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Project 3

1. The essential problem is to find the euler angular velocities when given the total angular velocity and the angles phi and theta.  The rotations phi and theta are rotations about the z and y axes.

Angular velocity is the change in angle over time (radians/second).  So if we have three rotations to consider, then the total angular velocity is the sum.  The total angular velocity is given to us as a vector, omega.

[image: image1.wmf]q

q

f

f

y

y

v

axis

axis

axis

*

_

*

_

*

&

&

&

+

+

=


[image: image2.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

q

f

y

q

f

y

q

f

y

q

f

y

v

&

&

&

z

axis

z

axis

z

axis

y

axis

y

axis

y

axis

x

axis

x

axis

x

axis

_

_

_

_

_

_

_

_

_

This formula of course looks like a dot product, so we can rewrite it as:
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To solve this equation for the euler angular velocities, we need to take the inverse of the matrix of the axes of rotation.

We find the axes of revolution by examining the rotation matrices for rotations about the x, y, and z axes.  We must consider these rotation matrices because performing one of the three rotations, rotates the rotations axes of the other two.

Let the axis for theta be [0; 0; 1].   Using the y and z rotation matrices, we find:

//middle column of z rotation matrix

axis_phi = [-sin(); cos(); 0]  

//first column of y and z rotation matrices multiplied

axis_psi = [cos() * cos(); sin() * cos(); -sin()] 
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The inverse is taken with the following formula:  (image stolen from http://mathworld.wolfram.com)
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Dividing by cos() lets us set the cos2 + sin2 = 1...[image: image7.wmf])
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2. The second problem added Force to each blade of the helicopter.

To compute the direction of the MotorForce for each wing, the WingNormal vector was projected onto the x-y plane and normalized.  The magnitude was given a value of 9.8/4 NEWTONS.  I assumed this is what was expected (the assignment requested g/4 which would be Nm/s^2 which didn't make much sense).

Initially this problem confused me, because the MotorForces of each wing cancel each other out!   The key concept that produces the intended motion is that the forces also affect torque.

The effect of forces have on torque is defined by the following equation:
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This equation essentially takes the crossproduct of the force with the position relative to the object's center of mass.  In the distributed code, this is equivalent to taking the crossproduct with the "Rotor" variable.

(Executables are named problem1 and problem2, and rbs.h contains the necessary modified code.)
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