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NOTES: (1) 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 ¢.g. range.

(2) Engine Oil: 8 Qts. =15 Lbs. at -0.2 Moment/1000.
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~ Namibia — Olympia Air

Cessna 210 Crash

11.1.2008
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« A COMBINATION of pilot errors have been identified as the probable
cause of the aircraft crash that claimed the lives of a young South
African pilot and five Israeli passengers in Windhoek's Olympia area in
January this year.

 The report indicates that a critical combination of factors resulted in
the stall:

— the aircraft was overloaded;

— the aircraft load was positioned too far to the back of the plane,
shifting its centre of gravity to the back and leading to the plane's
nose lifting prematurely during take-off;

— the pilot chose a short runway for the take-off;

— the high temperature that day, combined with the high altitude of
the airport, appear not to have been properly taken into account
by the pilot;

— and the pilot was relatively inexperienced and was not properly
briefed about conditions at Eros Airport.
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* The pilot calculation of the pasangers combined
weight however was between 47 and 78
kilograms lower than what the actual weight was
calculated at during the investigation.

* The end result was that the weight of the plane
exceeded its maximum specified take-off weight
by between 105 and 134 kg,

« and that the aircraft's centre of gravity had
shifted too far towards its tail.
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Loss of Pitch Control During Takeoff
Air Midwest Flight 5481
Raytheon (Beechcraft) 1900D, N233YV
Charlotte, North Carolina
January 8, 2003
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fon January 8, 2003, Air Midwest flight 5481, a\

Raytheon (Beechcraft) 1900D, N233YV, crashed
shortly after takeoff from runway 18R at
Charlotte-Douglas International Airport,
Charlotte, North Carolina.

* The 2 flight crewmembers and 19 passengers
aboard the airplane were killed,

* 1 person on the ground received minor injuries,

« and the airplane was destroyed by impact
forces and a postcrash fire.
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f‘l’he National Transportation Safety Board\

determines that the probable cause of this
accident was the airplane’s loss of pitch
control during takeoft.

* The loss of pitch control resulted from the
iIncorrect rigging of the elevator control
sysiem

« compounded by the airplane’s aft center of
gravity, which was substantially aft of the
certified aft limit.
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AIRCRAFT ACCIDENT REPORT
UNCONTROLLED IMPACT WITH TERRAIN

FINE AIRLINES FLIGHT 101
DOUGLAS DC-8-61, N27UA
MIAMI, FLORIDA
AUGUST 7, 1997

© Jurgen Lertssen aviation-safetynet
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mcDonnell Douglas DC-8-61F N27UA
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Abstract:  This report explains the accident ivolving Fine Airlines flight 101. a Douglas
DC-8-61. which crashed after takeoff from runway 27R at Miami International Airport, Miami.
Florida, on August 7, 1997, Safety issues in the report include the effects of_improper cargo
loading on airplane performance and handling, operator oversight of cargo loading and training of
cargo loading personnel, the loss of critical flight data recorder information, and FAA surveillance
of cargo carrier operations.

Injuries to Persons
Injuries Flichtcrew Cabin Crew Passengers Other Total
Fatal 3 0 1 1 @
Serious 0 0 0 0 0
Minor 0 0 0 0 0
None 0 0 0 0 0
Total 3 0 1 1 5
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Findings

CONCLUSIONS

7 . recovered briefly from the stall.
and stalled again: recovery before ground impact was unlikely once the stall
series began.

The center of gravity (CG) of the accident aurplane was near or even aft of the
airplane’s aft CG limit.
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Report on the accident to
| Fokker F27-600 Friendship, G-CHNL
Near Guernsey Airport, Channel Islands
on 12 January 1999

The accident occurred when control of the cargo aircraft, carrying three tonnes of
newspapers, was lost during the final stages of an approach to Guernsey Airport. Moments
after the wing flaps were lowered to their fully down position, the nose of the aircraft rose
and the crew were unable to prevent it rising further. The nose continued to rise until the
aircraft’s pitch attitude was near vertical. Although the crew applied nose down pitch trim
and high engine power, the aircraft lost flying speed, stalled and entered an incipient spin. It
descended in a shallow nose down pitch attitude with little forward speed and crashed at the
rear of a private house, striking the house with its port wing. Both the house and the aircraft

\ caught fire. The two pilots were killed but the sole occupant of the house escaped without ‘
physical injury.
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(i)  The weight of the cargo submitted for carriage was considered to be
within measurement tolerances.

