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. (25%) A wheel is moved by the mechanical system shown in the Figure 1. The mass of the wheel is

m,, and the mass of the attachment is m.. For the case of a uniform disk, the moment of inertia for the

wheel is given by J=0.5m,’. ;

a. Determine the modeling equations for the translational and rotatlonal systems.

b. Derive the transfer function for the output motion z(f) as a function of the input motlon u(f), and fmd
the static gain of the system at steady state.
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Figure I Wheel with position input system

2. (25%) Consider the RLC circuit of Figure 2, which consists of the series connection of a voltage
source, vs(?), a resistor R=142, an inductor L=0./mH, and a capacitor C=10uF.
a. Find the transfer function between the capacitor voltage v.(f) and the input voltage source v,(t)
b. Determine the damping ratio and natural frequency for the RLC circuit.
~ ¢. Express the system equation in state variable form, use v.(f) and i;(f) as the state variables.
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Figure 2 RLC circuit
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3. (25%) It is desired to design a drive system for electric vehicles. Each vehicle is motivated by two rear
driving wheels, The drive system consists of a DC motor mounted on each of the driving wheel
without any transmission (i.e. the motor is driving the wheel directly). The total weight of the vehicle
and the driver is about 400kg. The radius of the rear wheel is 0.25 meter. If the wheels do no slip on the

ground, and wind drag is negligible, answer the following questions. o
a. If the maximum velocity and acceleration of the vehicle are 50km/hr and 0.12m/.gec’, then, what is

the maximum power supplied by each of the motors?
b. If the torque constant of the motor is 0.5Nm/4, what is the motor current in case a? Also find the

minimum battery voltage required for the vehicle to operate at S0km/hr.

4. (25%) For the circuit shown in Figure 3, gssume that the switch S is opened for a long time and closed
at r=0sec, then, the circuit can be viewed as a first-order system.
a. Determine the capacitor voltage, v(f) at ==0sec.
b. Derive an expression for the capacitor voltage v.(f) when >0sec.

c. What is the time constant, 1, of the circuit for £>0sec?
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Figure 3  First-order circuit




