Teaching suggestions

Important note;  The student is to achieve

wal the module/se
objectives essentially by s

' | Clion PUrpoge dan(
kill practice. = 8ectjo,

(a) Control valve characteri

stics (inherent and installed), iy

' s S17 ¥ T e o
irdwn ) Ing, lunbc.uhaht; and
(h) Process pain characteristics: linear, non-linear load depe

(e) Control valve selection.
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d process measurement and contr
y furthe '*the.:-students skills an

o Principle;
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Section =
Learning Suggested

Outcomes linie

covered
Process controllers

Skill practice |-
Skill practice 2

- | L, Z; 8 hrs
ontroller functions/options 3

Controller modyles and

alignment

Reset wind-up and derivative
bump

Skill practice 3:

TEST 1 Theory test |

———

2 Control strategies and controller

Skill practice 4: Microprocessa
Skill practice 5:

configurations

r configurations
Process operation

Tuning and installation of control loops

Skill practice 6: Loop connection and testing
Skill practice 7: Single variable loop testing
Skill practice 8: Multi-variable loop tuning

13 hrs 20 mins

| TEST 2 Theory test 2 1 hr 20 mins

TEST 3 Practical test 1 1 hr 20 mins

36 hrs
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MODULE SECTIONS

Section 1: Process controllers

SUGGESTED

DURATION FURPOSE

—
- - —

e
——————

8 hours This section deals with the a
common controll
oplions.

Pplication and operation of
T lypes, their functions. modes and

—_——

This section covers learning outcomes | 7 and 2 ¢
. : = S 1, 2 and 3 of the National Mod
Descriptor. nal Module

Objectives

At the end of this section you should be able to-
(1 describe common methods of generating PID functions
[J explain the application of the P. I and D modes

L1 explain the application of typical controller functions and options (e.g. local,
remote and tracking set points)

L1 check and adjust controller modes and functions

demonstrate reset wind-up and derivative bump.

NIZOK/BITI) Process Control Systems TAFE:
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Equipment
- Suitable PID controller and in

Instruction manual

r ey o1 {l T
Frocerdils 8
! - ;"'.,:.j . .

Part A - Equipment

List of equipment

functio
' Qs ; ns
set point, Sel point tracking, and alar.

Refer to the connection schematic 2
required to connect this controller an

% . S o
Note: A microprocessor based PID controller i
| b

LA i | put signal
source/calibrator to provide 4-20 mA of 15 v

and options such as

nd determine 2] the e
d list below

action. local—rernme

MOst suited to this ski practice

quipment and parts

[

Connection schematic

Obtain the necessary equipment from the store.

NS

PID
controller

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

;'_:;__-':_a-; to the connection schematic and instruction manual, sketch the connection
diagram, showing terminals/connection numbers and polarities.

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




* Compare the resyte from Table |
] ditferences © 1 and Tapje 2 and €xplain the
0 i

o S
I e s T —— 9
= n T,

. (11) Change the action of the controller
eacher check the Connection 0 03 an no, -

Operation of the

; SS +10% and 106
| O use an iNstruction Manual S0 Yoy may need
[ .
|
Teacher o,
a"'jﬂ_ﬂl};ck Have the teacher Check your results

Teacher check

Ist try 2nd try

P———

* How is the contro] action changed?

d el controller gain to |

(b) Local-remote set point

Preamble: the ‘local’
pushbutton or control k

set point is adjusted on the controller faceplate by
nob. The remote set point is set by an external signal.

' * How is this controller switched to remote set point?
uip i § rfj.; (s

relton: direct/reverse

{ N
—— -_"_: h_——-. o —

Connect an external set point signal source.

* Swiltch to remote set point.

N

—
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BRI ECOTrOller on 4y,

' point and the cor u]lﬁl‘. g ’%’F:rjf‘}, th
i3 £

* Does this controller haye high/low 4]
& drms”?