(iv)  Upon completion of the loading the aircraft’s centre of gravitv was
significantlv aft of the approved limit.

(vii)  The pilots were unlikely to have experienced any strikingly unusual
handling qualities until the approach phase.

Conclusions

(viii) Deployment of full flap initiated the undemanded pitch-up on final
approach.

(x) After the aircraft pitched up uncontrollably, it is unlikely that either pilot
could have done anything to recover control from the combination of

low airspeed, aft centre of gravity and low height.

Weight & Balance
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Causal factors

The mnvestigation identified the following causal factors:

(1)  The aircraft was operated outside the load and balance limitations.

(1) Loading distribution errors went undetected because the load sheet
signatories did not reconcile the cargo distribution in the aircraft with the
load and balance sheet.

(111) The crew received insufficient formal training in load management.
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Challenger Jet Crash

: Improper Loading Caused

On February 2, 2005, a Bombardier Challenger CL-600-1A11, during
takeoff, ran off the departure end of runway 6 at Teterboro Airport,
Teterboro, New Jersey; through an airport perimeter fence; across a

six-lane hlqhwav (where it struck a vehicle); and into a Qarklng lot

before impacting a building. The two pilots were seriously injured,

In a final report adopted October 31, 2006, the National Transportation
Safety Board determined the probable cause of a corporate jet
accident, was the flight crew's failure to ensure the airplane was

loaded within weight and balance limits

and their attempt to take off with the center of gravity well forward
of the forward takeoff limit, which prevented the airplane from rotating

at the intended rotation speed

December 2008
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Tail strike during take-off

Boeing /37-800, reqgistration PH-HZB,
Rotterdam Airport, January 12th 2003

~ | AR,
= || e,

SYNOPSIS

nose-up just after take -off thrust had been selected. The pitch up movement stopped when the aft
fuselage and the tailskid assembly contacted the runway. The crew rejected the take -off, after

which the aircraft's nose came down again to the ground. ‘
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« passengers were not seated according to the passenger distribution table;

+ there was no adeguate response from the cockpit crew to the report of the purser about the
incorrect passenger distribution;

« the skidding of the nose gear during line up was not recognized (by the F/0O) as an indication of a
possible tail heavy condition;

« after the incident the cockpit crew initially did not understand that the occurrence was caused by
the fact that almost all passengers were seated in the rear of the aircraft.

FINDINGS
When the crew started the take-off roll by selecting take-off thrust the nose pitched up.

The pitch up movement of the nose was caused by application of thrust together with the CG
behind the aft limit for take -off.

Seat assignment was not according to the passenger distribution table.

The passenger distribution was not according the load and trim sheet and the passenger
distribution table.

The actual centre of gravity at take -off was and exceeded the aft limit for take-off
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AIRPLANE STABILITY
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i
\Q// Statically unstable. Tf the forces and moments are such that the body

continues to move away from its equilibrium position after being
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Neurrally stable. It the body is disturbed but the moments remain zero, the
body stays in equilibrium and is neurrally stable.
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Dynamic Stability

Dynamically stable behavior.

Initial
disturbance

Displacement
l Y |

In both situations the airplane eventually returns
after some time interval. In the first case the vehicle appro

Displacement

I

[

A
Initial
disturbance

P
p—

Time

{ls equilibrium position
x5 monotonically

the equilibrium position (aperiodic behavior), while y the second case, it over-

shoots the equilibrium position (damped oscillation

A body 1s dynamically sta-

ble if, out of its own accord, it eventually returns to and remains at its equilib-

rium position over a period of time.
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Lryynamically unstable behawvior,
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Lift = weight
Thrust = drag
No net moments
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(a) Equilibrium flight.
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——— - — — _ _ ,—" o Statically unstable
divergent

Equilibrium .
Disturbed moments
increase disturbed

condition

(b) Statically unstable airplane.

