bs
Left wheel scales— 1,148 |bs, tare81bs
Nosewheel scales— 1,202 |bs, tare 14 |bs

g:talﬂn—Fomard fara of fuselage bulkhaad ahead of ruddar pacdals Determini ng the Loaded CG
Z at ;;-g Beginningwiththebas cempty weight and EWCGandusinga
a1 75, - :
1 al 113 0—Weight imil 200 Ibs chart sgch astheoneinFi gu_re4all,.theloajed weightandCG
Fual of theaircraft can bedetermined. [Figure4-10]
213.4 gal (2 wing tanks, 103.0 gal sach 103.0 gal usakie at +61.0)
OIIU""”"'"““E el =6 A he Theaircraft isloaded as shown here:
24 quarts {12 quarts in sach engine)— -3.4
Baggage Fuel (140 0al) ..o 8401bs
Forward 1006 imit— 16
ARl L (0] = 3201bs
CC Range ROW 2 SBELS ... 3101bs
{+38) to (+48.1} at 5,200 e Fwd. baggage ......oovvevevverrrrssrs s 1001bs
{+43.6) at 4,500 Ibs Aft e e be et 90lbs
{+32) o (+43.8) &t 4,300 1bs or lass baggag
Straight line variation between painta given
Engines (2} 240 horsepower horizontelly oppezed engines
Fusl burn==24 gph far 5% Ccruise at 175 knot
29 gph for 75% cruise at 180 knat
Figure 4-9. Typical weight and balance data for a twin-engine
general aviationairplane.
Datum CG limits
1004 S 4?|"S 3rd seat
brewy gewge Eront 2md or baggage
-15 seats Fusl  saats limit 2004
437 +1 475 113
I | !
£ a'f? ﬂ; |'|l
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— i ! g_"'“-- !
g ! . [
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EWCG o |
35,28 |
» 201 - MAC =581.6

Figure 4-10. Twin-engine airplane weight and balance diagram.



The Chart Method Using Weight, Arm,
and Moments

Make a chart showing the weights, arms, and moments of
the airplane and its load.

Item Weight Arm Memeant [ r]
pounds (inches) | {lB-in}
(5,204 max.)
Alreraft 3,404 AR 120,053
Fual 1140 gal) 540 €1.0 51.240
Front seat 320 370 11,840
Row 2 seats 310 5.0 23.250
Fwd, baggage 100 15 —1,500
Alt baggags &0 113 10,170
Total 5,064 215083 42 47

Figure 4-11. Determining the loaded center of gravity of the
airplanein Figure4-10.

The loaded weight for this flight is 5,064 pounds, and the
CGislocated at 42.47 inches aft of the datum.

Todeterminethat theweight and CG arewithinthea lowable
range, refer tothe CG range chart of Figure4-12. Draw aline
vertically upward from 42.47 inchesfrom thedatum and one
horizontally from 5,064 pounds. Theselinescrossinsidethe
envelope, showing that the airplaneis properly loaded.
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Figure 4-12. Center of gravity range chart.
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Determining the CG in Percent of MAC
Refer again to Figures 4-10 and 4-11.

Theloaded CG is42.47 inches aft of the datum.
TheMACis61.6 incheslong.

TheLEMAC islocated at station 20.1.
TheCGis42.47 —20.1=22.37 inchesaft of LEMAC.
Usethisformula:

{0 in inches trom LEMAC = 100
MAL

COm % MAC =

_ 2237 %100
T 66

36.3% MAC

Theloaded CGislocated at 36.3% of the mean aerodynamic
chord.

The Chart Method Using Weight
and Moment Indexes

As mentioned in the previous chapter, anything that can be
doneto make careful preflight planning easier makesflying
safer. Many manufacturers furnish chartsin the POH/AFM
that use weight and moment indexesrather than weight, arm,
and moments. They further help reduce errors by including
tables of moment indexesfor thevariousweights.

Consider theloading for this particul ar flight:

Cruisefuel flow = 16 gallons per hour
Estimated timeen route= 2 hours 10 minutes
Reservefuel =45 minutes= 12 gallons

Total required fuel =47 gallons

Thepilot completesachart liketheonein Figure4-13 using
moment indexesfromthetablesin Figures4-14 through 4-16.



