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Skill practice 7: Loop tuning (single variable)

Suggested duration
2'2 hours

Task 1
= To tune a feedback control loop K

response using at least, two different tu
= To retune the loop to the minim

Equipment

 Chart recorder

 Digital mulumeter

«  Wires and connectors

» Tuning notes and handouls

Procedure

Part A Tuning by systematic trial
. Provide a sketch of the control loop.

provide QAD (Quarterly Amplitude
ning methods
um disturbance response.

Suitable process plant with feedback control loop (flow, level, pressure erc )
Jic

Connect the chant recorder to record the process variable.

Check the operation of the loop on manual.
functioning comrectly.

Describe the systematic trial tuning method.

Check that all the loop components are

Set up the recorder to record the process variable.
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l ]L‘ﬂuu )

ne the loop to give QAD re

\I“..“.“kr: USines .
=~ Uje H””':-!| .
Iri-d _-'1'.;;-,_

6 ml‘d your PID ‘Hfi‘ning\j

p — 1.

D _

WAttach a copy of the response Clrve

7 Retune the loop to give 3 Minimum dispy -k e

I‘\" r':\'r‘l!- o

8> Record your PID settings:

P ]

——

- B
Attach a copy of the response curve

Part B Tuning by ultimate cycling
1. Adjust the controller gain to Provide an ultimate cyel.
{(Note: I and D must be off). 'HE

2. (a) Calculate the PID settings.

(h) P=.._ = —— D=

Attach the ultimate cyeling response curve.

Set the PID Settings as calculate above and check the control loop response
Do these settings provide a satisfactory QAD response? (Circle the correct
answer)

\F{:." _.- .\:U
(h) : . | attinos a8 vour starting
()  Fine tune the control loop using the calculated PID settings as your starting

Point. Has the control loop response improved’ -
Yes / No
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With the data obtain frop, the
¥ . e
determine the PID settings STAphs, e

INES:

f 4. Record your new PID sett

D

| (e ———
p e

Attach a copy of the response curve. |

the loop to give a minimum disturbance iy B

5. How would you proceed to rewne
| response”’ i

dl'C,

(c) The PID settings as calculated

P l

D

(d) How do these settings comp
method”?

are to these r
[0 these obtained using the ultima vel
e I 'L. "1. "L l”‘f

| Part C Tuning by open loop process response
Jr Note: You must record both the manual output change and the process variable -

response.

| |. (a) Step change the manual output to obtain a suitable process variable response. . ‘
l Manual ) 9@l Set the PID settings that you have calculated from the graphs and check the
contr SDOMNSe ;
output | % | ontrol loop response.

You will obtain a chart ) |
record similar to that

shown on the right. PV
response

(b)) Explain how this reésponse compares to that obtained from the ultimate cycling
PID values.

------------------

-
- i
a9

(b) Remove the response curve obtained from the chart recorder.

12

(a)  Construct the tangent on the PV response graph to obtain the time lag.
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ice 8: Multi-variable 100D typ;
ng

csary to fine tune the control loop to obtain a satisfactory

4. Explain why 1ts nece
control response”

ade or fee

u'.l |||1 |||mu1[ivariﬂbf€ ]D(}p (Such as case

o method auto- -tuning methods. cdforward e U
SIn

ng {
he SYSt€matie

”ﬂ.’ ".-“,h Eut
S able process plant with :
. L.L”‘ p Ith appropriate control Toar -
C recorderNDU °P» OF process iy
SHITIU L at
” and connectors -

Part D Automatic funing E : g
> is available retune (e system using either an auto self-tunine

If equipment and time Uning B ”rm  notes B W ndonts

type of controller or a loop analysis type p

i,

ackage.

Observations/conclusion ! ﬂ,,‘m gre _
|. Which tuning method was the most effective’ 1. Pro jde a sketch of the control loop.

Which tuning method caused the least process disturbance during the tunine

procedure?

”il ; » hasic
.I_h e, in Step form, the tuning pmcedure for this loop. (For example. the DasIC

. l;lIB for a cascade loop would be:
'“r * the slave with the master on manual,

€0, tune the master.)

f_'u
I

T
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Teacher chea;'k_ | :
[__ Tt -Jﬁpn&' will h‘?zp YOUu revise What vou h :’
= " 4ve (ear
e in § :

YEClion 3

« control loop operates and how you wj a0 | ' - I
ow this con pop ) Ul proceeq with Wetch a graph of the three majp

Explain to the teacher h o
. Lo . B _ [0l valve :iw
this task. € ick opening, linear, equal PEICentage ) lve INherent low ot

CIlaraet.
cl 1[_[[\“' g

system O provide QAD response using the systematic trj

5. Tune the control al methog

Teacher check

s

7. If equipment and time 1S available return the system using either an auto self-tunin
" 0
type of controller or a loop analysis type package. ¢

Observations/conclusions
|. Was the systematic trial tuning procedure a satisfactory method for tunine this loop?

ment on the difference between the inheren

ﬂmnum .- and the installed char

\rdcienstic of

7 ‘ | !
2. Would another tuning procedure be more suitable for tuning this loop?
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I e N
| R A Review questions

4. Comment on the effect of an incorrectly sized valve on control loop performan
alice,

| (a) Undersized valve

(b) Oversized valve

NI208/8273) Process Control Systems
Student Workbook
November 1996

|‘| - o '
i _
1] Turndown
|1}

| f-_‘t.;“-ii process 1s self regulating (j)

Reviey Questions

Or {“ Jr} Wh\,’j"}

" Which process is not self regulating? Why?

