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Introduction to FuzEvent.

1 FuzEvent Introduction

FuzEvent is a software tool for process optimization through high level control. A
FuzEvent control strategy helps the process operator to produce better operation of the
process in terms of higher throughput, less consumption of materials and energy, better
product quality and less emission of hazardous waste product to the environment.

FuzEvent is a dedicated tool for making control strategies rather than for making con-
trollers.

The basic control philosophy of FuzEvent is to use knowledge about manual control of
the process as the starting point for design of an automatic control strategy.

FuzEvent is an open software system, which enables the end user to maintain and fur-
ther develop the control applications. The system enables on-line modifications, and the
configuration of control applications does not require extensive programming
knowledge. Much more important, the programming background is the process
knowledge and control experience. FuzEvent, in other words, is a tool for the process
specialist rather than a tool for programmers.

1.1 FuzEvent system structure

FuzEvent system structure

containg.

OPC or COM
N\

Fig. 1: FuzEvent system structure

The system structure of FuzEvent is shown in Fig. 1. FuzEvent runs in a so-called con-
tainer, which normally is the existing control system.

The container communicates with the process, and data from the process is exchanged
with FuzEvent through the process data base of the container. In most cases, the com-
munication between FuzEvent and the container is done by an OPClink or a
COM/DCOM type of communication. The variables in FuzEvent, which are used for
communication with the container, are called Tag variables (refer to the “Edit Tags”
help function).
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2 FuzEvent control versus PID based control

2.1 Why FuzEvent or AWR?

Standard PID (Proportional-Integral-Derivative) controllers found in many control sys-
tems often give pure results when controlling processes with long step response times,
in particular if the step response time has a large dead time component as in Fig. 2.

Controller Output\

~—pV |

- Time

Dead time ' Reaction time

Fig. 2: Process with long Step response time

Step response time = Dead time + Reaction time

When the Output to the controlled variable is changed suddenly, it takes a very long
time (Dead time) before the Process Variable (PV) reacts. Then the PV is a long time
(Reaction time) to stabilize into a level corresponding to the new output level.

Such types of control loops are often found in processes involving incineration of solid
fuels, like Waste to Energy plants, Biomass boilers, Coal fired rotary kilns etc. When the
feeding rate is changed, the change in PV, e.g. the steam flow, lags far behind.

Using PID controllers to gain optimum control over such a process involves a whole clus-
ter of PID controllers in a mix of cascade, feed-forward and other configurations. It also
involves lots of special programming of logic and analogue processing. Due to the com-
plexity, tuning and servicing becomes very labour intensive and time consuming and dif-
ficult to document.

Due to poor performance, it is often seen that these control loops are switched to open
loop, operator controlled mode, resulting in increased workload for the plant operators
and unpredictable plant performance.

2.2 How FuzEvent and AWR controls a process compared to PID
In the following the error e is defined as:

g= PV —5F or
e=5P—-PV
Where

e PV =Process Value.
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e SP =Set Point or Target or Desired value.

Output adjustment over time:

e PID controllers adjust the output continuously.

e FuzEvent / AWR adjust the output by well defined Control actions at well defined
Control intervals, then waits to assess the situation.

Output adjustment when the process value deviation from the set point increases, i.e.
increasing error:

e PID controllers adjust the controlled variable (output) continuously regardless of the
PV — Setpoint difference (the error) size by amounts dependent on the error size.

e FuzEvent / AWR start adjusting the controlled variable (output) only when the acti-
vation limits i.e. the Acceptance band is exceeded.

Controlled variable (output) adjustment when the process value deviation from the set
point decreases, decreasing error:

e PID controllers adjust the controlled variable (output) continuously regardless of the
PV — Setpoint difference (the error) size.

e FuzEvent / AWR adjust the output only when the PV is beneath de-activation limit
by an amount defined by the Accumulated actions and the Reverse factor.
If Stepwise Reverse Actions is active, this amount is divided into three portions and
the reduction is executed by a portion as the error decreases.

3 FuzEventMain

3.1 Introduction

FuzEvent is started by double clicking the FuzEventMain icon, shown in Fig. 3.

FuzEventMain

Fig. 3: Starting FuzEvent

After a short delay, the FuzEventMain window (Fig. 4) appears and the FuzEvent appli-
cations start loading.

FuzEventManual 07-03-2013 Rev02.doc 12 of 108
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Fig. 4: FuzEventMain window

Click on the “Log In” button produces a window for specification of User name and
Password. The default User name is FL-Soft, and the default Password is fuzevent

Having logged in on the FuzEventMain window actives the drop down list with the de-
fined FuzEvent applications between the “Unload” and the “Load” buttons. One applica-
tion may be loaded at a time, or all applications may be loaded at the same time. Click
on one of the applications followed by click on the “Load” button to load a single appli-
cation, or select All followed by click on the “Load” button to load all the defined
FuzEvent applications.

The loaded applications are running when they have been loaded. It is, in other words,
only necessary to load an application to activate its execution.

After loading one or all applications, FuzEvent shows the window of the last application.
To work with the system, to make modifications for instance, it is necessary to log in al-
so on individual applications, as described in the next section.

3.2 Application Login

The applications are running after they have been loaded from the FuzEventMain win-
dow. The default user for all the loaded applications is “Guest”. The “Guest” user does
not have access to any functions or features in the system.

