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.~ WHY IT'S IMPORTANT
/o0 (0)
0O
® Critical to flight safety
®* Operating above the maximum
weight limits compromises structural
W integrity and affects performance
O
®* Operation with the Center of
e

Gravity outside of approved limits

can be very dangerous, adversely

O
O affecting flight performance and
} /ﬁ capabilities
l v
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y Lift < weight Fwd limit |<—2-] Aft limit
m Thrust > drag ; Datum

Tail-down force
(Tail lift)

Weight

POSITIVE ARM

/

ARM (MOMENT ARM) MOMENT

The point about which an aircraft would
balance if it were possible to suspend it at
that point (think pendulum). It may be
expressed in inches from the reference

datum or in percent of MAC.

Horizontal distance in inches from the
reference datum line to the CG of an item.
The algebraic sign is plus (+) if measured
aft of the datum and minus (-) if measured

forward of the datum.

The product of the weight of an item

multiplied by its arm. Moments are

expressed in pound-inches (in-1b). Total @)
moment is the weight of the airplane

multiplied by the distance between the

datum and the CG.



MAXIMU
WEIGHT

The maximum allowable weight fol

takeoff per manufacturer limitations
(POH).

ave at landing

MAXIMUM RAMP WEIGHT

The total weight of a loaded aircraft

including all fuel. It is greater than the
takeoff weight due to the fuel that will be
burned during the taxi and run-up
operations. Ramp weight may also be

referred to as taxi weight.
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REFERENCE DATUM

A vertical plane or line from which all measurements of
arm are taken. The datum is established by the
manufacturer. Once the datum has been selected, all
moment arms and the location of CG range are
measured from this point.

The datum point represents the O point. Everything is
measured away from this point. Positive numbers for
being aft (behind) the O point and negative numbers for
being forward (in front of) the O point.

It is important to note that the CG and reference datum
are not the same thing. The reference datum provides a
fixed reference point for measurements, the center of
gravity is a dynamic (moving) point that can change
depending on the distribution of weight within the
aircraft.
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Fwd of Datum
NEGATIVE ARM

C of G limits
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Aft of Datum
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DYNAMIC
DELTA
a Greek letter ex
to indicate a change of va i ": to the trailing edge of the wing.

e ge distance from the leading

example, A indicates a change (o

movement) of the CG.




e(s),
and optional
e
tandardization.

MONM RD EMPTY WEIGHT

a moment divided by a co yht that consists of the airframe, engines, and all items
10,000. The purpose of using a erating equipment that have fixed locations and are

weight and balance computations of airc permanently installed in the aircraft, including fixed ballast,

items and long arms result in large, unmanageable nu s hydraulic fluid, unusable fuel, and full engine oil.

GAMA - General Aviation Manufacturers Association. GAMA does not provide a specific certification for aircraft or equipment. However, they play
() a role in establishing industry standards and guidelines through their member companies and collaborate with regulatory authorities such as the
Federal Aviation Administration (FAA) in the United States and the European Union Aviation Safety Agency (EASA) in Europe.







” FULCRUM: A BALANCING ACT ON THE AIRPLANE

Moment = 700 in-lb

(+) Arm 70"
in-lb. in-lb
b

Wt x Arm = Moment 100 x 25 =2,500 Sta 0 Sta 70
(Ib) x (in) = (in-Ib) 50 x 50 =2,500

Towl'=5,000 » Figure 10-2. Weight and balance.

Moment (Ib-inch) = Weight (Ib) x Arm (inch)

Moment Total
Center of (Ib-inch)

Gravity -
(inch) Welg(lilé)Total




"FORWARD CG

\\
A forward CG means the center of gravity is located closer to the aircraft's nose or forward of the reference
datum
\ ®
Stability:
/
o O . More longitudinally stable
@) ®* More controllable in a stall

® increases the aircraft's natural tendency to return to its trimmed or equilibrium state after a disturbance, such
as a pitch-up or pitch-down motion

® The farther forward the CG moves from the center of lift, the greater the tail down force needs to become but
the elevator becomes less effective. The farther forward the CG moves the more leverage there is on the nose
compared to the tail and thus more AoA is needed and tail down force is needed to maintain level flight.

