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PROCESS CONTROL SYSTEMS COURSE
OBJECTIVES REVIEW

Cou

rse Objectives are to study

Feedback Control and Control Loop Structure
Multiple Control Loops

Appreciation of Basic Instrumentation
Controller Equations and Control Modes
Control Loop Behaviour

Control Valve Types - Flow Characteristics - Actions

Control Loop Dynamics - Dead Time — Capacity — Resistance

Appreciation of Behaviour of Common Control Loops
CHEMCAD Control Models

Control Loop Tuning

www.chemstations.com
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QO Controlled Variable (c) <3°
PROCESS 7(}\
Manipulated Variable (m)
CONTROLLER
e=r=xc

INCREASES IMBALANCE RESTORES BALANCE
CONTROL RUNAWAY CONTROL STABILITY
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& PROCESS c@uM’SYSTE v

ChR s CONTROL LOOP STRUCTUR

DESIGN

FUNCTIONS LOCATIONS LOOP
& SIGNALS & TAGGING SCHEMATIC

Thermocouple mV
Resistance bulb Q
Transmitter 4-20 mA
Transmitter 0.2-1.0 bar

Field
Mounted

Measurement Control Valve
Transmitter Thyristor
0-100°C

Equipment
Room cv
01
A
Signal
Converter
4- 20 mA /
Control

Room

Thermocouple Curve (mV/1)
_ Square Root Extraction (V)
Pneumatic to Current (I/P)

Characterise Measurement
Linear 4-20 mA Signal

CONTROL

Controller
0-100°C
4-20 mA Signal

v

Valve Actuator 4-20 mA

CONTROL | 1/p 4-20 mA t0 0.2-1 bar
DEVICE Valyg Actuator 0.2-1 bar

Positioner 0.2-1 bar

Field
Mounted

&
Y
o
3
>
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3
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I C 2 PROCESS CONTROL SYSTEMS

MULTIPLE CONTROL LOOPS

Single Cascade Ché.
SecondaryPPrimary
Primary

Single Valve  Split Range Valves

www.chemstations.com

RatioChﬁ, p160

Wild Controlled

?@

Ratio of controlled
flow to wild flow

Auto SelectChe. p167

Squeaky wheel gets the grease

Hi Lo Select

Auto selection of
controlled variable

Adaptivecht. p170
PID Adjust

o
=

y

@

Adapts - models
needs of process
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PV Process
Variable

Temperature

PROCESS CONTROL SYSTEN

TYPICAL INSTRU TATIC

Controller

Pressure

| evel

 www.chemstations.com

4
www.chemcad.co.uk



P&I
DESIGN

Y PROCESS
Chemstations™ TH.

Engineer extended”

J Iron +| ss0Fo | s20Fe 32 to 1400° F
Constantan |—| +75%" £A%" 0 TE0° G
Chromel |4 s40Fer | 220For 32 to 2300° F
Aumel  I=| £75% | 4w 010 1260° C

T Copper 4| s18For | 208Feor 32 to 700° F
Conslantan |—=| £1.5% | 8% 010 370°C
E Chromel |4| s30For | 218Fer 32 1o 1600° F
Constanian |=| 5% | 4% 0to 870°C
Nicrosil |4 +40For | t20Fer 32 to 2300° F

MISIL - 75" £.4%" 0to 12607 C

R e | 427For | 11 For 32 to 2700° F
Platinum |—| £25% | 1%’ 0 to 1480° C

s Flabrom 10 +| 227For | 211 For + 32 to 2700° F
Platinum |—| t25% | £1%° m 1] 0 1o 1480° G

B el . . 1600 to 3100° F
Perumbs || k 87010 1700° C

Reference Thermo Electric Company www.te-direct.com Sanitary

—_— 0 0 00n0nBn0n0n 0D 0 0om 0000000 0 0
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DESIGN

WIRING DIAGRAM

Bully Construction

Platiwurn than film on a ceramic substrate, glass sealed. Lead wires of nickel platinum-clad
Conmection prolected by temperature stable enamed.

WHITE
Tolerance Compliance

E11
100 OHME ASTM 37, IEC 751, DIN 60751 (Formally DIM 43760)
[giEig RED
REDH 3
SINGLE 3 WIRE CONSTRUCTION | CLASS A [tﬂﬂﬂﬂ“ﬂ{:ﬂ‘ﬂ]t Dﬁ%ﬂﬂ“ﬂ-{ﬂ"ﬂ

Resistance at 0°C: 100 Ohms.