No moments - airplane

holds disturbed
condition /

Disturbed
(c) Neutral static stability.

Equilibrium

Weight & Balance
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Statically stable, dynamically stable moments tend
to return airplane to equilibrium - oscillations decay
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Equilibrium
(a) Statically and dynamically stable.

Moments tend to return airplane to equilibrium
but oscillations do not decay

N PN

Equilibrium

(b) Statically stable; neutral dynamic stability.

Moments tend towards equilibrium n
but oscillations are divergent /|
4
o /
.,
b _— - - \ - A\ /
b -
] .\

Equilibrium % -3

(c) Statically stable; dynamically unstable.
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Longitudinal forces acting on an atrplane in fight.

Vanable

.:IHE'E’ = nose-up force
nose-down force dependent upon
independent of airspeed
airspeead
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Datum
- +150 -
- +80 - |
— 35—
A=10b B = 100
R #1100 == == = = —-f
CG
ltem Weight Arm Moment CG
Weaight A 100 50 5,000
Weight B 100 S0 9,000
Weight C 200 150 30,000
400 44 000 110 G = Total mm'.m:nt
Total weight
— 44000
~ 400
= 110} inches from the datum ‘
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Tvicad Towrding graph.

Load Moment/1000 (Kilogram-Millimeters)
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o YOUR
CESSNA 172 Skyhawk AIRPLANE
Luading Sheet Weight Moment
{1hs.) (1. -ins.
oA SRS S 10001
1. Licensed Empty Weight (Use the data pertaining . |
to your airplane as it is presently equipped. {380 55. g |
Includes wnusable fuel ) . . . . . . . . '
2, 01l (B Qts, - The weight of full uil may be used
for all caleculations, 8 QU 15 Lhs, at -0, 2
Momenb/ J000). o « ¢ « 5 & 4 & s % % & % 3 15 -0.2
3. Usable Fuel (A6 T, el )
Standard Tanks (3 Gal, Masximunm) . -
Long Ranpge Tanks (14 Gal, Maximam), o, . .
4. Pilot and Front Pussonper (Stalion 34 to 460, L . .
5. Rear Passengers
6. % Buggaze Area 1 or Passenper on Child's Seat
(Station 82 to 108) 120 Lhs, Mas. "
T.% Baggage Area 2 (Station 108 1o 142) 50 Lbs, Max. . .
{ B, TOTAL WEIGHT AND MOMENT

!I
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‘ EEE e A t'ﬂ*!:::.ii:::
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@ 300 ! T & " EERERERE EEBRERE
g BGAL**:';r'-*' HH
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= { [ 4 . i i | bt |l1 | 1 ! { i | 1 bt
8 250 Il ' 5 ,Jl.iT‘q L]
b o i : 1 | 13 @P':? 1 ‘ ‘. | !
& 200 Fy O gd EiSases ekl
5 e e T
O @6 6‘ I | | 4+ 4 ; {
g } L P\' ‘$ t 1} H i+ {. o
E 150 U?)@?\-Ol! f[ ] LI Gl ‘1"] 4!
| ST H T i:l;;“:.l:;‘
% Jl T T
g . Hh | j MAXIMOUM USABLE FUBL |
1 1 [ i
0 X *STANDARD TANKS ,
5 11111l **LONG RANGE TANKS
{ 1 [ - i Pt L] |
0 EesspsnRyiEEESRiARERaRERiRERRRARLS
15 20 25 30
LOAD MOMENT/1000 (POUND - INCHES)

NOTES: (1) 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 ¢.g. range.