Weight and Balance Loading Form
Mode Date
Serial Mumber Reg. Number
Itam Pounds Index
(3,900 max.) Moment/100

Airplane basic empty weight 2825 2 864
Front seat occupants 320 23
Row 2 seats 2P0 22,
Baggage (200# max.) &0 150
Sub Total

Zero fuel condition {3,500 max.} 31325 3.176'-2-'
Fuel loading - gallens 300 430 Bl
Sub Total

Famp condition :2, F05 43‘21{5

*Less fuel for start, taxi, and takeoft ~ 24 Y fah
Sub Total

Takeoff condition 34’1'73‘-'! ‘9":3/0
Less !uel 1o de?.i_ination — gallons 35 "',2/0 S2H &
Landing condition 3 5-71' #; 0@4
* Fuel far start, taxi, and takeoff is normally 24 pounds at a moment index of 14.

Figure 4-13. Typical weight and balance loading form.

The moments/100 in the index column are found in the
chartsin Figures 4-14 through 4-16. If the exact weight is
not in the chart, inter polate between the weights that are
included. When aweight is greater than any of those shown
in the charts, add the moment indexes for a combination of
weightsto get that which isdesired. For example, to get the
moments/100 for the 320 poundsin the front seat, add the
moment indexesfor 100 pounds (105) to that for 220 pounds
(231). This givesthe moment index of 336 for 320 pounds
in the front seat.

Usethemoment limitsvs. weight envelopein Figure4-17
on Page 4-10 to determine if the weight and balance con-
ditionswill be within allowable limits for both takeoff and
landing at the destination.

Interpolate: To determine a value in
a series between two known values.

Moment limits vs. weight envelope:
An enclosed area on a graph of three
parameters. The diagona line
representing the moment/100 crosses
the horizontal line representing the
weight at the vertical line represent-
ing the CG location in inches aft

of the datum. When the lines cross
inside the envelope, the aircraft

is loaded within its weight and

CG limits.

Takeoff — 3,781 Ibsand 4,310 moment/100
Landing— 3,571 Ibsand 4,064 moment/100

L ocatethe moment/100 diagonal linefor 4,310 and follow it
down until it crosses the horizontal line for 3,781 pounds.
Theselinescrossinsidetheenvel opeat thevertical linefor a
CG location of 114 inchesaft of the datum.

Themaximum allowabl e takeoff weight is 3,900 pounds, and
thisairplaneweighs 3,781 pounds. The CG limitsfor 3,781
poundsare109.8t0117.5. The CG of 114 inchesfalswithin
thesealowablelimits.



Qeoupants Moments/ 100

Baggage Mementsi100

Weight Front szats Rew 2 seats
Arm +105 Arm +142
100 105 142
110 116 136
120 126 170
130 137 185
140 147 159
150 158 213
160 168 227
170 179 241
180 123 256
1890 200 270
200 21a 224
210 =4 =208
220 21 M2
230 242 327
240 2e2 341
250 263 335

Figure 4-14. Weight and moment index for occupants.

Weight Arm 167
1G 17
20 33
30 S0
A6 &7
S0 841
&0 100
70 117
a0 134
o0 150

1080 167
110 184
120 200
130 Ea i
140 234
150 281
180 257
170 284
180 am
180 17
200 324

Figure 4-15. Weight and moment index for baggage.

Usable Fuel — Arm +117

Gallons Pounds Moment/100

10 60 70

20 120 140

S0 180 211

40 240 281

=l 200 =261

Interpolation 50 a8q 421
Determine the weight and moment index of 55 gallons of fuel

70 420 451

Gallens Pounds Moement/100 80 450 bH2

50 200 el ad 540 532

BO 280 421 100 500 702

55 is 50% of the way between 50 and 60. The weight and moment
index of 55 gallons is 50% of the difference between the weights and
moment indexes for 50 gallons and 60 gallons.

Weight

360 — 300 = 60.
50% of 60 = 30.
300 + 30 = 330.

Moment index
421 - 351 =70

50% of 70 = 35.

351 + 35 =386

Figure 4-16. Weight and moment index for fuel.



Moment Limits vs. Weight
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Figure 4-17. Moment limitsvs. weight envel ope.



