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INTRODUCTION TO PICONTROL SOLUTIONS LLC

PiControl Solutions LLCwww.picontrolsolutions.comis an
industrial process control software technology twaent
company.

PiControl Solutions LLC specializes in innovative
development of process control technology, algorgh
software products, and also in turnkey process rabnt
consulting, advanced control implementation andntpla
startup/commissioning (a complete array of procamstrol
services for the industry).

PiControl Solutions LLC has been providing progueind
services to the industry since 1992 and runs ieyain in
several countries worldwide.

Following is a list of PiControl Software products

Pitops™ (Transfer function identifier and PID tuning
optimizer)

Simcetf™ (Real-time PID tuning simulator for training,
grading and certification)

Apromon™  (Online PID and advanced control quality
performance monitor)

Process Control CBT(Computer-based Training module)

Tadpole™  (Online oscillation detection with adaptive
control)

PiLims™ (Laboratory information management system)

PiBridge™ (OPC server-to-server real-time data
communication)

Chromatigx ™ (Online analyzer data validation and OPC
server-to-server bridge)



10.

11.

12.

13.

PiConX™  (Batch, sequence and continuous rule-based

closed-loop controller)

ReciCon™ (Product grade transition and non-linear process

controller)

TurboMax ™ (Constrained non-linear online optimizer)
PiLogger™ (Fast data logger for equipment fault diagnostics)
PiConect™ (Excel-to-DCS/PLC two-way bridge)

All PiControl products use OPC, connect easilgng DCS or
PLC and can be easily learnt and installed by alantp
operator, control engineer, DCS/PLC technicianesearcher.

Use of PiControl products does not require deega@mic
knowledge of process control theory or advancedegel
degrees. You can configure and use our produgtsstra few
minutes.

For more information on all these products, visg website
www.PiControlSolutions.com or send an email to
info@PiControlSolutions.com
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Apromon™ User Manual
Introduction

Dear fellow process control professional, condeditons on
your purchase of your ApromBh process control
monitoring software. We at PiControl Solutions Qxamy
are proud of creating and making available to ybe t
simplest and the most powerful process control-tooinig
tool available today.

Apromon™ is equipped with PiControl Solutions'
proprietaryTrue Amplitude Detection (TAD) algorithm that
uniquely isolates the true process signal frequebgy
identifying and isolating the white noise and othem-
process signal contributions.

Apromon™ also decomposes the PID controller's action into
its independent components to provide unique arefulis
PID control diagnostics.

Apromon™ provides all the tools you will ever need to
quickly and easily monitor all your control loopbpth
guantitatively and qualitatively with the least atf on
configuration and installation.

We pride ourselves for providing the best techinscgport
to all our users.

As you learn about ApromoM; you will realize that
PiControl Solutions has created a breakthrougheratea of
modern process control monitoring.



1.1.

1.2.

Process Control Monitoring

Apromon™ is a software product for process control
performance monitoring. It analyzes and reportse th
performance of PID control loops in the DCS or PLC.
Apromon™ can also analyze and report the quality of any
process signal including signals that are raw, an&Vv
signals, not necessarily part of any control logpaoPID
controller.

Apromon™ will help to improve process control quality,
plant stability and help push the plant closer tor®mic
constraints resulting in increased production rated plant
profits.

Apromon™ Functions and Capability

Every plant has tens or hundreds of controller&ach
controller has at least three tuning parameters.ohk can
watch all controllers carefully every day. A fevady
functioning controllers can cause a large sectioth® plant
to cycle (oscillate). Oscillations can propagate ewven
magnify based on recycle streams and heat integrati
Eroded or old valves may be sticking or malfunatign
because of needed maintenance but could go unddbce
indefinite periods of time.

Apromon™ identifies the worst performing loops in the
plant. It generates a report showing the worstrotiars
and signals so that the process control engineddGS
technician can focus on this list of bad contralland fix
them far sooner than before.

Apromon™ provides over twenty control criteria on all
controllers. As the end user, you can pick andbshoyour
favorite criteria. We encourage you to see alldhteria in
the beginning. With time and experience, you vgét
skilled in using the right criteria for the rightuation in the
best, most powerful way.



Apromon™ comes with a simple user interface, far easier
than any other products out in the marketplace.justh an
hour or two, you can install and start using Aproffband
start improving your plant performance.



Software/Hardware Requirements and Installation

This manual specifies the hardware required to run
Apromon™ software. It also explains the software
installation procedure and how to start and useon ™.

Apromon™ runs on Windows 7, Vista, XP, NT and other
Windows operating systems.

To install Apromon", first send an email request to
PiControl Solutions Company atfo@PiControlSolutions.
Com A web-link to download the program installation
setup executable file from the PiControl Solutiomsbsite
will be sent.

To start installation, double-click the Apromontigeexe
file.

To complete installation, follow all the step-hes
installation instructions on the screen.

All Apromon™ files will be installed to the specified
program folder. A program Group "Apromon" will be
created with program icons "Apromon”, "Apromon Help
"Readme First" and "License Agreement".

For technical help on Apromon, please contactiasemail
atinfo@PiControlSolutions.com
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3.1.

Apromon™ Installation and Configuration

This section provides a step-by-step proceduréh@m to
configure and run Apromdl. You can install Apromotf'
on any computer with an Microsoft Excel to read &xXaata
files generated by DCS.

Create Apromon configuration (Apromon.INI) File and
Read into Apromon

We can have separate folders for each Data fileveatish
to analyze. For each data set, we need to configuiite
namedApromon.INI. A sample starting file is provided
with the Apromon™ software in"Test Casel" folder. The
procedure on how to configure this file is desatlibelow:

Copy and savé&promon.INI from "Test Casel" folder to
the folder containing data file we wish to analyZ@pen the
file Apromon.INI using any text editor to study its contents.
The INI file contents are shown below:

[Header]

ID=Apromon Config File
[ParameterNamesOfDCSTags]
ProcessVariableParameterName=PV
SetpointParameterName=SP
ControllerOutputParameterName=0P
ControllerModeParameterName=CTS
ProcessVariableLowLimitParameterName=PVEULO
ProcessVariableHiLimitParameterName=PVEUHI
ControllerProportionalGainParameterName=K
ControllerintegralParameterName=T1
ControllerDerivativeParameterName=T2
[MODEValues]

MANValues=MAN

AUTValues=AUT,AUTO
CASValues=CAS,BCAS,COMP

[Files]

TAG=Apromon_Tag_Casel.xls
CONFIG=Apromon_Config_Casel.xls

[Data Samples]

TotalSamples=120

[Dir]

OutputDir=D:\Apromon Data Sets\Plant Data Files Bet
[OPCTags]

1=FC000

2=FCo001

3=FC002

4=FC003

5=FC004

6=FC005
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b)

7=FC006
8=FCO007
9=FC008
10=FC009
11=FCO010
[TagNames]
NoTags=0
[Criteria]
NoCriteria=0

Structure ofApromon.INI file
Various sections in the INI file are as below:

Do not modifyHeader section. It is used by Apromon to
validate the file.

Section ParameterNamesOfDCSTags specifies various
parameter names used in the DCS or PLC for theeBsoc
Variable, Setpoint, Controller Output, Controllerob,
Process Variable Low Limit, Process Variable Higmit,
Controller Proportional Gain, Controller Integralnda
Controller Derivative. Our values entered are B?, OP,
CTS,PVEULO,PVEUHI, K, T1 and T2 respectively.

Section MODEValues specifies the different possible
values for controller modes. The three differenides may
have different valid values. E.g., in our examples
specified MAN for manual mode, AUT and AUTO for aut
mode and CAS, BCAS and COMP for cascade mode.
Specify the correct valid values for your DCS oiPL

SectionFiles contains TAG and CONFIG file names.

In the Data Samplessection, specify the number of total
data samples contained in the data file.

Section Dir contains path for output files generated by
Apromon.

