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. A wind turbine includes a three-blade system that rotates about an axis through the end of each blade, as shown in
L
Figure 1. Each blade has a length L and mass M, with a center of mass located at a distance 3 from the axis of

rotation, as shown in Figure 2.

(a) Derive an expression for the rotational inertia of the three-blade system. Express your answer in terms of M,
L, and physical constants, as appropriate. The rotational inertia of each blade about an axis through its center

1
of mass is given by the equation I, = 18 ML,

GO ON TO THE NEXT PAGE.
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(b) While the wind blows, the three-blade system operates at a constant angular speed @ = 2.6 rad/s. The length
of one blade is L = 36 m. The numerical value of the rotational inertia of the system is
Lgys = 6.7 % 10° kg‘mz. Calculate the time T it takes the outer edge of a single blade to complete one

revolution.

(c) When the wind stops blowing, the angular speed of the system decreases. The angular speed @ of the system
while slowing down is given as a function of time ¢ by the equation @ = @ e P’ where By is a constant with

appropriate units, as shown on the graph in Figure 3.
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Figure 3

i. Calculate the amount of energy dissipated from ¢ = 0, when the wind stops blowing, until the system
comes to rest.
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ii. Derive an expression for the net torque exerted on the system as a function of ¢ as the system slows down.

Express your answers in terms of S, wg, M, L, L, and physical constants, as appropriate.

iii. Derive an expression for the angular displacement of the system A8 as a function of z. Express your
answer in terms of ,BO, 0y, M, L, Isys, and physical constants, as appropriate.

The three-blade system is now replaced with a second three-blade system identical to the first, except that the
second three-blade system slows down according to the equation @ = @, eiﬁt, where @j = 2.6 rad/s and S > f,.

The original angular speed function is shown as a dashed line in Figure 4.
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Figure 4

(d) On the graph in Figure 4, sketch the angular speed of the second three-blade system as a function of time ¢.
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END OF EXAM




