Chapter 8

Use of Computers for Weight
and Balance Computations

Almost all weight and balance problemsinvolveonly smple
math. This allows slide rules and hand-held electronic
calculatorsto relieve usof much of thetediuminvolved with
these problems. This chapter gives a comparison of the
methods of determining the CG of anairplanewhileitisbeing
weighed. First, determinethe CG using asimple electronic
calculator, then solve the same problem using an E6-B flight
computer. Then, finally, solveit using adedicated el ectronic
flight computer.

Later in this chapter are examples of typical weight and
balance problems (solved with an el ectronic calculator) of the
kind that pilots and AMTs will encounter throughout their
aviation endeavors.

Using an Electronic Calculator to Solve
Weight and Balance Problems

Determining the CG of an airplaneininchesfromthemain-
wheel weighing pointscan bedonewith any smpleelectronic
calculator that has addition (+), subtraction (-),
multiplication (?), and division (+) functions. Scientific
calculators with such additional functions as memory (M),
parentheses (()), plus or minus (+/-), exponential (y¥),
reciprocal (1/?), and percentage (%) functionsallow youto
solve more complex problems or to solve simple problems
using fewer steps.

Thechartin Figure 8-1includesdataontheairplaneusedin
thisexample problem.

Waighing Poimt Yaight (Ibs) Arm {in}
Right side 830 0
Leh side H36 0
Mose 340 -3
|otal 2,008

Figure 8-1. Weight and balance data of a typical nose
wheel airplane.

According to Figure 8-1, theweight of thenosewheel (F) is
340 pounds, the distance between main wheels and nose
wheel (L) is—78 inches, and the total weight (W) of the
airplane is 2,006 pounds. (L is negative because the nose
wheel isahead of the main wheels.)

To determinethe CG, usethisformula

CG=?

_ 340%-78
= 2,006

Key the data into the calculator as shown in red, and when
theequd (=) key ispressed, theanswer (shown herein blue)
will appear.

(340)(?)(78)(+/-)(+)(2006)(=) -13.2

Thearm of thenosewheel isnegative, sothe CGis—13.2, or
13.2 inches ahead of the main-wheel weighing points.

Using an E6-B Flight Computer to Solve
Weight and Balance Problems

TheE6-B usesaspecia kind of diderule. Instead of itsscales
going from 1to 10, asonanormal sliderule, both scalesgo
from 10 to 100. The E6-B cannot be used for addition or
subtraction, but it isuseful for making calculationsinvolving
multiplication and division. Itsaccuracy islimited, butitis
sufficiently accurate for most weight and balance problems.

Positive/Negative Key

The (+/-) key changes the number just keyed in from a positive to a
negative number.



The same problem that was just solved with the electronic
calculator can be solved on an E6-B by following these steps:
FxL
CG= W
_ 340x-T78
T 2,006

Firgt, multiply 340 by 78 (disregard the—sign): [Figure 8-2g]
¢ Place 10 ontheinner scale (thisistheindex) opposite34

ontheouter scale (thisrepresents 340) (Step 1).

* Opposite 78 ontheinner scale, read 26.5 ontheouter scale
(Step2).

« Determinethevalue of thesedigitsby estimating:
300 ? 80 = 24,000, so 3407 78 = 26,500.

Then, divide 26,500 by 2,006: [Figure 8-2b]

e On theinner scale, place 20, which represents 2,006,
opposite 26.5 ontheouter scale. (26.5 represents 26,500)

(Step 3).

» Oppositetheindex, 10, ontheinner scale, read 13.2 on
theouter scale (Step 4).

» Determinethevalueof 13.2 by estimating: 20,000+ 2000
=10, s026,500+ 2,006 = 13.2.

* Thearm (-78) isnegative, sothe CG isalso negative.

The CGis—13.2 inches, or 13.2 inches ahead of the datum.
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Figure 8-2a. E6-B computer set up to multiply 340 by 78.
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Figure 8-2b. E6-B computer set up to divide 26,500 by 2,006.