SectionOPCTags contains list of OPC tags for which data

file is generated by DCS. The order should be é&xdbe
same as in data file.

12



3.2.

Sections TagNames and Criteria are maintained by
Apromon. No need to modify this section.

Start Apromon™ program. You will see the initial
Apromon™ screen as shown below:

CREATE TAGFILE  ARCHIVED HISTORY

EXIT HELP ABOUT EDIT TAG FILE EDIT CONFIG FILE

About Aproman

APROMON™ @PiControl

Solutions

Registered To :

Copyrich
PiControl Selutions LLC Al Rights Reserved.

Emall i
ale

02/18/2010 PiControl Solutions

Create TAG file

The next step is to create a file called the TA& fiThis file
is created automatically by Apromon based on tke di
PID tags specified in thApromon.INI file. The TAG file
is an Excel file that contains one column for e&b tag
we want to monitor. Various parameters relatedthe
control quality criteria calculations are storedside the
TAG file.

To create the TAG file, click on theREATE TAG FILE
button near the top of the screen.

Set Scan Rate here equal to or greater (largaey#han the
OPC Scan Rate set as explained in a previous seaitiove.

13



3.3.

3.4.

Click inside the box undd?ID Equation, from "Select PID
Equation” window, select the appropriate PID equation, and
then click OK.

At this stage leave all other parameters at tlleifault
values.

Click on theCreate Tag Filebutton.

Now select theApromon.INI file from the appropriate file
sub-directory. Click o®pen.

Now you can chose the filename and directory looator
the TAG file. First, at the bottom of the dialogoex click
on the down-arrow next tGave as Typeand select
Apromon Excel Tag File Next, chose the appropriate file
sub-directory where you want to save all files tedato this
instance and specify a filename. In our example,had
created a subdirectory "Plant Data Files Set 15awe all
files related to this instance. Type in the fileveaand click
Save You will see a message indicating that the vites
successfully created.

Create CONFIG file

A file called Apromon_Config_Casel.XLS is supplied
with the Apromon™ software. Copy and locate this file in
the same file directory as the TAG file.

Read configuration File

Now that we have the three files (TAG, CONFIG dNdt)
in their appropriate directories, the next stepoigead the
INI file into Apromon.

Click on theOPEN button near the top left corner of the
screen. Select the appropriate data file direcpath and
then selecApromon.INI file and click on theéDpen button
the read the configuration file. Now Apromon redls
configuration file and based on the file paths #jst for
the TAG and CONFIG files, reads the TAG and CONFIG

14



files also. Notice that new buttons with the naméshe
TAG and CONFIG files now show up on the Apromon
screen as shown below.

Apromon [Control Performance M:
OPEN €

CREATETAGFILE  ARCHIVED HISTORY
EDIT CONFIG FILE

EXIT EDIT TAG FILE

T
<n Tag Data File

APROMON_TAG CASE1 | APROMON_CONFIG_CASET | SUMMARY REPORT LIMITS |

To Changs Yaluss, click on valuss, enter new valuss and press Enter key. Click "S8VE" to save shanges to File Click Run buttan, to caloulste with the new valuss.
TAG FCODD ‘ FCoo! J Fon2 FCOn3 FCO04
Area 1 1 1 1 1
Automatic Shutdown Bypass DUMMYTAG P DUMMYTAG P DUMMYTAG P DUMMYTAG P DUMMYTA
User Bypass 1 1 1 1 1
Control Group 0 0 il il 0
PID/LO-HI Constraint/Py-Oriky 0 0 0 il 0
PID Equation 2 2 2 2 2
Soan Rats 300 kAl kAl kAl Ell
5P Dptions 1 1 1 1 1
5P Log (min] n 10 10 10 10
PV Lag [min] n 10 10 10 10
Chatter 1 1 1 1 1
Unstable Rise 118 115 115 115 118
Unstable Limit 0o 0o [Le] 0 [k
Oscilation Dist 0278 0275 027 027 027
Hurting Limit il 0os 00a o 00s
Steady State Tire [rin). 0 10 10 10 10
Upper Spes Limit 0 0 0 0 i
Lawer Spes Limt 0 ] 0 0 i
< v
C File: "Apromon INI" 02/18/2010 PiControl Solutions

If you click on the TAG or the CONFIG buttons, ngwu
can see the file contents of the TAG and CONFI@sfil
directly from the Apromon screen.

15



3.5.

3.6.

The OPEN DATA FILE button

Click on the OPEN DATA FILE button from the top
toolbar, select Excel data file generated by DC&dick on

the Open button the read the data from the data file. Notice
the Apromon screen showing the data read fromilthe f

Apromon [Control Performance Monitoring] o e S
OPEN OFEN DATA, SAVE BUN CREATETAG FILE  ARCHIVED HISTORY
EXIT HELP 4BOUT EDIT TAG FILE EDIT CONFIG FILE
DATA | DETAL | SHOWCRITERIA |  SELECT CRITERMA | CRITERIAHISTORY | TUNING HISTORY |  APROMON_TAG_CASET |  APROMON_COMFIG_Casel | <[]
Click checkbos(s]ta select Tagls) Cick TREND to see tend. Max 20 Tags are allowed in trend,
# | Fooooey ‘y— FLOOOLSP ‘y— FLOO00P ‘y— FLOD0MODE ‘y— FCO0:PY ‘y— FLO0TLSP ‘y— FLO0T 0P ‘y— FCO01MODE ‘y— FCO0ZFY |[~ FLODZLSP ‘r o
1 a5 34 EX] 20 0.00985 oo 186 20 000453 0.005
2 L 294 E=X) 20 0.00995 o 185 20 000439 0.005
3 335 394 E=X) 20 0.0l o 154 20 000454 0.005
4 33 394 EX] 20 000991 oo 185 20 000522 0.005
5 33 394 EX) 20 000931 o 125 20 000513 0.005
6 333 394 4 20 00102 o 183 20 000459 0.005
7 33 34 EX] 20 oo oo 183 20 000513 0.005
& 335 394 4 20 000988 o 125 20 000434 0.005
4 33 394 4 20 0.0l o 154 20 000545 0.005
10 36 394 EX] 20 000995 oo 185 20 000503 0.005
1 335 394 EX) 20 oo o 184 20 000465 0.005
12 EES] 384 4 20 ool o 154 20 000508 0.005
13 000991 (1] 185 20 00047 0.005
14 oo o 184 20 000503 0.005
15 000998 oo 185 20 000433 0.005
16 oo (1] 18 20 000503 0.005
17 oo o 123 20 000461 0.005
18 o0 oo 184 20 000503 0.005
13 0.00995 (1] 195 20 000494 0,005
0 oo o 154 20 000439 0.005 d
< »

PiControl Solutions

The SAVE button
Click on theSAVE button from the top toolbar to save all

the changes made from Apromon to the TAG and CONFIG
files. Apromon.INI file is also updated and saved.

16



3.7.

3.8.

Click RUN button to analyze data and perform calculations.