Self Heating: Less than 0.20° C

20 1o 30m/s2 peak-to-peak

Temperature Coefficient of Resistance (TCR): 0.00385 Ohma/Ohm™C

Long Term Stability: Max. Ro drift 0.04% after 1000 H @ 500° C
Tire Constant i Waler Maving at 3 Ips, 25" Diametar: 5.0 seconds

Vibration Resistance: 10 to S00Hz @ 1 octave/minule acceleration of

+0.550 (0.920

as_e.g %% g ;

WHITE ; 0
:t-ﬂ- +0.425 (0.765
00 OHME *
@00 - !
RED 1.01 +0.675 (1.215)
AED _ﬂ?ﬁ't "ﬁq_i 20,900 0,600 (1.440) .
RED +0.775 (1.385) +0.925 (1.665) | +0.400 (0.720)
= +0.880 (1.564) | 0.385 | 1,060 (1.880) £0.450 (0.810) |
+00.985 (1.773) X : +1.175 (2.115) wsmmm
DUPLEX 4 WIRE CONSTRUCTION +1.0%0 (1.563) 0,470 (0.846) | =1 )
Z2E°C (437°F) +1.195 (2.151) +0.513 (0.523) +1.425 (2.565) wmnﬂ W]
g +1.342 (2.416) | *0.672(1.080) | =1.600 (2.880) | ] 1.206)

Reference Thermo Electric Company www.te-direct.com

Sanitary

www.chemstations.com
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Head Transmitter

DESIGN

Temperature tranzmitter, PC-
programakble

Application: RTD

2-wire 4-20ma

Fault reaction: NAKMUR NE 42
Mounting: head form B, DIN43T25
UL lizted, GL {(German Lhrod)
Marine

Temperature tranzmitter, Protocol
HART

Application: RTD, TC, Ohm, m\/
Z2-wire 4-20ma&, SIL2, galvanic
izalation

Fault reaction: NAMUR NE 43
Mounting: head form B, DIN43T25
UL lizted, GL (German Lhrod)
KMarine

Temperature tranzmitter, PC-
programmakble

Application: RTD, TC, Ohm, mW
Z-wire 4-20m&, galvanic izolation
Fault reaction: MAMUR NE 42
Mounting: head form B, DIN43725
LIL lizted, GL {(German Lhod)
Marine

Temperature tranzmitter
Application: RTD

Fixed adjusted meazuremsent
range

Z-wire 4-20m&, galvanic izolation
Fault reaction: NAMUR NE £3
Mounting: head form B, DIN43725
UL lizted, GL (German Lhod)
KMarine

Reference Endress + Hauser www.uk.endress.com

www.chemstations.com
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PROCESS CONTROL SYSTE
CONTROLLER MODES & EQUAT

¢ Controlled Variable

» PROCESS

m Manipulated Variable

r Set Pomnt

CONTROLLER
Proportional (P) e Proportional + Integral (PI)
1
m = ﬂe+b 100 m = 100(e+ jedt)
P Gain —_ ? P

P=PB % R = integral time (min)

b =output bias dm/dt = e/R

m=bfore=0 P| Gaint R| dm/dt]
Decreasing P Never set R faster
Increases Am than process t + 1

wWww.chemstations.com
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Proportional + Derivative (PD)

m=@ e+DE +b
P dt

D =derivative time (min)
Note D1 dm/dt]

Use D when sustained error
End point control:

pH — target temperature

Proportional + Integral +
Derivative (PID) 3Mode

m= £ e+ — jedt+DOle
P dt

(y PROCESS CONTROL SYSTEM
CONTROLLER MODEi’i& -QUAT

Low R on fast processes:
Flow — Liquid Pressure

High R on slow processes:
Batch reactor temperature

Never D on noisy processes:
Flow — Level -

wWww.chemstations.com

:
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DYNAMIC SIMULATION g
CHEMCAD CONTROLL

