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1) Consider the following mechanical system where 7(¢) is the applied input torque;
Ty = 106(t) and Tg, (1) = —156(¢) are damping forces; and K=20 and J=2 are the spring

stiffness and inertia, respectively.
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a) Draw the free body diagram of the system.

b) Derive the equations of motion
O(s)

5)

c) Determine the transfer function from the input 7(z) to the output 6(¢), i.e,

d) Determine the system stability from the transfer function.
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2) The nonlinear dynamics of a 1995 Camaro are governed by the ordinary differential equation

1008 46.87 —1.558v + 0.02267v* = ¢[229.2 — 0.560v]

where the vehicle model variables are velocity, v=v(¢) in ft/sec and engine throttle, e = e(t)

in percent.

a) Determine the linearized differential equation relating |:| to e(t) for the equilibrium
operating point at v, = 88t /sec. Hint: the linearized equations are written using deviation
varaiables such asv = (v-v,) and e=(e—e,). (Attach calculations)

b) Determine the steady state response Vg (ft/sec) of the linearized system found above to the

excitation e, = 5%

Voo = ft/sec

Vss
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3) You are to design a Proportional + Integral (PI) controller for the system shown below.

U(s) E(s)

? —{ K, +K,/s

Y(s)
>

a) Find gains K, and K, that render the system stable and have a maximum system time

constants of 7, =0.5sec (All others are smaller) and has a closed loop error of less than 1%.

b) At the gains you supplied in part b), what is the steady state error for a unit step input to this

system?
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4) Sketch bode diagrams for the following transfer functions:
a) G(s)=-10
b) G(s)=1/s’
c) G(s)=1/(s+1)
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