—
-‘___-_—_'——-——-—-_______

. T .

* Are the alarms adjustable? How?

‘__“\'———h___‘___
.Il \\_\\

- ——

- * Test (and adjust the alarm limits)

v . __‘. :.." S s -'.'I-.__.
He 0DsServe the s

€L point response.

"""""""

| ~ The alarm limits were set to

' 'f".:'. rf—— and note th. ot - I

- - The alarm limits were adjusted to

= ' _Teacher check
[ Astiry | 2pg Iry
| —

* Return the alarm limits to the original high/low settings.

(e) Other features

(1) Does this controller have any other functions/options (e.g. square root
2, ¢ extraction)? List these functions, and state how they are
- selected/adjusted.

T

t POINt. Ard .
CINt, and rep
| |

‘peat the steps as in

W is it diffarans 6. .
~SENLIrom the tracking set

[ '--.--H.-r
“TOCeec

';' ovember 1996
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roller to apply square root to the py (input
bjie SMEng]

) ang et point tracking

__-_-_-—-_‘—-_--“‘_'-—._
]”d".(‘”f:’d Pt’ —
i

‘Other options
]

= &

g s S -"-.':-—I-; s B — et :_l
HalliE e purpc

se of the option/functions that
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trol _'i.{_.,!{ _fn:'a.*“ AN '5 controller alignmem

Connection diagram

N " T T
d uic rroporino : .
B bal and Integral Contro] Modey
0] ,
i h.'

mh”

M l'.'.u '_"Fl':-"fﬁi' ‘- g1 | "
+ GEIErmine the equipmen; "€quired fo;
I this 1.
*“’l\,

h
-1 Part B
— 1. (a) Alignment check
. : |
(1) Set gain = 0.5, turn [ and D off
__—_——-___'___‘_‘———\__-.._
(11) Adjust the PV to equal the set point, and with PV equal to set point
—————._._________\_-_‘_ | . v :
-, adjust output signal to 50%.
= |

(1) Increase the controller gain (e.g. from 0.5 to 5) as there is no error

= SO (deviation), the output signal should not vary. If the controller is out of
| alignment, the output will vary.

¢ and sketch the cq _ | (iv) If the controller is out of alignment, check the amount of offset that will
. °helchthe connection diagram fequired for | be caused. Note your results below:

Alignment (correct/incorrect):

- 4

led Ir" D | 3

-
—

b (b) Open loop proportional (gain) check
f Reeoes ... I (i) Vary the gain and PV as necessary (o complete the table below.
O v -
i indicator ,: +APV Ser gain | % change Calculated| Action: direct/reverse
B ' in output gain
+10% x| +10%
-10% x|
+10% X2
. -10% X0.5 -10%

1 :.I -

-

— ! S ————
e . - e I | na
NI208/82731 Process Control § }‘saf": gl ii--'h",_‘ I Progess Control Systems
Student Workboo student Workbook
| November 1996 November 1996




and D

1 20%, switch to auto

qual the set point ang output s;

gnal shmui[_] b -
Test (b)
. for reverse actiop or +109 |
or dl‘I’:‘_ I -
N, .mfld
then l-(;-;mp' B 107 SIED incre B
M7 PEr minute NCrease (, i |
€
lime as Necessary to Complete (4
[ 3 - 1 - __—__-_-_____—-__'_"'—-—-_._
£l Stgnal at time (mins) ]
=
Y - 4
[ = r—\-t —————-—-_____—_-_._._.__.ll
T I ’ |
; i B :
= i 3 | ' Test (d)
— ]
9 7 .
im -I =
- p
: 1 |'
18¢€ and output change
- 2. If the controller gain is changed, bul integral time s not changed, welbite D RERE
- 9 Rriefly explain.
* . - response change? Briefly exp
L* I
- . S ———————— . TlFE
S ‘ r\" N1208/8: 73) Process Control Systems 19 -
12731 Process Control Systems ' Student Workbook
- Student Workbook I-J 1996

November 1996




ace controller on auto.