(2) Engine Oil: 8 Qts. =15 Lbs. at -0.2 Moment/1000.
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CESSNA 172 Skyhawk
Loading Sheet

YOULIR
AIRFLANE
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{1y, ~ins.,
1UJO|

1. Livenased FEapty Weisht (Ve the ednia pertuining
tn your airplane as i s presently egquipped. ‘sgo 53 g
Ineludes anugalde fael, ) o o 0 0 L0 L L o
2. Oil (8 Qts, - The weipsdd of full oil may be used
for all ealvulations, B, 15 Lbs, at 0,2
Moment,/ T000), © . .« o o o 0o a 0w 15 2
A, Usable Focl (A7 6 ey, toal,)
Slonchaed Tanbo U8 fib, Blasinoem) o o o 0 4 4 . 228 '0‘9
Long Hanpe Tanks {18 Gak, Musiveon). o 0 o
4. Piled and Front Passoagoer (5atioe 34 to 460 . . .
5. Pear Passengers . . . . . . .
$F‘t"“ﬂ* age Aren 1 or Passeneer on 0 il s Beal
(Stufion 32 to 108 130 L, Max, o o 0 0 0 0
7% Bageage Area 2 {Station D o T44) 50 Ebs, Max. . .
., TOTAL WEIGHT AND RO iE] N'l‘
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350 l !J 5"-_.'l~6$ M
‘ ESBEEnns SHRGE -1V dinanuniNl SERNANES
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@ 300 S o 6 M S A A
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5 SN« (RRARRRRRH BRRASERARARRRRREEES
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i lil 1|-i1l-11iii15'
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1 1 r'
0 X *STANDARD TANKS ,
5 11111l **LONG RANGE TANKS
0 B o e o sz i
o EEEEaE RN R R a SRR RNRRRTRRRERRRS
15 20 25 30
LOAD MOMENT/1000 (POUND - INCHES)

NOTES: (1) 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 ¢.g. range.

(2) Engine Oil: 8 Qts. =15 Lbs. at -0.2 Moment/1000.
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Loading Sheet

AIRFLANE

Weight
{Ihs.)

- Moment

[, -ins.
STQ0r |

for all calculations,
Moment, 1000,

3. Usable Fuel (AL 6 Ly,

Stanchar«d Tanks (3F Gal,

5. Rear Passengers .

H G,

teal,)

Long Range Tanks (14 Gal,

®

« &

1. Licensed Fopty Weight (Uae The data pertaining
to your airplane as 1! is presently eguipped.
Includes unusable fuel, )

2, 0il (B Qts, - The welght of full vil may be used

15 Lbs, at -0, 2

BMoarxiinum) . .

Muasivnem},

Max. .

E

4. Pilat and Front Pasaonper (Station 24 Lo 461

&*i".‘ugg;i_,{,u« Area 1 or Passenger on Child's Seat
(Station 82 Lo 108) 120 Lis,

[
i ]
£ &

7-*li;a-;:{;1;‘1;41* Area 2 (Station 108 1o 142) 50 Lbs, Max, .

\330

539

15

-0.2

223

285 | 1U.S |

H

4. TOTAL WEIGHT AND MOMENT
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1 SR RES A Raaaama suunnauaNy RABE EREEyE
400 FHLOADING [ e e e AT T
""G'RA'FH"’T{?'ID/T UL fRRRRRARREY
! l 1111 I 111 L1 | Jll :I i '1._"';
iy i TR T o wiw- T
{ i N 111 .]Q‘ ‘l}*t“:'r{i::}
- E B0 SEARERARELAY o <00t RRRRARERRIRRRED
@ 300 I 10 1 R " EEEERERRERREREEE
2 SpnpaENaE e GaL L HH
- ' 11 ftft g ) i e 111 T
5 250 ' [ o gias puned 1|* !;rt
ot { il 1 t . 1 1 1
& yr 1‘;03&?’?:? | ‘r::i |
oo 200 M S s T T T
9 I P\'@ﬁ 06 i . | | 41— 1 {
B 150 oSS HH SASHASAEE RERCRASS,
|  ANAAREEERE SRRERENE !.i;;"*:.l:-,‘
% ol Jl LLLH i i
— l j MAXIMUM USABLE FUEL ‘
1 1 r-
0 X B *STANDARD TANKS ,
5 1111/l **LONG RANGE TANKS
| 8 [ - M4 Pt | |
0 EenEEENaRiEEanNEERNEREEEEi RECERARE
15 20 25 30
LOAD MOMENT/1000 (POUND - INCHES)

NOTES: (1) 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 ¢.g. range.

