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.
Nature of the Problem & Solutions -

Definitions
w0r e m Definitions
Philadelphia, PA —Deadtime (or Delay)

» Time interval between the initiation of an input
change or disturbance to a process, and the start of
the resulting process variable response

> Delay is primarily due to physical, mechanical, or
electrical characteristics of the process system

* An innate property of a process system whose
value can be minimized, but cannot be totally
eliminated

» Deadtime, especially if it is relatively long, is the
most common cause of many closed control loop
performance problems

» Deadtime is usually easy to measure or estimate,
depending on the process and input disturbance
types
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.
Nature of the Problem & Solutions —

Definitions (Cont’d)

o = Definitions (Cont’d)

Philadelphia, PA —Lag

» Dynamic characteristic of a system where the
measured output lags or falls behind the system
input (graphic example follows)

» First order lag is the most common type for process
systems (represented by a linear 15t order diff. eqn.)

» Many processes can be modeled as a combination
of a 1st order lag plus deadtime (FOLPDT)

> A 1st order process has a single lag; a 2" order
process has 2 lags; a 3" order process has 3 lags;
etc.

« 2"d order and above systems are referred to as
“Higher Order Systems” and are more difficult to
tune

« Multiple process lags usually (but not always)
can be represented as a series of 15t order lags
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.
Nature of the Problem & Solutions —

Definitions (Cont’d)

o = Definitions (Cont’d)

Philadelphia, PA —Time Constant(s)

» Time interval between the initiation of a process
input change or disturbance and when the resulting
process output variable approaches a predefined or
final steady state value

« The time constant(s) is (are) calculated starting
after the process deadtime expires

» For a series lag process system, the overall time
constant is comprised of the sum of the individual
time constants--one for each process lag

» Time constants can be difficult to measure or
estimate for many processes--especially for “Higher
Order Systems” that contain multiple lags

» Process time constant(s) and the process gain can
vary over time depending on various factors such as
the process production rate
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Nature of the Problem & Solutions — Example of
“Textbook Ideal” 1st Order Lag Process Response

User Conference

2002
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ature ot the Problem olutions — Example o
Actual “Higher Order” Process Response with
Long Deadtime and Multiple Time Constants

User Conference
2002 52917

Philadelphia, PA
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ature of the Problem olutions — Comparison
of “Load Slow*” Tuning for a Second Order Plus
Deadtime Simulated Process

User Conference

2002 DEADTIME VS. EXPERTUNE RECO'D PID CONSTANTS

FOR 2ND ORDER SIMULATED PROCESS
(Deadtime=Var., Proc. Gain=1, Lag1=20m, Lag2=10m,
Load Slow Tuning)

Philadelphia, PA
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*A slow PID output response to load changes, as
opposed to a Medium or Fast response, using the
Siemens APACS+ series interacting PID eqn. Global network of innovation




ature ot the Problem olutions — Comparison
of “Load Slow*” Tuning for a Second Order Plus
Deadtime Simulated Process (Cont’d)

User Conference

2002 1ST ORDER TIME CONSTANT VS. EXPERTUNE
RECO'D PID TUNING CONSTANTS FOR 2ND ORDER
SIMULATED PROCESS (Deadtime=10m, Proc. Gain=1,
Lag1=Var., Lag2=10m, Load Slow Tuning)

Philadelphia, PA
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*A slow PID output response to load changes, as
opposed to a Medium or Fast response, using the
Siemens APACS+ series interacting PID eqn. Global network of innovation




ature o e rrooiem

olutions — comparison

of Performance of a Smith Predictor Deadtime
Compensator vs. a Conventional PID Controller

User Conference Closed loop response
2 0 02 Process?

output

Philadelphia, PA

SN ‘1:,...- PID plus Smith Predictor
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FIGURE 11.14
Comparison of Smith Predictor response with conventional PID controller A
(self-regulating process)
Process
output

Closed loop response

Proces: ---

output 7 = ~ «—PID plus Smith Predictor
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R

The figures and Notes text in this slide
were excerpted from Ref. A.4 by Gregory
K. McMillan, pp. 271-273, © 1994
Instrument Society of America (ISA.)