To gain access to the various functions of a FuzEvent application, it is necessary to log in
at the application window.
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Browser Header Show Windows Excel Datalog Trend Help

FuzEvent control of Line 3

EventX ; Events | 4
v ||'Watch dog 1. High steam flow —
LA Grate speed N& [ 1.0

EventX ; EventX | 15
v || Bumpless 1. Low steam flow —
LA Grate speed N& [ 1.0

r EventX’ || 4 Eventx
v |Trend calculations | —— Yery high steam flow | ——
Excel (10secbase] || 0.0 Grate speed 1.0

‘ EventX Eventy
v || Check H— Very low steam flow

Grate speed

Fig. 5: Application login

A click on the “Log In” button on the Application window shown in Fig. 5, produces a
window for selection of User name and for specification of the corresponding Password.
The User names, the Passwords and the corresponding privileges are agreed upon when
the FuzEvent system is being installed.
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3.3 Auxiliary Operator Interface.
Often FuzEvent is implemented on a separate computer and combined with a Scada /
HMI / Operator Interface such as iFIX to control the most important parameters in Fuz-
Event, and to survey operation. An example on an operator screen picture covering a
single combustion line is shown in Fig. 6.

W
‘

9500
500 |
B
3%0)
250,

= il s

Fig. 6: Operator control and surveillance screen

The fields with white background are operator input fields. These screen pictures are
composed individually for each plant.
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4 Application windows

4.1 Introduction to Application windows
The FuzEvent application window has three parts:
e The application switch panel, Fig. 7

e The application menu items, Fig. 8
e The application EventX modules

| Browser Header Show !

= FL Click on FuzEvent to switch to another

Administrator

£
— v ‘I Watch de Green background for FuzEvent and
e ] blue frame:
II £
v || Bumpless
? Green background for FuzEvent and
£ white frame:
v | Trend cal
IExceI (1c
Line 3 £ .
|| Check White background for FuzEvent and
black frame:
£

v |Filter

Fig. 7: The Application Switch Panel
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Header Show Windows Excel Datalog Trend Help

FuzEvent control of

Administrator Fvenly’ 1

o | ||/otch do v

-
Browser:  Activates the FuzEvent browser
Header: Used for modification of FuzEvent header text on the application window.
Show: Used to display and activate a new EventX.
Windows: Used to switch to another window with additional EventX components of
the selected application.
Relevant when the application contains more than 49
EventX components.

EventX

High steam flow
I rata cnaad NIA

Excel: Displays the Excel management window.

Datalog:  Displays the data logger management window.

Trend: Displays the Trend View and the Trend Edit windows for the
FuzEvent trending functions.

Help: Activates the FuzEvent Help functions

Fig. 8: The application menu items

Frame color = EventX status Colour blue for

\ /Iast selected EventX

Evenly 1 EventX No.
‘Watch dog ,
Hu¢ from FuzEvent1 | 0.0

Hide/show
the EventXx —» ¥

EventX Weight / EventX Value EventX Priority

EventX Name (Group; Priority)

Fig. 9: The EventX module
4.2 Header

The “Header” menu item is used to specify the header text, which is shown on the ap-
plication window above the EventX components.

The first step is to enter the header text, and the second step is to position the header
text horizontally.

Enter Header Text

|FuzEvent control of Line 1|

Fig. 10: Header Text & Position

4.3 Show

The “Show” menu item is used to display an EventX, which has been hidden. An applica-
tion has a capacity for a certain amount of EventX components, and normally only the
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components, which are in use, are shown in the application window. To start working
with a new EventX, the EventX must first be shown on the application window.

To show a new EventX component, click on show and enter the number of the new
EventX in the input window shown below.

Ertter Eventx Ma.

[15

Fig. 11: Show new EventX

Note: To hide an EventX component, remove the tick mark to the left of the EventX
symbol. It is, however, only possible to hide an EventX if it is not running, which means
that the colour must be either white or red.

4.4 Windows
If the capacity of the application has been specified to include more than 50 EventX
components, which is the capacity of one application window, then the “Windows”
menu item is used to switch between the different windows of the application.

Browser Header Show | Windows | Excel [Data

F uz Pagel -t

Page 2

Adrninistratar — Fianty —TT—1
Fig. 12: Select application windows

If the application holds between 51 and 100 EventX components, then two windows are
available, if it holds between 101 and 150 EventX components, then three windows may
be accessed, etc.

4.5 Excel interface

The Excel menu item is used to enter the Excel management window. Click on Excel
produces the following window:
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FuzEvent_KPI1.xls
FuzEvent_KPI2.xls
FuzEvent_KPI3.xls
FuzEvent_KP14.xls
FuzEvent_Report1.xls
FuzEvent_Report2.zls
FuzEvent_Report3.xls

Help
Excel references
“Close” button: Closes this win-
Loaded dow
[FuzE vertoid] ~

“Load” button: Loads the select-
ed Excel worksheet. A worksheet
must be loaded before it can be ac-
cessed by FuzEvent.

“Unload” button: Unloads the se-

lected worksheet. This should be
done if the worksheet is not used by
FuzEvent.

“View” button: Used to enter Excel
for check and/or modification of the

Close | Load | Unload | View ‘

Fig. 13: The Excel interface

If a worksheet is selected from the drop down list, the current load status is displayed. A
worksheet can only be accessed by FuzEvent if is loaded. On the other hand, all work-
sheets, which are not used in the FuzEvent, system should be unloaded.

Note: Excel must be closed by either the “Close” button or the “Hide” button on the Ex-
cel management window shown above. Excel must not be closed by the normal close

functions of Excel. Closing the worksheet in Excel could lead to unpredicted results and
crash of FuzEvent.

