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LOAD WEIGHT (POUNDS)
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NOTES: (1) Line representing adjustable seats shows the pilot or passenger center of gravity
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on adjustable seats positioned for an average occupant.

Arrangements diagram for forward and aft limits of occupant c.
=15 Lbs. at -0.2 Moment/1000.

Engine Oil: 8 Qts.

Refer to the Loading

g. range,
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Cessna 210 Crash
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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
welight 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,

e and that the aircraft's centre of gravity had
shifted too far towards its tall.
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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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« On 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,

e 1 person on the ground received minor injuries,

e and the airplane was destroyed by impact
forces and a postcrash fire.
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KThe National Transportation Safety Board\

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

 The loss of pitch control resulted from the
Incorrect rigging of the elevator control
system

e 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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mti\*&nneu 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

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 airplane 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.

December 2008 Weight & Balance




tg- Dror Artzi
—TN

Flaps Retracted Wing

- Tailplane local angle of

atlack {negative)

Dowrnwash

Tailplana
Lift

Wing local angle of
arack {positive)

Flaps Extended ‘:‘i;g !

Tailplane local angle of
atiack {more negalive}

Cowrreash

Wing local angle of
attack (positive)

increased Tailplane Lift due io
increased downwash
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STABLE
SITUATION

increased
Total Lift

December 2008

UNSTABLE
SITUATION

increased
Total Lift
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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 highway (where it struck a vehicle); and into a_parking 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
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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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Static Stability

Statically stable. If the forces and moments on the body caused by
disturbance tend initially to return the body toward its equilibrium
position, the body is statically stable.

e
\\Q/// Statically unstable. Tf the forces and moments are such that the body

continues to move away from its equilibrium position after being
disturbed, the body is starically unstable.

=

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.

December 2008

Weight & Balance




F %} Dror Artzi

Lryynamically unstable behawvior,
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Lift = weight
Thrust = drag
No net moments
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(a) Equilibrium flight.

TN f/j"’f

——— - — — _ _ ,—" 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

———-I—--—% B _\i}mu .’)f"l‘).---h---

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
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Equilibrium " P

(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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Arm A . Arm B_
(= 50") | [+ 257
F 9
Fulcrum
(Datum)
— Moment + Marmani
ltem Weight Arm Moment
(b {Im) [Ib=in)
Welght A 100 =h{) =5 [}
Weight B 200 +25 +5 000
S0 0
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Datum #
- +150
- +80 -
— 45— |
A=100 B = 100
= = = = = = = +110 = = = = = —""+.I
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 L (44,000 ] 110

Ch=

B Total moment
Total weight

= 44,000
400

= 110 inches from the datum

December 2008

Weight & Balance /

|



Load Weight (Pounds)

+ Dror Artzi
AN

Tvicad Towrding graph.

Load Moment/1000 (Kilogram-Millimeters)
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CESSNA 172 Skyhawk
Loading Sheet

AIRFLANE

Wel g:h‘[ I Moment
{1hs.) (b, -ins.
/10001

1. Licensed Empty Weighi (Ve the data pertaining -
to your airplane as it is presently equipped. {380 55. g |
Includes wnusable fuel ) . . . . . . . . '
2. 01l (8 Qts, - The welpht of full il may be used
for all caleculations, 8 QU 15 1.hs, at -0, 2
Moment/J000): « « ¢ ¢ s s s 5 s % 5 & % 1 15 -U0.2
3. Usable Fuel (AL 6 Ly, tl,)
Standard Tanks (3 Gal, Masximunm) . .
Long Ranpge Tanks (14 Gal, Maximam), o, . i
4. Pilot and Front Pussonper (Stalion 34 to 460, L . .
5. Rear Passengers
6. % Bugpaze Area 1 or Passenper on Child's Sead
(Station 82te 108) 120 L, Max, « « . « + « &
7.% Haggage Area 2 (Station 108 1o 142) 50 Lbs, Max, . .
{ B, TOTAL WEIGHT AND MOMENT

welgnt & Balance
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o 100 TS | | 1 1
| ! MAXIMUM USABLE FUEL Bl
! *STANDARD TANKS ||
50 1 **LONG RANGE TANKS |
(] o v =T R REREEEEES
0 ziii ARREEEE! ‘:! 0 1 L 5
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

e e

YOUR
AIRFPLANE

Weght Moment
‘ihs, ) {th. -ins.

S1O000 (

1. Livenased FEapty Weisht (Ve Tho elnen pertaining
toyouy airplane as b is present ly gequi el
e ludeys unusable fuel b 0 0 0 0 0 . o L

2. Oil (8 Qts, - The weipsdd of full oil may be used
for all ealvulations, B, 15 Lbs, at 0,2
Moment, 1O00), © . .+« o o o0 e e

3. Usabile Fucl (AT 6 Do, g ll)

Sloncheed Tanbko U8 Cid, Blasimamy o o . .