Closed loop response

PID plus Smith Predictor

Runaway Process

Integrating Process

Time

>

FIGURE 11.15
Comparison of Smith Predictor response with conventional PID controller
(integrating process)

Time

FIGURE 11.16
Comparison of Smith Predictor response with
conventional PID controller (runaway process)
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I ———————————
Solutions: Comparison of PID Loop

Tuning Approaches

User Conference m Use “Lookup Table” Default or Typical Settings* Then
2002 Tweak for Best Tuning

—Advantages

» Gets control loop up and working quickly (important
for startups)

» Minimizes 75! pass time investment in tuning
» Does not require a process response test
» Does not require an investment in tuning tools
» Works OK for many simple processes (typically
without interactions or complex process dynamics)
—Disadvantages

> Rarely gives optimal tuning results, depending on
performance criteria

» Extensive tweaking may be required to get
satisfactory results (29 pass, 3 pass, etc.)

» Can give totally inappropriate results for more
complex processes (one size does not fit all!)

*Refer to Appendices 1 & 2 for examples of Tables of Default and
Typical Settings for various types of processes.

Philadelphia, PA
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I ———————————
Solutions: Comparison of PID Loop

Tuning Approaches (Cont’d)

User Conference = Use Closed Loop Tuning Methods with Rule Set

- —Advantages

> Loops stay in control (AUTO mode)--especially important
for safety-related control loops

> Includes the full effects of process controller and final
control element dynamics in tuning

> Faster response to input disturbances than Open Loop--
tuning is completed faster

—Disadvantages
> Requires an operable set of beginning tuning constants

> Requires identification (or prior knowledge) of the process
type (self-regulating, integrating, inverse response,
runaway, etc.)

» Most common method requires a sustained oscillation of
the controlled variable within a controllable limit (to get
ultimate gain & period)—not practical for slow processes

> Requires a tuning test and the interpretation and
application of an appropriate tuning rule set*

*Refer to References A.1, A.4, C.6, C.7, and C.8 for examples of
rule sets. Note that Reference C.6 cites a total of 453 rule sets for
PI/PID controllers!

Philadelphia, PA
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I ———————————
Solutions: Comparison of PID Loop

Tuning Approaches (Cont’d)

User Conference = Use Open Loop Tuning Methods with Rule Sets

0 —Advantages

> Some methods do not require the PV to be at a steady-
state or lined out value (but with no load or other
disturbances occurring of course)

> Unlike the closed loop method, does not require a
sustained controlled variable oscillation

> Depending on the method used, can be effective for
integrating or ramp-type processes

—Disadvantages
> Requires the loop to be in MANUAL mode, out of AUTO
control

> Does not include the full effects of process controller and
final control element dynamics

> Requires identification (or prior knowledge) of the process
type (self-regulating, integrating, inverse response,
runaway, etc.)

> Requires a tuning test and the interpretation and
application of an appropriate tuning rule set*

Philadelphia, PA

*Refer to References A.1, A.4, C.6, C.7, and C.8 for examples of
rule sets.
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Solutions: Comparison of PID Loop
Tuning Approaches (Cont’d)

Doo, Jonterence — m Use Open or Closed Loop Process Response Testing
and an Online Tuning Software Tool

—Advantages
> Depending on the tool employed, does not require the
prior identification of process type
% > Does not require the interpretation and application of an
RUE appropriate tuning rule set!

> Fastest method to achieve optimal tuning

» Depending on tool cap. can aid in effectively tuning
controllers for more complex processes (integrating,
inverse response, higher order process dynamics, etc.)