W Control Forces:
) ® Requires less control force to maintain the desired attitude or maneuver the aircraft.
Effects on Performance:

O .

Lower cruise speed — pulling the nose up to level flight requires a higher AoA to counteract the higher
downward force by the tail

® More induced drag

Operohonal Considerations:

* Generally considered safer and is often within the normal operating range.

* qu not be able to hold nose up at slow speeds / during landing / during takeoff




"AFT CG 4

0) An aft CG refers to the center of gravity being positioned closer to the
aircraft's tail or behind the reference datum

\] @) Stability:

0 0O * “Lighter” and therefore faster than a plane with a forward CG

Bz -
0 * Lower AOA required to maintain altitude (lower stall speed) CG Insufficient elevator
; Nose-down force

.
N

® Less stable longitudinally. It reduces the aircraft's natural tendency to
return to its trimmed state, making it more susceptible to pitch oscillations
and potential loss of control = lower stall speed

Control Forces:
CG too far aft

/

® |f it is too near the center of lift; the airplane is unstable and difficult to
recover from a stall. Shorter arm from the CG to the elevator

D

® Necessitates more control force to maintain the desired attitude or Figure 1-2. [ the CG is too far aft at the low stall airspeed, there

~ maneuver the aircraft. The elevators have reduced effectiveness, requiring might not be enough elevator nose-down authority to get the nose
more effort to control pitch movements. down for recovery.

Effects on Aircraft Performance:

® reduces stability and may result in reduced controllability, especially
during certain phases of flight. It can also lead to a higher risk of stall or O
I spin conditions, particularly during low-speed flight

Operational Considerations:
'S

/ ® Better cruise performance — less tail downforce = less drag 0O

® LJ° Lo .. e o |
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CESSNA SECTION 6

LETS WORK THROUGH ONE: C172S e T

\ ~ LOADING ARRANGEMENTS

* Pilot or passenger center of gravity on adjustable seats
Y positioned for average occupant. Numbers in
(@) parentheses indicate forward and aft limits of occupant
center of gravity range.

M\ GIVEN: LeTS find OUI‘ Arms for * » Arm measured to the center of the areas shown.

NOTES: 1. The usable fuel C.G. arm for mtegral tanks is located
Th d .ff 1_ 1_ 1_. %tlstauon 48.0. ‘sraﬁ
o 2. The rear cabin wall (approximat on 108) or
Pi |O1’ 2 OO I bS e : e re n S q I O n S aft baggage wall (approximaté sg\auon 142) can
be used as convenient interior reference points
for determining the Iocatl@ of baggage area
fuselage stations. \)

1 Passenger 215lbs

STATION

(CG. Anm) ‘*

Rear Passenger 20lbs (Baggage at this location)

-/

D,

Full tanks: Max Fuel load 53gal. (However 56 gallons total but 3 are not
usable, and are included in the basic empty weight (total 28 /ea tank, 1.5ea

O tank is unusable)
) : A
* Don't forget to convert gallons of fuel into pounds: 53 * 6 = 318 lbs
() : 0585X1016
d SfCII’T Up ond TCIXI Fuel: 1 gCI” = 6|bS Figure 6-3. Loading Arrangements
') July 8/98

I ® Flying about 2.5hrs

thsic Empty Weight for this example will be in the sample POH and is
1642lbs @ 62.6 (lb-in/1000) moment I



0

N~ LET'S FIND OUR BASIC EMPTY WEIGHT ARM

/

v/

A )

WE KNOW WEIGHT X ARM = MOMENT.
HOWEVER, WE HAVE THE WEIGHT AND
MOMENT. SO, LETS SOLVE FOR THE ARM:

® Our Equation looks like this: 1642 * X = 62.6 (Ib-in/1000)
®* X=arm

First let's solve the moment first. The way it is written is known as the load index. When
we see these in our POH, it doesn’t mathematically make sense. But to solve is simple. We

0 multiply the number 62.6 by 1000 to get 62,600.

