PSET 10 – Due 11.6.2018 at start of class
NOTE: This is the last PSET for UNIT 1.  EXAM 2 will be given on Nov 13 in class.  It will cover chapters 8, 9, 10, 11, 12, and 14. 
Question 1:
 [image: ]
[image: ]

Question 2:
[image: ]
My answer – plot BODE diagrams with increasing Kc values…
(a) Phase angle never reaches -180
[image: ]
(b) Phase angle never quite reaches -180’, looks like very large AR never > 1 even at high Kc values
[image: ] 
c) Critical frequency is 1rad/time, at this frequency AR can go above one, so this system can be made unstable with sufficiently large Kc values
[image: ]
d) Yes, this can be made unstable with increasing Kc values
[image: ]


Question 3:
[image: ]
[image: ]
By inspection
Critical frequency = 0.806 rad/time
AR = 0.202
[Note: this system is stable!]


Question 4:
[image: ]
(a) Bode plot.  Note that we do NOT use the disturbance variable transfer function in G –open loop
[image: ]
Part (b) I used fminunc to solve for Kc where PM = 30, code for this:
Kc_opt = fminunc(@func1,1)

Where fminunc is defined as:
function F = func1(Kc)
s = tf('s');
G = Kc*(2*s+1)/(0.1*s+1)*2/(0.5*s+1)*(0.4/s/(5*s+1))*1;
[GM, PM, Wc, Wg] = margin(G);
F = (PM-30)^2;
end

Part (c) Solve graphically with BODE plot or use the margin function in Matlab.
GM =    3.0673
Question 5:
[image: ]
[image: ]
[image: ]
The approximation is good at low frequencies but NOT high frequencies.


Group Problem 1:
[image: ]
Part a)
[image: ]
Part b) Kc < 0.9753 the system is stable
Part c) With Kc = 0.2, the phase margin is 46.5°
Part d) Use fminunc to solve (like in problem 4), Kc = 0.57


Group Problem 2:
[image: ]
Answer – plot response to Kc values ranging from 0.1 to 10:
Part a) The phase angle never reaches -180’ for any Kc, so it is always stable.
[image: ]
Part b) Same reason as above.  Always stable.
[image: ]
Part c) Again, the phase angle never reaches -180’, so it is stable for all Kc
[image: ]
Part d) Very high phase angle, not close to the -180’ marl for any of the Kc values
[image: ]
Part e) Yes!  At phase angle = -180’, thee are Kc values that can make this system unstable.
[bookmark: _GoBack][image: ]
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14.7 Plot the Bode diagram (0.1 < o < 100) of the third-order

@ transfer function,
4

0= T e T e+ D

Find both the value of o that yields a —180° phase angle and
the value of AR at that frequency.
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14.24 Consider the feedback control system in Fig. 14.8, and
@ the following transfer functions:

- 25+1 _ 2
Ge=K, (0‘1s+ 1) Go= 55T

L, _ 04 _ 3
G” TsSs+ 1) AT

G,=1

(a) Plot a Bode diagram for the open-loop transfer function.
(b) Calculate the value of K, that provides a phase margin
of 30°.

(¢) What is the gain margin when K = 10?
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14.18 Obtain Bode plots for both the transfer function:

@ Ges) = 10Q2s + De™™

Q0s+ DEs+ s+ 1)
and a FOPTD approximation obtained using the method
discussed in Section 6.3. What do you conclude about the
accuracy of the approximation relative to the original transfer
function?
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14.21 The block diagram of a conventional feedback control
@ system contains the following transfer functions:
GU=KC(1+l) G, =1
Ss
1
Gn=17
. _ Se™

P T 105+ 1

Q

(a) Plotthe Bode diagram for the open-loop transfer function.
(b) For what values of K_ is the system stable?

(¢) 1f K, =0.2, what is the phase margin?

(d) What value of K, will result in a gain margin of 1.77

14.22 Consider the storage tank with sightglass in Fig. E14.22.
The parameter values are R, = 0.5 min/f®, R, =2 min/fe?,
A, =102, K, =25cfm/mA, A, =087, K, =15mA/ft,
and t,, = (0.5 min.

m
m
(a) Suppose that R, is decreased to (.5 min/ft?. Compare the
old and new values of the ultimate gain and the critical fre-
quency. Would you expect the control system performance to
become better or worse? Justily your answer,

(b) If PI controller settings are calculated using the Ziegler-
Nichols rules, what are the gain and phasc margins? Assume
R, =2 min/ft.
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14.15 Usc arguments
response to determine if the following combinations of
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14.1 A heat transfer process has the following transfer func-
tion between a temperature T (in °C) and an inlet flow rate ¢
where the time constants have units of minutes:

T() _ 3=
Q'(sy s@s+1)

If the flow rate varies sinusoidally with an amplitude of 2 L/min
and a period of 0.5 min, what is the amplitude of the tempera-
ture signal after the transients have died out?
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14.5 Determine if the following processes can be made unsta-
ble by increasing the gain of a proportional controller K to a
sufficiently large value using frequency response arguments:

a2
@ G.G,G, = ==
3
6,G,G,
o) 7p (& + I)(2s+ 1)
: 4
J ;G 6 = ——
© 6,00 = @+ DG + 1)
Se*

@ G,G,G, = =—
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