8 PID Controller -

Specifications | Mizc Settings |

S

¥ Activate controller ID: 3
Controller # Senzor Function

Set point |3— (0 Liriear function j
—LContral terms —Senzor equation terms

Steady state output [PO] W Wariable Min IDE—
Froportional band [PE] |25— Wariable b ax |45—
|ntegral time [Ti] I— i Chrl impuat mir |4—
Drerreative tirne [Td) I— i Chrl input ras |2EI—

—Control Walve ar Cantraller [0

Control walve |10 |2 ar

Cazcade D

I Prirmary 1D I

& Direct  [emor= ¥ - ¥zet]
" Reverse [emar = Xzet - ¥]

—Controller action [errar definition]

—heazured Object

™ Shieam
* Equipment

IC mumber I'I

Variable | 43 Calc lev 1

Componernt I <Mone;r

[
=~
=

Yariable unit I'IB Length

LEVEL MEASUREMENT
LINEAR 0.5 to 4.5 metre
SIGNAL 4.0 to 20 mA
INC LEVEL 7 INC SIGNAL 1

CONTROLLER ACTION
DIRECT
INC LEVEL 1 INC OUTPUT 1

FAIL CLOSED VALVE
ON OUTLET (OPENS)

FAIL OPEN VALVE
ON INLET (CLOSES)

www.chemstations.com
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100 /
//
90 >
ANY ] / QUICK OPENING
CHARACTERISTIC 0 7~ / CHARACTERISTIC

70 S
S =
U 60 5
S o
£ 50 E
o / S
> 40 / 0
< >
> / =

30 / / >

20 /

10

VALVE _—— BUTTERFLY
POSITIONER 0 VALVE
0 10 20 30 40 50 60 70 80 90 100
FLOW %
- LINEAR

—— EQUAL PERCENTAGE
—— QUICK OPENING

www.chemstations.com www.chemcad.Co.u
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PROCESS CONTROL SYSTEMS
CONTROL VALVE CHARACTERISTICS

r Sty

Quick Opening Cage Equal Percentage Cage

FISHER EASY E GLOBE VALVE SIZING COEFFICIENTS
SIZE Cv Quick Opening Cv Equal %
25 21 17
40 38 33
50 67 56
80 150 121
100 235 203
140 469 357
200 875 808

WoesT

Linear Cage

0981
Whisper Trim® Cage
for Noise Attenuation

www.chemcad.co.uk
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19 1 CONTROL VALVE CALIBRATION-ACTION

PROCESS CONTROL SYSTEMS

SINGLE CONTROL VALVE OPERATIONS
CONTROL OUTPUT COEFFICIENTS
LOGIC
ACTION POSITION | STATE EQUATION
mA % A, B,
4 0 Closed 0 0=4A+B,
FAIL 00625 | -0.25
CLOSED 20 100 Open 1 1=20A+B,
4 0 Open 1 1=4A+B,
FAIL 0.0625 | 1.25
OPEN 20 100 Closed 0 0=20A,+B,
Open Cooling Valve Heating Valve Open
v A, i -0.0625 A, =0.0625 Vv
a B, = 1.25 B, =-0.25 ?
|
A _ Fail Open Fail Closed Z
e Signal to Close Signal to Open
Closeci1 ” . 2Of‘losed

Controller Output (mA)

www.chemstations.com

Controller Output (mA)

A, and B, are CHEMCAD scaling constants

www.chemcad.co.uk



< 2 PROCESS CONTROL SYSTEMS

DUAL CONTROL VALVE OPERATIONS IN SPLIT RANGE
CONTROL COEFFICIENTS
OUTPUT LOGIC
ACTION POSITION | STATE EQUATION
mA % A, B,
12 50 Closed 0 0=12A,+B,
FAIL
0.125 -15
CLOSED 20 100 Open 1 1=20A+B,
4 0 Open 1 1=4A+B
FAIL > A*B,
-0.125 1.5
OPEN 12 50 Closed 0 0=12A+B,
A, =-0.0625 A, =0.0625
Open Open B, = 1.25 B, =-0.25
3 Way Valve
v ) Y%
a Split Range a
' Valves I
Y \"
€ e
Closed A o > Closed4 — ”
Controller Output (mA) Controller Output (mA)