Apromon [Control Performance Monitoring]

OPEN OPEN DATA FILE SAVE BUN CREATE TAG FILE  ARCHIVED HISTORY
EXIT HELP ABOUT EDIT TAG FILE CONFIG FILE
Run Apromon

DATA | DETAL | SHOWCRITERIA | SELECTCRITERIA | CRITERIAHISTORY | TUNING HISTORY |  APROMON_TAG_CASE! |  APROMON_CONFIG_CasE1 | 4¢]
Cick checkbos) to seleet Tagls). Click TREND to ses rend. Mas 20 Tags are alowed in rend.
# | Foooopy ‘F FLOODLSP ‘r FLO0D0P ‘r FLODDMODE |r FLOD:PY ‘F FLOD.LSP ‘r FCO0T0P ‘r FCO0TMODE |r FCOD2RY ||~ FCOO2LSP ‘r 2
1 397 394 364 20 0.00985 il 186 20 000489 0.005
2 32 394 364 20 000935 um 1685 20 000439 0.005
3 395 394 364 20 001 o 184 20 0.00484 0.005
4 393 394 4 20 0.00391 o 1685 20 000522 0.005
5 394 394 4 20 0.00391 il 185 20 000513 0.005
3 393 394 4 20 umoz o 183 20 000489 0.005
7 393 394 4 20 0o il 183 20 000513 0.005
8 395 394 4 20 0.0098 o 1685 20 0.00434 0.005
9 392 394 4 20 001 il 184 20 000545 0.005
10 396 394 4 20 000935 o 165 20 0.00503 0.005
11 395 394 364 20 001 oo 1.4 20 0.00486 0.005
12 393 394 364 20 001 oo 1684 20 0.00508 0.005
13 0.00331 oo 165 20 0.0047 0.005
14 00101 oo 1684 20 0.00503 0.005
15 0.00938 oo 165 20 000433 0.005
15 00101 oo 163 20 0.00503 0.005
17 00101 oo 183 20 0.00481 0.005
18 0ot oot 1.84 20 000503 0.005
19 0.00935 oot 188 20 000434 0.005
20 0ot oot 1.84 20 000433 0.005 {8
7 3

PiControl Solutions

Using Apromon™ to Improve Control Performance

Now that Apromon is installed and running, thetr&ep is
to examine its calculations and use the information
improve the PID tuning in the plant. The sectidredow
guide you through all the functions and calculagioof
Apromon™,

17



4.1.

4.2.

4.3.

Sub-Folders Containing Calculation Output and Resub

After each run, Apromdtf saves all the calculation results
on control quality in Excel files in various suldders. The
names of the sub-folders are as follows: Backugskil
Detailed Reports, Error Log Files, History Apromon,
Summary Reports and Tuning History.  Aprorfon
automatically creates all these sub-folders. Toments of
these sub-folders are described below:

Backup Files Subfolder

The subfoldeBackup Files is where ApromoH* saves a
copy of TAG and CONFIG files in CSV (comma sepatate
variable) format every time when data is procegsduken
Apromon™ runs.

Detailed Reports Subfolder

The subfolderDetailed Reports is where all detailed
calculation report files are saved. Aprofidngenerates
these files automaticallgfter all criteria calculations are
complete. The detailed reports list all the cdntmateria
calculations.

A typical detailed report file name is named dbfes:
ApromonReport (11.15.06 10.16 AM).xls.It contains the
date and time stamp corresponding to the timemf ru

Error Log Files Subfolder

The subfoldeiError Log Files is where error log files are
saved. These files are generated automatically by
Apromon™ if bad data (or out-of-range data) are
encountered. It contains information about tagrentlee
number of data points found out of range or to Haae data
status (Not-a-Number etc.) and the percentage g¥ taat

are bad.

18



4.4,

4.5.

4.6.

A typical error log file name is as shown below:
ApromonErrorLog (2006-10-24_13-54-58).xls.It contains
the date and time stamp corresponding to the tinneno

History Subfolder

The subfoldeHistory Apromon is where all history files

are saved. These files are generated automatitslly

Apromon™ and contain the detailed control criteria
calculations for each individual tag.

Each Tag will have separate history file and takwdation
results are appended to this files.

Typical History file names are as shown below:
FC111l.csv
FC222.csv
FC333.csv
(where FC111, FC222, FC333 are tagnames).

Summary Reports Subfolder

The subfolderSummary Reports is where all summary

calculation report files are located. These fdes generated

automatically by Apromolt' and contain summary reports,
summarizing performance criteria for every tag.

A typical summary report file name is as showrohel
ApromonSummaryReport_2006-10-24_13-55-42.csv.

It contains the date and time stamp correspondirilge time
of run.

Tuning History Subfolder

The subfoldefTuning History is where the P, I, D tuning
parameters are saved for each tag in individuébtyigiles.

19



5.1.

5.2.

5.3.

Processing of Bad Input Data

The Apromof™ screen displays various tabs below the
instance name. Use the left and right arrow bsttanthe
extreme right side of tabs to navigate throught#fes. One
of the tabs is labeleERRORS. If you do not see this tab,
then click on the arrow for scrolling near the tigide of the
screen arrow until thERRORS tab is visible. Click this
tab. You will now see a window with four columrissving
information on tags that contained some bad vatluesg
the data collection. There is one column eachPigr SP,
OP and Mode (four columns in all).

Bad PV (Process Variable) Data

At every scan period, ApromBf reads live data from the
DCS or PLC through the OPC server. If the PV vatie
outside the high and low instrument range for tagt or if
the PV value has Bad status (NaN or not-a-numlike
this value is counted as Bad. The total numbesuch bad
PV values divided by the total number of valuesnsed
during that time period is reported as percent bad.

Bad SP (Setpoint) Data

Since the low and high ranges of SPs are the ssntieose
of PVs, the logic for bad value handling for SP$his same
as that for PVs. The total number of bad SP vatligsed
by the total number of values scanned during timae t
period is reported as percent bad.

Bad OP (Controller Output) Data

The PID controller output range can be 0 to 100f%some
DCSs, an extended range of -7% to 107% is allowe@P
is less than -7% or more than 107% then Aprofarounts
the OP value as bad. If the OP value is less @8anthen it
is clamped to 0%. If the OP value is more than%0then
it is clamped to 100%.

20



5.4.

5.5.

Apromon™ also works with analog input signals and other
signals that are not controllers (non PID tags)r uch tags
that are PV only, the OP signal is completely djarded
and all criteria calculations using the OP signal®
bypassed.

Bad Mode Data

The PID controller modes are typically Manual, é&watnd
Cascade. Apromdl converts these mode names (strings)
into integer values: Manual mode or Local mode Adto
mode = 2, Cascade mode, Computer mode or Remote mod
= 3. If the mode string read from the OPC senasdnot
match any of the strings defined under the section
MODEValues in the Apromon.INI file, then the Mode
value is counted as bad. The various valid modagst
names are defined under the sectii©ODEValues in
Apromon.INI file.

Bad Data Tolerance Specification

A few bad data samples are to be expected inrahystrial
process. When technicians are working on an imstni,
the PV signal could go bad. If a tag is inactidate the
DCS for configuration changes, its signals also maybad
for a few seconds or minutes. But if data are feadoo
long, then ApromoH" can be configured to skip (bypass) all
calculations for that tag.

The bad data tolerance is defined in tA®NFIG file.
Open theCONFIG file with Excel to view its contents or
click the tab for theCONFIG file from the Apromof™
screen. Notice that the defaldERCENT BAD DATA
TOLERANCE is 5%. This means that if more than 5% of
the data (PV, SP, OP or Mode) are bad, then aliations
are skipped for that tag completely and thger Bypass
parameter inside th€AG file is set to 0 (meaning that the
tag is set tdnactive). Note that if you want to deliberately
skip certain tags (bypass their criteria calculap in TAG
file setUser Bypassvalue to 0 (Inactive).
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6.1.

6.2.

6.2.1.

Review Plant Data

Apromon™ allows you to inspect the data collected from
the DCS or PLC for all tags. You can click on tbkkowing
three tabs to inspect the datdPC DATA, DATA and
TREND.

DATA

Click the left scroll arrow button located neap taght until
theDATA tab is visible at the left.

Dbl

Click on theDATA tab to see all collected data for all the
parameters (PV, SP, etc.) for all tags. The Datada
Number is shown in the leftmost column.

The next column (first data column) shows the RYad

The second column shows the SP data and so awlliigg
further right, you will see all the data- PV, SFP,(Mode,
etc. for all other tags.

TREND

The TREND tab allows you to trend the data for any tag.
Click on theTREND tab. Then check one or more of the
check-boxes in the rightmost column. You will ske tlata
trends for the checked variables.

