MASS AND BALANCE
IN AIRCRAFT
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V Deals with the loading of aircraft
V Ensure that they are not overloaded omisloaded




A VOLUMETRIC AND MASS CONVERSIONS

x(SGx10) —p

+(SG x10) ——

1e specific gravity of Jet A1 is greater than for AvGas, and will vary siightly with temper
r the mass and balance JAA exam, assume thd SG of AvGas to be 0.72, and Jet A1 as 0.8.
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THE AMOUNT OF AN ITEM INSIDE A BODY

THE POINT THROUGH WHICH THE
FORCE OF GRAVITY IS SAID TO ACT ON A MASS.

THE DISTANCE FROM THE DATUM TO
THE CENTRE OF GRAVITY OF A MASS

THE PRODUCT OF THE MASS AND THE BALANCE
ARM = MASS * ARM




A (RELATIVE TO AN AEROPLANE) IS THAT (VERTICAL) PLANE
FROM WHICH THE CENTRES OF GRAVITY OF ALL MASSES ARE
REFERENCED
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Figure 2-8. Determining the CG of an airplane whose datum is

Figure 9-2. Weight and balance.



V Whenthe CG isforwardof theCP,
thereis anaturaltendencyfor the
aircraftto wantto pitch nosedown

V If theCP isforwardof theCG, a
noseup pitchingmoment iscreated
Thisincrease®\oA, causinghe CP
to movefurtherforwardandcanlead
to a stall.

V Fornaturallongitudinalstability, the
CG shouldbe infront of the CP.




V Theforcesarearrangedso
thatlift actsbehindweight g2
andthrustactsbelowdrag

V ldeally, thepitching
momentsshouldcanceleach
otherout, but inpractice a
secondarynethodof
balancings used

V It is normallydoneby the
tailplane




It suppliegheforcenecessaryo
balanceanyresidualpitching
moment.

Long MomemtArm requires
smalleraerodynamisurface

It createsitheradownforceor
up force At slow speedheforce
IS insufficientto balance

In thesecasestheelevators
deflectedo increaser reducethe
forces It createglrag whichis
referredto as




Safe Range

AFT FWD
CG Limits

A To ensurehattheaircraftis correctlycontrollableandstable
the manufactureplacedront andrearconstrainor limits for
th locationof CG, bothonthegroundandin flight.

A Ifthea i r ¢ €Gfdlld od @& within thesdines, theCG is in
limits.
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Lever Arm Do ce

A Theforwardlimit is determinedy the authoritythatthetailplanehasto
trim outtheincreaseaosedownpitchingmomentcreatedoy thelocation
of the CG.

A This authorityis determinedy therangeof the elevator theairspeedf the
aircraft andthesize ofthetailplaneandtheleverarm
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Aft Limit

Rearward
CcG

Down-force
V AstheCG islocatedrearwardthereis areductionin thenosedown

pitchingmoment.Thisreduceslownforcerequiremenaindlargeelevator
deflections

V It allowsfor extracontrolsurfacedeflectionto be usedto alter pitch
attitudeof theaircraft Thereis alsoareductionin trim dragandstick fixed
forcemakingit easielfor the pilot to movethe controls

Lever Arm
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A
Aft Limit
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Rearward |
CG

| D -
J Lever Arm own-force
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As the CG movesfurtheraft, the controllability increasesvith thedecrease
In stability. Therearlimit is setto maintainsufficientstability.

Therearlimit is set forwardof the neutralpoint. The neutralpointoccurs
on apointtermedthe aerodynamicenter whichin subsoniaircraftis
normallylocatedatthe1 chordpointbehindtheleadingedge
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Total Nose
Down Moments Aerodynamic Centre

S Total Nose

)
s Chord .

Trailing
edge

A For calculation the AC is consideredo belocatedat 25%chord In reality,
it movesbetweer23-27% ofthechordfor asubsoniaircraft

A If theCG islocatedonthe AC, thereis no netpitchingmoment (increased
controllability, neutralstability) T notdesirable
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—>
Static Margin

A Since it is notlesirablén anair transportircraft Thecg rearlimit is set
forwardof this point. Thisgivestheaircraftlongitudinalstaticstability.

A Thedistancebetweertheneutralpointandthe CG istermedthe static
marginor CG margin Therefore in realterms thereallimit is forward of
theneutralpoint, andthe CG is notallowedto getthisfar aft.
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V Fuelconsumption

V Flapextension retraction
V Gearextension retraction
V Cargomovement

V Passengercrewmovement




Fuel Tank 1 Arm

A In flight, themassof the aeroplaneeduceghroughconsumptiorof fuel.