* Rewrite the equation: 1642 * X = 62,600

* Now let's solve for X. To do this we need to put X on its own side. There are many ways
to do this, so lets just keep it simple. We divide. So our equation would now look like this:

~ 62,600 /1642 =X

Now divide and you get 38.124238..... Now we simplify = 38.12

Our Arm is 38.12 for our basic empty weight. Let's put this weight & balance in our

,tqble.

/To check to see if we got it right, we can work the equation the first way we intended by
putting 38.12 in place of X. We should get about the same number: 62,593.04.

SECTION 6 CESSNA
WEIGHT & BALANCE / EQUIPMENT LIST MODEL 1728

WEIGHT AND MOMENT
TABULATION
SAMPLE YOUR
ITEM DESCRIPTION AIRPLANE AIRPLANE

Moment
(Lb-ins.

1. Basic Empty Weight (Use
the data pertaining to
your airplane as it is
presently equipped.
Includes unusable fuel
and full oil)



(@) 0)
)
N~ NOW LETS ADD WHAT WE KNOW
)

/A N Weight and Balance
I G IVEN: Weight (Ibs) Arm - CG (in) Moment (1bs-in)

¢ Pilot 200lbs ' i Lo 58310

415 37
® 1 Passenger 215lbs
20 73

¢ Rear Passenger 20lbs (Baggage at this location) Baggage Area | i o

\ ® Full tanks: Max Fuel load 53gal. (However, 56 gallons total but 3 are not Baggage Area 2 0
usable and are included in the basic empty weight (total 28 /ea tank, 1.5ea Zero Fuel Weight
@) tank is unusable)
~ * Don'’t forget to convert gallons of fuel into pounds: 53 * 6 = 318 Ilbs
~ ¢ Start Up and Taxi Fuel: 1 gall = 6lbs ~
Fuel Start, Taxi, and Run Up
~ ® Flying about 2.5hrs = 25gallons = 150lbs
Take Off Weight
® Basic Empty Weight for this example will be in the sample POH and is U @)

M 1642lbs @ 62.6 (Ib-in/1000) moment

Estimated Landing Weight

®)

/ )



)
\r\
A ()
)

)
O
)

O

)

)

°IS OUR CG & WEIGHT WITHIN LIMITATIONS? ¥
WHAT CATEGORY ARE WE IN¢ B e i 1o

AIRPLANE C.G. LOCATION - MILLMETERS AFT OF DATUM (STA. 0.0)
875 925 975 1026 107! 1125 175 1225
0

®* Ramp Weight & CG zlrlelele]

®* Moment: 94,679

CESSNA SECTION 6
MODEL 1728 WEIGHT & BALANCE / EQUIPMENT LIST

LOADED AIRPLANE MOMENT/1000 (KILOGRAM - MILLIMETERS)
0 1 100 1200 1 1

g
i'_§

* CG: 39.53

E &
vy

] Ném‘ll 4  bind
TCATEGORY =7/ uTILITY i
fehishistid CATEGORY

* Weight: 2,395

.
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* Takeoff Weight & CG

®* Moment: 94,391
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35 36 37 38 39 4D 41 42 43 44 45 46 47 48
AIRPLANE C.G. LOCATION - INCHES AFT OF DATUM (STA. 0.0)

* CG: 39.5

0585C1008
Figure 6-8. Center of Gravity Limits

[ J H
el t:
4 L 70 80 % 100 1o
LOADED AIRPLANE MOMENT/1600 POUND - INCHES)

May 30/00

¢ Lq n d i n g We i g h1- & C G Figure 6-7. Center of Gravity Moment Envelope e

July 8/98

® Moment: 87,191

/ * CG: 38.94 Yes & Norml

O
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~WHY IS KNOWING OUR CATEGORY IMPORTANT?