—Disadvantages

> Requires an initial investment in a suitable online tuning
software tool and the control system interface, and
continuing investment to maintain and upgrade them

> Requires an initial investment in training and obtaining
“hands-on” field tuning experience for the individual(s)
responsible for tuning

» Usually requires multiple tuning tests (unless you’re either
really good, or really lucky!) which can be time-consuming

Philadelphia, PA
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e
Practical Guidelines for Tuning Long

Deadtime/Time Constant Loops

User Conference

2002 = BEFORE conducting any tuning exercises work with
the operations personnel to:

— Establish the control loop performance criteria

— Determine the allowable operating and safety limits for
the control loop and other affected variables

— Obtain any necessary operations and safety permits

m Regardless of the tuning method used:

—ALWAYS conduct at least one process response test

> Using an appropriate input disturbance such as a step or
pulse (doublet pulse preferred _|_|_,-)

> If possible conduct a process response test at the lower,
middle, and upper part of the normal operating range of
the controlled variable and average the results (to assess
nonlinearity)

— Familiarize yourself with the process (there is no
substitute for thorough process knowledge!) and the
control algorithm & control system features and options

Philadelphia, PA
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I —————
Practical Guidelines for Tuning Long

Deadtime/Time Constant Loops (Cont’d)
User Conference
2002 m Use the results of the process response test to
estimate the process gain (or pseudo-integrator gain
for an integrating process), average deadtime and
overall time constant”

m Calculate one simple index of Process Controllability:

— The (Overall Process Time Constant--sum of all time
constants) / [(Overall Process Time Constant + Process
Deadtime)]

— If this ratio is < 0.5, then use the most conservative estimate
of process gain (highest) and controller gain (lowest
recommended by tuning method used) to avoid a
conditionally or marginally stable loop

m If possible use an online software tuning tool (like
ExperTune) to conduct the process response test,
analyze the results, and arrive at an optimal set of
tuning constants

Philadelphia, PA

“Refer to References A.3, A.4 for estimation methods.
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e
Practical Guidelines for Tuning Long

Deadtime/Time Constant Loops (Cont’d)

m If ExperTune is used:
— And the process dynamics are Higher Order

—Or the process type is not FOLPDT self-regulating
(integrating, inverse response, runaway, etc.)

— Or performance is still unsatisfactory after a
properly conducted initial tuning exercise
(regardless of process type)

— And there is an immediate payback for investing
additional testing and analysis time
—Then use ExperTune to:
» Conduct a series of process response tests
> Save the results in the ExperTune Loop Summary Table”

> Import the results to the ExperTune Loop Simulator** and
perform “What-If” and other more advanced analyses to
arrive at the optimal set of tuning constants

User Conference
2002

Philadelphia, PA

*A unique feature of ExperTune where the results of multiple tuning tests
can be recorded, averaged, compared, and selectively used for analysis.

The desired set of tuning constants can then be loaded to the controller.

**Optional add-on feature for the ExperTune Advanced version.
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e
Practical Guidelines for Tuning Long

Deadtime/Time Constant Loops (Cont’d)

m If the loop is deadtime-dominated (previously defined
Process Controllability index << 1):

— And the process type is self-regulating
— And tight control is economically important

— And more advanced control approaches such as
Feedforward-Feedback Control, Model Predictive
Control, etc. are not cost-justified

—Then use ExperTune to:

» Conduct a series of process response tests
> Save the results in the ExperTune Loop Summary Table”

» Consider using Lambda or Simplified Lambda Tuning
Methods™

> Import the results to the ExperTune Loop Simulator** and
perform “What-If” and other more advanced analyses to
arrive at the optimal set of tuning constants

User Conference
2002

Philadelphia, PA

*Refer to Ref. A.1 by G. McMillan for a description of the Simplified Lambda
Tuning Method, and to Ref. C.14 for the article “Should You be Using
Lambda Tuning?” by John Gerry.

**Optional add-on feature for the ExperTune Advanced version.
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I ——————
Example Case Study: Cooling Tower

Water Quality Control

User Conference

2002 5 l>|:|<
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Example Ease g!uay: Eoollng |ower Wa!er

Quality Control — Open Loop Process Response
Test Results

52917

User Conference
AL PROCESS
Philadelphia, PA RESPONSE OR

REACTION CURVE

. IDENTIFIED PROCESS MODEL =
Z \‘,‘&R!’ Zi%ﬁgiss - UNDERDAMPED PROCESS* WITH AN
- S INTEGRATOR.