A If theaircrafthasfuel tankswith varyingarms asthetrip fuel is burntoff,
the CG positionvariesdueto this consumptiorandthedropin aircraft
mass
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Fowler Flap Stowed Fowler Flap Deployed

r— r —

CG Moves Rearward with Flap Extension

A TransporircraftfrequentlyuseFowlerflapsastrailing edge
flaps Theseflapstranslateaearwardon extensionmoving
rearwarcaswell asloweringthetrailing edge

A This resultsin the CG moving rearwardwith theflaps
extensiorandforwardwith theflapsoretraction
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A Mostaircrafthavemaingearshatretractlaterally (no effecton the
longitudinal CG). Howevet theraisingof aforwardretractingnosegear
movesthe CG forwardandvice versa




A Whenanaircraftis loaded The CG andmassmustbewithin prescribed
limits of theaeroplanelf the cargoshouldshiftin flight, theaircraftcan
becomeeithertoo stableor uncontrollable

A Additionaly, cabincrewandpassengemovementhaveaneffecton the
trim of theaeroplane

A If theaircraftis notoverloadedThe CG mayfall onor betweerthe CG
limits. However asthea 1 r ¢ CGldcdtiansioveswith theconsumption
of fuel, prior to anyflight,

A andcorrespondin@G smustbe comparedo thelimits.






Stability increasesndcontrollability decreases

U Ontakeoff, thenoseis heavyrequiringmoreelevatordeflectionto rotate
theaircraft

U Theclimb is suppressedasthe nosewantsto pitch down
Greaterdeflectionof the elevatorswhich resultsin anincreasen trim drag

Greaterdownforcerequiregreatellift, whichresultsin ahigherstalling
speed

Theincreasan trim dragrequiresmorethrustto maintaina givenairspeed
Theincreasan thrustresultsin morefuel beingburned(shorterangg
U Stronglongitudinalstability reduceghe effectivenes®sf the elevator



c: C

cC:. C. C. C. Cc:

Stability decreaseandcontrollabilityincreases

Ontakeoff, thenosels lighter, requiringlesselevatordeflection The
aircraftrotatesmorerapidly thanexpected

Thedownforcerequiredfrom theelevatomreduces(lessdrag
Thereductionin drag requiredessthrust

Lessthrustresultsin fuel flow reducingandrangeincrease
Thedecreasedownforce whichresultsin alower stallingspeed

In theeventof alandingclimb ( goaround, thea i r c mosefotatésmore
easiliy.
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A March21, 1980

A PiperPA-31-350with a pilot,
a pilotin-commandraineeand8 passengers

A MTOM :7000Ibs




A
for theoptimum CGposition

Sufficiently stable
but moremanoeuvrable

Lessdrag
Lessthrust
More efficient cruise
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butthe CG islocatedwithin the saferange it resultsin |

U A greatertakeoff run, becausdt requiresa
greaterspeedor requiredlift.

U Reducedlimb performance
A reductionin airspeedor a givenpowersetting

.(no stall safetymargin) 1
Reducedexcespowermeangeducedserviceceiling. .« ..
Increasen fuel consumption
A decreas@ range
A higherlandingspeedlueto stallrisk. Longerlandingrun.
Heavybraking damagedyres

A massabovethe maximumstructurallandinimasswill resultin failure.
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i
Uis the mass of an aeroplane plus standard items such as:

V Unusable fuel and other unusable fluids

V Lubricating oil in the engine and auxiliary units
V Fire extinguishers

V Emergency oxygen equipment




.
V Crew and crew baggage

V Catering and removable

passenger service equipment
V Potable water and lavatory chemicals
V Food and beverages

V
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.
V The total mass of passengers
baggage, and cargo, including
any non-revenue load.

i
V This is defined as that part of the
traffic load from which the revenue is earned.
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U

V Block Fuel (Bulk Fuel)
or Ramp Fuel

V Start, Run-up, and
Taxi Fuel

V Take-Off Fuel

V Trip Fuel

V Landing Fuel (reserve fuel)

0
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0

V Operating Mass (OM)
Ais the DOM plus fuel but
without traffic load.

A

V Zero Fuel Mass (ZFM)
Ais DOM plus traffic load but excluding fuel.
i\
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0

U
V is the structural limitation on the mass of the aeroplane at the
commencement of taxi.(Maksimum Taxi/Ramp Mass)

u
V The maximum permissible total aeroplane mass at the start of the

take-off run.(Maximum Take-off Mass i MTOM)




i
V The maximum permissible total aeroplane mass on landing under
normal circumstances.(Maximum Landing Mass i MLM)

u
V The maximum permissible mass of an aeroplane with no usable fuel.




U

U The altitude of the airfield (density)
U The air temperature (density)

U The length of the runway

U The topography of the area

i
V is the take-off mass subject to departure airfield limitations