Using a Dedicated Electronic
Flight Computer to Solve Weight
and Balance Problems

Dedicated electronic flight computerslikethe onein Figure
8-3 are programmed to solve many flight problems, such as
wind correction, heading and ground speed, endurance, and
trueairspeed (TAS), aswell asweight and balance problems.
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Figure 8-3. Dedicated electronic flight computers are
programmed to solve weight and balance problems as well as

flight problems.

The problem just solved with an electronic calculator and
an E6-B can al so be solved with adedicated flight computer
using the information in Figure 8-1.

Each flight computer handles the problems in slightly
different ways, but al are programmed with prompts that
solicit you to input the required data so you do not need to
memorize any formulas. Weights and arms are input as
called for, and a running total of the weight, moment, and
CG are displayed.

Typical Weight and Balance Problems

A hand-held electronic calculator like the one in Figure
8-4 isavaluabletool for solving weight and balance prob-
lems. It can be used for avariety of problemsand hasahigh
degree of accuracy. The examplesgiven hereare solved with
a calculator using only the (?), (=), (+), (-), and (+/-)
functions. If other functionsareavailable onyour calculator,
some of the steps may be simplified.

Figure 8-4. Atypical electronic calculator is useful for solving
most types of weight and balance problems.

Determining CG in Inches From the Datum

This type of problem is solved by first determining the
location of the CG ininchesfrom the main-wheel weighing
points, then measuring thislocationininchesfrom the datum.
There are four types of problemsinvolving the location of
the CG relative to the datum.



Nose Wheel Airplane with Datum
Ahead of the Main Wheels

The datum (D) is 128 inches ahead of the main-wheel
weighing points, the weight of the nose whedl (F) is 340
pounds, and the distance between main wheels and nose
whed (L) is78inches. Thetota weight (W) of theairplane
is$2,006 pounds. Refer to Figure 3-5 on Page 3-5.

Usethisformula
co=p- (23

1. Determinethe CGininchesfromthe mainwheels:
(340)(?)(78)(=)(2006)(=) 132

2. Determinethe CG ininchesfrom the datum:
(128)(9)(13.2)(=) 114.8

The CG is 114.8 inches behind the datum.

Nose Whed! Airplane with Datum
Behind the Main Wheels

Thedatum (D) is 75 inches behind the main-wheel weighing
points, the weight of the nose wheel (F) is 340 pounds, and
the distance between main wheels and nose wheel (L) is78
inches. Thetotal weight (W) of theairplaneis 2,006 pounds.
Refer to Figure 3-6 on Page 3-6.

Usethisformula:
s r xL)
CG= (D + W

1. Determinethe CG in inches from the main wheels:
(340)(?)(78)(+)(2006)(=) 13.2

2. Determinethe CG ininchesfrom the datum:
(75)(+)(13.2)(=) 88.2

Theminussign beforethe parenthesisin theformulameans

the answer is negative. The CG is 88.2 inches ahead of the
datum (-88.2).

Tail Whed Airplane with Datum
Ahead of the Main Wheels

The datum (D) is 7.5 inches ahead of the main-wheel
weighing points, theweight of thetail whed (R) is67 pounds,
and the distance between main wheels and tail wheel (L) is
222 inches. The total weight (W) of the airplaneis 1,218
pounds. Refer to Figure 3-7 on Page 3-6.

Usethisformula
CG=D+ (R—;‘,L)

1. Determinethe CG ininchesfromthe main wheels:
(67)(?)(222)(9)(1218)(=) 12.2

2. Determinethe CG ininchesfrom the datum:
(75)(+)(12.2)(=) 19.7

The CG is 19.7 inches behind the datum.