Note output signal ( v
P g — %) and chart recording.

Step change PV by 10%.

Note output signal (
record should show 2

and chart recording,

step change. The chart
Return PV to equal the set point.
o # Set integral time to one minyte.
" * Note output signal ( %) and chart recording.
R and o * Step change PV by 20% so that the output signal increases,

I___gﬂg:?‘ Iﬂl'f _Il-qfstrumeq[ Mmanual, anqg sketch the N |
ted. (Show terminal/connection numbers anq POlaritjey) . * Note output signal change, and observe the chart recording. Allow the output
- signal to ramp up until it saturates and “stabilises’ for at least one minute (as

' shown below).

1-5V % output A
250 Q — > Recorder '
£ —— D 200000 Saturation
"""""""""" | f (maximum output)
. Output At least one minute
|I T BN | S
| 1 Slgﬂﬂ.[
) ( %)
| > Time
- 5 R RSN the PV to the set point in 5% Increments, and note the response of the
output signal on the recorder chart.
- : %), : rve the
* Change the PV to the other side of the set point (by 20%), and obse
. response of the output signal on the recorder chart.
Explain your results to the instructor.
= e : o - i - Teacher check
- PUESIEnal to 0% and then 100% and set _
‘{*1 toller output by 10% and note

Ist try | 2nd try

— chart divisions.

I |
J_:.;_.__ e i
| . ST ———— —

JES— NI208/8273 Process Control Systems 51
T — - Student Workbaok _
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L TEYY)
. as observed above in point 5. . ¥ questions

1 ,“I - 3 -
guestons will help you revise ywhqy You have learneq In Section |
{ ection |.
Complete the output graph for ap on-
variable graph. (No differentjal gap).

off controller

for the fallowing

process

Quitput

ON
‘i
r\l.“' r!b | —

OFF
OFF

Note: (Output goes off when PV goes above set point).

Complete the output graph for an on-off controller with differential gap, for the

following process variable graph.

ate the effect of control loop deadtime on the period of the PV cycle.

CySIons | HSOBNATI) Process Control Systems
aorol Y S N

L]
‘i
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Caas

Novemde!




R
——
— v
-

Review questions

1

ne constant, on the amplitude of 4
A AN - . ¢ prtjct:\\. L\ .
" EYCling -
N Sketch a schematic of a simple bellows operated on-off
& n-
:_.-"‘ﬂﬁ ): and explain its adjustments ) s s ottt controller (e, g. pressure

S_lg_etch a basic on-off pressure control loop showing a pressure switch, relay and

t affects the amplitude of a proces COMPressor.

se a PV graph in your explanation). |

- . . * - showing all components.
9.  Sketch a pneumatic force-balance proportional controller, s g po

‘""'-‘. 1 hlll'JI- e ﬂ&ﬂml']sﬁw 25

EEDEIBEHJ Process Control Sf'rﬂi“ : ot Workbook
S'[lﬂ El'll Wﬂl’k i .'..'.-.'-,.*;1"* ;F 5T




(R L WS ' . :
(b ‘HQ,_ 1§ the device above changed to reverse acting?

(c) 'i edraw the device above, using the alternative representation - with all the

‘the error signal may be deriye | bellows on the same side of the force bar.

N an

Com lete the following op-amp circuits, to provide proportional, integral and
derivative action, as labelled.

. -

——

' '1 li 08/ 273)1' chess Control System ".-';-."-'r Proce ’*'*rumn y &E@M
Student Workbook tudent Wor

November | 1996



rformed by the following device, g e

* Alr supply

XPlaip

shown below is a block diagram of 4 b
_._-tl"_h__-.,:h... e

asic MICroprocessor controller.
fan o 10Us com onents.
etion of the various comp,

Explain




,,,Wm ;ﬁpnal control. (i.e. list the

L | =

--_, i 2 \le\\ AL
. -.;-‘__:._,:s-;.j.-r.: to perform proportional control). PS takep

— — .
__-_-_—__—______'——-—-______
e o T
Yhat rpose of the adjustable ‘d
| ifferential : :
= N i .mln rs. (e.g consider a pressure switch). =P povded osoe S}

order improved performance and facilities,

OCES: ”5” ontr Ilf'.-r.