5 Browser

5.1 Browser introduction

The FuzEvent Browser is used to navigate through the whole FuzEvent system. The
Browser is a useful tool for checking how the calculations and control functions are run-
ning, and it is the main module for maintenance of the control strategy through param-

eter adjustments. In addition, the Browser gives a good picture of the structure of the
FuzEvent system.

E|[:| FuzE went
-8 Line 1
E1-=5] Line 2
! (] Messages

- -1 GLOBALS
-0 Eventd

Fig. 14: The FuzEvent Browser window
The list view window to the left is used for display of:

e Tagvariables
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Messages

Global variables

Local variables

EventX status information

EventX properties

EventX script, including line values

The information in the list view window, such as values, is updated by click on the “Re-
fresh” button. The “Reload” button closes the Browser and when it is re-opened, it
starts in a fresh window where all the hierarchy is collapsed.

The “Find” button is used to locate variables or properties where the name includes the
text, which is specified in the input field next to the “Find” button. If the “Find” button is
clicked repeatedly, the Browser will step though the list and locate the next occurrence
of the “Find”-text.

o E ol ST —
Refrech| Hel Reload Find STEAM
[:I Tags | Mo | I arine: | Cescription Walue Linit -
B+ FuzEwvent 1] g FIRSTELOBAL First global 29
|_——_|Eﬂ Lire 1 1 g 02 _LT_&vR 02 lang term average 7 4
H-E3 Messages 2 g 02_MT_&vR 02 mediurm term average 7 X
Ela GLOBALS 3 g 02_5T_&AVR 02 short term average 7 4
0 o FIRSTELOBAL 4 g 02_LT_TREMD 02 long term trend i} 4
’ =15 g 02 MT_TREMD 02 medium term trend i] k4
Trg D2 LT AVR 150 g 002 ST TREND 02 shart term brend 0 %
2 g 02_MT_AVR 7 [ g STEAM LT AWE | Steam flow long term average i 95399 L
3 g 02_S5T_AVR 8 q STEAM_MT_AWR  Steam Flow rediurm term average B6.95 2]
2] 49 02 LT_TREN 3 g STEAM_ST_&VE  Steam flow short term average B6.95 t/h

Fig. 15: Using Find in the Browser window

5.2 The message list

Click on “Messages” displays the message list in the list window. The newest message
will be high lighted at the bottom of the list window. The message above the newest is
the second newest, and the message below the newest is the oldest.

5.3 The EventX property list

Properties for an EventX component are defined in the Browser. Expansion of the
"Property" folder for the selected EventX results in the property window shown below.
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ﬁI i o —
Refresh| Help | Reload Find
B3 Properties + | No__| Mame [ walue -
ﬂ 0: Evenfs name a0 Events name High steamn fow
[F] 1: Evenix Mo, 1 Events Mo, 21
[F] 2: Evenl type z Eventx type 10
ﬂ 3 Sean time 3 Scan tlme [zec.] ) 5
H B 4 Contral interval 4 Control interval [I‘ﬂl!"l.] 1
5 Cantrol counter [min) 1
F] & Contral counter I Priority group 2
] E: Priority araup 7 Pricrity 1
[F] 7 Priarity 8 Events value 0
: ﬂ 8 Events value 3 Event status 1
71 [F] 5 Events status :II‘ID :\f?_ightt_ facl'ml'l 103
e chivation limi .
% 110 :fe.'ght. fantor 12 Deactivationimt 015
- Ativation limit 13 Max Moo of actions -
P 12 Deactivation limit 14 Action counter 0
[F] 13 Max Mo. of actions 15 Control action #1 -4
P 14: Action counter 16 Control action #2 0 =
[F] 15: Control action |17 Control action #3 0
71--[F| 16 Control action #2 3 :Ilg Eontm: aCEU” ﬁ; g
: . : ohtrol action
: B 1?: Control act!on H3 20 Rewverse factor #1 0.4
~[F] 18: Control acton ##4 21 Rewverss factar #2 0
-[F] 19: Control action #1 27 Peverse factor #3 0
- [F] 20: Reverse factor #1 23 Reverse factor #4 0
71-[F| 21: Reverse factor #2 24 Rewverse factar #5 0
7 [F| 22 Reversefactor #3 || 25 PID proportional gain - 0
71 [F] 23 Reverse lactor #4 gg E:g i;lB_Q'E:! limt'? g
. erivative time
% 3; EleDVB'SB factor #3126 Gain factor #1 1
“PID proportional gain | 5e 2 b e 412 0
F] 26: PID integral time MW Gain factor #3 0
* -[F] 27: PID derivative time 3| Sain factor #4 il
P 28: Gain factor #1 32 Gain factor #5 0 .
P 29: Gain factor #2 33 Mest action #1 0
P 30: Gain factor #3 gg Eeﬁt aCEU"‘ §§ g
: G ext action
el 31: Giain factor f#4 36 Mext action #4 0
F] 52 Gain factor #5 37 Mest action 85 0
f]; 33 Mewt action #1 |3 Last action #1 0
. e 39 Last action #2 0 -
Status 29-11-2012 1217

Fig. 16: EventX properties in the Browser window

The list of EventX properties is the same for all EventX components, but for a given
EventX only some of the properties are used. The properties that are used depend on
the EventX type. Some properties, however, are always used, and they are:

e EventX name

The name of the EventX component

e EventX type Reference to a predefined control algorithm (default is 0, which
means no predefined algorithm)

e Scantime

FuzEventManual 07-03-2013 Rev02.doc

Time interval in seconds (default is 10 sec.)
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The property value is changed by expansion of the property in the left part of the
browser window, which produces an input field for key-in of the new value.