Zoom and Drag Function

Zoom and Drag Feature: Aprom&hhas powerful zooming
and drag feature. To zoom the data trends, follbwe t
procedure below:

1. Check one or more checkboxes to generate trends

2. Inside the trend plots, click and hold with thet lef
mouse button.
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6.2.2.

3. While holding the left mouse button down, move the
mouse diagonally downward and rightward to draw a

rectangle.
4. Release the left button to see the zoomed window.
5. Double click anywhere inside the trend box to resto

the original window.

6. To drag trends, inside the trend plots, press ad h
the right mouse button. While holding down the
right button, move the mouse up/down/left/right.
Notice how conveniently you can zoom and move
anywhere along the X or Y axis.

7. Double click anywhere inside the trend area to
restore the original trends.

Tag Search Function

This function helps to short list the tags showrthie upper
box to trend. Say you type FC1 inside the text (aixthe
bottom right side of the screen, below the Tag3.liThen
only the tags containing the string FC1 will bepthyed in
the tag-list box above. Similarly, if you type F@&n you
will see only those tags that contain the strin@ FE their
tagname.
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7.1

The DETAIL Tab

The DETAIL screen shows diagnostics on oscillation
detection. The vertical blue lines in the bottomndow are
calledTrue Amplitudes. The location and height of the true
amplitudes match with the (PV-SP) deviations on the
TREND plot.

Even if the PV data are noisy, ApromUnidentifies only
the meaningful amplitudes (true amplitudes), whidticate
true oscillations. The small squiggles consistofgfast
(high frequencies) noise and all other disturbar({sésver
frequencies) are automatically isolated and regkcte
regardless of how much is the noise or disturbéncs.

The SPECTRUM Ciriterion

The DETAIL screen displays th&PECTRUM criteria

value. The spectrum indicates the level of odaillain the

signal. High values c8SPECTRUM (values typically over
5) mean higher the extent of oscillations, huntargl/or
instability. For an oscillating signal, you wiks just a few
(typically only one to three) tall red bars in theper
window, which means the frequency distribution @sraw.

A perfect sine wave will have one single red bathia top
window indicating one single dominant frequency.

Low values of SPECTRUM (values typically below 5)
mean the signal is not oscillating. For a nond{@ory
signal, you will see several red bars in the tomdow
indicating that the signal has multiple frequencaesl no
single dominant frequency.

Oscillations, hunting or instability are undesimln any

chemical process. Using th6PECTRUM and True

Amplitude Detection (TAD) technology, Apromon reliably
identifies the oscillations.
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7.2. The Chatter Parameter Tuning

The True Amplitude Detection (TAD) algorithm has a few
tuning parameters for every tag. These paramedess
located in the TAG file. The default tuning wonkell for
most cases. For certain abnormal situations, stmiag
adjustment may be necessary.

One of the tuning parameters related to the TAgorthm
for oscillation detection is calleBHATTER . The default
value for chatter is 1.0. For extremely noisy sign
(characterized by high noise to signal ratio), chatter may
need to be increased in the range of 1.001 to 1.5.

To understand the chatter tuning parameter, seeplbt
below. The red line is the setpoint (SP), the Ittaad is the
process variable (PV). The signal is oscillatoryhe true
amplitudes are the vertical brown bars labeleddtteis B,
D, F (positive peaks) and A, C, E, G (negative ggak
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Notice that the PV signal has both a fast frequérandom
noise) and a slow frequency showing the real @dmlhs.
We are not interested in the fast noisy squigglgsake only
interested in the slow oscillations. The top wiwdoelow
shows the TAD display with a default chatter vahiel.O.
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The bottom window below shows the TAD display wih

chatter of 1.15.

Notice that the short amplitudesall

vertical blue lines) are eliminated with the chattalue of

1.

15.

CHATTER = 1.0 (DEFAULT)
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26

‘a0 400 450 00



Individual PID Contributions

Based on the PV, SP and OP signals, Aprdthaalculates
the individual breakdown of the proportional, im&gand
derivative contributions and reports them as aqyerof the
total PID control action. The sum of all three tmutions
equals the total change in the PID’s output.

To see the individual breakdown of the P, I, and D
contributions, click on th®ETAIL tab and then click on
any tagname on the right side of the screen. Yitisee the
blue, red and purple horizontal bars near the bottight
corner of the screen showing the three PID coniobs -
Proportional, Integral andDerivative. The three values will
always add to 100%.

Note that you have to specify the correct typePdD
equation in the TAG file (as explained in Sectiof)3 This
equation selected in the TAG file has to match vihiga PID
equation in the DCS or PLC; otherwise the PID
contributions reported by Aprom8f will not be correct.

If your PID equation is not listed in the PID etjoa menu
shown earlier in this manual, then please cont&comrol

Solutions for a free software update (send an ermil
info@PiControlSolutions.Com).
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9.1.

9.2.

SP (setpoint) Options

The SP signal is used in several control qualiiyeca
calculations. Apromol' offers four options for
conditioning setpoints for use in the calculationdhe
conditioning can help to make the criteria caldola more
accurate. The SP options are specified in the TilG To
see or modify the option for any tag, open the TR& in
Excel or click the tab for the TAG file on the Apnon
screen and notice tig&P Optionsrow. The four options are:

. 1=LSP (lagged SP)
. 2=ASP (average SP)
. 3=LPV (lagged PV)
. 4=APV (average PV)

You have to also specify the valuesS® LagandPV Lag

parameters specified under ti8P Options field. The
default values for SP Option, SP Lag and PV Laglmset
during the TAG file creation step described in anlier

section in this manual.

LSP Option (Lagged SP)

Since the process dynamics in many chemical psesesre
slow, when a SP is changed, it can take severalitesnor
hours for the PV to reach the new SP. Lagging Ske
allows time for the PV to reach the SP and redneeslless
error on the control action because of slow dynamithe
LSP option is the most common option. T&E Lagis just
a simple first order time constant. Typical valoéSP Lag
are from 0 to 500. The time unit f&P Lagis the same as
the Scan Rate (milliseconds). If you do not know the
process dynamics, default the SP Lag to 4 foragbt(an
error on this value will not significantly deteraie the
criteria calculations and results).

ASP Option (Average SP)

When theSP Optionis set to 2, then the average of all the
raw SP values in the entire time period is caledads the
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9.3.

9.4.

9.5.

ASP value. This single ASP value is then usedhia t
criteria calculations. On thEREND display, the ASP trend
for any tag will be just a straight horizontal ljnde value
equal to the average value of the SP values. @he\ofSP
Lag is not used in this option.

LPV Option (Lagged PV)

If the SP Option is set to 3, then the LPV option is used.
The entire raw SP data collected are completehedasded.
Here, thePV Lag value is used. PV Lag is just a simple
first order time constant. The raw PV signal isgm=l
through thePV Lag time constant to generate the LPV
(lagged PV) signal. This signal is used now asSRdor all
criteria calculations.

APV Option (Average PV)

When theSP Optionis set to 4, then the average of all the
raw PV values in the entire time period is calediaas the
APV value. This single APV value is then used fre t
criteria calculations. On th&REND display, the APV
trend for any tag will be just a straight horizdritae, the
value equal to the average value of the PV valugbe
value ofPV Lag is not used in this option.

Guidelines for Choosing the right SP Option

In most cases, use the default option ad i@ option with

SP Lagof 0 to 5. In some cases other options may give
better results by identifying the true amplitudesd a
detecting oscillations more accurately. Cases &/iother
options (ASP, LPV or APV) may benefit for detecting
oscillations are on:

. Pure analog signals not used in PID controllers
where there is no setpoint to work with. Here use
LPV.

. Slave loops may also work better with the LPV

option and an appropriate PV Lag parameter.
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You may examine the raw data on THRRENDS display to
estimate decent values of SP Lag and PV Lag. Whike
desirable to estimate good values for these laagses with
some error will not significantly deteriorate thalaulation
results from Apromon.