A, and B, are CHEMCAD scaling constants

www.chemstations.com www.chemcad.co.uk



DYNAMIC SIMULATION

CHEMCAD CONTROL VALVE SETTINGS

Yalve specifications ‘

Walve geometry
Walve flow coefficie
R anaeahility

Critic:al flaw Factar

092

Yalve type

Equal percentage walme

(¥ Linear valve

pecify valve cupys

Yalve position &
birnirmurn pozition %

b aximum position =

Calculated resultz

5000 kath
es
478373
es

Calc. flow rate
Controller output
Steady state pozition

Controller output 55

Controller specifications |

[perating mode

*  Fix flowrate, adjust valve position

E' Control Valve -

(" Fix walve pozition, adjust flowrate

(" Fix flow and position, calculate Pout

—

l m
I—I:uar

1.01325 bar

Contraller 1D

Static head

Supply pressure

Downztream pressure
[F downstream P not zpecified

Destination 10

Yariable

=~

|<N|:une>

[v Force fomsard Flow anly

Phaze model | Selected by program ﬂ

www.chemstations.com

Walve zpecifizations |

Tw*[duddt]=dn=F + By

Walve Ty

Fail Closed
Signal to Open

www.chemcad.co.uk



PROCESS CONTROL SYSTEMS
PROPERTIES OF COMMON LOOPS

COMMON LOOP CHARACTERISTICS & TUNING PARAMETER RANGES Ch3. Table 3.3
PARAMETER CHARACTERISTIC P (%) | (min) D (min)
FLOW FAST - NOISY 50 - 500 0.05- 2 NO
PRESSURE (LIQUID) FAST - NOISY 50 - 200 0.05-2 NO
COMPOSITION (GAS) FAST - NOISY 50 — 500 0.05-2 NO
LEVEL SLOW—FAST - NOISY | 5-100 SOMETIMES NO
TEMPERATURE SLOW - STEADY 10 - 100 2-120 /l4< D >1/2
COMPOSITION (LIQUID) | SLOW - STEADY 10 - 200 2-120 la< D >1/2
PRESSURE (GAS) SLOW - STEADY 1-5 UNNECCESSARY UNNECCESSARY
VAPOR PRESSURE SLOW - STEADY 10 - 100 2-120 /4< D >1/2
CONTROL MODES P (%) T,(min) T, (min)
P 2 Pu
P+l 2.2 Pu T,/1.2
P+1+D 1.6 Pu T,/ 2.0 T,/80=T,/4

P, measurement starts to oscillate at constant amplitude T, for small SP changes

www.chemstations.com
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CHEMCAD DYNAMIC VESSEL SETTINGS

DYNAMIC SIMULATION

e

General |

Outlet Flawy

Relef Device | Calculated Resultz |

E¥ Dynamic Vessel -

eneral Cuthet Flas

| Relet Device

—Liguid flow specifications

hEoe_

|3 Control walve or Unitop j I E)Ek-’.ﬂ-.L D

I 1
—ezzel Geomelny —Initial conditions
¥ Yerlical Vessel I Specity val vs. level Iritial Charge O ption:
. pecify val ve. level
" Horizantal Vessel 1 Specify composition & liquid level j
Diiarneter |2.52
Cylinder height IE [ritial liguid lewel 1 |3 m
el IFI t J [ritial liquid level 2 I ]
ead hype: B h
[ritial wakility outlet T I C
—eszzel Thermal Mode —Optianal [nput
0 Adiabatic at fied prezsure j o | m
[+ Include liquid static head in output streamns
[ Three phase fash [vapor liquid liquid)
P ——
[T Include compreszion # expansion effect
v {Fix F'ressurel I'I 1325 bar v Recorder an

M flowy rate ¥ krniol /b
M/ IEI kdale flow rate - j I kmaldh
—apor flow zpecifications
Stream D Mode Specification
v 2 &t vol flow rate j I Te-006  math

Io: 1

Specify Liquid levelz

I 05 m

kirirnm lewvel

www.chemstations.com
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RIb =
S4E0
= =
2 e
B3]
S5
=no I Lx i
=111} =m
1 530
| =
-m & =]
= 11}
2 = ® ' =
i3
22 i =
msa I
el :: TT1
zan m "
Ln -}
S04
=210 e
=00 oo
T . !¥m£: e
=En
PB 100% L] FPB 200%
1 | s I .
2 N D T 1z 12 1215 15 17 16 15 20 21 b b St 5 J5 7 = B B ;M L 10 1) 1k 43 14 1 16 1 16 13 B A 22 s om 2 2 b w3
min mn
Control of Dead Time
Dead Time @ Pl Settings
Td = tm g

