ECE 3510 Exam 1 given: Spring 08

1. (27pts) This problem refers to the crude servo that you worked with in the first lab. It is essentially the
same as the servo that | demonstrated in class the very first day.

a) Draw a system block diagram, identifying each of the parts in generic terms (controller, plant, feedback
sensor, and possibly others) and in specific terms (Motor, amplifier, etc.).

b) Identify the input and output on the drawing. Show what the input and output are by giving me the
units of each. (Don't worry if more than one answer is possible, just give one.)

c¢) Identify all the other lines between all the blocks by the signal at that part of the block diagram. Include units.

In the lab you made the system responded in 4 different ways, depending on the gain. Give your answers below

in order from lowest to highest gain. (One of these you probably didn't actually see, so pretend you did.)

d) What were the resonses
that you saw. Use the
word "damped" in 3 of
your answers

1. (lowest gain)

4. (Highest gain)
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e) Show a typical
time-domain step
response in the for each.

| time

’ time

| time

I time

(The space between problems has been removed.)

f) Show transfer-function pole locations
for each. The real and Imaginary axis

have the same scale. Make your
pole locations fit your time-response

TIm
Re
TIm
Re
T Im
Re
T Im

Re
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2. (10 pts) Find the inverse Laplace transform of the following function:  F(s) := st+3

Use partial fraction expansion and the tables. s(s+2)(s+4)
Show all your work to get credit.

3. (3 pts) What is the time constant of this expression? é-e’ 1ot T =7

V(s
4. (18 pts) a) Find the transfer function, H(s) = c for this circuit.

Vi(s)

Write H(S) in the normal form (as a ratio of polynomials o SV VA, o]
with no coefficient before the highest-order term in the
denominator). Don't divide the polynomials. | |
Initial conditions are 0.

You MUST show work to get credit. [ )

H(s) =?

b) Find the characteristic equation of the circuit shown.

¢) The solutions to the characteristic equation are called the of the transfer function.

d) Does the transfer function have one or more zeros? If yes, express it(them) interms of R, R,, C, & L.

5. (14 pts) a) A feedback system is shown in the figure. What is the transfer function of the whole system, with
feedback.

Xout(s) 5 Xin(s)—= 20 = 50

X (S)
+ s+ 10 out
X in(S)

H(s) =

Simplify your expression for H(s) so that
the denominator is a simple polynomial.

b) Find the value of F to make the 40+ s
transfer function critically damped.

6. (8 pts) A system has this transfer function: H(s) = 2857+2
S +6s+4

What is the steady-state response (y4(t)) of this system to the input x(t) = <3+ 5-e’4't> -u(t)

2
s+ 10

7. (12 pts) This system: H(s) =

Has this input: Cosine input: x(t) = 5-cos(20t)-u(t) X(s) = >S5

(&4 207
2 5.5

(s+10) (2, 400)

a) This separates into 3 partial fractions that you can find in the laplace transform table.
Show what they are, but don't find the coefficients.

2  5s
s+10 &% 400

Resulting in this output: Y(s) =

Y(s) =

b) Continue with the partial fraction expansion just far enough to find the transient coefficient as a number.

i i i =7
c) Express the transient part as a function of ime.  y(t) =" ECE 3510 Exam1 Spring 08 p2
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8. (10 pts) This system: H(s)

S+ 6

Has this Cosine input:

X(t) = 5-cos(8-t+ 40-deg)-u(t)

Use steady-state AC analysis to find the steady-state response (y(t)) of the system.

Answers
1.
Oin Controller Plant % out
Input Input error Motor Output
Position Input Position Drive Position
- - Motor & |
—= position Amplifier Gears =
rad or pot Volts + Volts Volts rad or
degrees _ degrees
gieenc;k?ack Feedback Sensor
9 Output Output
Position Motor Position Position
Volts Potentiometer rad or
degrees
Im T Im
fT 1. (lowest gain) a7 2 Critically Damped
1 Overdamped Re 1 dbl | Re
| time time
T 3. Under damped Tlm 4. (Highest gain) -
¥ | - Growing , " f;{l
Oscillation ,*
| o Re o Re
time
, I time X __"5:' | =
. _2. 4. . 100-m
2. (3 1 2t l.e‘“ u(t) 3. 100-ms
8 4
1 R R
4.3 S 'S b) 0= &+ —1+ ! S+ 1+—1 1
CRo L Ry Ry L-C
\ L Ry R,/ LC c) poles d) 0 and T
2
5. a) 20-50-(s+ 40) b) 0.9
?+ 50-s+ 400+ 250-F
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6. 1.5
Name
- a) A + B:s C-20 Scores:
. Pages 1&2 _ of apossible 27 pts
s+ 10 <sz+ 400> <52+ 400>
Pages 3&4 _ of apossible 29 pts
-10t
b) -0.2 c)-02e Pages 586 of apossible 34 pts
8. 0.2-cos(8-t— 13.1-deg) Page 7 ___ofapossible 10 pts
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Total ___ ofapossible 100 pts