TO BELOW CO

STEP CHANGE PROCESS DEADTIME = 12 MINS

INTEGRATOR TIME = 80 MINS
PROCESS GAIN = 0.24

f \ \ \ \ \ \ \
16.583 500 1000 1500 2000 2500 3000 3500 4000
100.

o CONTROL OUTPUT (CO) STEP CHANGE
(OPEN LOOP)

CO IS SENT TO A DOSING CHEMICAL
/ ADDITION CONTROL VALVE

POSITIONER

. . . . . . I .
50. 500 1000 1500 2000 2500 3000 3500 4000

TENGR UNITS =TIME UNITS (secs)
(% of range)
*The polynomial portion of the Laplace equation used to model

and simulate this underdamped process in ExperTune is: 1/( CO
+C1*s+C2*s*™2+C3*s**3) Global network of innovation
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Example Ease !!uay: Eoollng |ower Wa!er

Quality Control — ExperTune ASCII/DDE Tuner &

Analysis Displays

- [0[X]

= (e [P 0
TAE TAE Asll SETUF
PID Tuning Controller Tuning Loop Notes

Analysis ‘ PID Grid ‘ Done tuning ‘ gf;:ﬁgr::\]m

Current MNew ILDﬁd tuning - Fastest j Files\Xtune\dde\CT_ORF
P |6 1.6 i
: l— Existing TC's: P=5, |=120

1120 21 Safety Factor:  [2.5 mins/rpt. D=0 mins.
D0 15 [+ Use derivative if possible New TC's: P=1.8, 1=21

1 mins/frpt. D=15 mins
F [0 0.73 [¢ Use |1storder - | PV Filter

Probable PE’TU"‘IE‘"CE Loop Summary | Add to Table

ExperTune Loop Summary Table

Change Notes

Archive | Zoom stant | Zoom end F | 0 7 Fit Gain oT Lagl | Lage | Intg |Stability| BRET
min min min sec

on3 58 30 57 0.28 fair 000073 892 yes 4 3400
o8 || |16 ] 21 ]| 15 ] 073 Je 0.24 imag | imag || 100 | 7400
Average 30 26 10 0.51 01z 1 a700

Most | conservative 16 21 15 0.73 | exlent| 0.24 12 imag | imag 100 7900
Add Bermowve Copy to New Wiew Archive Feport Ok Cancel | Help ‘
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Example Ease g!uay: Eoollng |ower Wa!er

Quality Control — ExperTune ASCII/DDE Tuner &
Analysis Displays (Cont’d

User Conference
2002

= ExperTune PID Tuning Grid

. : Setpoint Lambda
Philadelphia, PA Response Lambda time
Load Tuning time (sec) (sec)
Safety Factor : (2.5 G600 4500
Load Fastest - Load Fast Load Slow Setpoint Lambda
P (Gain) 2.1 0.74 0.41 N7A N/A
I {minutes frepeat) 48 K 9.5 MN{A MN{A
Filter (minutes) 43 3.4 5.4 NfA N/A
RRT (seconds) 6800 11000 14000 N7A NZA
P (Gain) 1.6 0.78 0.38 N7A N/A
I {minutesfrepeat) 21 nz 8.9 MN/A MN{A
D {minutes) 15 nz D19 N/A N/A
Filter (minutes) 0.73 0.59 0.0094 N7A N/A
RRT (seconds) 8200 10000 115000 N/A N/A
Lambda
. " Close
Quality of frequency data fit: excellent —— 1 |i® Lag rule
Sample interval checks OK Help -
| ee— Lag rule only
o Veo [CXUDW | 7 Copy
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xample Case Study: Cooling Tower Water
Quality Control — ExperTune ASCII/DDE Tuner &
Analysis Displays (Cont’d)

User Conference
2002

"= EXxperTune Process Frequency Response ]EIE‘

Philadelphia, PA

Identified Process Model
-12s
e =
—_— minutes 10 45
42+92s5+670s Ampli- = — Phase
Gain 0.24 tude '""‘W\\ angle
Dead time 12 minutes ratio  -20 -90 (deg)
[Tst Time c imaginary| mi (dB) \ \
2nd Time constant imaginary| minutes \
-135
Model type: Model
Ph
|Allnw gain to float j e an;lf:
|Autnmatically Choose Best L] \
Per -50 -225
Performance Increase _52% | | Evoluation | . Lo L \ . L L . [ R T
‘Rubuslness Increase |256°/o | 3 2
10 10
Walve Travel Index 189% Time Line Frequency (radians/second)