RO T Set Point
Step Change
5000 to 5500 kgt
ER
K ..
< T TE S
IS ¥
] r
T
ki
i
51
51
Ln o]
o PB 232% 1 0.66m
T T
2 -4 E 3 10 11 12 13 14 15 1E 17 18 1 o Z IB’!}'l'EE!Z!IZ'@éED1

min

WWW.Ci iemstauons.com WWW.Ci iemcaﬁ.co.uﬁ



iy P&l
Chemstations’ DESIGN
Engineer extended”
[11-P1lo
Tank Level
Capacity Non-self Regulation
) T4
ad
¥
E ar I,l' r‘r
§ ]
3 o
x kL
E " al dH = fi-fo
L]
k] r."‘
ad
al FA
v V/F ¥
3
= M2 e N2 HENN DN A4 HAE MR MEEREHRRG AN

Run Time min

Manual

Flow Outr Fo =15 m3/h

www.chemstations.com www.chemcad.Co.u
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Chl-p18

E1
L1

+.3

1B
T

V LE
F— .5
RO ¥
i3
4.2
E +.1
(3} +
G>) 2B
- 2B
é ar
(35
= OB

as

s

a3

=z

a1 1'1
] -

=8

28

Flow Change 15 to 20 m%/h

0 10 20 30 901 T HI M HI 90 1007110 13 130 14 130 160 7170 180 190 30 ¥

Run Time min

— | 1]

o X

T 230 240 30 30 I =0

Volume V=20 m3

Flow n Max Fi =20 m3/h Fixed Position

Tank Level Behaviour
Capacity
Self regulation

[ 2] 47.5%

Off

(o)

Jm Jio

Flow Qur Max Fo =20 m3/h

www.chemstations.com
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DYNAMIC SIMULATION
TANK BALANCING HYDRAU

Tank Balancing and Hydraulics

. s s e s s s s

’gl :
f
_ iR D=1ft j
E i: %lk H=4ft ‘ :'
i ]

I:ﬂ u ;;1.;“ i I'I'Iilt':l ) . i " I:?II [2:| min

L="1ft
e { g -5 -

Sets Line 6 P =Line 2 P

Period is function of wetted surface length only

0.5
) LitLo
T0=2% 2

Throttling displacer valves reduces amplitude allowing narrower PB

wWww.chemstations.com
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oL - rT
Tank Level ] Displacer Level
TI _
fa W
| it
s _‘UT
2 o 16 =0 @& r £ H1 & B = = * Eyl 1] JI | . = 1] 1 4 1] 1 -1} -
Inler Flow Disturbance @

— [ 5]

=8

BEERRAAS

E

JEENEELERFEEERE

Displacer Tank Level

Measurement and Controf

1

:
www.chemcad.co.uk
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= 2 Integral action eliminates Offset
14
il

14! E
1'.:ir al %.‘
15 H
15 ; h\\ r"n‘
14 k -
14!
115— a ;

12—
111_._Lc:ziud ::sl}ﬁnges 3

= m
e Tank Level m

= 2

N [TTTTT1 A

B P 25% I 10m .

v ar

-4

5

- a

o 1MD15 31 5 ¥ 55 A6 0SB aEaAsass s 105 115 15 15 145 1= 1S ¥ 1015 0 2S5 30 5SS A0S 50055 31 65 FhOYS A B 0= s s = 1= bl = = =

I:> 7 20 m3
Eﬁ

Batanced Systen

- "
Tank Level - ! > =

Controfller Tuning

.-\.:\
2 Twned-Systom
Propeortional has different Offsets with varying Loads a

S| 2

b l 2 F‘
F

a

ghe]

Tank Level m

=
e
Bow
Tt

E r e ——
2 ——+—+ % 2| Tank Level m [
B 25% s.. = HEH |
My am—— o o
ar z P 5% 1[I
a ]
2o ll
2 2
1011 3 3 7] 5 W0 M P A W JF B0 B 91 9 1m 11n 12X 1 1M 1™ 1 1 10 M &3O DM A A - 0BG B0 100 11 1= 17| h Ll hL 1= im

www.chemstations.com www.chemcad.co.uk
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Ch3-p68