Tail Wheel Airplane with Datum
Behind the Main Wheels

Thedatum (D) is80inches behind the main-wheel weighing
points, theweight of thetail whedl (R) is67 pounds, and the
distance between main wheels and tail wheel (L) is 222
inches. Thetota weight (W) of theairplaneis 1,218 pounds.
Refer to Figure 3-8 on Page 3-7.

Usethisformula:

o LL)
G = D+(RW

1. Determine the CG in inches from the main wheels:
(67)(?)(222)(9)(1218)(=) 12.2

2. Determinethe CG ininchesfrom the datum:
(80)(+/-)(+)(12.2)(=)—67.8

The CGis67.8 inches ahead of the datum.



Weighing Paint Weight (Ibs) Arm (iR} Mament {Ib-in) CG
Right side 230 1258 106,240
Left side azs 128 107 008
MNose 340 =0 17,000
Total 2.008 230,245 114 .8

Figure 8-5. Specificationsfor determining the CG of an airplane using weightsand arms.

Determining CG, Given Weights and Arms

Some weight and balance problems involve weights and
arms to determine the moments. Divide the total moment
by thetotal weight to determinethe CG. Figure 8-5 contains
the specificationsfor determining the CG using weightsand
ams.

Determine the CG by using the data in Figure 8-5 and
following these steps:

1. Determinethetotal weight and record thisnumber:
(830)(+)(836)(+)(340)(=) 2006

2. Determinethe moment of each weighing point and record
them:

(830)(?)(128)(=) 106240
(836)(?)(128)(=) 107008
(340)(?)(50)(=) 17000

3. Determine the total moment and divide this by the
total weight:

(106240)(+)(107008)(+)(17000)(=)(+)(2006)(=) 114.8

Thisairplaneweighs 2,006 poundsandits CGis114.8 inches
from the datum.

Determining CG, Given Weights
and Moment Indexes

Other weight and balance problems involve weights and
moment indexes, such asmoment/100, or moment/1,000. To

determine the CG, add al the weights and all the moment
indexes. Then divide the total moment index by the total

weight and multiply theanswer by thereduction factor. Figure
8-6 containsthe specificationsfor determining the CG using
weights and moment indexes.

Determine the CG by using the data in Figure 8-6 and
following these steps:

1. Determinethetota weight and record this number:
(830)(+)(836)(+)(340)(=) 2006

2. Determinethetotal moment index, dividethisby thetotal
weight, and multiply it by the reduction factor of 100:

(1,062.4)(+)(1,070.1)(+)(170)(=)(2302.5)(+)(2006)(=)
(1.148)(?)(100)(=) 114.8

Thisairplaneweighs 2,006 poundsand itsCGis114.8 inches
from the datum.

Weighing Point | Weight {(lbs} | Moment/100 GG
Right side B3C 1.062.4
Left side BIE 1.070.1
Nose 340 170
Total 2,008 24025 1148

Figure 8-6. Specificationsfor determining the CG of an
airplane using weights and moment indexes.



Determining CG in Percent of
Mean Aerodynamic Chord

¢ Theloaded CGis42.47 inches aft of the datum.
« MACis6l.6incheslong.
« LEMACisat station 20.1.

1. Determinethe distance between the CG and LEMAC:
(42.47)(-)(20.1)(=) 22.37
2. Then, use this formula

Ddstance aft of LEMAC x 100
MAC

(22.37)(?)(100)(+)(61.6)(=) 36.3

Chiin % MAC =

The CG of thisairplane is located at 36.3% of the mean
aerodynamic chord.

Determining Lateral CG of a Helicopter

It is often necessary when working weight and balance of
ahelicopter to determine not only the longitudinal CG, but
the latera CG aswell. Lateral CG is measured from butt
linezero (BL 0). All itemsand momentsto theleft of BL O
are negative, and those to the right of BL O are positive.
Figure 8-7 contains the specifications for determining the
lateral CG of atypical helicopter.