Walve Reversal Index 8007
Walve indices based on |lpad +

= fEExperTune Robustness Plot

- X

[Current RRT (sec) [az00 -
[New RRT (sec) [7900 | Help ‘ Options  Help
I [Robustness Increase = 296%|<
5L
| Current
New
4}
Dead
Time
Ratio 3
2k
1k
L
1

i Gain Ratio
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Example Ease !!uay: Eoollng |ower Wa!er

Quality Control — ExperTune ASCII/DDE Tuner &
Analysis Displays (Cont’d)

User Conference

2002 fE Control Loop Performance Evaluation
Options Help
Philadelphia, PA
Performance and Robustness Valve Duty Diagnostics
R 1 16 D 97
! I P g -
a
i s : 7
:‘; s g : 6 7
t n 0 5 4
t t n
o D 4 1
1 T C
0 ‘;j‘ r h 3
a
: : : "1
i n & g 1
c |
a € ; 0
|
Performance Robustness Valve Travel Valve Reversals
52% 300% 190% 800%
Improwvement Improwement Improwement Improvement
Yalve indices based on |Luad FPlot ﬂ
Current - Ml e -
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Example Ease !!uay: Eoollng |ower Wa!er

Quality Control — ExperTune ASCII/DDE Tuner &
Analysis Displays (Cont’d)
User Conference

2002 fE ExperTune Control Loop Simulation - Load Upset

Options Time Range Help
A|:A| 42
Philadelphia, PA i~ i

L L L L I
50 100 150 200 250 300 350

fWalve Travel Index=189% Reversal Index=800%]-]

61.579

CO

56.072

1 1 1 1
50 100 150 200 250

Current New SP 6.3 Time (minutes )

ACTUAL PLANT PERFORMANCE RESULTS: REDUCED
AVERAGE ORP PV VARIANCE FROM SETPOINT FROM
+/- 45% BEFORE EXPERTUNE TUNING TO LESS THAN
+/-5% AFTERWARDS WITH NEW TUNING CONSTANTS
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xample Case
Quality Control —

ooling

ower

ater

uday
ExperTune Optional PID Loop

Simulator Displays

File X-Axis Range Y-Axis Range

| TAE =563.996

Nz E 7 e i
Single Loop I Cascade Loop | Feedforwsrd Loop | LE
=700
CT_ORF_CH_Mew_Sim_Fast_Tuni id|» = :
I ' Ctl_MNew_Sim_Fast_Tuning ]CTfORP?CtLEm 5500 -
2
Cantraller H Process }—% £ 500
Z 100
=80
L 60
Time Plots J Freguency J FRobustness I :: 40
200 [
ol =
For Help, press F1

Time Units

Sample Interval

Frequency Units cyclesfime -
P Span 0 1200
CO Span 0 100

Simulation lPlots | Appearancel

Vary Random Seed |v

-

min
"]—

DoubletPulse [+

‘Ill}.lllll g

ok |

Cancel I Apply

Display Process 1Contro|ler1

Change Time Units
[ Categoy: [BasicSetings v ]|

Time In min

Display Process WCommHar‘

Change Time Units
Category: |Advanced Settings -

Time In min

Gain co c1 c2 c3

Dead Time ]‘\2—‘ J42 192 |G7D ID

Lead Time ¥ Integrator  Time 30
~Lag Times: ~Additional Lags

[10 [o o o [o [o o o

[o o o o fo [o o o

Display Process lCnmmHerI

Time In min

Change Time Units
Category: |Hysteresis. Noise, Stiction v

Valve Hysteresis (%)
Valve Naoise (%)
Measurement Noise{%)

Valve Stiction (%)

Ci OK Cl

Copy Ok Close Apply

Copy OK Close Apply
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m A. Useful Reference Texts — Controller
Tuning

— (1) Good Tuning: A Pocket Guide*, Vol. EMC 27.01, Gregory
K. McMillan, ISA Press, 2000, ISBN 1-55617-726-7, 112 pp.