. - Gas Pressure =
- - Contro/ £
r
Inlet Flow am3/h Fi Marrow Band E Cutlet Flow am3/‘h "
F only Control = &
i a0 P

[

e

™

yspy AFAREAHERAE?
e,

i # 4 32X 3O W\ JJ 4 B B o O D M o o 30 B OAD A i 1+
. 1 B i & b K U & HA &5 @ & 8 7 B K KK INIK 1016 13

Cw 44
10—~ >

L*]
Plant Demand

20m3 | Receiver

.
cHEHENENEEE

Hitrogen
5 barg

E I
=1
3 T o
= S =
Pressure Regulator 11: I 1 I ‘ﬁg,
Self-contained 1 Receiver oy
Direct Operated e Pressure bar —~
Regulator Pressure E' g T,
wvaries with flow 1 ‘15_
exhibiting "droop" by
Pressure Regulator pp
Self-contained ok
Filot Operated o
o
i if a8 &= d § A 45 P B B B D ™ E B oA & 1K 1K HD 16 1

: ¥ :
www.chemstations.com www.chemcad.co.uk
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PROCESS CONTROL SYST

2 T T 11
il | I =N ] u
185 i ar EJ
a8 i',
1ra 4F
1.."1\;. ai i
15 al a k
1:—; iz
"-i; 3.1—?-. ,‘E
1as - L] r
-, w—Tank Level m
- Load change 2o b
an mi3h 27 E »
an 2F
:_% 26
EC. a4
i - Fag
e aw
21

Cuat Flow mi3fh

-
W & M- BWES

a0 A 0 M B D B OHD

Crrifice

Plate

Flow Control with
Level Cur-back

Flow controlled at 15 ma'h unless level < 2.5m

P 250%
P1Un%@——————@
A | 1m

Thermal
Mass Flow

Vortex Coaoriolis
Shedding Mass Flow

Magnetic
Flowmeter

www.chemstations.com
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Temperature Control
Modulating Service Flow

]
I

L e
-
| A1

TAETRORFRAQAZANAY PP AdEZAERAR9FAEIR

e
e

Fo " s 1 f

SC s 7
o] #
E_
“f
i

A 1o b Fa 1]

i 20 % W % ¥ 4 B B 9 EF W A H & H B 1M 16 710 11F 14 -

www.chemstations.com www.chemcad.Co.u
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-3 Way Valve

Temperature Control
3 Way Valve Bypass

12 : 20
Controller Qwipur (mA) '

PB 240%
1.5m

11 12—-—|:> Mote Pl settings similar to settings for Flow
I =1 At
- [ o !
t ? = 1'1 1A
ar 1 | H [ T,
[ I T
: : “HHAAA
' J DAL i
1 | ol i W
: ] i s
# TI IF =
1 i 1)
- L ! i
7 1 [ sy
Tz 3: L
T
: =05

' L /
www.chemstations.com www.chemcad.co.uk
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DYNAMIC SIMULATION
TRAINING SIMULATOR OTS SETTINGS

E' - Convergence Parameters -

Iv Take aznap shot before running Aowshest,

Recycle Convergence Methods
Corvergence method:

{+ Direct substitution

" ‘wegstein

(" Dominant Eigenvalue [DEM] ey e

[ Plot run time gtream information Speed up frequency

Recycle Talerances Flazh Calculations

Flawy rate 0.001 Flazh algarithrm:
Temperature 0.00 Flash darmping factar
Fressure 0.007 Flazh talerance

Wapar fraction

0.0
0.0

Enthalpy Calculation sequence:

[ Dizplay trace window

[ Generate min bjskes

[v Dizable userring gimulation
[ Refresh data bo#E==ter each .

[ Refresh data bowes after each iberation.

Steady State/Dynamics

Flaw#Preszure Canversion

ane time ztep for dynamic zimulal

w dyn

OTS real fime zcale |-“:I

o
—

| Marmal j
1
1e-005

| Sequential modular

| Dyrnamics

Ll L«

| Mo conversian

ti:n/

' Real Time Step 1.0m
Simulation Time 0.1m

www.chemstations.com
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Data Update Start

KL CHEMCAD Comms Status

P&I
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