Chapter 8

ﬂ

For step response,
inputis u'(t) = M : U'(s) = M
S
Ot,s+1 U t1,s+1 D
Yi(9=K Y =

%T s+10 KM %(ar s+1)D

KCMTD+ K.M
ot,s+1 s(at,s+1)

Ya(s) =
Taking inverse Laplace transform
K.M
y;(t) - c e—t/(arD) + KCM (1_e—t/(arD))
a

Asa -0

© _~tl(atp)

y;(t):KCME)(t)J'Ldt KM
t=0 a

Ya(t) =K Ma(t)T, + KM
Ideal response,

T,s+10 KM
Y/() =G (9U'(s) = K, MH—E— KMo + =

V(1) = KM + KM
Hence y,(t) - y/(t) asa - 0

For ramp response,

inputisu’'(t) =Mt U'(s) = Mz
s
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Drs+1D DTs+1 [l
Y!(s) =K = KM
A (S) ?G—’() ¢ E‘ImD

T,5+1

KMtp KM

Ya(s) = 2
s(at,s+1) s°(ar,s+1)
U U- U
:KCMTDDL aT, O KM aTD+ : (GTD)

5 oats+lg g s s Tt “s+1H
Taking inverse Laplace transform

YL (t) = K Mt [1- e [+ K M|t +at, (€7 ~ 1)

Asa -0

Ya(t) =K M1, + KMt

Ideal response,

- C
s? H S s?

Y9 = KM EDsﬂm_ KMt | KM

y (t)=K.M71, + KMt
Hence y,(t) —» y/(t) asa - 0

b) It may be difficult to obtain an accurate estimate of the derivative for use
in theideal transfer function.

C) Yes. Theideal transfer function amplifies the noise in the measurement by
taking its derivative. The approximate transfer function reduces this
amplification by filtering the measurement.

O K,1, s+1D
' U
K, +K +K,
3 P'(s) _ K, vk, = ,T;S - (K, +K )DK K, 0
E(s) Tt1,s+1 1,5+1 T,s+1 0O

E H



b) KC:K1+K2 — KZZKC—K]_
T, =017,

= K,1, _ K,ot,
? Kl + K2 Kl + KZ

or 1= K0
K, +K,

K, +K, =K,a
K, =K,a-K, =K,(a-1)
Substituting,

K, =(K; =K)(a-1) = (a-DK, - (a DK,

Then,
-1
KlzBU_H(c
oa [
C) If Kc=3 , ©=2 , a=01 then,
K1:_0'9><3:—27
0.1

K,=3-(-27)=30
1, =01x2=02
Hence

Ki+ Ky=-27+30=3

K,t, _30x0.2 _ 5
K, +K, 3
G.(9) —gH2%s+i g

‘ 0.2s+1[]
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b)

d)

From Eq. 8-14, the parallel form of the PID controller is:

1 - SD
_l_r D |:|

0
G (s) =K.+
[l 1S [l

From Eq. 8-15, for a - 0, the series form of the PID controller is:

G.(9 =K, g+ ros+1]
0 T1,s

—
—
(7]

, T
T, =—2
1+-2
TI
. T,
Since H+ —=E= 1for dl 1p, T/, therefore
Tl
K.sK. , 1,1 and 1,271}

For Kc =4, ;=10 min, tTp=2 min
K.=48 , T, =12min , T, =1.67min

Considering only first-order effects, a non-zero a will dampen al
responses, making them slower.
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b)

d)

Note that parts @), d), and €) require material from Chapter 9 to work.
System | (air-to-open valve) : K, is positive.
System Il (air-to-close valve) : K, is negative.

System | : Flowrate too high — need to close valve - decrease controller
output — reverse acting

System II: Flow ratetoo high — needto closevave - increase
controller output — direct acting.

System | : K. is positive
System 11 : K. is negative
Ke Kv Ky Knm

System | : + + + o+
System |1 : - - + +

K. and K, must have same signs

Any negative gain must have a counterpart that "cancels" its effect. Thus,
therule:

# of negative gainsto have negative feedback =0, 2 or 4.
# of negative gains to have positive feedback = 1 or 3.

From Egs. 8-1 and 8-2,

p(t) = P+ Kolyo ) = v )] &
Theliquid-level transmitter characteristicis
ym(t) = Krh(t) )

where histheliquid level
Kt > 0isthe gain of the direct acting transmitter.
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b)

The control-valve characteristic is

q(t) = Kup(t) ©)

where qisthe manipulated flow rate
Ky isthe gain of the control valve.