I 2 [—
Refresh| Help | Reload Find

Ea Properties -
- BE-[P] O EveniX name

© E-[P] 2 EventXtype

P o 2 Cmn b

Fig. 17: Changing EventX properties in the Browser window

5.4 EventX properties

Properties for an EventX component are defined in the Browser. The following lists all
EventX properties. It is the property “EventX type” that determines whether the proper-

ty is used or not.

Each EventX holds properties for five control points (five set point values). It is, howev-
er, possible to work with more than five control points, but then No. 6, No. 7 etc. have
to be configured without use of properties. Instead user defined variables (Locals or
Globals) must be applied.

The list of properties is given in alphabetic order. The name below the property name is
the variable name that can be accessed from FUEL scripts.

Acc actions #1
ACCACTIONS1

Acc actions #2
ACCACTIONS2

Acc actions #3
ACCACTIONS3

Acc actions #4
ACCACTIONS4

Acc actions #5
ACCACTIONSS

Action counter
ACTIONCOUNT

Activation limit

FuzEventManual 07-03-2013 Rev02.doc

Accumulated control actions on control point No. 1.

This property is calculated by FuzEvent in connection with
control algorithms wherethe accumulated actions are part of the
algorithm, e.g. in connection with reverse actions.

Accumulated control actions on control point No. 2.

This property is calculated by FuzEvent in connection with
control algorithms where the accumulated actions are part of the
algorithm, e.g. in connection with reverse actions.

Accumulated control actions on control point No. 3.

This property is calculated by FuzEvent in connection with
control algorithms where the accumulated actions are part of the
algorithm, e.g. in connection with reverse actions.

Accumulated control actions on control point No. 4.

This property is calculated by FuzEvent in connection with
control algorithms where the accumulated actions are part of the
algorithm, e.g. in connection with reverse actions.

Accumulated control actions on control point No. 5.

This property is calculated by FuzEvent in connection with
control algorithms where the accumulated actions are part of the
algorithm, e.g. in connection with reverse actions.

Internal counter for the number of control actions.
This property is used in the control algorithms where “Max No.
of actions” is a parameter.

Limit value for activation of the control algorithm. Typically this
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ACTLIMIT

Control action #1
CONTROLACTION1

Control action #2
CONTROLACTION2

Control action #3
CONTROLACTION3

Control action #4
CONTROLACTION4

Control action #5
CONTROLACTIONS

Control counter
CONTROLCOUNTER

Control interval
CONTROLINTERVAL

Deactivation limit
DEACTLIMIT

EventX active
EVENTXACTIVE

EventX passive
EVENTXPASSIVE

EventX status
EVENTXSTATUS

Eventx type
EVENTXTYPE

FuzEventManual 07-03-2013 Rev02.doc

property is for control algorithms that activates when a certain
process condition is detected.

Control action on control point #1. Typically, this property is used
for control algorithms that activates when a certain process
condition is detected.

Control action on control point #2. Typically, this property is used
for control algorithms that activates when a certain process
condition is detected.

Control action on control point #3. Typically, this property is used
for control algorithms that activates when a certain process
condition is detected.

Control action on control point #4. Typically, this property is used
for control algorithms that activates when a certain process
condition is detected.

Control action on control point #5. Typically, this property is used
for control algorithms that activates when a certain process
condition is detected.

Internal counter that counts the minutes between control
actions. The counter is reset to 0 after a control action, and it s
incremented every scan time.

Time interval in minutes between control actions. An EventX
control component has a scan time and a control interval.
Normally the scan time is shorter than the control interval time.
The scan time may, for instance, be 10 seconds, whereas the
control interval is 5 minutes.

Limit value for deactivation of the control algorithm. Typically
this property is for control algorithms that deactivates when a
certain process condition is detected.

User-calculated property to indicate that the EventX is active,
which may be used by other EventX through the
EVENTX(no,EVENTXACTIVE).

User-calculated property to indicate that the EventX is not active,
which may be used by the other EventX through the
EVENTX(no,EVENTXACTIVE).

Status value of the EventX component. The following status
values are implemented, and their corresponding frame color of
the EventX symbol:

Value: Colour: Description:

0 Green Running and on-line
1 Yellow Running

2 White Stopped

9 Red Error

Type of pre-programmed control algorithm.

The pre-programmed algorithms include various type of fuzzy
algorithms, event type of algorithms as well as standard PID
algorithms.
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EventX value
EVENTVALUE

FUZZYON
FUZZYON

Gain factor #1
GAINFACTOR1

Gain factor #2
GAINFACTOR2

Gain factor #3
GAINFACTOR3

Gain factor #4
GAINFACTOR4

Gain factor #5
GAINFACTORS

Last action #1
LASTACTION1

Last action #2
LASTACTION2

Last action #3
LASTACTION3

Last action #4
LASTACTION4

Last action #5
LASTACTIONS

Max No. of actions
MAXNOOFACTIONS

Next action #1
ACTIONVALUE1

FuzEventManual 07-03-2013 Rev02.doc

User-calculated variable, which normally has a value between -1
and +1. For a control algorithm, the value normally indicates how
active the EventX component is. At the EventX symbol at the
application window, the EventX value is displayed graphically in
the vertical bar graph to the right.