Maneuver limitations due to overstressing the

airplane

MANEUVER LIMITS
NORMAL CATEGORY

This airplane is certificated in both the,
category. The normal category is applicable 1o,
non aerobatic operations. These include aéy maneuvers incidental
to normal flying, stalls (except whip staﬂs) ‘lazy eights, chandelles,
and turns in which the angle of bank is naf'more than 60°.

NORMAL CATEGORY MANEUV\ERS"AND RECOMMENDED EN-
TRY SPEED*

Chandelles 105 Knots
Lazy Eights 105 Knots
Steep Turns . 95 Knots
Stalls (Except Whnp,Stalls) Slow Deceleration

* Abrupt use of the controls is prohibited above 105 KIAS.

UTILITY CATEGORY

This airplane is not designed for purely aerobatic flight. However,
in the acquisition of various certificates such as commercial pilot
and flight instructor, certain maneuvers are required by the FAA. All
of these maneuvers are permitted in this airplane when operated in
the utility category.

In the utility category, the rear seat must not be occupied and the
baggage compartment must be empty .

UTILITY CATEGORY MANEUVERS AND RECOHMENDED ENTRY
SPEED* r\\
\,

Chandelles 105 Knots
Lazy Eights 105 Knots
Steep Turns 95 Knots
Spins Slow Deceleration
Stalls (Except Whip Stalls) Slow Deceleration

* Abrupt use of the controls is prohibited above 98 knots.

Aerobatics that, mdy impose high loads should not be attempted.
The important tmng to bear in mind in flight maneuvers is that the
airplane is clean’ in aerodynamic design and will build up speed
quickly with the nose down. Proper speed control is an essential re-
quirement for execution of any maneuver, and care should always
be exercised to avoid excessive speed which in turn can impose ex-
cessive loads. In the execution of all maneuvers, avoid abrupt use
of controls.
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AIRCRAFT CATEGORIES

Normal: -1.52 to 3.8 Gs
Utility: -1.76 to 4.4 Gs
Acrobatic: -3.0 to 6.0 Gs

SECTION 2 CESSNA
LIMITATIONS MODEL 1728

UTILITY CATEGORY

Center of Gravity Range:

Forward: 35.0 inches aft of datum at 1950 Ibs. or less, with
straight line variation to 37.5 inches aft of datum at
2200 Ibs.

Aft: 40.5 inches aft of datum at all weights.

Reference Datum: Lower portion of front face of firewall.

CESSNA SECTION 2
MODEL 1728 LIMITATIONS

WEIGHT LIMITS

NORMAL CATEGORY

Maximum Ramp Weight: 2558 Ibs.

Maximum Takeoff Weight: 2550 Ibs.

Maximum Landing Weight: 2550 Ibs.

Maximum Weight in Baggage Compartment:
Baggage Area 1 - Station 82 to 108: 120 Ibs.
Baggage Area 2 - Station 108 to 142: 50 Ibs.

NOTE

The maximum combined weight capacity for-baggage areas
1 and 2is 120 Ibs.

O
UTILITY CATEGORY

Maximum Ramp Weight: 2208 Ibs.

Maximum Takeoff Weight: 2200 Ibs:

Maximum Landing Weight: 2200 Ibs

Maximum Weight in Baggage Compartment: In the utility category,
the baggage compartment. must be empty and rear seat must not be
occupied.

CENTER OF GRAVITY LIMITS
NORMAL CATééOhY

Center ofv.gr;w"/'i'ty Range:

Forward: 35.0 inches aft of datum at 1950 Ibs. or less, with
straight line variation to 41.0 inches aft of datum at
2550 Ibs.

Aft: 47.3 inches aft of datum at all weights.

Reference Datum: Lower portion of front face of firewall.