Note that with the LSP option, only the SP Lagised and
the PV Lag is not used. With the LPV option, otilg PV
Lag is used and the SP Lag is not used. For the &l
APV options, neither SP Lag nor PV Lag values aedu
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10.

10.1.

Control Performance Quality Criteria

This section describes all the control performaguality
criteria calculated by ApromdH. Apromord™ calculates
about 30 criteria.

Click on theSELECT CRITERIA tab to see names of all
criteria. Click onSELECT ALL to select all criteria to
display. Click onSELECT NONE to unselect all criteria.
Click on each of the criteria buttons to togglenfreelect to

unselect.

If any of the parameters in the TAG file or CONHi(g are
changed, then you must first click on tR&N button in
order to update the criteria calculations.

Click on theSHOW CRITERIA tab and click orChange
Criteria for Sort Order . You can select any of the criteria
for sorting. You also have the option®drt Ascendingor
Sort Descending

Now we will explain each of the 30 criteria calateld by
Apromon™:

Criteria #1- Error

This is thel ntegratedAbsoluteError, called IAE. Error is
calculated as PV minus SP. IAE is the absolutaevaf the
error, integrated over the full time period. THe &ata used
in the calculation are not the raw SP values b th
conditioned SP values depending on the selesRe@ption
(LSP, ASP, LPV or APV).

Click on the tab for th&CONFIG file. See the variable
calledEU/PCT. The default value is 1; this means that the
error is calculated as the percent of scaleEUfPCT is set

to 0, then the error is calculated in engineerinigsu

The default value foEU/PCT (1 = percent of scale) is

recommended since this shows all values in perakstale,
and therefore the ERROR criteria values from allstare
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directly comparable and hence more meaningful. The
percent of scale is based on ¢ Hi Range andPV Lo
Rangevalues specified in the TAG file.

10.2. Criteria #2- Error Squared

This is thelntegratedSquare of theError (ISE). Error is
calculated as PV minus SP. ISE is the square ektlor,
integrated over the full time period. The SP dated in the
calculation are not the raw SP values but the ¢mmdid SP
values depending on the select8® Option (LSP, ASP,
LPV or APV).

Click on the tab for th&CONFIG file. See the variable
calledEU/PCT. The default value is 1; this means that the
error is calculated as the percent of scaleEUfPCT is set

to 0, then the error is calculated in engineerinigsu

The default value foEU/PCT (1 = percent of scale) is
recommended since this shows all values in perckstale,
and therefore the ERROR SQUARED criteria valuesnfro
all tags are directly comparable and hence morenimgfal.
The percent of scale is based on & Hi Range andPV
Lo Rangevalues specified in the TAG file.

The results from this criterion are similar to tB&ROR
criterion. You can closely examine both the ERR@R
ERROR SQUARED criteria, but using only one of theith
be found to be sufficient.

10.3. Criteria #3- Error Deviation

This is the average error between the PV and &Rlated
over the full time period.

Click on the tab for th&CONFIG file. See the variable
calledEU/PCT. The default value is 1; this means that the
error is calculated as the percent of scaleEUfPCT is set

to 0, then the error is calculated in engineerinigsu

32



The default value foEU/PCT (1 = percent of scale) is
recommended since this shows all values in perckstale,
and therefore the ERROR DEVIATION criteria valuesn
all tags are directly comparable and hence morenimgfal.
The percent of scale is based on f\é Hi Range andPV
Lo Rangevalues specified in the TAG file.

This criterion is similar to the ERROR and ERROR
SQUARED criteria, but is less commonly used. lfyave
decided to use either the ERROR or ERROR SQUARED
criterion or both, this criterion could be ignored.

10.4. Criteria #4- Variance
The variance is the commonly used statistical utaton.

The mean value is, the standard deviation ts and the
number of samples is N:

. QX-wy
T

Variance= «

10.5. Criteria #5- Standard Deviation

The standard deviation is the commonly used $tls
calculation. The mean valuejisthe standard deviation ¢s
and the number of samples is N:

1 X
- ? Z(Ii o ru’)z.'

i=1
10.6. Criteria #6- Control Tightness

This criterion is a function of how often the Pxbsses the
SP. High numbers for this criterion means thatcibrarol is
tight and crisp. Low numbers indicate potentialyggish
control. Sluggish control may be caused by wea&gral
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10.7.

10.8.

action. Excessively high derivative action also can
potentially cause this criterion to show high value

Click on the tab for the TAG file and set tBéeady State
Time_(minutes)correctly for each tag. The steady state time
is the time required for the PV to reach the nexady state
after a bump in the OP (valve position). Typicalues of
steady state time are as follows:

. Flow PID 2 minutes

. Pressure PID 5 minutes

. Temperature PID 20 minutes

. Level PID 30 minutes

. Online Analyzer PID 120 minutes

. Motor KW or Amps control 3 minutes

Criteria #7- Imbalance

The imbalance criterion looks at the ratio of time spent
by the PV on any one side of the SP. A value 0fid.the

highest (best) rating for this criterion. Highealues

indicate that the PV spends more time on one didleeocSP

(higher or lower than the SP) and this is not .

Higher values can be indicative of weak controlicact

possibly large external disturbances or controlveral
problems.

This criterion is in some ways analogous to thewsk
criterion (explained later below). The differensethat the

imbalance criterion looks at the ratio of the tis@ent on

one side of the SP whereas the skew criterion |@bkhe

ratio of the integrated positive and negative etror

Criteria #8- Skew
The skew criterion shows the ratio of the positived
negative integrated errors. Higher values are siralde

and indicate that the integrated error on one gfdbee SP is
more than the other side.
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10.9.

10.10.

Higher error on one side of the SP can be indieatf weak
control action, possibly large external disturbancer
control valve problems.

This criterion is in some ways analogous to théadlance
criteria. The difference is that the skew critariooks at
error ratio whereas the imbalance criterion loaktha ratio
of the time spent on one side of the SP.

Criteria #9- Crimp

This is the ratio of accumulated changes in SPth®
accumulated changes in PV. Lower values up tovéhee

of 1.0 are good. Values over 1.0 warn one of two
possibilities:

Controller tuning is so sluggish that the new Sies a
not reached in a timely manner. In this case iy ma
be desirable to make the controller tuning more
aggressive.

If the controller is of slave type in a cascadeploo
then the master’'s controller tuning is so aggressiv
that the slave is unable to keep up with the SP
changes caused by the master. In this case, ibmay

desirable to make the master controller less

aggressive and/or the slave more aggressive.
Criteria #10- Unstable

The Unstable criterion shows how many times theskjvial
became unstable during the time window.Becoming-
Unstable" is defined as when the PV signal starts osailtati
with increasing amplitudes.

Zero is the desired value (no unstable oscillafionAny
positive number indicates the number of times #ignal
became unstable. Non-zero value is indicative gressive
tuning, most likely excessively high proportionahdéor
integral action.
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10.11.

10.12.

10.13.

Criteria #11- Hunting

The Hunting criterion shows how many times the $iyhal
was hunting during the time window.Hunting" is defined

as when the PV signal is oscillating with large &tages
with fairly constant heights. Hunting can alsod&fined as
when the signal oscillates at larger than desirable
amplitudes.

Hunting is what happens first before the signaésgao
"Unstable".

Zero is the desired value (no hunting). Any pesihumber
indicates the number of times the signal was hgntiNon-
zero value is indicative of aggressive tuning, midstly
excessively high proportional and/or integral attio

Criteria #12- Spectrum

The spectrum criterion indicates whether the digna
comprises many signal frequencies or comprises va fe
dominant frequencies.

Lower values (values under 4 or 5) indicate that $ignal
has many frequencies and no single dominant frexyuen
Lower values are desirable.

Higher values (more than 10) mean there are some
noticeably dominant frequencies and this can irdica
cycling. Higher values could be a result of aggnes PID
tuning (aggressive control action) or also of datoky
external disturbances causing the signal to ogeilla

The range of spectrum can extend from around Zyolng
or oscillations) to over 200 (strong symptoms aflinyg and
oscillations).