This property is set by the user in the EventX script for switching
ON/OFF the fuzzy mode for evaluation of rules. If FUZZYON is set
to 1, then rules are treated as fuzzy rules, whereas FUZZYON
equal to 0 means non-fuzzy treatment of IF-THEN rules.

Gain factor for control point #1. This property is normally used
for control algorithms where the control action is first calculated
as a normalized value, i.e. a value between -1 and +1. The gain
factor is used to transform the normalized value into engineering
units.

Gain factor for control point #2.

Gain factor for control point #3.

Gain factor for control point #4.

Gain factor for control point #5.

The last control action on control point #1, either calculated in
the FUEL script, or as result of a pre-programmed control
algorithm.

The last control action on control point #2, either calculated in
the FUEL script, or as result of a pre-programmed control
algorithm.

The last control action on control point #3, either calculated in
the FUEL script, or as result of a pre-programmed control
algorithm.

The last control action on control point #4, either calculated in
the FUEL script, or as result of a pre-programmed control
algorithm.

The last control action on control point #5, either calculated in
the FUEL script, or as result of a pre-programmed control
algorithm.

Maximum number of actions. Typically, this property is used for
control algorithms that activates when a certain process
condition is detected.

The next control action on control point #1, either calculated in
the FUEL script, or as result of a pre-programmed control
algorithm.
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Next action #2
ACTIONVALUE2

Next action #3
ACTIONVALUE3

Next action #4
ACTIONVALUE4

Next action #5
ACTIONVALUES

On Line
EVENTXON

PID derivative time
DERIVTIME

PID integral time
INTTIME

PID proportional gain
PROPGAIN

Reverse factor #1
REVERSEFACTOR1

Reverse factor #2
REVERSEFACTOR2

Reverse factor #3
REVERSEFACTOR3

Reverse factor #4
REVERSEFACTOR4

Reverse factor #5
REVERSEFACTORS
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The next control action on control point #2, either calculated in
the FUEL script, or as result of a pre-programmed control
algorithm.

The next control action on control point #3, either calculated in
the FUEL script, or as result of a pre-programmed control
algorithm.

The next control action on control point #4, either calculated in
the FUEL script, or as result of a pre-programmed control
algorithm.

The next control action on control point #5, either calculated in
the FUEL script, or as result of a pre-programmed control
algorithm.

This property is not set in the Browser, but from the pop-up
menu, which is displayed by right click on the EventX No. in the
upper right corner of the EventX symbol. The EventX may also be
set on-line from the script by setting EVENTXON equal to 1, and
off-line by setting EVENTXON equal to O

Derivative time of the PID controller.

The PID algorithm of FuzEvent is:
ACTIONVALUE1=Gain-(Ae + Itime-e + Dtime-(Ae-Aet1)),
and this property specifies the value of Dtime.

Integral time of the PID controller.

The PID algorithm of FuzEvent is:
ACTIONVALUE1=Gain-(Ae + Itime-e + Dtime-(Ae-Aet1)),
and this property specifies the value of Itime.

Proportional gain of the PID controller.

The PID algorithm of FuzEvent is:
ACTIONVALUE1=Gain-(Ae + Itime-e + Dtime-(Ae-Aet1)),
and this property specifies the value of Gain.

Factor that specifies the so-called reverse action on control point
No. 1. This property is used for the control algorithms that has a
reverse action, i.e. an action in the opposite direction of the
adjustments, which were made to cope with the process
situation. The reverse factor specifies the fraction of the
accumulated action, which will be the reverse action.

Factor that specifies the so-called reverse action on control point
No. 2

Factor that specifies the so-called reverse action on control point
No. 3

Factor that specifies the so-called reverse action on control point
No. 4

Factor that specifies the so-called reverse action on control point
No. 5
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Scan time
SCANTIME

Start EventX
EVENTXSTART

Weight factor
EVENTXWEIGHT

FuzEventManual 07-03-2013 Rev02.doc

Scan time for execution of the EventX. The scan time is in
seconds, and typically, the minimum scan time is 5 sec. If the
scan time is set to 0, then the EventX may be executed from
another EventX by using the RUN function. The EventX with scan
time 0 is executed once every time the RUN function is executed.

This property is not set in the Browser, but from the pop-up
menu, which is displayed by right click on the EventX No. in the
upper right corner of the EventX symbol. The EventX may also be
started or stopped from the script by setting EVENTXSTART equal
tolorO.

For each EventX, FuzEvent calculates a so-called weight factor as
part of the Priority Management System. The weight factor
determines the weight that the EventX is allowed to execute its
control adjustments.
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5.5

The Script

The Browser display of the script code is a very efficient way to check how the calcula-
tions of the script are working. Next to the line numbers the Line Values are presented,
which show the result of the script execution just before the “Refresh” button was
clicked.