Determinethelateral CG by using thedatain Figure8-7 and
following these steps:

1. Add al of the weights:

(1545)(+)(170)(+)(200)(+)(288)(=) 2203

2. Multiply the lateral arm (the distance between butt line
zero and the CG of each item) by its weight to get the
lateral offset moment of each item. Momentsto theright
of BL 0 are positive and those to the | eft are negative.

(1545)(?)(.2)(=) 309
(170)(?)(13.5)(+/-)(=) —2295
(200)(?)(13.5)(=) 2700
(288)(?)(84)(+/-)(=) —2419

3. Determinethe a gebraic sum of thelateral offset moments.
(309)(+)(2295)(+/-)(+)(2700)(+)(2419)(+/)(=) -1705

4. Divide the sum of the moments by the total weight to
determinethelateral CG.

(1705)(+/-)(+)(2203)(=)-0.77
Thelateral CGis0.77 inch to theleft of butt line zero.

Determining ?CG Caused by Shifting Weights
Fifty pounds of baggage is shifted from the aft baggage
compartment at station 246 to the forward compartment at
station 118. Thetotal airplaneweight is4,709 pounds. How
much doesthe CG shift?

1. Determinethe number of inchesthe baggageis shifted:
(246)(-)(118)(=) 128

2. Usethisformula:
. ‘Weight shifted % Distance weight is shified
Total weight

(50)(?)(128)(+)(4709)(=) 1.36

ACG

The CG is shifted forward 1.36 inches.

ltarmn Weight Lateral Arm Lateral Gffset Moment Lateral GG
Hslizopter empty weaight 1.545 +0.2 ans
Filot 170 -13.5 2 aohR
Passenger 200 +13.5 2 700
Fuel 48 gal 288 5.4 2413
Total 2.203 -1,705% —0.77

Figure 8-7. Specificationsfor determining thelateral CG of a helicopter.




Determining Weight Shifted to
Cause Specified ?CG

How much weight must be shifted from the aft baggage
compartment at station 246 to the forward compartment at
station 118, to move the CG forward 2 inches? The total
weight of the airplaneis 4,709 pounds.

1. Determinethe number of inchesthe baggage is shifted:

o ACG X Tofal weight
Weight shifted = 1y nce weight is shificd

(246)(-)(118)(=) 128

2. Usethisformula
(2)(?)(4709)(+)(128)(=) 73.6

Moving 73.6 poundsof baggagefrom the aft compartment to
theforward compartment will shift the CG forward 2inches.

Determining Distance Weight is Shifted
to Move CG a Specific Distance

How many inches aft will a 56-pound battery have to be
moved to shift the CG aft by 1.5 inches? Thetotal weight of
theairplaneis 4,026 pounds.

Usethisformula:

Distance weight is shifted = ACG x Total weight

Weight shificd

(L5)(772222272)(56)(=) 107.8

Moving the battery aft by 107.8 incheswill shift the CG aft
1.5inches.

Determining Total Weight of an
Aircraft That Will Have a Specified
?CG When Cargo is Moved

What isthetotal weight of an airplaneif moving 500 pounds
of cargo 96 inchesforward shiftsthe CG 2.0 inches?

Usethisformula:
Weight shifted x Dist. weight is shifted
ACG

Total weight =
(500)(?722272%)(2)(=) 24000

Moving 500 pounds of cargo 96 inchesforward will causea
2.0-inch shiftin CG of a24,000-pound airplane.

Determining Amount of Ballast Needed
to Move CG to a Desired Location

How much ballast must be mounted at station 228 to move
the CG to its forward limit of +33? The airplane weighs
1,876 poundsand the CG isat +32.2, adistance of 0.8 inch
out of limit.

Usethisformula:

Ballast _ Aircraft empty weight x Dist. out of limits
woight = Distance ballast to desired CG

(1876)(7)(8)(=)(195)(=) 7.7

Attaching 7.7 poundsof ballast to the bulkhead at station 228
will movethe CG to +33.0.