Criteria #13- Match

This criterion shows tags that have the same damhin
frequency. Tags with the same match value havéasim
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signal frequencies. Apromon categorizes all tage 4
categories based on their frequency distribution.

Tags with fast dominant frequencies are likely have
similar or identical match values (lower valueg)ags with
slower dominant frequencies are likely to have &rgh
values.

10.14. Criteria #14- Noise Level

This criterion is a complex function related te #tamount of
random noise component in the PV signal.

10.15. Criteria #15- Saturation OP

This criterion shows the percent of time when ¢betroller
output was over 90% or less than 10% and when the
controller was not in manual mode.

Low values are desirable. Zero means the outpst vever
saturated.

10.16. Criteria #16- Spike OP

This criterion shows the largest change in theuu{OP)
value during three consecutive scans over theeedéta set.
This value can capture proportional kick on a Séhge and
flag excessive proportional action. Also, thisuelcan
capture excessive derivative action if the PV digmnaoisy

and derivative action is excessive. Larger valokshis

criterion are not necessarily bad and do not nackgshow

poor performance. The purpose of the criteriomoidlag

excessive movement in the OP, which can possibly toe
alert control that is too aggressive or to show riked for
more PV filtering.

10.17. Criteria #17- Saturation PV
This criterion shows the percent of time when ¥

(process value) was within 3% of either the highoar PV
range (instrument range) and when the controlles mat in
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10.18.

10.19.

10.20.

10.21.

manual mode. Low values are desirable. Zero m#sms
PV was never close to the instrument range units.

Criteria #18- Spike PV

This shows the largest change in the PV value dher
entire data set. Larger values of this criterioe aot
necessarily bad nor are they indicative of poofguarance.
But they warn that the PV is changing suddenly bgrge
value. If this PV is used for closed-loop contxotion, then
large PV changes could possibly cause excessiven{oaly
undesirable control action. It may be desirablevdbdate
this spiky signal with a spike rejection functiahalthat
freezes the signal or changes it based on the noaximate
of change limit.

Criteria #19- Frozen PV

This criterion counts the number of times the Ryhal was
frozen (did not change- compared to the last vadnel) then
reports the criterion calculation as a percentdge total
number of scanned samples.

Criteria #20- Rope Length

This criterion displays the total control valve vaement
during the entire data set. High value indicatesessive
control valve movement and can cause control vdaraage
and premature replacement.

In certain control schemes, large control valvevemeent is
unavoidable, so high values are not necessarily Bad this
could possibly reflect aggressive tuning.

Criteria #21- Vacillation

This criterion indicates the number of times thentool

valve changes the direction of travel. If the cohtalve

was opening from 10% to 11% and then goes to 5%;ish
considered as one change in travel direction (vpbation

changes direction from increase to decrease).
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10.22.

10.23.

10.24.

10.25.

Excessive number of valve direction change canr wea
the valve prematurely. In certain control schenfiegjuent
valve travel directional changes are unavoidabte;high
values are not necessarily bad. But this couldsipbs
reflect tuning that is too aggressive..

Criteria #22- Proportional Contribution

Apromon™ is equipped with the PDA algorithmPID
ComponenDecompositionAlgorithm) that looks at the full
PID control action and then decomposes it into the
individual Proportional, Integral and Derivativensponents.
This value shows the percent of the total PID actlmat is
because of the Proportional action only.

Criteria #23- Integral Contribution

Apromon™ is equipped with the PDA algorithmPID
ComponenDecompositiorAlgorithm) that looks at the full
PID control action and then decomposes it into the
individual Proportional, Integral and Derivativengponents.
This value shows the percent of the total PID actlmat is
because of the Integral action only.

Criteria #24- Derivative Contribution

Apromon™ is equipped with the PDA algorithmPID
ComponenDecompositiorAlgorithm) that looks at the full
PID control action and then decomposes it into the
individual Proportional, Integral and Derivativengponents.
This value shows the percent of the total PID actlmat is
because of the Derivative action only.

Criteria #25- PP (Process Performance)

The PP (process performance) is a standard &talist
performance calculation. It is calculated as folo
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10.26.

(USL-LSL)
6 o

PP = Process Performance
USL = Upper Specification Limit
LSL = Lower Specification Limit
6; = Standard Deviation

Note that both the Upper Specification Limit (USind the
Lower Specification Limit (USL) are defined in tHAG

file. If the USL and LSL values are zero, therstbiiterion
is not calculated.

Criteria #26- PPK (Process Performance Index)

The PPK (process performance index) is calculaasd
follows:

(u SL- ?) @

2|_||:||:u3r' = Zamer =

i i
—_ Zmin
Ppk 2

Zmin = Sma”er Of (prerand Zower)
PPK = Process Performance Index
USL = Upper Specification Limit

LSL = Lower Specification Limit
o = Standard Deviation
X = Mean

Note that both the Upper Specification Limit (USnd the
Lower Specification Limit (USL) are defined in tHAG

file. If the USL and LSL values are zero, therstbiiterion
is not calculated.
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10.27. Criteria #27- Cheat

When an advanced control scheme is not workingd, wel
experienced operators often help it by flipping @nemore
PIDs either from Auto to Manual or from Cascade to
Auto/Manual and then bumping the SP or OP and then
flipping it back to their normal mode. This actimncaused
"cheating” because the operator is helping the robnt
scheme. The time during which the mode changeasens
typically under a minute. The cheat value is inwated by
one each time the mode changes from normal mode to
temporary abnormal mode (lasting less than a mjrae
then back to the normal mode.

10.28. Criteria #28- Intervene

This shows the number of times the PID underwemiode
change. There are three common modes - Manuab, #d
Cascade. Each time the mode is changed the vélteso
criterion is incremented by one.

10.29. Criteria #29- Onstream Factor

This criterion shows the fraction of the time ttentroller is
in automatic or cascade modes (not in manual mobi@)%
indicates the controller is never in manual modé@%
indicates that the controller is always in manuatim

The criterion not only looks at the Mode valueofsing
controller mode - manual, auto, cascade, etc.), dis
examines the OP, PV and SP values from the erdieekt.

If OP values are frozen (fixed at some constahtejathen
the criterion knows that the controller is initahg and
reports it as though in manual even though the Madges
may show non-manual. Also, if the PV and SP acbx
equal, then the criterion also knows that the adletr was
PV-tracking and hence reports it as though in mamaale,
even though the Mode values may show a non-matatal s
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10.30.

10.31.

10.32.

Criteria #30- InUse

This value will normally be 100% for all slave cascade
PIDs. This criterion is relevant only for mastébP that are
part of a low or high selector (override constraiohtrol)

scheme. In a constraint control scheme, you haviéipie

master PIDs who’s OP goes to a low or high seleciidre
signal from the selector provides a SP to a slaie PAt

any given time, the OP of only one of the masté&ysPwill

be selected by the selector. The other PID OPE heil
unselected. The InUse criterion reports the peroétotal

time that PID was selected. If a PID was alwayscted,
then the InUse will be 100%. If a PID was sele@8&&o of
the time, then InUse will be 25%.

Criteria #31- Grade
Apromon™ calculates an overall "grade" value based on

some of the above criteria. The grade is calcdlatesed on
various criteria explained above:

. Error criteria

. Onstream factor

. Extent of cycling (oscillations) as determined by t
spectrum, hunting and unstable criteria

. Combination of other criteria

The grade calculation algorithm is "smart". Itedonot
double-penalize the score because of overlappitegiat

Criteria #32- Diagnostics

The diagnostics criterion displays a text messigeribing
the overall performance of each tag. If the cdntro
performance is good, the diagnostic displays "GQantr
Performance is Satisfactory”. Various other message
generated based on the values of the variousiariter
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11.  History Files — Archival and Trending

Apromon™ saves the results of all calculated criteria in
historical files for future retrieval and analysis.