A : ,

Which process has a linear response? Why?
e S
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"o Revyi

Review questions

@ A typical equal percentage ontrol valye 1

| requires a control valve r it 45 A rangeahir:
. - ;ponse? Why? JEHHIT~S Y€ Tangeability of , . . ccability of g
Which process has a non-linear response. : R . &C401Ity of 4 oo Y of 50
(d) hich p ~this may be achieved. ) * Minimyy, of 200 il Proces
: 1 HISCUss hoy,
o B g
(e) A feedback control loop is to be installed on process (i). i ST Y
« (Comment on the performance of a linear control valve on this process. —“_-————-——___ﬁ__%__qhﬂ____‘

(b) Explain how cavitation and flashin g affect the performance of

a control loop.

1
| “inaae

* Comment on the effect of an equal percentage control valve on this
process.

NI208/8273) Process Control 5)’5""": g
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Review questions

7. A temperature process has a gain that varies as shown below.,

f

APV
(temp)

: " - ¢ + — -
20 40 60 80 100
Fuel flow rate

Comment on the performance of:

(a) A linear control valve used on the above process.

(b) An equal percentage control valve used on the above process.

u NI208/8273) Process Control Systems
| Student warkbook

November 1990

R Reyi .
4 EVIEW questions

(a) Refer to the diagram below 4 Connect
control of the tank leve], 1 Componepy, | -
.01 O Provide teedbyck

E ~ PID controller

00 IO\ & WD —
L AL BL NI BE BN N BN

. Storage
. +26 - tank
2 +26 Vv DC transmitter Supply

2. Digital O/P 1

3. Digital O/P 2

4. Analogue O/P (+) +
. Analogue O/P common (-) =
6. Analogue input 2 (+) { (L)
7. Analogue input 1 (+)

-
T

8. Analogue input common (-) ‘

e

-

ISKEIch below a simplified schematic diagram, using symbols, of the level

control loop shown above.




Revi tions ‘ - s
Review ques

() - Which controller is the ratio COntroller?

® an
§) Are the set points for the

| ﬂ"l*‘

flow Control|ers loc

“inote? E,
© EXplaip,

(a) Complete the diagram above, to provide a ratio control system.

(b) Label the wild flow and the controlled flow.

i
_II!;II.| ]'[

Connect the components below to provide r

€ atio contro|
Control room

ds shown in

_ question 10,
Field

(@) Complete the diagram above,

flow (A)

5o that flow (5
A). (@, 15 10 “follow’ @J.

B, 1S controlled in a 2:1 ratio

(b)

Why are there two flow contro] loops?

Valve B
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Review questions
Review questions
0

12. (@ Explai
<. Xplain the ng a P anc
meiad method of tuning a P and D controller, usine the s\ |
| 5 SYSIematie ¢, ‘ (h) ' ' |
ltic ri) (b) How is this procedure varied for a PIp controller?
_—_
_______-_____-_____-_ = . —
. -
-—_—_—_\____-‘__—_____._ T — —
———_
___________—-____—_ R y = —. —
- -
--\___-__-_-_—__F_-_—___-____ o —— e ——

I3

(a) The PV cycle shown above was obtained when tuning a controller using the
ultimate cycling method. (Controller gain, K, = 1.8). Determine the
controller settings for a PID controller.

Controller gain -

2?31 Pl'(}{."ESS Cﬂnfmf S}'H[Em.‘i NI"U?;}HZ?EJ Process Cuﬂ[ﬂll ."5}'511,*]]'!3 8?
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Sy Review questions
A pv 1
Derivative time . L e —
|

| (b) Explain the procedure involved in tuning a controller using the ultimate
cycling method.

01 2 3 4 5 6 7 § oo (minues)

=—10% Change control valve flow rate

he graph above shows the process response obtained from a step response (open
Sop) tuning procedure. Calculate the P and I settings required for this loop, to
obtain QAD control response.

-

- o

e —
-
e
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Review questions

[3.  Explain the procedure required to tune a controller

usin
response) method.

2 the open ,U“p {**ft:p

“1303)‘32?3] Process Conuro) Systems

Student Workbook
November 1996

Review questions

17. Explain the application of the QAD (minimum area) and the minimum disturbance

response.

WK’/

I‘IHJEZTJJ Process
:ll:dl:nl Wmtt«ﬁtl

of 1940
Hl.“fmhl I
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Review questions

: : S R Y s ' une .
18. Simply explain the principle used by self tuning controllers to “self t

-

----------

------------------
.................

The period of the PV cycle is proportional to the deadtime in the loop. Thus a

short deadtime will result in a short period and a long deadtime will result in a
~long period.

The time constant of the process will influence the amount of overshoot and
| tundershoo[ of the set point that will occur during the period of the PV cycle.
' Processes with a short time constant (fast processes) will have large amplitude,
l@ng time constant processes will have a small amplitude for the same period of
angle.