FromEgs. 1, 2, and 3
a(t) -a= K, |pt) - p|= K, K[y, ) - K:h(t)]

K K, =0 =9
ysp - KT h(t)
For inflow manipulation configuration, q(t)>q when Yso(t)>Krh(t). Hence

then for "air-to-open"” valve (K,>0), K0 : reverse acting controller
and for "air-to-close" valve (K,<0), Kc<O :  direct acting controller

For outflow manipulation configuration, K,K;<0

then for "air-to-open” valve, K<0 : direct acting controller
and for "air-to-close" valve, Kc:>0 :  reverse acting controller
See part(a) above

For PI control

P = P+ K LB + et
T| 0
P10 = KB + el
Tl 0

Since
et) =Yp—Ym and Yyn=2



Then

()= -2

p'(t) = KCE‘2+ij'(—2)dt*E: KC%Z—EtE
T 9 T

Initial response = — 2 K¢

2K,
Slope of early response= -
TI

-2K:.=6 - K¢=-3

2K
TI

c=12mint - T, =5min

a) To include a process noise filter within a Pl controller, it would be placed
in the feedback path
b)

Y5p(S) P(s)

K.H+ 1
T,S

\
\/

T,S+1

Y ()

C) The TF between controller output P'(s) and feedback signal Y(s) would
be



d)

P'(s) _ K (T,;5+])
Yo(9 1,815+

Negative sign comes from comparator

For Y. .(s)= M
Q

o]

-KMO 1rs+1 O -kMBA B cCc O
= O—+—+

P’ = =
() T, g.;z(Tfsﬂ)@ T, B s T;stlF

The

term givesrise to an exponential.
T,s+1

To see the details of the response, we need to obtain B (= T - ;) and A(=1)
by partial fraction expansion.

The response, shown for a negative change in Yy, would be

Slope = K M/,
\ "ldeal" PI
y
.. Filtered PI
KM -
-KM(1-1/1) -
.
time

T
Note that as — — 0 , the two responses become the same.
TI

If the measured level signal is quite noisy, then these changes might still
be large enough to cause the controller output to jJump around even after

filtering.
One way to make the digital filter more effective is to filter the process

output at a higher sampling rate (e.g., 0.1 sec) while implementing the
controller algorithm at the slower rate (e.g., 1 sec).

A well-designed digital computer system will do this, thus eliminating the
need for analog (continuous) filtering.
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a) From inspection of Eq. 8-26, the derivativekick = K_ TA—'iAr

b) Proportional kick = K_Ar

C) e e=e6=..=¢2=¢e1=0
€k = €k+1 = €k+2 = .= Ar
Pka =P
O O
B = PHK [+ 2 ar + 0 A
o T At O

H , 0
pk+i:r)+KC@r+(1+|)§ArD , 1=1,2,..
U L O

K, 2 Ar
Pk At |

. ___L____f__
K Ar L ey

T

k-1 K K+1 K+2 k+3

c) To eliminate derivative kick, replace (ex — ex-1) in Eq. 8-26 by (yk-yk-1)-



8.10

b)

a)

The digital velocity P algorithm is obtained by setting 1/t = 15 = 0in Eq.
8-28 as

Apx = Ke(e — ex1)
= Kol(Fy = ¥) = (Vs = View)|

= Kc[yk—l - Yk]
The digital velocity PD algorithm is obtained by setting /1, = 0 in Eq. 8-
28 as
T
pk = Ke[(ek—ex1) + A_Ii (ex— 2ex1 + ex2)]

T
= Ke [ (-yx+ yie1) + K'?[ (-Yk— 2yk1 + Yk2) ]

In both cases, Apx does not depend on Y, .

For both these algorithms Apy = 0 if yik2 = yk1 = y«. Hence steady state is
reached with a value of y that is independent of the value of Y, . Use of

these algorithms is inadvisable if offset isaconcern.

If the integral mode is present, then Apy contains the term KcE (Yo = Vi) -
TI

Thus, at steady state when Apx =0 and yk2= yk1 =Yk, yk = Y andthe
offset problem is eliminated.

P'(s):K N 1 +_ oS E

E(ss °H 1,5 atgs+l

(T,s(0T,s+ D+at, s+ 1+ 1,9, 9)
T, s(at s+ 1)

c

-k EL+(T, +at,)s+ 1+ )T, 1,80
0 T,5(0T 5+ 0
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b)

Cross- multiplying

(at,1,8°+1,5) P'(s) = KC(1+(T| +at,)s+ (1+ a)rersz) E(s)

d’p'(t) . dp't) _ de(t) de(t)
GTITD dt2 +T| dt _Kc%(t)"'(ﬁ"'(“o) dt +(1+G)TITD?E

P(s) _ Hus+1HH TS E

E(s)  °Hr,s Hrys+l
Cross-multiplying

T,8°(01,5+1) P'(s) = K (T, s+ 1)(1,5+1) E(9)

d2 't d 't de(t d2 t

We need to choose parameters in order to simulate:
eg, K.=2 , 1,=3 , 1,=05 , a=01 , M=1
By using Simulink-MATLAB

Step Response

2 | ; Parallel P‘ID with a deri‘vative filter

20} ---- Series PID with a derivative filter |
18} 7
16 7
14 |

Time

Figure S8.10. Sep responses for both parallel and series PID controllers
with derivativefilter.
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8.11

b)

E:K 'S+1@t s+1)
E(s) CE s 0o

T,sP'(s) = K (1, s+1)(1,5+D) E(s)

d “e(t)
dt? E

With the derivative mode active, an impulse response will occur at t = 0.
Afterwards, for a unit step change in e(t), the response will be aramp
with dope= K_(t, +1,)/1, andintercept = K_ /1, fort>0.

Impulse at t=0
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