11.1. History File Archival Setting Options

Click the tab for the CONFIG file. You will sedd two
fields calledSAVE HISTORY FILES - INTERACTIVE
andSAVE HISTORY FILES - SCHEDULED .

Both have default values of 1 (which means sales fon
exit). This means that every time the program sexal
calculated criteria are saved into historical fil&®u are
running the interactive version of Apronmidhand the “Save
History Files — Interactive” setting should be 1Ir fihis
interactive version. “Save History Files — Schedillis not
applicable for this OPC version. It is provided Backward
compatibility. You can keep both settings at 1.side the
CONFIG file, if the value for “Save History Files —
Interactive” is set to O, then the criteria valwed not be
saved to the history files.

The historical files are in CSV (comma separatadable)
format and are located in the subfoléistory Apromon in
theCase Filedolder.

11.2. ARCHIVED HISTORY - Criteria History

Apromon™ trends history data from the historical data files
described earlier. Click thtRCHIVED HISTORY button
and selectCriteria History which will open a Criteria
History Analysis window. Now undefSelect History
Folder, select the subfoldetistory Apromon. Now under
SELECT TAG vyou will see the various tags. In the
rightmost column (all criteria are provided inclngi the
Select-none and Select-all options) select theetksriteria

to display. After selecting the desired critedauble click
any tag to see the historical performance.
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11.3. ARCHIVED HISTORY - Tuning History

11.4.

Apromon™ also trends tuning parameters history data from
the historical data file. Click thARCHIVED HISTORY
button and selectuning History, which will open a Tuning
Parameters History Analysis window. Now undzlect
History Folder, select the subfoldéfuning History. Now
underSELECT TAG you will see the various tags. In the
rightmost column (all parameters are provided) ctetbe
desired parameters to display. After selecting dbsired
parameters, double click any tag to see the hestbri
performance.

CRITERIA HISTORY andTUNING HISTORY tabs
TheCRITERIA HISTORY andTUNING HISTORY tabs

allow you to see the history trends for the tagsnfrthe
history files of thecurrent (latest) run.

Note that theARCHIVED HISTORY (Criteria History
and Tuning History) described in previous sections allows
you to see historical trends from tbast (archived) runs.
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12.

Summary Report

After every run, Apromolt! generates a summary report.
This is in addition to the detailed report desalilearlier.

To see the summary report, click on the SIBMMARY
REPORT. (If you cannot see this tab, then use the ledt a
right scroll arrow buttons located near the toftigorner of
the screen to get to this tab). Notice that tHermation
inside the summary report is similar to the infotima under
the SHOW CRITERIA table. The difference is that the
summary report has less data to make it more corauisl
show limited information.

Now click tab SUMMARY REPORT LIMITS . Notice
that each criterion hasl®W LIMIT ,HIGH LIMIT and a
SELECT (Yes/No) option. If "No" is selected, then the
criterion is not displayed under the summary report
Tagnames shown for a given criterion show up in the
summary report only if the criterion value happeaslie
within the low limit and high limit.

The summary report is a nice feature to shortoly those
tags whose criteria-values fall within the user csjped
range. Tags that are performing well with smaltoer
values, tags that are not oscillating etc., carkdy out of
the summary report so that the focus is only onpiberly
performing tags with poor criteria values.
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13.

Tuning Procedure for the Unstable and Hunting Criteia

Apromon™ is equipped with a novel algorithm called TAD
(True Amplitude Detection) to detect unstable aundtimg
characteristics in a signal. This section shows tw tune
parameters related to the hunting and unstablerierit

Open the TAG file using Excel or click on the talo the
TAG file (the tab with the TAG file name just toethight of
the SELECT CRITERIA tab) on the Apromon screen.
Notice that for each tag, there are fieldsWmstable Limit
andHunting Limit . The default values for these fields are
0.03 and 0.04 respectively.

The 0.04 value for thédunting Limit means that if the
signal amplitude (ABS(PV-SP)) is more that 4% of #V
High minus PV Low Range, then the signal is congiddo
be hunting.

The 0.03 value for thé&nstable Limit means that if the
signal amplitude (ABS(PV-SP)) is more that 3% aof AV
High minus PV Low Range, then the signal is congiddo
beunstable.

Also in the TAG file, notice a field callednstable Rise
The default value for this is 1.15. This meang thahe
ratio of the heights of three or more consecutigsitpve or
negative amplitudes is 1.15 or more, then the $igha
flagged asunstable. This means that newer amplitudes are
taller than the most recent one by 15%. In mosegathis
default 1.15 value will be suitable and there Ww#él no need
for a change.

In the TAG file you will see another parameter laxl
Oscillation Distance Its default value is 0.275. The
oscillation distance checks to make sure that conise
hunting or unstable amplitudes are equidistant. thiee
consecutive amplitudes pass the amplitude (heigfitgria
but are spaced too far differently, then the sigisahot
oscillating and both the unstable and hunting KGatsvill
report a zero.
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For some rather unique cases, it may be necetsagjust
the above limits for a few tags to improve the aacy of
the estimation of theHunting and Unstable criteria.
However, experience has shown that the need faethe

adjustments is very rare.
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14.

Steady State Time

Open the TAG file with Excel or click on the TA@eftab
on the Apromon screen. There is a parameter cSlieady
State Time (min). This is the time required for the PV to
reach a new steady state after a change in theCROor
valve position). Normally, the steady state tinseset to
about 2 to 4 times the first order time-constant tloé
process. Typical values for Steady State Time ase
follows:

Signal Type Steady State Time
(minutes)

Flow signals 3

Pressure signals 7

Temperature signals 20

Level signals 30

Online analyzer signals 60-150

Set your best guess for this parameter. Aprdffois
equipped with auto self detection of this parametad
hence approximate or even somewhat inaccuratengeifi
this parameter will not seriously impact any of the
performance criteria calculations.
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15.

15.1.

15.2.

15.3.

15.4.

CONFIG File Parameters

This section describes all parameters inside DBIEAG file
not yet explained in any of the previous sections.

The CONFIG file will typically have a name such as
Apromon_Config_Casel.XLS

Open the CONFIG file using Excel or click on th@FIG
tab on the Apromon screen to view its contents.

Grade Limit

Based on various criteria, Apromon calculates agral/
grade, which is reported under t&&RADE column, which

is on the far right undeBHOW CRITERIA . The default
value for grade limit is 85. If the grade is mahan this
limit, then you will see a message “Control perfanoe is
Satisfactory” under th®IAGNOSTICS column, which is
also on the far right und&HOW CRITERIA . Otherwise,
you will see a diagnostic message indicative of any
performance deficiencies for the tag.

Criterion for Sort

This is the criterion used to sort all tags. HIgERROR is
selected, then all tags are sorted based oBERiROR.

Sort Order

The sort order can be set to either ascendingswmeneling.
Save Error Log

If value of this field is set to 1, then Aprom&hsaves the

error log file if bad data (or out-of-range dataje a
encountered.
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15.5.

15.6.

15.7.

Error Scale

The ERROR SCALE is a pure multiplier for thERROR,
ERROR SQUARED and ERROR DEVIATION criteria.
The default value is 1. In most cases, this isagnset to 1,
but may be used to scale if necessary to compesesdrom
different plants with different PV High and Low Rges.

Spectrum 1-14 Limits

If you click on theDETAIL tab and then click any tag on
the right, you see the frequency distribution ire ttop
window. There are up to 15 vertical red bars. 3pectrum
limit values are used to adjust spacing if yournpldata
dynamics are uncommonly fast or slow.

Click Default Spectrum Limits button for some good
starting default settings. On tHR2ETAIL tab, if you see
most tags with a single tall bar on the right (b&b), then
increase the&spectrum Limits by 3-5 and clickRUN from
the top toolbar. Try a few times with increasedits (raise
all limits by 3-5).