Deadtime causes a delay in the corrective action taken by the controller. I
follows that the greater the delay in correction, the longer it will take the process
O return to the set point, (which thus results 1n a
longer period).

longer process cycle, Le. @

_ NI208/8273) Process Control Systef
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November I9398

=8 Frocess Control Systems

93




(a) For a given period of a
constant will affect the a
1.e. the amplitude

Process cyceling under
nount of overshoot :

Alr Supply
€ lime 91
of the cycle, as show

Output
Cl POInt.

D |
L )|( Restrictor
PV

n below

0%
bias

CHEJ Spring

Process with
‘long time
constant

-—-“-RckaiJ.R_,
. =10 |
AT CONstan; - § 2 Nozzle
= o

v
Set S S e N S v % %*——-ﬂ Flapper
point - g Fulerum

e

Set point

a low dmplitude an

Gain Adj,
time constant.

ith a very long and g
These character;

i “\/)//\\/hﬁ_ﬁ
Stics wil] result in 4
mall overshoot) ang iInfrequent Operation of the €ontrol valye
Or Solenoid elc.

- —0
| + !
| | Iﬂp‘-lt &Jtpu
Wires to solenoid i
Or relay

ess varlable and the set point.
: o hetw the process varia e
__ . . difference between ’ s b e vty
The error 51gna: s 3}5 set point). This subtraction may be done p

o L igna — =N

(l.e. error s ‘ Ty

electronically, or by softwa

1-5 V set point OR

Lo
Error Eror
signal PV signal
signal o——— AN .
- +1 Vo ——
+5V ©

: alance)
13, (a) P and I controller (force balanc

qonal
ar outpul S1gnd
_ Controller '{?U
1 llows K oral adjustment
A - Process variable be G - Integ i
| llows < H - Restric
e gslzltc lZEmq:u(:n'tional) bellows [ Force bar
- a ‘
S lI::tZgral (reset) bellows J - Fulerum
E - Relay
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6.

17.

18.
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Operation:
(a) With the derivative adjustme

nt fully
and Y Operate as one. il

, JPEN ()
and the device il

) the Wo fi

signal or changing inpyt signal, the has 3 2ain of ””L ‘_ ;‘?’t[‘-lh‘y;_f{ bellows,
. VULpu will equal Tht-: I.Ht_ -.--.-,r dny Inpuy
(b) When the derivative adjustmen iq . r nput,
Eor a changing i_nqu signal. the icﬁr_j};;.ur;u:f “ETIVative aetign Will
in Y, thus negative teedback i« reduced a‘ﬂh'uaurc 10X Wil Taor raps U

i 2 . . }ﬁ-.l:li'pl 2
M - - ) = o Vil n'-_i | a
changing input will result ip 4 large incre S0 the gain wil : hat
=) cdase In (-'Id“_l! .

a small increase. Whep the INput signal . & slow chiangin, o
. - nlica 3 ‘ = DN An Mt H-u"

will equalise and the gain wi returm to g P\(Thm G
- ill= | 4 )

A/D - Analogue to Digital converter. co

' . NVErts inp
by the microprocessor and djgit

i l.” “-_l hlﬂ(lrl‘,
al Circuitry :

Code for Processin

CPM - antral PrDCcssmg Unit - the MICroprocessor performs ¢ :
PID functions (etc), and dny required |ogic OvERTion MS calculation of the
- A hr ] '_\_

RAM - Random Access Memory

contains user adjustab
point values, PID values and 3

arm limits etc

C parameters such as set
ROM - Read Only Memory contains the Program required to perform PID
calculations, square root extraction. etc.

D/A - Digital Analogue Converter converts the binary coded output signal back
to an analogue output signal. \'

Note:  Proportional output = error signal x gain + bias

Steps:

. Read PV.

2. Subtract set point from PV to obtain the error signal.
3. Multiply error signal by controller gain.

4. Add bias typically 50% to 3%.

3. Send answer 4. to output (D to A),

e —

P erformance Controller (a. b, ¢ or d) |
Basic
| performahce b A
2 C |
e
3 d
4 a




(b) Reversing the inputs to the PV and set point bellows

.Oparation: i
(c) (a) With the derivative adjustmen fully g |
h | operate as one. : 2 UPED (Offy the o

D a{'ld Y op o T?Ct lnd.[h{, device has 3 o -j e tw fﬂedbatk bell
signal or changing input sigpg|. the oyt 54N of one (x1 - Oellows,
utput wi €qual the Inpuf T any inpyy

| | $i7 (b) When the derivative adjustmen 1S restrict ,
- _ For a changing mnput signal the feedback ¢d, derivatiye action il

OCCur

in Y, thus negative feedback i« reduced Pressure in x will |

. * : . dnd so the 4.
changing mput will result in 4 large inc S0 the gaip

14,

will : ﬂg hﬁ.hmd [hél{
VI increase

X ] I'l;:‘l*-;* =, ) . 4 if\

a small increase. When the input ‘»iﬂm]{ [L Ml gaIn, a gjoy el ;nd’t
. (o S MENAl Stops chaneine . N8 INput
will equalise and the gain will regy {0 one [Kl}dngmg. Dellows X and Y

- A/D - ue to Digit: artar o .
6. A An‘alog | L CONVErter, converts INPULto binary code ¢
by the microprocessor and digital circuitry “IY Code for processing

CPM - Central Processing Unit - the MICIoproge
PID functions (etc), and any required |o

80T

o OF performs caleulation of the
ZIC operations.