";_ ;uf iec I’a the PV signal.
DIIL ar .T‘;“r 0 ite mre)

In a feedback control loop, the controller makes a correction that relates to the

€rror In ﬁﬁme ‘way.

b, cord)
Explain the correction made by:
b (a) Proportional action

i X
D8/8273) Process Control Sy
Student Wﬂfﬂ’“’ﬁ
November 1%
I
[ ]
1
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= T )

'|\ .._FJ':?T i '.1\‘|~ 1]
B ' == =

L) RS H:.{____,_l | |
"

Y

ain the purpose of the: ' )
- - _______—______—______—'_—-——___

94 Explain the charactericti
B I the eharacteristics of 2 Process that may be suited to proportional |
| control.

‘Explain the characteristics of a process that would require P and I control.

I-:II

III B ATl

e e = = ;
— R . L l
mlzga}a,zgs] i)mcgss Control Sys.lcm; f = V1208/827 -_ cess Control Systems 33 I
D i - = Sludenl Wﬂft:”ﬂ . Ok I - 1
ber LAl 1l

Nove _ |
I '.
1 . ’,

__—-_-__—_I - e—— _'—r:__ — = ___'__ — =



ristics of a process that would benefit from derivyy
. ' ative

4Cligy, | 50, (a) "tui plete the graph showin
following PV graph.
gain = +15 Td = 2 ming

‘_—\_-—‘_‘_"‘— —
=
__-__—_--_-__-_\_---_-_--‘_\_" —

owine the ontnout <s1tenal af a |
ving the output sigr al of a Proportional controller

- <—— 10% step
— - = =T =

e e -
e, ! o i " r i, o " 5
= S P s -, e —————

g3 201 0

Y To ot L :
(b) P{ﬂmhnw the controller response shown above, attempts to compensate for
time lﬂﬂf-_g?S in the control loop.

" — - 3
=== ————— e

’ o | NE N o _.._._1':I__
: 110 ";'-""'.f'l‘.‘!':'I-'] "
e

signal of a P and I controller, for the

L e ““‘JF .”j-iﬂ_.'llif{q e rate of change (slope) of the PV as shown above, was greater (1e.

PV2): (Tick the correct box)

O Td would increase

O Td would decrease

O The derivative step would increase

O The derivative step would decrease.

44

(d) Show the output signal for PV2 on the graph on previous e

I

6 Minutes | B s

1BAG rorma v - opt Ny il e
V82721 Process Conrol Systems
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| Review questions
e

o it ."-l‘q_ Y
. SElR= -
\ = -
. -

With regard to the l€mperature control

water tank does not overheat.

1:

loop shown
In the €vent of instry

AL I8 required that the
Ment air fajlyre (loss of
r), is the control loop shown ‘failsafe’?

bz kS L L

—
1own below. Label each controller “dijrec

-
-

L action’ qr
i y to obtain feedback control,
; '*:,'__"h‘“'}‘.,tﬁtl __L._-._ T —

t (used
[ow does a temperature controller with a relay output, "l a“allﬁgﬁrg?:p ‘;’rfwids
S i:to sl:wtch a heating element), provide IJT'«']'P'*'?’"“"3‘“'?’E SC:’O Tkl
or example to swi ; S ' ain respons .
s T n and high g

e b = a YTAT S Sh{}wlng’ Iow gal
SW _L::’LE!}I, ﬂiﬂ.gf S

37
D— . trol System* .
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um n ns fe %ﬂ »ﬂnd ﬁxplﬂln 1ts purpose.

S

ndicators | PID Output
' control unjt [~ *
signal unit e
point

h |

) W t':a error signal is say 1%, what is the change to the output signal dye
0 proportional action:

when controller gain = 1?

