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Goal of this lecture

The goal of this lecture is to derive the
equations of motion that describe the
motion of a multirotor Micro Aerial Vehicle .

The MAV has 6 Degrees of Freedom but
nly 4 distinct inputs.

O Itisan underactuated system.
To achieve this goal, we rely on:

O A model of the Aerodynamic Forces &
Moments

O A model of the motion of the vehicle body
as actuated by the forces and moments
acting on it.




The MAV Propeller

O The goal of this lecture is to derive the
equations of motion that describe the
motion of a multirotor Micro Aerial Vehicle .

O Toachieve this goal, we rely on:

O A model of the Aerodynamic Forces &
Moments

O A model of the motion of the vehicle body

as actuated by the forces and moments
acting on it.
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The MAV Propeller

O Is something much simpler than a helicopter rotor



The MAV Propeller

Video of airflow and vortex patterns with propellers . These tests were conducted at NACA, now
NASA Langley Research Center . The interior tests were probably at the Propeller Research Tunnel.
The exterior tests at the end of the film were at the Helicopter TestTower. Langley Film#L-118




The MAV Propeller

O Rotor modeling isa very complicated process.

O A Rotor is different than a propeller . It is not -rigid
and contains degrees of freedom . Among them
blade flapping allows the control of the rotor tip
path plane and therefore control the helicopter

Used to produce thrust.

O O Used to produce lift and

~ directional control .

O PrOpe"e.r plane O  Elastic element between blade
perpendicular to shatft. and shaft.

O Rigid blade . No flapping . O Blade flapping used to change

R _ _ tip path plane .

O Fixed blade pitch angle or .
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The MAV Propeller

O In a simplified assumption, a propeller is
considered to present no blade flapping .

O Itisapproximated as a rotor disc producing thrust
and drag forces.

Thrust& Power Equations
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The MAV Propeller

O Thrust& Power Equations
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O Hover case (ideal power) :
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O Figure of Merit:
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The MAV Propeller

O Lift & Drag at Blade Element:
dL="Ccdrv>  dD="C carv?
2 2

dl" = N, (dl.cos ¢ —dDsin ¢)
dQ = N,(dLsin ¢ —dD cos ¢)r
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O AO: zero lift angle of attack .

O Linearize polar for ReVy.noIds number at 2/3 R
dT, =N, ng(QR ~ L ay)edrV;
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The MAV Propeller

O Simplified model forces and moments :

O ThrustForce: the resultant of the vertical forces acting on
all the blade elements .

Hub Force: the resultant of all the horizontal forces acting
on all the blade elements .

Drag Moment : This moment about the rotor shaft is
caused by the aerodynamic forces acting on the blade
elements . The horizontal forces acting on the rotor are
multiplied by the moment arm and integrated over the
rotor. Drag moment determines the power required to
spin the rotor.



