MAE 106 Lab 3 Quiz and Midterm Exam
2007
University of California, Irvine
Department of Mechanical and Aerospace Engineering

Part 1: Lab 3 Quiz
In Lab 3, you built a motor velocity controller, using a proportional feedback controller.

I. Assume that you want to control the position (i.e. angle) of the motor shaft instead of its
velocity. Choose the letter for the correct control law, and the numbers that correctly state
what each variable represents. Assume G>0 and that a positive input to the motor/amplifier
causes a shaft rotation in the positive direction.

A | o2 L
Control Law: __ /% variables: u= ' G= =/ Oy=__ | @=_ #=
A u=-G(9-8y) 1. Desired motor speed 5. Control input to motor/amplifier
B: G =uw(0-0y) 2. Actual motor angle 6. Actual motor speed
C:u=-G{64-9) 3. Feedback gain 7. Derivative Gain

D: G=u/(6+ 6y) 4. Desired motor angle 8. Bode’s value .

2. Below is a control circuit that you could use to implement the P-type pesition control. Using
the same numbers selected from 1-8 above, label the empty boxes with the correct numbers.
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Transfer function 1s letter: «‘é’g

A. H(S) = KK1~[1/(S+KK|1])

B. H(s) = (K+K;)s/K

C. H(s) = K(s+K)

D. H(s) = (KK +sV/K

4, Put a big, thick line through the part of the block diagram that corresponds to the tachomctt,r ;;

and its signal. Put an “X” through the part of the block diagram that corresponds to the
motor and amplifier . Circle the part of the block diagram that you implemented with op-
amps.
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Answer;. 2 a} rems:tanc;e b) voltage = c¢) current d) capacitance

An op amp is described By the foli:mﬁing'_input output equation:

Ans_wg:_fr:: : ﬁ i L :a)__ Vi=V- b), Vvaé : =0 d) V=K(V,-V)

What IS the permd Of a sme wave w1th a frequency equai to 3 Hz?

Answer. a) 66666’“‘91 sec b) /3 sec . | c).l'.5*~pi sec d) 1.51/1'3_1 sec

A notch filter attenuates:
!
Answer: o a) high frequencies b) a band of frequencies c) low frequencies

A first-order, low-pass filter causes a phase shift in a sinuosidal input. The amount of phase shift
at the cut-off frequency is:

Answer: _ | f:é | a)90deg ~ b)180deg  c) 45 degrees d)70.7 deg

A feedback controller has the disadvantages that: Answers: AN ST
A feedback controller has the advantages that: Answers: ALK =
A feedforward controller has the disadvantages that: Answers; =

A feedforward controller has the advantages that: Answers: &

_a)y-itrequires an accurate model of the plant
by~ it has to allow an error to develop before it does anything
oy delay causes it to go unstable

¥ it only requires basic knowledge of the plant

£} it can theoretically produce error-less control

B itrequires a sensor

_g¥ it can cancel unexpected disturbances
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Scaling = Magnitude Response Phase shift = Phase Response
L w 5 oo .
[Sp————E R * = ,,; . i
e o~ Taw Eous

%‘2% x g {f"’ii;aﬁ;é

What type of filter is this (circle one): Sy
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Low pass filter # High pass filter j Noteh filter Band-pass filter
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Assume the motor’s torque constant IS B. Fmd the torque the motor produces as a function

of time when: :
e the shaft of the motor 1s held ﬁxed k=
a constant voltage v is applied across the motor at time =0
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¢ the initial current i(t = 0) through the inductor is zero
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where . m the voltage mput to the motor and ® is the angular v&lomty of the shaft and Ky, is a

feedﬁorward . moi@r.
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One of the major berefits of feedback is its ability o cancel the effects of unmodeled

“disturbances”.
affecting the motor:

+  ~(Oactual~d)

Assume you build a feedback controller, but there is a disturbance force Fy

Wactual
Ll

Ki's

e = [ 14

You can view the effect of Faon Mycua as being described by a sort of filter. What type of filter

is it and what is it’s cutoff frequency?
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