_-___-_‘\“*\
.., (i) when controller gain = 29
T (iif) when controller gain = 107
- - When fh‘é error signal is 1%, and the controller gain is varied from 1 to 10.
wha u_.- ppens to the output signal?

the GII'DI‘ signal is zero, and the controller cain is changed, what
tﬁ the output signal?

N — —

. . - jgnal?
When the PV equals the set point, what is the error sizn

- ro, the controller
- -.l or SIU[]&I 1S not Zero, |
V equals the st point, but the € e

::._5._ -“ . “} adjusted. We call this fault an — .

:.'_' -;" _a .m '!L' Pgm Cunll‘ﬂl Syﬂﬂm "R 9
ot ook 39
Nﬂ\fﬂmw 19% ' B




.I'J'.

e — I =
oW (uestions
. A |

altenment and PV equals the set point.

PULPOL),
| This section ( |
[ : Tenla : : : |
. . e Cils with (e Ppleation g ONaEI i
o alanal 1s caused | : |||t*/|'“|i", A0S contrg) Mr“-muiﬂﬂ and wilh the ' | *]l_.l'lﬂlill] 0Of
Il i g " Al o I g "I'L' . |
o ;L-' offset r ” llppllulliun OF control)ey cnnl'imlrullnml PN
et ' H::JII'.-|_.-;|nll!_'~1-':-‘_-‘!l-_‘_'_t_',;;'ii‘,' il et : ”“1,"'“"'“1 : _-___-'___"—-—-—-———_ s— -
. — | . ' IBHI*I‘Iing OULEO ey 5 imnd 6 of he Nﬁ__-_ R —
AT dalla ¥ ll_-jT_ ‘I‘* , r I Td L "““"ﬂl M”‘l“h‘
ction will take plae U/ [y |
i will aperate to ehininate the offyet, Lrue/1 )y
L ,;II'I...-1I- FEy
i i changed, the offset will change. Frue/i v .
' | ' 1 - T | |
_ gend ol this section you should be able 0!
Hons/procedures :.',“..-i KLI:EL!:TH m ll]lﬂﬂ i C()]‘lll‘t;l”c-l".’ ”(["rl‘l’ IO (e

| @ ,aiﬁ application, characteristics,

18 o explain your answer, ) e .
e i ! I_t,_f-ﬂ-l?l‘sl- and bateh control Systemy

=

and- operation of tutio, caseade,

- eheek and adjust the operation of varfous control wyslems
- deseribe typical configuration methods and Interpret configuration diagrams

2 | f"..*'*l.".flf"j};‘ controllers to provide various control strategies and check (e
aperation of the configuration.

|
I
"

—

VR D BT L il H?’lm"" i . -
.l'_"ﬁl_--?.ﬂ.‘h LAl !l'l‘nn‘.u_l;l lE;lt::::lW:thlnmln -
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Sl practice 4: vontroller c¢ ati
Notes gkill practice €F Configurations

wggd duration
2 hours

To check and program common configurations
controller. Configurations such as ratio. cascade, feedforyard

. L B _ “s ICCUID 1'1':1-*-__
and rotor with console-local operation should be ch 1

On

d I=11-;T=’.!pi'l.’.ni;€~.-\r'_.b!'-'r‘.|1k*-'* PIC
- LA 1 -
il-r_ﬁﬂm'_}lrj:-]é]-;.;l] ()

=il g T
;. Cl '-_l'.L'_-I'r'

ecked and configyreq
Equipment

» Microprocessor-based PIC controller

« Manual for controller

« Manual for controller configuration
» Two input signal sources

Procedure
Note: These procedures have been written in general terme in order to make
. _ _ ) : i - JIAET [0 make the
tools suitable for a range of configurable microprocessor controllers
You will program and check the operation of at least three standa
configuration on the available controllers.

rda (factorv)

The teacher will nominate the configurations (A. B, C) to be used and you will record
these in the space below.