! al RAM - Random Access Memory contains user ad

Justable parameters such -
. . = - - J U'Lh A ;
. point values, PID values and alarm limits etc. S

ROM - Read Only Memory contains the program required to perform PID
calculations, square root extraction, etc,

D/A - Digital Analogue Converter converts the binary coded output signal back
to an analogue output signal.

17. - Note: Proportional output = error signal x gain + bias

~ Steps:
I. Read PV.

Subtract set point from PV to obtain the error signal.

Multiply error signal by controller gain.

Add bias typically 50% to 3%.

Send answer 4. to output (D to A).

—————————]

Derivatjy & aption l Performance Controller (a, b, ¢ f’i W
The der; vativ l B':;‘asic
4 € bellows an o erformakce b
dlagrmn above. The 1y, and derivatjye adjustment gp U ==
device shown apBlie de? feedback bellows haye beena? been labelled on the : o o .
| dderivas: _
'Vauve action tg the Input signa| ?f:ﬁ? Xhﬂnd Lo 3 .
Y the PV signal). | —— |
K e
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19.

20.

21

— -

22.

23.

25.

Temperature control.

Long time constant processes may be suited to On-Off contro]

(a) To avoid ‘chattering’ of the final control element when the py ..
. - 8lon:
noisy. shal jg

(b) To set high-low operating hmits to the Process Variable. e.0. 4
receiver may be set to a nominal value of 1000 kPa, with l)'::a;m l\‘lu_a,.'fli[l;‘
settings of 1050 kPa (Off) and 950 kPa (On). € SWitch

Proportional action provides a correction that is proportiong] to |
(magnitude) of the error. SL

Integral action provides a correction that is proportional to the fiy,e durat;

the error.

P and I action provides a correction that is proportional to the magnitud
time duration of the error. Sttitlide and

Derivative action provides a correction that i '
at 1S proportional to th > of
€ rate of ¢
of the error. e

(a) Proportional mode is used to stabilise the '
' ' process, by attemptine t
process Input (supply) with the process load (demand). Prgporgtioongafh o
can stabilise a process, but with control will an offset if load chanc:es SE:LOI
& I

(b) iﬂmgfal fnode‘ls used to return (reset) the PV to the set point. It is used i
onjunction with proportional action to eliminate offset is load chan g;er.s ;)CCUII{]

loop. Time - :

(-Df[l)-hc seT;?f:) (liea?dg'r;;e) lnﬂu.e"ce the amount of overshoot or undershoot

s 2 delayed contrl 1 ; occur before cqntrol dction takes place. (i.e. there

proportional actio ponse). The .denvative mode ‘boasts the effect of
_ HOM. 10 try to compensate for the delayed control response.

*  Minimal deadtime
. hlfrﬁquem disturbances

Small and min; i ¢
minimal load changes (Preferably no l1oad changes)

L NI208/8273) Process Confrol Systems
Student Workbook

November 1996

16 A process with time lags (qeqqy;
- Cannm-compensgle tor EXcessive time |,
derivative 1s applied. In gepery| time ]‘5; la
this process time constant  lag

A process that is not ‘nojsy’ 4« this wil]
o . ] LLIU\.{; =

_I \ I..:_l

&S, these will ¢

_ Cauge )
S sho *~ Inst; '
s1C an | (e

1. By

-----
-------
_______

28. PV
Set I
point
Output
signal ;
; ; : | 1
2 : ; 3 4 ; 6 Minutes
29 (a) PV2
P\ PV
PVI
Output
| ugnal py
:] Derivative siep
Minutes | | 1

s

i Workboo
i I.'-L'[-_Jip (R .]9“6
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: « diaeram proportional action dppear to have
(b) As shown in the diag P p. e e urreq
minutes prior to the change 1n the recorded process variab)e Due 1, ;

: | | T ‘ : Contre
loop lags, the recorded change will lag the actual process (py) chan !

| . |III'I lil“
derivative action as shown, dttempls (o compensate for UHime lao,

1 The
control loop.
(c) (ii1) The denvative step would increase,
0. (a) Direct action - Output change 15 1n the same ‘direction’

i.e. If input increase, then outpul increases
If input decreases, then output decreases

ds 1mnput Nan e

32.
Reverse action
If input increases, then output decreases
I input decreases, then output increases
l
Reverse
F‘? ij action (
LT )
| | )
Variable Fail
close |
e e fmf, LQ\
Direct
action
m s ~ Water in
H [ Alr Lo i[)[(]: 33‘
| _ close
..r-._._..--\..________' I | Sy |{',|
LT LC
—J o u
Direct 9-”-‘ t‘j_(]ﬁtir (0 ' 34"
hckion (’TD ' ’) open
' —‘\Gt}—'fﬁff——
= Reverse
action
35.
(€) Yes
Thl: Valvc

bhown i:s .air*lo L] # L
i 'Operl (Iic.- ‘fall "]I ‘i ! -
the valve wip close and closed’),

h . Fhus if air failure occurs
oceur. PHUIOfE the steam flow.