13%0 | 53. gi

15 .02

Long Hanpe Tankes (18 Gad Masivwen). o, . :
g ik ol Pl B ol G E « . el ] ° * |
5. DPear MMssengers . . . 0 . o
6. F Faugeace Area 1 or Passenner on Uhild's Seal
(Stution 82 to 108) 120 Ll Max, o« . o o ¢
'?.%’kﬁuggngu Arvea 2 {Station LMo 144) B0 Lhs, Max, .
.l:i.” TOAT AL r"(.‘-.-""zi TGHT AND MOMENT |
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18 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

. I

AIRFLANE

Weight
{Ihs,}

' .E‘I;‘.}m ent
(b, =ins.
STOO0) .

1. Licensed Eopty Weizht [Uae The dia pertaining
to vour airplane as it is presently equipged,
Includes unusable fuel. ) . . . . . . . .

2. 0il (B Qts, - The weipht of (ull uil may be used
for all calculations, 8 QU 15 Lbs, at -0, 2
Moment, 1000), . . . . . . . . . . . . ..

3. Usable Fuel (At 6 Libm, Carl,)

Standared Tanks (3 Gal, Maximum) . .

330|523, 9

15 -0.2

Long Rangge Tanks (14 Gatl, Magsicowam), .
4. Pilat and Front Pasaonper (Station 24 Lo 4610, . % 'gs |q S
5. PFear Passengers . .
&*ﬂ-ugg;'z;w Area 1 or Pagsengoer on Child's Seat
(Station 82 to 108) 120 1his, Max. . . . + . . .
?.*ti;a-gg‘g{:&gp Area 2 (Station 108 1o 142) 50 Lbs, Max, .
B, 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 | ARFLANE
Lnading Sheet | Weight | Moment
{Ihs.) | Ub.-ins,
~~~~~ S— oo

1. lLicensod BEraply Weicht (Uae the dbea pertaining ‘ ' .
to youy sivplane s il s presently egquipped. \380 3 ;
Teludes wpusable fuell ) o 0 o L 00 e 0 e e o e s A

2. 0il (8 Gts. - The wephl o ey ol ey he wsed
for all cateulations, B Qe 15 Lbs, at -0, % ) ! »
Moment J000), . .« o oo e 13 -0.2

3. Dsable Fuel (a0 460 Tl Linl, ) :
Stancardd Tanks (M Cued, BLANIAUELY o 0 0 . o e Z ?g \O'%

Loy Faenpe ‘Pankys (A Curd, Musiwm), o 0 o« o

4 Pilot and Front Pasaonger Gitalion 34 Lo A 5 ¢ e w q)gg (L{ 5
B Pear DASSENEEES « o« « + o+ s'e o = o0 ox o e w e - 225 0.0

6.% Buggage Area 1 or Passenner on Lhl Lel' s Seud
(Station 82 to 108) 120 Dhe, Max, o o 0 0 v 0 0 o

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

o, TOTAL WEIGHT AND MOMENT
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1 SR RES A Raaaama suunnauaNy RABE EREEyE
400 FHLOADING [ e e e AT T
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& 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 e
Lﬂading Sheet Weight | Moment
{lbs.} {ib. -ins.

1. Licensed Faply Weirht (Uae the daca pertuining
to vouy sivplane as it s present Iy equipped,
Includes unusable fuell) o 0 0 o 0 . .

2. 0il {8 Qts, - The weiphi o fuld oil may be used

{or alt caleuktions, 8., 15 Lbs, at -0, 2

Moment, TO0), © . .+« « v o 0 e e e

Usablie Fudl (a0 6 e, el }

Standaeed Tanko (80 Gk, BMasimueny . .

Tomag Hunpe 'Panky {1 G, Musioem), o 0 .

5. Pear Dassengers . . . o .« o« - -

6. % Pugrpne Area 1 or Passenper on Chile s Seal
ottt ) A
(Sintion 92 to 10A) 120 Tha, Max. & o o 0 v 0

] IFI.*

»

4 Pited and Front Pasaooper (Slalibon Mto gy L . . .

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

1\380| 63.¢2

5 | .02

228 | 0.9

*

| 245
2. 15
e

4.5

200

2.0

vpeeT T

W TOTAL WEIGHT AND MOMENT
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CESSNA 172 Skyhawk
Loading Sheet

'?dgémww
AIRFLANE

Welght
{1bs.)

Moment
(I, =ing.
10000

&N

Rear Passengers .

wxﬁnggzt__{u Area 1 or Passenger on Child's Seat

(Stution 82to 108) 120 Lbs, Max, .+ . .« v « .

=3}

T.*ij:l-s_:zg:'tui* Area 2 (Station 108 1o 142) 50 Lbs, Max, .

4. Pitot and Fronl Pasaooper (Stalion 34 to 460, L, .

1. Licensed Empty Weipht (Uae the data pertaining
to your airplane as it is presently equipped, Dl O
Includes unusable fuel, ) . . . . . . . .
2. 011(8 Qts, - The welpht of full oil may be used
for all caleulations, Qs 15 Lhs, at -0,2
Moment, 1004], 15
3. Usable Foaol (AT G e, teyl,)
Standird Tanks (00 God, Maximuan) o o . . . . . Z 28
Long Range Tanks (10 Gal, Masicwem), . . . . .

e S

295

27

| 2.

L
-

TOTAL WEIGHT AND NMOMENT

2234 101.0
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1900 H+++H-