Status

13 Very high steam flow  Grate
14 Very low steam flow  Grate 13
15: Change of grate zpeed from ¢ 15
18: Feeder speed kick when low 16

19 "W azte quality 17

20: Grate gpeed control 18

21: High steam flow Primary 13
w7 Locals 20
(23 Properties i 512
SRS} Sorint BB
High steam flow Prim 24

He 22 Low steam Flow Frimary 2R

23 Very high zteam flow  Primar, 26
24: Very low stearm flow Primal 27
25 Change of kazter Air from 02 28
26: Cng of kaster Air from furnac

- ; il
2F: Change of primary air from low 3
28: Change of primary air from hig a2

29 Primnary air control Ma 33
30: Master Air contral 34
31: High 02 grate speed 35
- 32 Low 02 grate speed 3
- 35 KPI Readwrite £
=39

i 3 4

ACTIOMVALLIE4=0

1]
1]
0 ACTIOMVALUE3=D
1]
0 ACTIONVALUES=0

'Calculate the local activation |ACT from ACTLIMIT, and the local deactivation |_PAS from DEACTLIM

'"Combine with additional logic and calculations.
I_ACT=t_FZ1_STE&M_SP+ACTLIMIT
|_P&S=t_FZ1_STEAM_SP+DEACTLIMIT

67.3
67.15

'Update the FECA configuration window
B7 TARGET=t_FZ1_STE&M_SP
EE9% CURRENT_WALUE=g STEAMFLOW
B7.3 ACT_LIMIT=[_ACT
E7.15 DEACT_LIMIT=|_PaS
0 | BaCk=0

'Calculate the EVENTYALLE

'Calculate the fuzzy activation wariable |_ACT_FZ, e.q. | ACT_FZ=HIGH[SCALE[t_TEMP.g_LL.g SF..

0 IF FUZ_LOGIC AND NOT{_Me&s_ACT_DOMWE) THEN
FUZZYOMN=1
|_LACT_FZ=5CALE[CURREMT_WALLE.D_PAS.I_ACT]
IF [LWAITCOUNT GE WAIT_LIMIT) AND WAIT_ACT THEN EVENTYALLUE=| ACT_FZ
IF HOTPaAIT_ACT) THEN EVENTVALUE=| ACT_FZ
EVENTYALLE=EVENTWALLE DR O
FUZZvOMN=0
END IF

mn

| 2 o | E—
Refresh| Help | Reload Find
H-ib 2 Bumpless | Mo | Line Value | Line -
- 3 Trend calculations Excel [10= 1 ' Mame: High stearn flov Primoktober 15 2012 18:19:9
4: Check. 2 ' =
& Filter 3 == Shream 1 Events 21 = 1
) 4 'Decrease Eventialue: “once each COMTROLINTERWAL® or *once each SCAN*
E: Grate Waste L Grat
A |- Re-start after Max o, of actions i CURRENT_VALLIE is near TARGET or “after WAIT_LIMIT*
; " O primary a B ‘Decrease Acummulated actions to reduce Reverse Action amourts ower time
8 Flame position parameters 7 0 | PAIR OM OFF=0
3 Data tosfrom iFl g 1 IF [L_F21_FUZEVENT GT 0.5) AND [_FZ1_ACC_PAIR GT 0.5) THEN |_PAIR_ON_OFF=1
10: Reporting 9 !
11: High steam flow  Grate spee 10 ACTIOMWALUE1=0
12 Low steam Flow Grate z| 1 12 ACTIONVALUEZ=D

258-11-2012

15:28
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Fig. 18: EventX Script in the Browser window

The Line Values display the following information:

Assignment statement:
Conditional assignment:

Label statement
Fuzzy rule

The values of the variable being calculated

E.g.: IF X LT 3 THEN Y=Z displays the calculated value of Y if

the condition is TRUE. If the condition is false, i.e. if X is greater

than or equal to 3, then the line value is 0.
The line values is equal to Label

The line value is the grade of fulfilment, which is a Value

between 0 and 1

The Line Values are updated when the “Refresh” button is clicked.

27 of 108




Automation

FuzEvent® Aruyang

6 The EventX component

6.1 EventX introduction

A FuzEvent control strategy is composed by EventX components. Some of the compo-
nents are for calculations, and others are control components, which calculate new set
points for the controllers of the basic control system.

The EventX component is the entrance for definition of variables, for starting and stop-
ping the execution of the EventX script, and for configuration of the EventX script.

Access to the definition of variables and to configuration of scripts is through a click
with the right mouse button on the EventX No. at the upper right corner of the EventX
component symbol. This will produce a pop-up window for selection of:

Start Event¥

Stop Event{

On Line

Off Line

Edit Tags

Edit Globals
Edit Locals
Edit Properties

Edit Seript

Fig. 19: Context menu when right-clicking EventX No.

By click on the EventX Name, a window will be displayed, which can be configured to
show relevant information about the functionality of the EventX component. The main
purpose of this feature is to enable display of information, which the operator may use
for supervision of the FuzEvent control performance.

The EventX component symbol itself holds lots of dynamic information about the
EventX status as shown below.

Frame color = EventX status Colour blue for

\ /Iast selected EventX

Hide/show EventX 2 EventX No.
the EventX —> v | Low steam flow J21

Primary air 5
i -

EventX Weight EventX Value EventX Priority
EventX Name field (Group; Priority)

Fig. 20: The EventX component

6.2 The Priority Management System

The priority system of FuzEvent makes it possible to link EventX components into a pri-
ority network. The idea is to build a control strategy, which is composed of a number of
individual control components that automatically are activated when belonging process
situations are detected. If control components are in conflict, it is possible to specify
which control components are more important that other components. In other words,
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it is possible to use the priority system to specify which process situations are the most

important to control.

In a cement kiln, for instance, it is more important to control the CO content in the flue
gasses than it is to control the oxygen content. Typically, two different EventX compo-
nents are defined for CO control and for O2 control. To ensure that the CO control com-
ponent takes over control of the kiln when CO is detected, and at the same time deac-
tivates the 02 component, the two ExentX components are assigned to the same priori-
ty group, but with different priorities. The CO control component is for instance as-
signed priority 0 and 02 control is given the priority 1, i.e. the lower the priority num-
ber, the higher the priority.