SO overheating will nol

NIIUHJHJ?J.I Process Control Systems
Student Workbook
Navember 1996

(b) The output signal will change by

lr}n rfJH ( : .
l J . _.l”'l :i.’]” : {J'TI
Enin — | m
Low e O Off Off ( | ) |
” -l O5 : 1| log || Off
] . I | I
: {)" f]“ I
. vn r-}ﬂ f]]n {j“
¥ rj
High gain ’ I ‘ . '
i Offf | off T A
f f: Off Off Off.
.
N - Output
indlicg
control 9 Auto iy
unit N =
l _._‘}__ A _.I il r_frmlrflllr:r Outpuf
Signal (1o Contro)
| vilve)
e Manual
sontrol =y,
unit

When switching between auto and manual. the controller outpyt «f
-change, othcrwi.«.c lhcrc wil| be d L‘hungu I control valve el
disturbance to the process, (A ‘bump’). The ‘bumpless lruml'ur'-!'
to make the auto output follow the manual output when on m
the manual output follow the auto output when on auto
between auto and manual, the controller output will not ¢l

nol
POSILIon and 4
Unction Uperates
anual, and makes
Thus when Switching
lange, _

'Set point tracking’ is a function that oper
When the controller is on manual. the set point will follow and equal the PV (the
set point will ‘track’ the PV). Thus when SWILching back to auto, the set point

will equal the PV and the process will not be disturbed. If the set point is not
the desired/required value, it dan be adjusted at the users discretion

ates when the controller is on manual

A local set point is adjusted directly on the controller by the user. A remote set
point is adjusted by an external signal from a remote device €. 4 tr.,mhmm::ij.
controller, or hand station. Two common applications are ratio control an
cascade control systems,

@ () 1%
(1) 2%
(i)  10%
1% when the gain is one (1) and

i ] F =L g ] [t-'j IL"I-Il
. . aL Coain IS |]|LILJHLLI
progressively change up to 10%, as the g

0]




ge. (Note: Error x gain = Zero X gain = zero)

yoint indicators must be in calibration.

_ must give a zero error signal when the PV and Set point
This may be checked by altering the controller gain, if the

4 her ) the erro r signal is not zero).

Whand -conde. | - PN e :
°V and sends the PV signal to the controller

oint v; sra miﬂ]thf: PV value to determine
it ur* Gﬂ;
‘. ralve, which will alter the PV.

{ Y 10 try to maintain the PV at

- ]n li g m mua o ﬂO“C (eg
S used to set the mpmnt.nf controlled flow

l-T-"..

. - Mix ngtwa fluids in an
1C 'r-"‘-'-'nm {mmbusﬁon control).

: ”“ ‘]”b‘tl‘l“
= ——-‘,‘-\-_-"'\-—

J

A

. 1 13)
relaLRL
mote
S Set-point Process Outpyy
- [
"-','-'.'-ﬂli"l‘;'_]' l C .
A 141’7"* W’

pose - (a)

Ui pv

—

Assume the desired ratjg of flow (B) to flow ~
2) P HOW (4 5 21

(b) If both flow transmitters and the flow ¢
range (€.g. 0-100 Umin), thep if ﬂow
flow (B) must increase by 209

Untroller have the Same

INCreases by 105

(c) It follows that if the signal from flow transmitter

by 10%, then the set point of the flow co
ntroll
by 20% (to give the 2:1 ratio). e

A INCreases
ust increase

(d) So therefore the ratio relay must be set to x2. (ie. 10%

‘ e input
. change gives 20% output change). p

(¢) Thus the purpose of the ratio relay is to provide the comect
. alteration of the remote set point signal in order to obtain the

Q1 1 R A
desired ratio of | B) o (A

10%
10%, 50 0/hr
_513' ﬂkr =3 5]




_l i‘h)
| 5. (a) and (b) k
Local Master .
sét point
Remote :
set point :J-:
Slave BC T B
Oven, kiln

Fuel gas

(c)
(¢) Flow transmitter

Flow controller

Control valve

(d) =

Assume the temperature increases (thus
When the temperature INncreases,
controller must decrease in order to

less fuel gas js required).

the output signal of the
lower the

The fuel gas flow controller will

long as the lemperature is maintai
controller),

necessary, so
SEL point change sent

©

Steam/condensate out -
-—-—___h

............... . *--{’TC :r

.
'

=
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flow controller. &¢ | . (d)

The heating process showp above
(outlet) temperature, showp by
The quantity of heat require
mass flow rate and the tem
heat capacity. which is 8%

e , O heat 4 '

¢ T_[ : tr:mp::r:,i.ture IS _lhqmd o
PENAS o the load, Th

lquid, (and of SRl

stant).