Jul 8/98
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WEIGHTS & LIMITATIONS

MAXIMUM CER}'!/E[&ATED WEIGHTS

Ramp Weight

Takeoff Weight

Landing Weight

Normal Category:

Utility Category:

Normal Category:

Utility Category:

Normal Category:

Utility Category:

2558 Ibs.
2208 Ibs.

2550 Ibs.
2200 Ibs.

2550 Ibs.
2200 Ibs.

Revision 4

CESSNA SECTION 1
MODEL 1728 GENERAL

Weight in Baggage Compartment, Normal Category:

Baggage Area 1 (Station 82to 108): 120 Ibs. See note below.
Baggage Area 2 (Station 108 to 142): 50 Ibs. See note below.

NOTE
The maximum combined weight capacity for Baggage Area
1 and Baggage Area 2 is 120 Ibs.
Weight in Baggage Compartment, Utility Category

In this category, the rear seat must not be owubied and the
baggage compartment must be empty.

STANDARD AIRPLANE WEIGHTS (_;1,53'

>
Standard Empty Weight: Q~ 1663 Ibs.
Maximum Useful Load, Normal Ca(egory 895 Ibs.
Maximum Useful Load, Ut:hty Category 545 Ibs.
CABIN AND ENTRY DlMEﬂS‘ONS

Detailed dlmensqons of the cabin interior and entry door openings
are illustrated in, set:ﬂon 6.

BAGGAGE SPACE AND ENTRY DIMENSIONS

Dlmensmns of the baggage area and baggage door opening are
illustrated in detail in Section 6.

SPECIFIC LOADINGS

Wing Loading: 14.7 Ibs./sq. ft.
Power Loading: 14.2 Ibs./hp.

Revision 4
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GRAPHICAL COMPUTATION
OF WEIGHT & BALANCE

® Start on the weight side of the graph

®* Draw a line until it meets that weight for that

station ie. 415lbs for pilot & front passenger.

® Then follow that point down to the moment.

* Add up all of your moments and weights and

then divide to get the CG.

*® Utilize the moment graph to determine if the
flight will be within weight limitations and the
category of the aircraft needed for that flight.

SECTION 6 CESSNA
WEIGHT & BALANCE / EQUIPMENT LIST MODEL 1728

LOAD MOMENT/1000 (KILOGRAM - MILLIMETERS)
0 50 100 150 200 250 300 3?0 400

-
~
o\

WEIGHT (KILOGRAMS)

@
o
=z
2
o}
e
o=
I
o
w
=

5 {10 15 20 25 30
LOADMOMENT/1000 (POUNDS - INCHES)

-t
o
o

—200

NOTE: LINE REPRESENTING ADJUSTABLE SEATS SHOWS
THE PILOT OR PASSENGER CENTER OF GRAVITY

ON ADJUSTABLE SEATS POSITIONED FOR AN

AVERAGE OCCUPANT. REFER TO THE LOADING
ARRANGEMENTS DIAGRAM FOR FORWARD AND

AFT LIMITS OF OCCUPANT C.G.RANGE.

Figure 6-6. Loading Graph

July 8/98




Front Seat Rear Seats

|
| Main W'ng Tanks Amm 75 ~ Am 85 Arm 121
{ : |Mamenl Waiyu Morment
| Gollone | weo e | ~700 |00
| | 120
m 5 30 22 " —1" 110 | 130 167
10 60 45 X2 HAG F
15 20 88
20 120 a0
25 180 112
( ) 30 180 136
as 210 158
| 40 | 240 | 180
. 198
‘o o TABLE METHOD -

)
The Table Method is seen on FAA written

exams and POHs. Here is an example.

Gather the information for all stations _ il et i

1 1,617 1,800

\ and the intended weights and then you T AN 20| res | ra
' 1648 | 1834

can add them together in their respective gy Weg 20w B — 1%es | Vst

O o | 13 | v
columns to get the appropriate CG for _ Moment Limite va Weight i Bl

. | o ot oy e e i g 702 | Te0d
the fligh’r. [ s B v | ce‘fi.». | ESRAE

2,850 Ib (takeott a2.1 : Qo ¥ 1,725 1,820

I ' 1,733 | 1,928

\ 775 : : 1,740 | 1,937

> : 1,748 1,945

O | 2 |

| Basic empty weight ; :77;; }:ggé

el el | 3320 | 1754 | 1997

m i *Rear seat ::assengg:rs ": : g?g gg?i

Baggage - 1,817 2,023

o | 58] 18 5

~ | o | ' - 1,840 2,048

7 .