The priority group and priority are EventX properties that are assigned values in the
FuzEvent browser. The priority group and priority are shown in the lower right corner of
the EventX symbol.

In waste incineration the main controls of Primary Air flow are typically using the Steam
Flow as process value and the Primary Air Fan speed set point as the controlled value.

The main controls are divided so that one set of EventX’s are controlling when the situa-
tion is normal and another set takes over in exceptional process situations.

In the example shown below, the EventX named “Low steam flow — Primary air” belongs
to group 2, and it has priority 1. The EventX component named “Very low steam flow —
Primary air” also belongs to group 2, but it has priority 0, which shows that “Very low
steam flow — Primary air” is more important to control than the control task of the PID

controller.
Fveriy’ 2 Everik’ el Eventy 7
[w | High steam flow —— | | ¥ |High steam flow —— | | ¥ | |High steam flow —
Prirnay air 2 Prirnany air 21 Primary air 21
Fuvemiyx’ Fvealk’ Eventy’
22 22 22
[w | Low steam flow — | | |} Low fstearn o —— | | | |Low steam flow —
Primary air 21 Primary air 21 Primary air 21
Eventy’ 27 Eventkx’ 79 Evemiy’ 73
[w |%ery high steam fow | —— [w 1%em high steam flow | —— [ |Veryhigh steam flow || ——
Prirary air 20 Prirnary air 20 Primary ait 20
Fveriyx’ EFvertk’ Eventy’
24 24 | 2
w |ery low stearm flow | —— e  1Memlow stearm flow | —— [ (Ve low stearm flow =
Primary air 20 Primary air 20 Primary ait 20

Fig. 21: Three situations in a priority group

The first picture in Fig. 21 illustrates a situation where the measured Steam Flow is with-
in the Activation Limits of EventX 21 and 22.

In the second picture, the Steam Flow has dropped below the activation limit of EventX
22, but has not yet dropped below the activation limit of EventX 24. In this situation
EventX 22 increases the output to the Primary Air fan inverter in small steps, small Ac-
tions. As seen, the EventX Value is high (+1) and the EventX Weight is high (1).

In the third picture, Steam Flow has dropped further, below the activation limit of
EventX 24.
EventX 22’s weight has dropped to zero (0) and EventX 22 has become passive.
EventX 24 now increases the output to the Primary Air fan inverter in large steps. As
seen, the EventX Value is high (+1) and the EventX Weight is high (1). These “Very
low...— Very high...” handlers are normally only allowed one or two actions, and when
they have been executed, the control is gradually returned to the “High... — Low...” han-
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dlers.

If the Steam Flow increases after EventX 24 have taken control, one or more Reverse
Actions are executed, and the EventX Value of EventX 24 is decreased. This in turn in-
creases the EventX Weight of EventX 22, allowing it to take part in the control.

6.2.1 The EventX Value and the EventX Weight

For an EventX component that enters a priority network, the so-called EVENTVALUE
must be calculated. The EVENTVALUE must have a value between [-1,1], and the value
should indicate how active the EventX component is. An example of a typical
EVENTVALUE is an error signal that has been transformed into the interval from -1 to 1.
See Fig. 22.

-

[ FUEL Script

File Data Valueson Find Help

FuzEvent ||z 1 EventX |Change of grate spe Messages

1_D C2=(g_02_MT_TREND AND 1_MAX TREND) OR 1_MIN_TREND

IF 1 D 02 GT 0 THEN EVENTVRLUE=1 D 02/1 MAX TREND
IF 1 D 02 LE 0 THEN EVENTVRLUE=AES(1l_D 02)/1_MIN TREND

g D Gl FROM D 02=1 D 02 GAIN*1 D O2*(0+(EVENTVALUE LT 0))
IF 1 D 02 GT 0 THEN

g D Gl FROM D 02=1.0%g D G1 FROM D 02
END IF

IF g STERMFLOW GE (g STEAM SP INT-1.5) AND (1 D 02 GT 0) THEN
g D Gl FRCM D 02=0
END IF

D 02 LT 0) THEW

IF g STERMFLOW LE (g STEAM SP INT-3) AND (1
g D Gl FRCM D 02=0
END IF

1 02 HL=g 02 SP+t FZ1 D 02 HL
1 02 LL=g 02 SP+t FZ1 D 02 LL
g 02 FZZ=SCRLE(g 02,1 02 LL,g 02 SP,1 02 HL)

SHOW VALUE ("02 Trend lim",1 D 02,1,3)

SHOW VALUE ("02 ST Trend",g 02 ST TREND,Z,3)

SHOW VALUE ("02 MT Trend",g 02 MT TREND,3,3)

SHOW VALUE ("Gl change from D 02",g D G1 FROM D 02,4, 3)

Fig. 22: Calculation of EventValue
For each EventX, FuzEvent calculates a weight factor W, the EventX Weight by:
W = (1 - ABS(EVENTVALUEI)) * (1 — ABS(EVENTVALUE]j)) * etc.

Where EVENTVALUEi and EVENTVALUE;j etc. are EVENTVALUEs of EventX components,
which belong to the same priority net work, and which has a higher priority than the
EventX, for which the weight factor is being calculated.