PErature of the
umed to he con

The operation of the syster 4
determined from measuremens
rate, and the corresponding heat
demand 1s used to set the set pC

hf‘rh'& 1S lhcff:fﬁr::f as f
of {h¢ lIquid ey ©mperat
rlequuemeﬂt IS com

Nt of the Ste

Feedback trim 1s shown with dotted lines.
Operation - It all measurements.
perfect, the basic feedforwarg
practice small errors occur angd

calculationg an -
e JONSeS we 5
“}\lﬂl'ﬂ “.ﬂuld DTO\' ! NSes WEre

O LT : : Iﬂ
. | | the PV u,-.lll drift over time from its desireq
value. To overcome this prablem. d tﬁﬁdhutk lﬂ{'? I iﬂc]ud_‘.d es u‘
feedforward system to provide feedback trim® e U
Flow in % Ty
(supply) l 2
{Q Remote
set-point
)
>
Flow out
(load/demand)

Note: The system shown above, achieves a stable level by measuring
demand, and matching supply (flow in) with demand (flow out). 1e.
when flow in = flow out, the level must be stable.

There are two reasons: Rl

»  While the level may be stable, it could be stable at any level,
require initial setting up on manual. . '

* For perfect operation, both flow measuremen Eh
otherwise the level will drift ﬂx*erlumel* lﬁ‘\'iﬂbe o red (as well s h
' S ' .. the level mus ¢ o eniis

als the set point). Thus. . afon0

:i[;:'lqal:ld) and us[;d to provide feedback trim to the OpE

feedforward system.

must be totally accurate,
ouch the measured flow
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=i, Zero: Stirrer on
7 (2) A batch process manufactures a product in discrete amounts (batcheg) rathe; VA
than continuously. The required ‘mgrcq]ents are fed into the Process yeq, [ BT Ins: Heating steam s Introduced (ste:
| in the required amounts and in the right sequence.  The vessel e thep - 3 mins. the temperature controler f.\‘m_dm O1-0ff valye i“fipenej:
stirred/heated/pressurised ete. as may be required. in an “PPropriate sequep,.. value in a controlled rap.. . ¢ ©€Mperatye 0 the d;;dnd
and time, in order to produce the desired product. “Mp-up in |2 Minuteg Rl
| _ . | ins: Temperature is maintained . Lo
(b) Any two of the following: 15 mins: P ntained at the desired va]ye for 20 minyte:
* Beer is brewed in large “batches’ (similar to home brewin i | “.
, 4 | & 0N a very . Steam flow is shut off
[ large scale, with all the VArious operations and Procedures paijp g 35 mins: § | |
] automated). 5 . '
- *  Margarine is manufactured from oils, in large ‘batches’ by a I 40 mins Stirrer off. When SUITET 15 off, the discharge | o
{ g . L } * prOCLh"\ (]t ' h h d' h - d "L IS l]pcned
I hydrogenisation. When the discharge valve i Open the discharge PUMD Starts n
*  Sugar is manufactured by boiling crystallising sugar in Vessels calleg Eplies: the product_ from the vesse, Pump stops ang valve
‘pans’”. closes when vesse] s empty.
. anj}'! chloride monomer (VCM) s produced in batches in dutoclayes. : .
| * Various phammaceuticals (tablets, capsules. cough mixtures) are (d) PLCs are used to monitor and control sequenced Operations, as illustrateq iy
manufactured by batch Processes. " the previous question.
4 th
i |
' (c) o
| 33 On-off
Liquid
! C{j [up fill valves
| _ Inputs
i 0 @ _ r:’ 1 @
| @ ' =
@IEJP i c. = -M‘“‘“
e e DX !
fispl . lemperature
flow meters l Sontmller
Or mass flow
meters . 4 b /
Heating S ( Steam
On-off Steam I”H
valve J/
| / B } ¢ Water
| Tﬂw ' Stirrer ];r&':“ Jacket for I
| and sequenti| . temperature Sz |/
[ controllers control N &
Il | L To storage L)) S
l m eharos &) Y Discharge
| fill valye to storage

(f) The feedback temperature contr(?l lt;
~ control during the processing phase 0

| OPEI‘&UGII-The quired q - S
l the flowmeters anl':qﬂw Pl duantities of liquids A, B and C are measured by

SR fons b RN SN the on o F11 wr '
| ‘ aenoe (aad 310ps the fi| Pumps, nog shown? A, i the e

peraturﬁ‘

op provides gcontinuous (em
the batch cycle.

=y : 45 a double check to ensure
ddded 1o the vessel

o _ ©L. When the vesse] has been
Process S€quence s mitiated. e.g.
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_ :“ _ is the ratio of maximum controllable flow to

8. a) +(A4 X . =
(4) +{A4) and (AS5) | . wom: the minimuim controllable flow is not the |

(b) +(A7) and (A8) llable

eakage flow when the

©) FB13 s shut off. For typical industrial globe the control valves. the min:
: 3 V& 1 ' | il minimum

(d) FB14 | ollable flow is about 2%, thus the typical rangeability is about 100% .
(c) These POt are connected to the display *P' is the process var: L h S e
l‘) 'l: the output signal to the value. S Vartable, ang +y» b

i B17
() Loop | has a trackine cab mal e atio of the maximum ¢ ' -

g Pf‘inf l'u::lj?o‘:l ‘;}'Ck:’lg hit point. When the controller is op Manual, pamdown - 15 phic 12 Rfl}:omr“”t"d tlow in the installed Situation

makes the set point signal equal to the PV ' set minimum controllable flow. e.g. ?r’fr 1.e. 40:1.
¢ ,!'__.-'I;_H.FI. < e /