Conversely, if you see most tags with a singleldat on the
left (bar #1); then reduce ti&pectrum Limits by 3-5 and
click button RUN. Try a few times with reduced limits
(lower all limits by 3-5).

PiControl Solutions will provide you free emaikagance to
optimize your Spectrum Limits if you feel you nesdme
expert assistance.

Save OPC Data to Files

If this value is set to 1, then the entire setalbOPC data
values (PV, SP, OP etc.) are saved to files inApemon
root directory.

The filenames have the following  structure:

OPCDataArray_11-22-09_14-19-16.csv
and OPCDataGrid_11-22-09 14-19-16.csv

50



15.8. Other Parameters in CONFIG File
Leave all other parameters not explained thusifie@hanged

at their default values. These are for use by RI®b
Solutions personnel only.
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16.

16.1.

16.2.

TAG File Parameters

The TAG file stores tag specific tuning values dexk to

calculate the control performance criteria. Typisames

for the TAG file are: Apromon_Tag_Casel.XLS. Yanc
view or modify the TAG file contents by either o the

file with Excel or by clicking on the TAG file tafstom the

Apromon screen.

Note that if you modify the TAG file from the Aprwmon
screen, then you must also click on tBAVE button in
order to save the changes to the file in the sidefo

Also you need to click thRUN button to see the effect of
changed parameters on the calculated criteria.

In this section we will describe all TAG file panaters not
explained in the previous sections:

Area

This is a string that identifies the plant or @es area or
equipment unit with which the tag is associatetbu Yave
to manually specify thArea for each tag.

Typical examples foArea are: FCC, Utilities, Aromatics
Plant, etc. It helps to categorize tags. UsirggAtea field,
you can selectively see tags for just the seleateds only
while hiding all other tags belonging to other areehile
viewing theSHOW CRITERIA tables.

You can just leave this field to some default néfea” or
“Unit” if you do not wish to use this function.

Automatic Shutdown Bypass
You have to create a tag in the DCS or PLC withesmame
such as FCC.PV or AROMATICS.MEAS or anything td tel

Apromon whether that unit is running and whethas y@nt
to run calculations for that tag. When a unit ¢enp is
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shutdown you may want all calculations for a grafipags
to be completely bypassed.

The default tagname.parameter specified in the TikeGs
dummytag.pv and must be set to the appropriate ribate
exists in your DCS or PLC. A value of 1 for this
tagname.parameter tells Apromon to run all calcubat |If
the value is 0, then Apromon bypasses all calaratifor
that tag.

For each group of tags belonging to a specifintptaea or
equipment, you should create a unique tag in thé& RC
PLC (tagname.parameter). In addition to the tagatoon,
you need to also write logic to toggle the valumrfrO to 1
depending on whether you want calculations to lbegssed
or bypassed.

16.3. User Bypass

If you want to deliberately bypass calculations dotag for
whatever reason then set this value to 0. Aprowmidrthen
skip this tag. The default value is 1, which means
calculations for the tag.

16.4. Control Group

For single, slave and cascade PID, the valu€aiftrol
Group should be 0.

Non-zero values for the control group are for augrof tags
that are part of an override constraint controbtegy.
These strategies have a layer of master PIDs whatgeits
go to a high or a low selector. Each constrainttrcd
strategy uses a uniquéontrol Group identifier and all
master PIDs in a given strategy use the sd@oatrol

Group identifier.

Let's say your plant has three such independenstcaint
control strategies. The first strategy has thresters going
to a low selector. The second strategy has fivetend1Ds
going to a high selector. The third strategy vas master
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16.5.

PIDs going to a low selector. Then all the thresstars in
the first strategy will have control group = 1; tliee
masters in the second strategy will have controlgr= 2;
and finally the two masters in the third strategyl Wwave
control group = 3.

Note that all slaves receiving a SP from the lawhigh
selectors should have control group = 0 as theynate
considered to be part of the constraint overridategies;
they are simply the slaves of a cascade contratesfy.

PID/LO-HI Constraint/PV-Only
Set this to O for all single, slave and cascad¥sPI

If the PID is a master and also part of a constraverride
control strategy as described in the previous @ecthen set
it to 1 if its output (OP) goes to a low selectodaset it to 2
if its output (OP) goes to a high selector.

If the tag is not a PID but is a simple PV-onlgrsl (analog
input signal) then set it to 3. In this case, Apom
understands that it is a PV-only signal and wilt look for
its SP, OP and Mode data.
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16.6. PID Equation

Specify the PID equation running in the DCS or PLThe
various equations are shown below.

Select PID Equation léj

1. PIdE + E dt/l + D d(dE}Adt)
2. P(dE +E dt/l + D d(dPv)idy)

13, P dE + E diA + D didE}/dt
14, F dE + E dil + D didPy)/dt
3. PIdPY + E di/l + D didPy)ed])

4. 100/PB(dE +E dt/l + D didE)/dt)

15 F dFY + E dt/l + D ddPv/)/dt
16.FdE +E dt ]+ D d[dE]/dt

5. 100/PE [dE +E dt/l + D d[dFv]/dt] 17.FdE +E dt| + D d{dF]#dt
18 F dP + E dt| + D d{dF)/dt
7. PIHE +E dtl + D d{dE ) dt]

8 P[dE +E dt ] + D d[dPv)/di]

19, 100/PB dF +E d/l + D d(dE) Ak
20, 100/PB dE +E di/l + D d(dE)/dk
9, PidPY + E d | + D didPy)id)

10, 100/PB [dE +E dt1 + D didE)/dt)

21. 100/FB dF + E dt/l + D d{dPY) dt
22100/PB dE +E dt| + Dv d{dE) dt

11, 100/FB [dE + E dt 1 + D d[dF]/dt)
12, 100/PBIFY + E dt | + D didF]4dt)

~
6“

~

~

o~

" B 100/PB [dPY + E dtdl + D d[dP)Adt)
o~

~

~

~

i 23.100/FB dE +E dt [ + D d[dF)/dt
o~

S TS BNe TaLe TS TS RS BRS TRLS IS S S

24.100/PB dFY + E dt | + D didF]/dt

e

The default value in the TAG file is set to 2.

Contact PiControl Solutions atfo@picontrolsolutions.com
if you need to add new equations.

16.7. Scan Rate
This belongs to ApromonOP version. So not applicable

to this Apromon Data File Version.

16.8. Upper Spec Limit and Lower Spec Limit
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16.9.

These are the USL and LSL parameters requiredhdyPP
and PPK criteria calculations explained in a presio
section.

Other Parameters in the TAG File

All other parameters in the TAG file not explaingdthis
section have been explained in previous sections.

56



17.

17.1.

17.2.

Editing the TAG and CONFIG Files

This section describes how to modify the TAG af@NEIG
files.

TAG File

Click EDIT TAG FILE button from the top toolbar and
then click the button next to th&élect Tag Filé Textbox.
In the “Open” Dialog, select the folder containing TAG file
and select TAG file to be modified.

Note: TAG file can be in Excel (xIs) or Comma Separated
Values (csv) format. Select appropriate optiomfri-iles

of type” list shown at the bottom of the dialog.

Now you can conveniently modify any TAG file.

CONFIG File

Click button EDIT CONFIG FILE from the top toolbar
and then click the button next to th&élect CONFIG File’
Textbox. In the Open’ Dialog, select the folder containing
CONFIG file and select CONFIG file to be modified.

Note: CONFIG file can be in Excel (xIs) or Comma
Separated Values (csv) format. Select approprigtBom
from “Files of type” list shown at the bottom ofetldialog.

Now you can conveniently modify a CONFIG file.
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18.

Technical Assistance

PiControl Solutions Company values you, the custoand
wants to make sure you are provided with the higheality

help and the friendliest support possible. For tathnical

or other questions, please send us an email at
Info@PiControlSolutions.comand also visit our website
www.PiControlSolutions.com Thank you for reading this
Apromon ™ User Manual.
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