A
B
C

Some examples of configurations that may be checked are:
* external setpoint PID controller

* ratio set PID controller

* ratio set PID controller with console/local operation

* cascade control.

For each of the configurations nominated you will:

e - 1 and examine the approprate
I. Refer to the instrumentation/configuration m:mu_dl and examine the approp
diagrams and descriptions of the given configuration.

- 1\ ~{ 0o " [l'ﬂ'l‘
2. Program the controller to operate in the given configuratic

COnﬂECl Signa[ source/s as appropriuic.

he configuration.

| i Vary input signals/ and check operation of [

T — N =

w” Process Control Systems

1,r~;[-'il'+.'

0 i 'Ml. . : 3
Srudent Workbo . | E'ﬁmh:mi‘bnqk +
Nl‘,ﬂ'tlﬂhﬂ |0 = 1996
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L of the configuration Selups,

'
| I"la

sent on ease of prf;:gramrmn;g_.

ent on similarities and differences DEIWEEn similar configurations
gen ratio set PID controfler and ratio

set PIn controller with

o - z‘_{
comole local

._;-.Jj.lu
PRk P




ion of real and/or simulated processes employing varioug COntro]

- .".-.l. .-. ) - rl—T J -
A T aacharde)
{10 Or cascadac).
- “u Wiy by '.i"l- Sl -
'

___-—_L_-__—'—'-‘—-—-__

edures are presented as general examples. Local equipment and

s will determine the exact nature of the tasks performed. Alg the
1 loops should :?;;.T’.:;~r‘;;:&£;'s'1_i tuning of loops is covered in Section 3

| Bt
[ |

Output
—-__-, I

¥ i

o -
i - | g
- i - =

A&

b
L

s
. __' i , p

n) diagram above and compare

ation that you are using.

. e
1 the j : 1r Ti—
] i .I. ;-!"‘-‘-?.

—
-----

R

are this with the plant and

N B . u
.'“-_ i =" "'r r 1

NECK the operation of the remote set point

NTAFE)

e =

» ms
Process Control 5y3¢
Student Workbook

Noyember |




. o

2.

(a)

(b)

(a)

(b)

(C)

S ke TooD.
(by List the istrumentation installed in the loop

I '1 | .'r.’.i__'
teacher check.

Start up the plant with both controllers on manual

Vary

the manual output of the master and check the operation
point.

of the slave set

Place the slave controller on automatic.

Vary the remote set point signal from the master and observe and note the
Operation of the slave loop.

Create a supply side disturbance and note that the slave loop operates
correctly.

s cascade control

NIZOB/B273) Process Control ";'“'h:ﬂll'
Student Warkbook
Navember 17 )i

l u
NiZown

s
" -
L Ll
[

M
o -

mber 1996

" Joops.

o
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¢ (Comment on your observation.
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Review questions

ﬁ,-f U esHons will help you r €vise what yoy have [, d
) | Arned in §p 4
o ; JYEClion 2
provide a block diagram of 4 hacie ..
R L. i ,. .}:' hdhlt lf.t.,dbéu;,k Control |
principle of operation. 0l loop, ang briefl
i o ' Outline jts

%ic ratio control loop is shown below. Briefly outline its principle of
Operation, and state two common applications of ratio control.