P ..l"t

9. (a) Basic PID
= controller with non-tracking s |
ng se and s
(b) Loop 2 has provision for : - & SELpoint and auto-manua) f, ility . _ A valve that i cmall £ T
() FBI11 allows selecti oF an exiemal (remote) set point signal S £ o Undersized valve valve that 1s too small for the application, cannot
s selection . AL SlEnal. g @ VT : ; 1 ke RS s
of the local (FB17) or the remote (FB02) sef B P ovide the m?mmum .deman((jl requllr.ed Dy the process, (and thus will not be
10.  (a) Basic PID =/ €L point, ble to control al maximum deman ).
- controller with remote ' oxs anie
(b) The ratio funct; : © ¢l point facility
| tion provided by functi - ; . At AT e .
() This allows the controller fo E,ctur?f:non bloclf FBO7 has been adde q b) yversized value - A valveltha.l 1S t00 la‘rgc tor the application, will:
loop. used as a ratio controller in a ratio ‘~ ~ » pormally operate near 1ls F:losed position, causing possible damage to the
(d) When used in a ratio control o h ey valve trim due to the high velocity of flow through the small valve
op., N S - ;
the flow transmitter m 1 100p, the external set poin signal ¢ o opening
casuring the uncontrol) ' ~OMmeS from Stri | '
Sects olled (wild) flow. operate (stroke) over a restricted part of the available valve travel,
ection 3 leading to poor control.
I. % of full flow L == oy : le if the flow is 1 sed, the level
(2) Process (i) is self regulating. For example, if the flow is increased, the Ie

4

in the tank will rise until the head pressure increases [0 the point wher.e‘ the
Lflow out (due to the head pressure) equals the flow in. At this occurs if the
"load valve is altered. Thus, within limits, the tank will not empty out or

overflow.

ing. The variable speed pump, draws lsqulq
| ad pressure in the tank,
ng effects

(b) Process (ii) is not self regulat
Y from the tank at a constant rate, regardless of the hg Ao e
5o therefore the head pressure does not have a Smblhfmtlrﬁi)r el
and if flow in does not equal flow out. the tank will empty,

he flow out depends on the pump

(c) Process (ii) has a linear response, because { or flow in) 1S

.peed (
- speed, not on the head pressure. Thus Whe__ﬂ“:lhi pump spee
*’éh;anged, the level will change 1n a linear fashion.

inearly 1If
11 not change line
e level will not € 5
e. Th he change in head pressure

let (load) flow rate.

(d) Pmcess (i) has a non-linear respons g
the flow in. or the flow oul 1S altered, beczlhl; -
U * ¢ | .
(when the level rises or falls) will change e
. , aneed
s ) s self—regulallﬂg~” d characteristic Wi basically unchanz®
_ : . ’ .[a e C . Byt g
response, assuming the install )
from the inherent characterstic. 1 installed on the 1n

alve W
- . - on Whe[hef the va : :
vary, depending of linearising the level

fect
ve the effect ©% =7
An equal percentage value may h{:mm“e { characteristic)

response (again depending O the
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1 controller
. : O an eccentrje disc ; ¢ J
(‘camflex’). Alternatively, two valves (a small 3| < B
be used in a Split range configuration. Note, 41 f [
y be split ranged 1o provi 2 o
7 :: O— 250 Q I e
8 r/f—/f—" =~—A/S
g ca o . . | P
vVapour phase to occur, wh S control valye pepfae.. - 4
(1.e. if the valve has been sized tor liquids). * Flashing also dan..
valve trim, Cavitation, occurs When the v, S i = o
Causes severe valve trim damage, | : 3 Storage
the contro] valve, -
| 426 V DC transmitter supply
il OF
3. Digital ¢ I
& AlomeOF ) L0
5. Analogue O/P common (- :
65 Analogue input 2 (+) ¢
el Analogue input 1 (+)
8. Analogue input common (-)

T evel

(a) and (b)

( -_-.%

—
~_~__,,:.:;-__.: ' '

___Wild/uncontrolled flow
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in {#1)

O a— (1)

i = A g L -“..l l l"l I’ -r

How /A set POINE can be iusted auo system is achieved Al
‘ (o - : ",
f“'”flw I ["”f’“”ln“ o any d[".,'r‘. (t "r"““”f‘ '““’ ’h.j“{
| ' B will
(€) FC,
('ljl ’-( ‘& ,”"‘ il h?‘,“' S

L pomt (the ;.
g s (the diagram does not shoy, -
ne set Point, oby; ; WA remote 5S¢

" .h hfrl“.

leﬂﬁfiljj I Pﬂm“.
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Flow comtroller

» ‘

T —r} 5 ()