(2) Engine Oil: 8 Qts. =15 Lbs. at -0.2 Moment/1000.
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CESSNA 172 Skyhawk | AIRPLANE
Lnading Sheet | Weight | Moment

{Ihs.) | Ub.-ins,
.m;}{}]

1. lLicensod BEraply Weicht (Uae the dbea pertaining ‘ ' .
tn wouy sirplane as il is presently egquipped, \380 3
Teludes wpusable fuell ) o 0 o L 00 e 0 e e o e s .

2. 0il (8 Gts. - The wephl o ey ol ey he wsed ;
{or all calealathons, Ik 15 e, at -0,2 ) ! '
Mopent /OO, . . o 0 o o v e 19 -0.2

9. Usable Fuel (AL 6T, vk ) :
Slanehiared Tankias (3 Gk, BLANIAUELY o 0 0 . o e Z ?g \O‘%

T oweg Boengae Panles 0 Guk Mustrwrm), « o o« o«

4. Pilot and Froml Pusdonger {atalion 34 ta 460 . i . . Q)gg (L{ 5
B Pear DASSENEEES « o« « + o+ s'e o = o0 ox o e w e - ZES 20.0

6.% Buggage Area 1 or Passenner on Lhl Lel' s Seud
(Station 82 Lo 108) 120 The, Max. © o o 0 0 0 s e

T ¥ Bageage Area 2 (Station 1 1o 144) 50 Lbs, Max. . .

W TOTAL WEIGHT AND MOMENT
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RERRERRRRERE e NRE ARRRRERERaAERNRRERERAAEERN
1 SR RES A Raaaama suunnauaNy RABE EREEyE
400 FHLOADING [ e e e AT T
""G'RA'FH"’T{?'ID/T UL fRRRRRARREY
! l 1111 I 111 L1 | Jll :I i '1._"';
iy i TR T o wiw- T
{ i N 111 .]Q‘ ‘l}*t“:'r{i::}
- E B0 SEARERARELAY o <00t RRRRARERRIRRRED
@ 300 I 10 1 R " EEEERERRERREREEE
2 SpnpaENaE e GaL L HH
- ' 11 ftft g ) i e 111 T
5 250 ' [ o gias puned 1|* !;rt
ot { il 1 t . 1 1 1
& yr 1‘;03&?’?:? | ‘r::i |
oo 200 M S s T T T
9 I P\'@ﬁ 06 i . | | 41— 1 {
B 150 oSS HH SASHASAEE RERCRASS,
|  ANAAREEERE SRRERENE !.i;;"*:.l:-,‘
% ol Jl LLLH i i
— l j MAXIMUM USABLE FUEL ‘
1 1 r-
0 X B *STANDARD TANKS ,
5 11} | |L**LONG RANGE TANKS
| 8 [ - M4 Pt l- |
gl EenEEENaRiEEanNEERNEREEEEi RECERARE
15 20 25 30
LOAD MOMENT/1000 (POUND - INCHES)

NOTES: (1) 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 ¢.g. range.

(2) Engine Oil: 8 Qts. =15 Lbs. at -0.2 Moment/1000.
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CESSNA 172 Skyhawk
Loading Sheetl

s T A s et s e e O B

AIRFPLANE

Weight
{lbs.}

MMoment
(i, -ing.
CTO00

1.

4.

5.

53@:

IFI.*

Licoensod Emply Weirhd (Uae {he dba pertuining
to your uivplane as 1 is present Iy equipped,
Includes unusable fuell) o 0 0 0 0 o

0il {8 Qts, - The weiphi of ful) ail may he wsed
{for all cplenbitionn, H O, 15 L.hs, at -0,2
Monent, TO00), « .« v« « v o 0w e e
Usablie Fudl (a0 6 e, el }

Standaued Tanko (80 Gk, BMaxihmueny) o o« . o o

Tomag Hunpe 'Panky (L Gk, Musiomem), o 0 . 0 e
Pited und Front Basssoper (Slalban 3 Lo 48Y . . . .
Fear Passengers