_Wild
flow Output
Process —>
_ -
Controlled v
ow
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Review questions Review questions

A ratio control 10op is shown bejoy,

& :' 1 e - _ . E,‘(ﬂmin_ :
Operation: — : " |1_ﬂ ) ,_.-i-n-g- questions. © the d‘agfam. and dlswer the
(A)- ——
3 Linear (pr\ Range ™
0 - 200 (/HR
Remote 4-20 mA
- set point
Applications: : A Process | Output
Ratio controller —
. e s (scale 0 - 100%
e « 4-20 mA —~ = 0-5000/HR)
i @
, : . .
Range 0 - 500 {[/HR -

| (@) The ratio 1s set to 1:1 (X1), if flow (a) increases by 20 YHR. then
With regard to ratio control, in practice, a ‘ratio relay” or a controller, with an |
adjustable ratio function, is used. Redraw the diagram in question 2 ‘
ratio relay, and explain its purpose.

, showing 2 (i) The remote set point signal will increase by %,

(i) Flow (B) will increase by %,
1.e. by (/HR.

|
-

o . | low (8
(111) This is the ratio of gidy — =
S Flow (A

(R (€ . . £ e, A =]
"f:falcu]ate the ratio setting required to give a flow ratio of B:A = 2:1, and
- Pprove your answer.

 Egquation:

- iﬂnge xR =2
Range (A)
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— Review questions
Review questions

) Comment on the relative time constans of the mast
€ ; dSier Llnd

slave control loops

)
Oven, kiln
or fumace

L

r____._--
e

n Why may a cascade loop provide better o¢ AR » .
) ‘Why may PP JElier control than a single feedback loop?

A cascade control loop is shown above.

(a) Label the master controller.

(b) Label the slave controller.

(¢) List the components of the slave loop.

(d) Briefly outline the operation of this cascade loop.
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Joop. some ‘feedback trim

i'.' U"'UE.!”\, re : =d pur‘] T
B . Y requires c € teedf,
diagram 1n (a) above, and briefly outline quired.  Aqdq fe L

6 Feedback control requires an error, before any correction can take place. 3 In practise, 1t is impossible to

In Ot}
ac OCe . | 1er
words. control action takes place after an error has occurred. Where thjs i« b

satisfactory, feedforward control may be used. Feedforward control can Provide
greatly impfaved process stability (but at greater complexity and cost)

Provide perf

(a) Sketch a simple feedforward control temperature loop, (without feedback
trim).

d) Sketch a simple feedforward level control loop (without feedback trim)

(b) Briefly outline the principle of operation of this feedforward control loop
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Review questions

"
I - I
- L

l1 1 | Lo T

. Jeview questions REIY.

A I

| | K re the controller configuration
- . ysed in a batch process system, B loving. lagrams <
' "l

| ' Erin t{ tr;r ;m* ‘fl' -;:_ n'f 4:

|
| l .
‘I | —————— T ER I -'.'1'."

| 1 1 n /

I — e [
' e e

' == s AlL + (Ad)
| y - |
- [

—— e

| (e) A "'1“1‘.51 '_.','r'{l‘ _E'f“?'j system uses H““‘LE__U'“" 1[# Gﬂntrﬁl and continuous control.

T Qlats l; oram showing a three rl“_}“}” D¢ tﬁh Pmcass requiring (€Mperature

L
S RCIL

i ni;[[‘ ﬁl' . I

1 41 IVE

A0

AOK

[ I | . \
“rll v i b) . DOV {:_.,
|I I' .I. ' | I.
T BN = —— - tify the input terminals.
- [ I -
.« OO ) -_i'_f i
R ify the 'uﬂﬁ!;ﬁ 1@1’1‘1111’1&15.
[ ! | = - - ._1
| — I -
| o :_:il- :,]»_-.'fl ______
[ |

—

_———— — I
I

' the auto m r., a’]funcnﬂn block.

=2 -l | ™
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]
| - a Review questions Review Question.
r
fl 1a) State the function of loop 1.
.' (e) State the purpose of [P> and [V, i3
{ ] — T
f i B Explain how loop 2 differs from loop |
| e e—— L .
I - —
0| | () Identify the set point function block. =
II II III - S o e
{1 () State the difference between loop I and loop 2. B —
I f Jhﬁ g the purpose of function block FB1] in loop 2.
|| _ | B =
l*} } - =
|||| III __‘___-_-_-1—_-_"'_"_“"-—--.__
[ - L —
il =—
il 9. Compare the controler configuration dj i =t
j | I following questions = QEgrams shown below ang answer the .