__'"_-———

Analogue in (+) 4 P2 .
Analogue in (<) 5
CAATITON r

' 6 1| ® Valve A
ASo—ud P b ) —

- -5V r
In "—0-1—4-

Mmlﬁgrm oyt h; 7

Al‘ﬂ’l}gtg (it %
COTIOT) f}

Commonly _ 4" |+ 1 ®
a function iy

block in ! - b OH/S
controller B -l 04

-5V i
d-—-‘ Valve B
To external —M—’
Flow controller * mﬁ :

B ]
' ' FTy
v26 VYV DCY

Analogue in (+) 4 240R

Analogue in (-) 5
COTTTTVOT) 6

Analogue out (+) 7/

Analogue out 8
common (+)

Derivative off (td = zero)
Gain low e.g. 0.3
. Controller on auto

12, (a) Preliminary:

Tuning procedure:

o Progressively INErease
(o the set poin with ed

. Observe the response ©

the controller gain and make a small step change
ch increase in gain.
i the PV to each set point change.
. ue the above procedure until response 15 obta.mecl,
O rivative tme 5o that the QAD cycle 1s dampcd.
<o that the cycle amplitude increases again.
time to dampen the cycle.
ain an overdamped QAD response.

¢ Increase the d::‘
[ncrease the gdill
lerivative

e Increase t
and 6 to obt

B RUPL’HI J

 — i TAFE

' ' (s
NIZUH.’H"?” Process [.'nnuul SyME

Student warkhook
November 1996




(b) Preliminary:

(a) Controller gain =

14.
55% = SR TR

As for (a) above, but
integral is tumed off as well (1 = max).

Tuning procedure:

As for (a) above first adjust the controller gain and denivative time.

Then adjust the integral time as follows:

Gradually decrease the integral time. Make a small set point change with
decrease in integral time and observe the response of the PV achieved when
the desired response 15 22272 the PV retumns to the set point as quickly as
possible but without any increase in cycling. If cycling begins to show, then
double the integral ime.

Ku_ 18 _gg

- -

[nt:‘:gral e = P:u . 3 nu::uu.& & 1.5 miitins
s o
; : - i 4 O s
Denvative time = i ~ _— = 0.7 mins
o 0
- L - Pu
Nore: Some authonties recommend T =Td = —=

(b) = With integral and denvative off, the controller 1s placed on auto. The

controller gain is gradually increased. and small set point changes are
made, unitil the PV just starts to cycle with a constant amplitude. This
i1s called the ulumate cycle, and the gain is called the ultimate gain (Ku).
The penod of the cycle 1s Pu (the ulumate period). From the values of
Ku and Pu, the controller setting are calculated as above.

* The calculated controller setting are usually not perfect and need to be
fine tuned. This may be used as a starting point for the systematic trial
tuning method.

§ rv PV

& Time (minutes)

0 1(2 3 § 5 6 7 8
=—10% Change control valve flow rate
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DT =16 mins -
ms LT = 2.4 mine (Obtained from graph)

Lag ratio (R) = LT — 24 mins
o — — — — ‘i
LD 1.6 mins bie

Plant gain (C) =

% (‘fafi;;[gg of PV

% cl 3 = ‘--—-Isr} )
lange of valve Stroke 106G =15
Calculated PID sellings:
@ |
¢ Proportional band = 85 X C_gs, IS
A ==83x = =85¢
R 15
Integral time = 15 DT x C — 15 X 1.6 mins x .5
R 5 =t mins
Derivative time = 0.5 DT x R < 03 % V.6 mins » 1.5
- Y : =,
- . 1.5
= 0.8 mins
(@) The controller is pl:
S placed on manual. A rec T '
i A recorder s required to record the PV

S pplied to the control valve (typic
&) ro e (typically between 54 -
10;)1 and the PV response is recorded by the recorder The PV Umf ;"d
;es trom the time the step change to the control valve was made Ff'on‘i thIS
graph. the delay time (DT) the lag time (LT) and the I;;m eaj ‘?
obtained as shown in the previous question. 3 H

~ Tos " .
(¢) Using the appropriate equations (see question 10), the

PID settines may
be calculated. £s may then

mnEls Min. response disturvance

QAD - The QAD (or minimum area) response is commonly used on most control
loops. The QAD response returns the P\ back to the set point in the minimum
possible time, with the least waste of energy. Hfjwever the QAD (Quarter
Amplitude Damped) response cycles for three to four cycles before the PV

stabilises again.

Minimum disturbance - If cycling 18 {lndesirable, the mini{mm !:ii:arurbance

response may be used. For example, bgller drum level, and distillation column

acc variables should #of cycle, as this can cause damage and/or bad product.

proces’ \ah‘ inimum disturbance response results in a greater deviation and

Note that Hi Iﬂ. ctabilise than the QAD response. The minimum disturbance
e hy using less gain than required for QAD.

rol Systeins 115




18. ‘Self—luning‘ (micrmuncessnr—huscd_) controllers co

reaction curve (step response)

mmonly use
method to calculate the

ds covered in question 14

the process
required PID Settings,

(This is the same method and question 15).

The controller does this by making a small Sl€p change to
measuring the resulting process reaction curve parameters (DT
these, the controller then calculates the appropriate PID settings.
Note: A controller may “self-tune’ on a routine basis (say eve
any large change to load conditions

ItS output, and
LT etc.). From

'y hour), or after
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