W ¥ ' v " a . a -

Baggage Area 1 or Passenper on Chiled s Seal
(Sintion 92 to 10A) 120 Tha, Max. & o o 0 v 0

Bapeage Aren 2 (Btation 1R Lo 144) 50 Llis, Max, .

et

15

' \3%0

>4

3,2

228

285

215

4.5

0+0

|2

2.0

vpeeT T

W, TOTAL WEIGHT AND MOMENT
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CESSNA 172 Skyhawk | AIRPLANE

Luading Sheet Wéigti Moment
{lhs.) (Ih. ~ins.
1000

1. Licensed Empty Weipht (Uae the data pertaining s
to your airplane as it is presently equipped, \3 ' O ;3'- g

Includes unusable fuel ) . . . . . . . .

s

0il (8 Qts, - The weipght of full oil may be used
for all caleulationg, Gk, 15 Lhs, at -0, 2 _
Momemt/1000). . . . . . & & ¢ o« « o 5 = &+ o = « 15 -0.2

3. Usable Fuacl (ACG Db, tenl,)

Stanciurdd Tanks (0 Gal, Mazihwmooy o o . . o . . Z 8 \O'g’

Long Range Tanks (10 Gal, Masicwem), . . . . .

4. Pilot and Fronl Passoopoer (Staltion 34 to 4680, ., . . g 85 gL( 5
Fear PASSENgers . . . . . o « « « v o + « s « = ’2?5 200

**F.-Hgg:'t__{tr Area 1 or Passenger on Child's Seat

(Station 82 to 108) 120 Lhs, Max. - « « o v v v . . |2_ 2.0

T.*ij:l-gfg;’tgr Area 2 (Station 108 1o 142) 50O Lbs, Max, .

&N

=3}

P s
-

22ag] 1010

TOTAL WEIGHT AND NMOMENT
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I REREHERSSSSSEREERERRRSSAREN i
2300 ] CENTER _O.E.QRAY.IIY_ s &
| MOMENT ENVELOPE | /7 111 HH
ﬂmgmmi;;LANDPLANEif|i'T____3 1
a100j5d A e AT 4
41_ 4 l | ,JI 1|1+ !’_‘__i_,_i' i EEE
5 | ] |’L// mEN =E
2000 . 1-“1— i i : 2

|

-

{ [ - .
S R R S |

1900 H+++H-

i |
|
\\
f :_-.
o?:"
%
Lo
b
N
|

A EEEEp B / S 4

LOADED AIRCRAFT WEIGHT (POUNDS)
|
|

o o _ dﬁ} ,4’ g 17 HE
1700 H—+——+H—++H A+ — - - -

" —k EE HAAH T ' g N ENE

0 O D 7« % 0 o I 0 I A EEE
1600 }H— ' 4 .

ek I B 1

. e A ' 11 4 T ISRV dEERRREND A1 ol 4 & B i IS
] .1 / B e : 7. GEEREERE f/ B O AR NEEEN EEEEEENERN ENEEEENEE
1500 -+ i | —+— =1 r B 5 [ A __.1__4 : S o [ 8 o O SO <l i 3 I I S S .

45 50 95 60 65 170 75 80 85 90 95 100 105 110

LOADED AIRCRAFT MOMENT/1000 (POUND-INCHES)
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LOADING

ARRANGEMENTS

* Pilot or passenger center of gravity
on adjustable seats positioned for
average occupant. Numbers in paren-
theses indicate forward and aft limits
of occupant center of gravity range.

*%* Arm measured to the center of the
areds shown,

NOTE: The rear cabin wall (approximate station 108
or aft bagrage wall (approximate station 142
can be used as convenient interior reference
points for determining the location of baggage
area {uselage stations.

o 7

(34 TO 46

73

#*?5

STATION

FEAR FASE
BAGGAGE
AREA |

108
i 1

142

BAGGAGE /

AREA 2
I

STANDARD
SEATING

ARM';r

i e SO
3470 41)
REAR PAS
Pl S
o
e
e BAGGAGE
**123 —T_
AREA 2
142
OPTIONAL
SEATING

Weight & Balance
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Loading diagram for a tpical single-engine airplane.