':."-_'i-'f_'-'!l_ﬂ_;s'_?%‘*i te the controller configuration diagrams shown below and answer the
following questions.

Loop 1 Loop 2

Extemnal setpoint Process External setpoint
(FBO2YS AL + (A6) (FBOI\R AL + (A4
",_f'_'j_-' “' JAnput AIC - (AS)
01

—
~J

(VA0 + (A7)

QAIC - (AB) A A0 + (A7)

\ourut A AOC - (A8)
Vﬂh’ﬂ | T _qu_tpu
' . Valve
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(a) State the function ©

‘Reyiew questions

f loop diagram 1?7

|I PN

§e section covers learning outcomes 4

——

This section deals wit_hu
tuning of control loops.

————

B ————

——

installation .

ation, comp

—

5, 7 and § of l-h_:;;

.

1SS10n;:
S10ning

e
—

“—

and

—

e

ational Modulé

m

» 2
(b) What addition has been made to loop 2. compared to loop 17

it the end of this section you should be able to:

2 confi guruliﬁn‘? "

(¢) What is the purpose of the loop
“11, outline the application of linear and equal

Percentage control valves

) install and commission control loop instrumentation on sin

o ay gle or multi-
variable loops ulti

. . . 9 e I ) s -
oint signal in loop 2 generally come from L1 tune typical control loops (single and multi-variable)

Ll configure and tune microprocessor based controllers.

(d) Where does the external set p
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Notes
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- ice 6: Loop connection gy testing
ested duration

. =10 'I.--:
il ! |'|'-|.I_1,l.l'-

‘eonnect the component of a typical copy| loop
P and test the 100p operation
W (ipme 4 |
. Transmitter/s
“ontroller (electronic)
I[P converter
Control valve
Process
Leads, wires, tubing, connectors
Digital multimeter
Signal source
Calibrator
:.-»;-.,_ = ;
Note: ﬁrprocedure 1S present'ed as a typical example of this task. Local equipment
and facilities will determine the exact nature of this task. g

-

:,_!.=;:I_"IE-"E__,.U.' this control system.
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s (Commissioning
wart up the plant on manual.

| nnection diagram
: mponent and ¢oO
(¢) Examine the compo Uncontrolled _
flow o o
| Iy the uncontrolled flow and checy the onerae:
| dry Peration

Flow controller +

@ . O o 8 (s Set I"f'l'lr
BNt the ratio to a suitable value ang check the It
13 L74 . 3 p

+26 V DC

Alter the manual output and check the oper:

Anglogue in (+) A4
1 the flow control loop.

Analogue in () AS
common

Analogue in 2 (*) A6

A(_:::o:;‘ﬁm (+) AT "1“"} w automalic, Va[‘y thc UﬂCOﬂ[r()“[j
Analogue out A8 W m"irf ﬂﬂw lUUp.

common (-) ' )

d flow ang check

Ihea - A ¥
he YPEration of (he

Wbmment briefly on the aspects of this task thy

you fUIJI'!d INteract: :
e CIESIIne
) 1""“" """‘“”éflmpnn;m[;

Fig. 2

(d) On the loop diagram label the terminal connection numbers for the
instrumentation shown.

2. Draw the connections/terminations on the component and connection diagram, as
shown on the loop diagram.

Note:  This data will be provided by the teacher, to suit the equipment provided
and/or obtainable from instrumentation/data manuals. (A typical example
1s shown on the adjacent page).

Ist try 2nd try

3. Connecf the.componcn.ts of the control loop, according to the component and
connection diagram.

Ist try 2nd try
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