Second Exam

CM 3310

March 28, 2002 7:30-9:30pm

Open Books, Open Notes

Name :________________________________________________ Box No. __________

1. (25 pts) An on-offcontrolwas design for a process with output (x) and input (u) and turned on after t>5 mins. The plots ofboth output and input are shown in Figure 1 to be used for the autotuning method. Fromthese plots determine the PID settings o f

K c , t I and t D . (Note: the process has negat ive process gain.)

-0.28

-0.27

-0.26

-0.25

-0.24

-0.23

-0.22

0 5 10 15 20 25 30

Time (m ins)

Output (x )

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 5 10 15 20 25 30

Tim e (m ins)

Input (u)

Figure 1.

2. (25 pts) After linear ization and letting P denote perturbation var iables around the init ialsteadystate, the modelfor the pressures in the two pressure vessels in ser ies

(see Figure 2) are given by

( ) ( )

( ) ( ) u P P P P dt

dP

P P P P dt

dP

b a a a a

+ - - - =

- - - =

atm 2 3 2 1 2 2

2 1 2 1 0 1

1

where u is the valve opening to be treated as manipulated var iable while P 0 is the

pressures upstreamofvessel1 and P atm is the atmospher ic pressure.

Let a 1 =2, a 2 =1, a 3 =2 and b =3. Assuming all init ial condit io ns to be zero, obtain the

transfer funct ions: G p ( fro m u to P 1 ), G d1 (fro m P 0 to P 1 ) and G d2 ( from P atm to P 1 ),

i. e.

atm 2 0 1 1

� � � � P G P G u G P d d p + + =

P 0

P a t m P 1 P 2

u

Figure 2.

3. (25 pts) Reduce the transfer function block diagram given in Figure 3 to the one

shown in Figure 4, i.e. obtain G p and G d in terms oftransfer funct ions A, B, etc.

A

B

E

C

M

F

D

+

+

+ +

+ + +

- y s e t d

y

Figure 3.

G

d

G

p

+

+ d

y

y

s e t

Figure 4.

4. (25 pts) Use the Routh-Hurwitz method to determine the range o f K c that would

stabilize the feedback controlled process shown in Figure 5.

K c ( 1 0 s + 1 ) ( 2 s + 1 )

1 0 s ( 0 . 1 s + 1 )

- 2 s + 1

- 3 s + 1

+

- y s e t y

Figure 5.

5. (Bonus: 10 pts) Find the Laplace transfor mof f ( t ) given

( ) t t t f 3 sin 2 ) ( - =