WEIGHTS and BALANCES
Limits the Amount of weight they can carry AND where that weight is placed in the airplane

Excessive weight can also damage a wing – airplanes are designed to be flown up to a specific maximum gross weight – it may be possible to become airborne beyond this maximum certified weight, structural problems arise when turbulence or high-G maneuvering enters the picture

Stall speed increases with heavier weights

More runway needed for longer takeoff distance
Less climb performance

Higher fuel consumption

Reduced range

Higher landing speeds

Longer landing distance

NO GOOD REASON TO FLY OVERWEIGHT

The Center of Gravity is the point where an object would balance if an imaginary finger lifted it

For an object like a popsicle stick, it is distributed evenly

For airplane, you must calculate where the CG is

If the airplane will return, unassisted, to level flight after its controls are disturbed – it is said to have positive dynamic stability

If the airplane won’t return, and keeps diverging farther from it in a series of oscillations, it has negative dynamic stability (you may not be able to regain control)

Center of gravity limits must not be concentrated too far fore or aft 

Loading an airplane properly prevents problem

A little theory:

Lift is focused at CoL (center of lift), located slightly behind the CG

The plane rotates about CG, and lifting force causes a constant nose-down tilting condition
(hence, the horizontal stabilizer provide downward force)

As AoA increases, the center of lift moves forward, but as long as the CoL is behind the CG, then the airplane still has a forward pitching tendency

Why is this important?

(airplane naturally wants to keep itself away from high AoA where stalls occur)

Moving the CG rearward is very dangerous – the airplane now naturally wants to pitch up and increase its AoA (you may have to apply lots of forward elevator pressure to get the nose to pitch down – sometimes this may not help)
Aft CG can lead to violent stalls and flat spins – gives you lower stick forces, meaning that a slight touch on the controls causes a large, sometimes uncontrollable oscillation of the nose

Moving the CG forward requires and excessive tail-down force to keep the nose up – during landing, as the airplane slows, there may not be enough airflow over the tail to generate this downward force

To locate the CG, you need to understand the concept of moment (tilting force)

Weight X Arm = Moment

10lb
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10lb and 5ft each across … block 1 has -50ft lb, block 2 has moment of 50 ft lb
General rule is finding the CG is to add up the individual weights, find the moment of these weight about the datum, then divide the moments by total weight – this gives you the CG location arm
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Datum line – 5ft to the 1st block (10lb), 10 feet to fulcrum, 20 ft to 2nd block (5lb)

CG is at fulcrum – 10 ft from datum

Block 1’s moment about datum line, Weight X Arm = Moment (10x5=50)

Block 2’s moment about datum line, Weight X Arm = Moment (5x20=100)

Total weight = 15 lbs, Total Moment = 150 ft lb

CG Arm = Total Moment / Total Weight = 10 ft

Some airplanes have datum lines located at the firewall, others at the spinner

(Its wherever the engineer wants it)

TERMS TO KNOW

Maximum Takeoff Weight – also called max gross weight, maximum eight with which you can take off

Empty Weight – weight of a standard airplane, including all nondrainable fluids (unusable fuel, hydraulic fluid, and nondrainable oil), all permanently installed equipment

Useful Load – weight of the pilot, passengers, baggage, cargo, usable fuel and oil

IMPORTANT FORMULA – empty weight + useful load = gross weight

Avgas = 6lbs/gallon  

Oil = 7.5lbs/gallon

EPRFBO

EVERY PILOT REGRETS FLYING BARELY OVERWEIGHT

Empty weight

Pilot and front passenger

Rear seat passenger

Fuel

Bagage

Oil