— (2) Controller Tuning and Control Loop Performance - A
Primer, 2"9 Ed., David W. St. Clair, Straight-Line Control
Co., Inc., 3 Bridle Brook La., Newark DE 19711-2003 (ph.
302-731-4699 ,) 1993, ISBN 0-9669703-0- 6, 94 pp.

— (3) Tuning of Industrial Control Systems, 2"d Ed.*, Vol. EMC

51.01, Armando B. Corripio, ISA Press, 2001, ISBN 1-55617-
713- 5 254 pp.

— (4) Tuning and Control Loop Performance - A Practitioner’s
Guide, 3rd Ed., Gregory K. McMillan, ISA Press, 1994, ISBN

1-55617-492-6, 432 pp. (out-of-print--a reprint from microfiche
can be ordered from AstroLogos

Books**:https://secure.bibliology.com/enquiry/Enquiry Options.ht
ml?bfbid=7338714)

— (5) PID Controllers: Theory, Design, and Tuning, 2" Ed., K.

Astrom and T. Hagglund, ISA Press, 1995, ISBN 1-55617-
516-7, 343 pp.

*Note: can be purchased as an e-book in Adobe Acrobat Reader (*.pdf)
format from ISA.

**AstroLogos Books, c/o Marion Meyer, POB 4252 East, Hampton, NY
11937, Fax 253-369-9299, Email Books@AstroLogos.org
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*Note: can be purchased as an e-book in Adobe Acrobat Reader
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Appendix 1
m Default and Typical Tuning Settings — Ref. A.1*

User Conference

2002 Table 2 — Default and Typical PID Settings (scan in sec, reset in rep/min, and rate in

minutes; / = Lambda, CLM = Closed-loop method; SCM = Shortcut method)

Philadelphia, PA

Application Type Scan {yain Reset Rate Method
[seconds) (repeats) | (minutes)
Liquid Flow/Press 1022y |03 {02405 | 10 (5300 00 {0 -0402) A
Tight Liquid Level S(10=30) [ S0 (@0.5-25)" |01 (0450 | 0 (0110 CLM
Gas Pressure (psig) | 0.2 0.02-1) [ 50 0.520) |02 {0.1-1.0) | 005 {0.0-0.5) | CLM
Reactor pH 20105 |10 (0 1-30) | 05 L 1-1.40 (LS (1= 240 SCM
Mentralizer pH 2 (145} 01 000 1=100 0.2 (01100 | 1.2 (L 1=2.00 SCM
Inline pll 122 |02 014.3) | 2 (1-4) A (L 0-005) A
Reactor Temperature| 5 (2.0-15) | 50 {L0-15) | 0.2 {05-05) | 1.2 (05507 | CLM
Inline Temperature 201050 | 05 @ 2200 | 10005505 | 02 ({0.2-1.40) A
Column Temperature| 10 {20-30) | 08 {0.1-10) | 0.2 (1.050.8)| 1.2 {0.5-10) SCM

¥ Ani cvor/square algerithm or gain scheduling should be vsed for level loops with gains < &

*Excerpted from Ref. A.1 by Gregory K. McMillan, p. 45, © 2000 Instrument
Society of America (ISA.) Table note: first constant is a default, while the
constants in parentheses represent a typical range of values. SCM is an
Open Loop Tuning Method.
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Appendix 2

User Conference m Default and Typical Tuning Settings — Ref. C.14*
2002

Philadelphia, PA . . .
Initial Settings For Common Control Loops For Some Ideal and Series Controllers

integral Integral Derivative
min/rep

2 . . Linear
These settings are rough, assume proper control loop design, ideal or series algorithm and do not apply to all controllers.
Lse ExperTune FID Tuner to find the proper PID settings for your process and contraller.

*Excerpted from Ref. C.14 (near bottom of web page) by John
Gerry, © 2002 ExperTune, Inc. Table note: PB % = Controller
Proportional Band in % = 100/Controller Gain.
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