PSET 6 – Due Oct 9, 2018 at start of class (12:45 am)
Problem 1
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[Updated on 11.8.2018]


Problem 2
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Answer:
e(t) = ysp – ym = 0 – 2 = -2
[bookmark: _GoBack][Update 11.8.18 – this is a little confusing as written in the problem statement.  Clearer would be.  ‘After a step change, your new set point is set at zero and the measured response (Ym) is two.’  This would yield the negative error, and thus the negative gain.]
Gain = 6/(-2) = -3
Integral time = 6/(1.2) = 5 minutes 
NOTE: Integral time is how long it takes for integral term to provide the same amount of change output as the controller term at time zero.


Problem 3
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Group Problems Answer the questions on these four processes. Note: you might need to google a few terms.
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If the control valve on h2 is fail close (air needed to open), when the measured height is going higher than the set point, we want to close the valve or decrease the signal (air pressure) going to the valve.  This is achieved with a REVERSE ACTING controller.
[image: ]
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[image: ]The control valve is fail open (requires air signal to close).  If you increase the flow rate of steam, it boils off more water and concentrates the product.  Thus, if the product spec is going ABOVE the desired set point (getting TOO concentrated) we would want to reduce the steam flow (boil of less) and close the valve.  This is done by INCREASING the signal to the valve.  In this case we want a DIRECT acting controller.

[image: ]Trying to control the hot stream exit temp.  If it goes up, the signal from TT goes up.  Based on safety we would want the valve to be FAIL OPEN or ‘air to close.’  Thus, if the TT signal goes above set point, we would want to increase the cool stream flow rate and open the valve more; this would require a DECREASE in signal to the control valve.  Thus this would be a REVERSE ACTING controller.

[image: ]LT is direct acting (when liquid level goes up, signal output from sensor goes up). 
[A] air to close : for (a) we want to close the incoming stream if we go above set point – this would be DIRECT acting.  For (b) we would want to open the valve, which is done by decreasing the controller signal, thus REVERSE acting
[B] air to open, this would simply invert the situation – for (a) we would want a REVERSE and for (b) you would want a DIRECT.
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87 An clectronic PID temperature controller is at steady
state with an output of 12 mA. The set point equals the nom-
inal process temperature initially. At =0, the ertor signal is
increased at the rate of 0.5 mA/min (equivalent o a rate of
2°F/min). If the current settings are

K, =2 (dimensionless)

=15 min

< =0.5min
(@ Derive an expression for the controller output p().
(b) Repeat (a) for 7 =0 (i.c.,a Pl controller).

(&) Plot the two controller outputs and qualitatively discuss
their differences.





image6.png
e®): 0.5¢

?_(:E;K,.(l-'_—‘_—mt’TDs) Ewy: 0.5
E ’TLS 2

(s

Pi¢sde 14«(0-0(,\_* t +"53
s* —

S

/P'(n : (1)(0-5)( et 0-5) (5) 4 ferm wovld be ZERD
3 '\/




image7.png
p (MA)

24

22

20

16

14

12

PID
Pl

0.5

2
Time (min)

25

35





image8.png
8.13 Consider the liquid storage system in Fig. E.13. Suppose
that ¢, must be kept constant, and, consequently, i, is to b
controlled by adjusting ¢,. Suppose that the ¢, control valve is
fail-close. Should the Tevel controller for /1, be reverse acting
or direct-acting? Justify your answer
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Figure ES.13
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8.14 A steam-heated evaporator used to concenirate a feed
stream by evaporating water is shown in Fig. ES.14. The mass
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fraction of solute in the exit stream x is measured and con-
trolled by adjusting the steam flow rate, . The control valve is
fail-open. Should the composition controller be direct-acting?
Justify your answer.
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Figure E8.14
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8.15 A hot liquid is cooled by cold water in a counter-current
heat exchanger: shown in Fig. ES.15:

Heat exchanger
Wi Ty ] wi Thy

Figure E8.

Temperature T;, is to be controlled by adjusting flow rate,
The temperature sensor/transmitter (TT) s direct-acting,
Based on safety considerations, should the control valve be.
air-to-open or air-to-close? Should the feedback controller be
direct-acting or reverse-acting?
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85 A liquid-level control system can be configured in
cither of two ways: with a control valve manipulating flow
of liquid into the holding tank (Fig. EX.5a), or with a con-
trol valve manipulating the flow of liquid from the tank
(Fig. E8.5h). Assuming that the liquid-level transmitter always
is direct-acting,

Lc
e
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- (D=9
)
<t
(b)

Figure E8.5

() For each configuration, what control action (direct or
reverse) should a proportional pneumatic controller have if
the control valve is air-to-close?

(b) If the control valve s air-to-open?
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81 An clectronic P1 temperature controller has an output
P of 12mA when the set point equals the nominal process
temperature. The controller response 1o step change in
the temperature set point of 2.5 mA (equivalent (0 a change
of 5°F) is shown below:

s p.mA
0~ 80
0+ 67
20 60
60 47
80 40

Determine the controller gain K, (mA/mA) and the integral
time, 7,.Is the controller reverse-acting or direct-acting?
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8.6 If the measured input to a P controller is a step change
(¥,,(s) =2/s) and the controller output changes initially as
shown in Fig. ES.6, what are the values of the controller gain
and integral time?
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Slope = 1.2 min*

Figure E8.6