Figure 10-9. Loading schedule placard.
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| MEAN AERODYNAMIC CHORD (MAC)
/o~ A Some aircraft POHs use a percentage of the
A length of MAC to determine CG limitations. The

Mean Aerodynamic Chord is the average chord ISt

length of a tapered, swept wing. Quarter chord "

30% MAC

-

The below formula is how the MAC is calculated.

O)
Where Yy is the coordinate along the wing span,
m L d L] L] L]
S is the wing areq, b is the span of the wing,
O . R
and c is the chord at the coordinate y
O)
~ Figure 2-14. Center of gravity expressed as percent mean
aerodynamic chord.
b
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EWCG is the location of the aircraft's
center of gravity when it is in an
empty or non-operational state.
Everything must be weighed
accurately. If major repairs are made
the FAA certified repairmen must

re-weigh the aircraft.

"EMPTY WEIGHT CG (EWCG)

Figure 3-2. Ramp scales.
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® Fatigue

® Crack Initiatio

® Crack Propagation (Growth)

® Crack Fracture
@




A BALANCE CONTROL

\ Balance control refers to the location of the CG of an aircraft.
'

o Longitudinal stability is maintained by ensuring the CG is slightly ahead of the

/ e
center of lift. This gives us the nose-down force that doesn’t rely on airspeed,
which is balanced by a variable nose-up force produced by the horizontal

stabilizer

Lateral balance can be upset by uneven fuel loading or burnoff. We don’t normally
calculate lateral CG for an airplane. Wing heaviness could occur. This can happen if

you don’t switch tanks often enough. So the remedy is to switch to the heavy tank and

v/

use a deflected aileron by trim if available until the imbalance is corrected.

O
O Additional lift and drag
) '
)
)

Figure 1-4. Lateral imbalance causes wing heaviness, which may
I be corrected by deflecting the aileron. The additional lift causes
/ additional drag, and the airplane flies inefficiently.

Lateral unbalance will cause wing heaviness.
~ Excess baggage

|
_IR
Longitudinal unbalance will cause
either nose or tail heaviness.

Figure 10-1. Lateral and longitudinal unbalance.

y
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WEIGHT SHIFT
CALCULATIONS

Operating above limitations comprises
structural integrity and affects the
performance of the airplane. So,
ensuring the right weight is in the right
place is critical to the safety of flight.

Weight to be shifted A CG
Total weight

" Distance weight is shifted

Total weight = Y c'ght shifted x Distance weight is shifted
A CG
Weight shifted = Fot.al weight §hm§d X A CG
Distance weight is shifted
. _ Weight shifted x Distance weight is shifted
B ¢ e R
l'otal weight
Total weight x A CG

Distance weight is shifted = — —
Weight shifted



and bag

should be transf

3 = 159.375

= weight that needs to be shifted to

agg-age- area 2. So 160 Ibs needs to be moved to bring

he CG within range
@




will need to be

> within limitations.




o the existing
with the

would be able

remain within limits g

arm of 73"2 o - > existing CG: 1.16 +44 = 45.16

. Therefore, the new limit is 45.16, which is within
limits to take the child




550 = 2.41 ACG

| move 2.41" forward




course

50lbs of weig

ove by removing 50lbs
So, 50/6 (weight of fuel) = 8 on 123” gains 2.41" of

removing tenths of fuel is a tedious task we = yd > and removing fuel of 54lbs gqins Us
remove 9 gallons of fuel (54lbs). The station for

” 13 ° )
fuel is 48”. Now we can fill in our formula Oﬂly 1" of forward CG’ we must welgh’ the PAE
and cons of each solution to determine which
would be best in flight and stays within limitations.