SR a A A A Ra R AR RRaa R a oA R R R R SR EE SR e Ea Rt Busay R ER s B
ol [CENTER OF GRAVITY] JILILLL 1o e
| MOMENT ENVELOPE | W/ THITT HH T
e wa'L{\NEI)PLANE._i. [1, : '.i: as
2100 %f'i liJ' ijll !"ﬁTmll?w:f“"J“*j?4/_ g
ST T
PR 4/;3 3
2000 T AT e
AISRRERR It Ll /i ‘Ji‘f T

HH AR A T TR R T

1800 |1 " , A T
'| ' ] Bz G T : &1 ‘::’ &Q) z ‘I '1' _t_ .'- T i -][ S I s J 0 O | 1 )

1 _ . = Y 1 | | N N N

LOADED AIRCRAFT WEIGHT (POUNDS)
|
|

1 e O A TR EEaaag :
1700 H-+-—H— 1 A T
I O x EEEEEN . A NENNEEEI IEEENNEE AR AN NN R
A H A T HH A
1600 |- LY

ek I B 1

. ' E1 ANBNEENRNRF 4N 00z N (2 O L : 38 ., B PRl
1: 1 i / BT 1 ]__ 1 f/ IEEENEEEE IR EEEENEEEEEESEAN ENENERREEN
(500 A I +HHH Iﬁ IRERREEaE RN NN it HHH

45 50 55 60 65 70 175 80 85 90 95 100 105 110
LOADED AIRCRAFT MOMENT/1000 (POUND-INCHES)
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STATION

LOADING

i oy S

(34 TO 41

ARRANGEMENTS "3

(34 TO 46

* Pilot or passenger center of gravity
on adjustable seats positioned for 73
average occupant. Numbers in paren-
theses indicate furward and aft limits

REAR PASS

REAR PASS

73 —i

IS A

of occupant center of gravity range. **q 5 BAGGAGE 96 CHILD SEAT
] AREA |
*¥ Arm measured to the center of the 108 108 =
areas shown, - BAGGAGE \ BAGGAGE
R £
123 123
AREA 2 AREA 2
NOTE: The rear cabin wall approximate station 108) J
or aft bagrage wall (approximate station 142 142 142
can be used as convenient interior reference
points for determining the location of baggage STANDARD OPTIONAL
area {uselage stations. SEATING SEATING
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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. ]
(+87.4) 1o (+93.0) at 2,450 pounds.
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Airbus A380 Fuel Tank Locations
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. #

) ,.
747-400 a 7 # "
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PA 23-250 AZTEC

# 1 *
# #ll
n *
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WEIGHT (kg)

6%
_ +
Typical Fighter Centrogram%
# # 46% 47% 48% 49% 50% 51% 520 53%
i \K /
r_ y’ L 1 1
12000 """""""’"”,,,,——””’7r"”~,’1
11000 ‘ 4////1’,,/”/ﬂ
H#
10000
9000
8000 a
Oty Wefght /
7000

December 2008
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Nif—%ﬂﬂ . Unstable ;
7 e power off
1 K
7 N
7 N
# " # 7 N |
jf" N
n non _({——“; —
a0y
lengine-on thrust # = =
* % Center of gravity
en L
! # # # ? must lie between
é these limits
Inl
# # # Ground Unstable ;
effects % POWer on
(1} \l
* # * U
G (1] [} Eotii -_E
n 1 1 *
= = ;
/4
|_-__Cemer of gravity
must lie between
these limits
(b}
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A36
41X DZL
| 4]
NY 20V, 0NN 1P XY DOMVN DY
TRy VN IN NYAYNI PRV, 010N 211N SY
12 MY YO

AY,DIVDM INHD NN, TPN NDYN KO THTHR )1 TRIN-D»0N
N YN T2V 7GR DN ANP ONNX TAID 1590 DY YPIPN VPAX NN
INIXIIA DY N DIVNN I IVINDN
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Ground Effect:

1.008 400
837801
5. 70801
| 503e-01
338801
16801
20603
-1 .65a-01
—3.32a- 01
—4.99a-01
-5.88a-01
—&.32g 01
-9.92a-01
1178400
—1.33a400

-1.50a+00
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!

Ground Effect:

Tip vortex decrease

The pressure under
the wing increases

Lift Increases
Drag decreases
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/ /

)
Ho# o # )
o T )
x40 )
* H )
*# * )
/ )
/ )

"
k *
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*
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#
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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:
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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.
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/ December 17 1903 At 10:35 \

K December 2008 Weight & Balance /




Dror Artzi

December 2008 Weight & Balance




Dror Artzi

December 2008 Weight & Balance




Dror Artzi F F

December 2008 Weight & Balance




Dror Artzi

December 2008 Weight & Balance




December 2008

Dror Artzi

Weight & Balance