356 43,2

Eli]

‘?
Datum Frmtﬂm Fual Haar saals Eﬂ-ﬁﬂaﬂ"
+48 +72 +92

CG Range

MNormal Category -
(+82.0) to (+93.0) at 2,050 pounds. ::> n'n 275

(+87.4) 1o (+93.0) at 2,450 pounds.
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TAIDN TN

Airbus A380 Fuel Tank Locations
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n n-]AI-] U]X Ny ninn 6%

"MM7n"n 120 g =
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Typical Fighter Centrogram%
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12000
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11000 — /
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7000
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Ground Effect:

1,008 +00
437a-01
6. 70801

5.03a-01

338e-01
16801

206a -0

-1 .65a-01

—-3.2328-01

—4 29301

-6 8601

-8 .32a-01

-9.29a-01

1178400
—1.33a400

-1.50a+00
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f " Ground Effect: - \

» Tip vortex decrease

» The pressure under
the wing increases

» Lift increases
» Drag decreases

.-‘ / Lk
: W
E . v
I , I.r*” :
R
- - -'.'.:'lJ:‘_r'r ;e
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TERMS ALL PILOTS SHOULD KNOW

arm (moment arm)—the horizontal distance in inches from the reference datum to the
item. The algebraic sign is plus ( + ) If measured aft of the datum and minus ( - ) if
measured forward of the datum;

center of gravity (c.g.)—the point about which an aircraft would balance if it were
possible to suspend it at that point. It is the mass center of the aircraft or the theoretical
point at which the entire weight of the aircraft is assumed to be concentrated;

center of gravity limits—the speelfled forward and aft points beyond which the c.g.
must not be located during flight. The ¢.g. moment envelope 1s contained in the aircraft
ftight manual and FAA Aircraft Specifications or Data Sheets;

center of gravity range—the distance between the forward and aft c.g. Iimits:
datum line—an imaginary vertical plane or line from which all measurements of arm are

taken. The datum is established by the manufacturer. After the datum is selected all
moment arms and the ¢.g. range must be computed with reference to that point:

December 2008 Weight & Balance
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moment—the product of the weight of an item multiplied by its arm. Moments are
/ expressed in inch pound (in.-1b.);

total moment—the weight of the aircraft multiplied by the distance between the datum
and the c.g.

mean aerodynamic chord (MAC)—the average distance from the leading edge to the
trailing edge of the wing. The MAC is specified for the aircraft by determining the
average chord of an imaginary wing which has tile same aerodynamic characteristics of
the actual wing. Center of gravity is usually located at or near the forward 25 percent of
the chord:

station—a location in the aircraft which is identified by a number designating its distance
in inches from the datum. The datum is therfore identified as zero and the station and arm

are usually Identieal;

useful load—the weight of the pilot, copilot, passengers, baggage. usable fuel, and
drainable oil;

empty weight—the airframe, engines, and all items of operating equipment that have
\ fixed locations and are permanently installed in the aircraft. It includes optional and

special equipment, fixed ballast, hydraulic fluid, unusable (residual) fuel, and undrainable
(residual) oil.

\ December 2008 Weight & Balance /




& Weight & Balance Calculators - JavaScript - Microsoft Internet Explorer

. File Edit View Favorites Tools  Help o
Q- ©- A B G P frreom @2 B[R] LD B

: Address |séj http: /fhame.roadrunner. com/~trumpetb,/alph/index. htrml v | Go :Links =
i Google [Glrweight = balance _ V: Googd M~ B~ ) » % Bookmarks» BP349blocked P check »  § Autolink = | AuoEil (e Send tov A0 [E weight [E] balance () Settings~
Py - |Weight&ba|ance |ﬂ’ [+ @ - M - AMaps v v Favorites v W PCHealth &8 Spaces v =1 v &3 - B FormFill - - @ -

EIRArIRE | @] ‘Weight Balance Cal... | T

1>

Cessna 170B

Weight and Balance Calculator

Or try one of these other aircraft examples:
| Cessna 170B | Cessha 152 | Cessna 172N | Cessna 177B | Cessna 180 | Cessna 182R | Cessha 185D | Cessna 210M | Cessna 421 |
| Socata TB9 Tampico | Socata T200 Tobago | Piper PA-28-140 | Piper PA-28-180 | Piper PA-28R-200 | Piper PA-46-310P |
| Mooney M20J | Bonanza V35B | Cirrus SR22 |

Form default data is

for N3224A. Weight Arm | Moment
Use your own AC (Ibs) |(inches) (in-lb)
data! | | | _
Empty Weight [1343 | [39.4 ||ls3151 | _
oilgqt | . | j |
Imax, 7 ,8L| 14 | [-20 |||-220 |
Ib/gal) | — _
'Front Seat L & R 10 125 [EE || o873 |
Fuel (37 gal:
lgal B ] 222 [47.7 10563
3seable) W— _ | | _| |_| |
Rear Seat L & R 170 [[125 70 || 208850 |'_
."?aa)ggage (1201b |45 | IE ||a275 |
I [ Calculate ] I Reéet ] :
@oobme: T T
Loaded Center of Gravity: IE |
Maneuvering <=(decr. with decr.

el Ve frambis s hark

|

|
® Internet
¥ & &= 7 T ¥4 Inbox - Outlook Ex [ 3 Gmail - S "o § AR o & - eSS
s Start s B T 9 Inbox - Outlook Ex... | & Gmail - 22 00 .., 4= VWeight & Balance... 1R sl 23:35
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Tools

Help

. File  Edit View Favorites

eaack 2 @ = \ﬂ @ _;j /-._\J Search ‘i‘\'{Favorites {:‘} ’

Address |s§] htto: Ahome.roadrunner, com/f~trurmpetb/a lph/findes. hitml

V|GD ! Links 2

: Google '.,Gv\.'\.'eight& balance v|eo v M~ B~ D~ 9 Bookmarks~ B340 blocked | P Check » %y Autolink v e Send tov A [E] weight [E] balance () Settings~

oy - |Weight&balance |P Mm@ - @ -~ s ~ #Maps ~ s Favorites - @PCHealh &8Spaces -~ = - & ~ EFormFill -~ o @ -

CIRArIR | €] Weight Balance Cal... | =
Calculated Gross Weight and C.G. point must lie within the ot
utility or normal category envelope limits per the Airplane
Flight Manual, landplane example below...

Loading Examples Chart - [or, here's a CSS Active
Plot Version]
22004 (EET e T Er
Cessna 170B 1pasE T
siapd | Load Limits e / Poall v ZaTio)
170 |/?0 1600 Ib
T pPass, .
f.pass
2000+ 28?‘2 Ib i =
s | 2001
4hagg
o 1 + 3T
—J;S%'_' = LN P L {— calculator example values) =
% 13 5\ 2 agf
o 1 600 T 5 E From Daturn (Firewall): o
= m Qil —20.01in. -l
o T 2 1 Front Seats 3549 ‘o
a 1500 i £ Fuel 47.7 E
5] =] Rear Seats 70.0 a
ot \ = Baggage 95.0 = &
1 = LEMAC. 2649
reene (MAC: 58.4)
3 . a7 38 3w 40, 41 42 43 44 45 46 47
364 403 40.8 2 a6 .4
(18% MAC) (24.5% MAL) C.G., inches —m (35.1% MAL)

This calculator is presented for educational purposes only. You, as pilot in command, are solely responsible for assuring
correct data and proper loading of your aircraft prior to flight.

« Empty weight and C.G. data comes from your AC current weight & balance records.

« Station arms, load limits, and airspeed limits come from the Airplane Flight Manual (before 03-01-79) or Pilot's

Operating Handbook [POH] (after 03-01-79) [pop-up more detail], or the FAA Type Certificate Data Sheet
(TCDS). Downloading the TCDS is recommended to learn more about your AC.

| >

EHo " f ¥ Inbox - Outlook Ex...

-

1 Gmail - 7/ 790 ..,

[ €] Microsoft PowerP. ..

veight & Balance..,

® Internet

EN &) «lx
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December 17 1903 At 10:35
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www .caa.govt.nz, for details of more CAA safety publications.
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