Example:

Assume we have three EventX components that belong to the same priority group, but
with different priorities, e.g.

e EventX No. 1 with priority 1
e EventX No. 2 with priority 0
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e EventX No. 3 with priority 0

If the EVENTVALUEs are 0.9, -0.5, and 0 for EventX No. 1, 2, and 3 respectively, then the
weight factor for EventX No. 1 is:

W = (1 — ABS(-.5)) * (1 — ABS(0)) = 0.5

The weight factor is used to reduce the control actions from an EventX component, as
FuzEvent automatically multiplies the control action, i.e. change of same set point value,
by the weight factor. In other words, if the weight factor is less than 1, then the control
adjustments are smaller than they would have been if no EventX with higher priority
had been active.

The current weight factor and EVENTVALUE are shown graphically as a part of the
EventX symbol as shown below. If the bar graph to the left does not fill from bottom to
top, then the weight factor is correspondingly less than 1. The bar graph to the right
shows the current EVENTVALUE. Above the centre line, the EVENTVALUE is positive, and
below the centre line, the EVENTVALUE is negative.

Frame color = EventX status Colour blue for
last selected EventX

Hide/show { Events '“lﬁ——z?L__EventX No.
the Eventx —»v | Low steam flow —
Primary air ﬁ:‘ 21)
. o N
EventX Weight /I;ventX Value/ EventX Priority
EventX Name field (Group; Priority)

Fig. 23: EventX Weight and -Value

6.3 Start EventX / Stop EventX

Right click on the EventX No. in the upper right corner of the EventX component symbol
produces the following pop-up window.

Start EventX

Stop EventX

On Line
Off Line

Edit Tags

Edit Globals
Edit Locals
Edit Properties

Edit Script

Fig. 24: Changing EventX execution.

If the script of the selected EventX is running, it is possible to select the |Stop EventX

item for stopping the execution. If the script execution is stopped, the EventX frame
colour changes to white.

If the script of the selected EventX is stopped, it is possible to select the |Start EventX

item for starting execution of the script. If the script execution is started, the EventX
frame colour changes to yellow.
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6.4 On line / Off line

On-line means that Tag variables of type AO (analogue output) and DO (digital output)
are transferred from FuzEvent to the container. By On/Off line it is thus possible to con-
trol when AQ’s and DO’s are sent to the process.

If the selected EventX is On ling, it is possible to select the |Off Line| item in Fig. 24 for
stopping transfer of AO’s and DO’s to the container. If the EventX is switched Off-line,
then the EventX frame colour changes from green to yellow

If the selected EventX is Off line and running (yellow EventX frame), it is possible to se-
lect the item for starting transfer of AO’s and DO’s to the container. If the
EventX is switched On-line, then the EventX frame colour changes from yellow to green.

If an EventX is On-line, and it is being stopped, then it is automatically switched Off-line.
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6.5 Click on EventX name

Click on the EventX name, i.e. “Watch dog” in the example given below, produces the
EventX property window.

Frame color = EventX status Colour blue for
last selected EventX
Hide/show E ”W ﬂ__EVentX NO.
the EventX — v || Check H—
A 0:0
EventX Weight EventX Value’ EventX Priority
EventX Name field (Group; Priority)

Fig. 25: Click on EventX name to show properties

The property window also displays the operator information, which has been config-
ured in the EventX scripts by the SHOW_VALUE statement.

In addition, the operator may input values to variables, which has been configured to be
shown on the property page. Right click on the name of the value for which a new value
is to be keyed-in, produces an input window as shown below. Values and parameters
changeable in this way are preceded by hatch #.

t_:) EventX properties

|| Help
Check [Check -l

EventX properties EventX properties User defined

Name | Value | | Name | Value ||| Name | Value | ‘
Eventx name Check Gain factor #1 0 FuzEvent ON DCS 1
Event< No. 4 Gain factor #2 a Grate Mode 0
EventX type 1 Gain factor #3 0 Master Air Mode 0
Scan time [sec.) 5 Gain factor #4 0
Control interval [min.) 0 Gain factor #5 0 Grate ACC 1
Control counter [min.] 123333333 Nest action #1 0 H#Master Air ACC 1
Priority group 0 Nest action #2 0

Next action #3
Next action H#4
Next action #5
Last action #1 New Hiaster Air ACC
Last action #2
Last action #3
Last action H#4
Last action #5

Priority 0
EventX value 0
Eventx status 0
Weight factor 1
Activation limit 0
Deactivation limit 0
Max No. of actions -1
Action counter 0
Control action #1 0 Acc. actions #1
Control action #2 0 Acc. actions #2
Control action #3 0 Acc. actions #3
0
0
0
0
0
0
0
0
0
0

Control action #4 Acc. actions #4
Control action #5 Acc. actions #5
Reverse factor #1
Reverse factor #2
Reverse factor #3
Reverse factor #4
Reverse factor #5
PID proportional gain
PID integral time

PID derivative time

Fig. 26: Change parameters in the EventX Property window
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7 Edit Tags

7.1 Tag definition

Right click on the EventX No. in the upper right corner of the EventX component symbol
produces the following pop-up window.

Start Eventix
Stop EventX

On Line
Off Line

| Edit Tags |
Edit Glohals
I Edit Locals I

Edit Properties

| Edit Script |

Fig. 27: Context menu when right-clicking EventX No.

Edit Tags| is used for definition of Tag variables. Tag variables are used for exchange of

data between FuzEvent and the container (refer to the FuzEvent “Introduction” help
function).

Click on “Edit Tags” produces the Tag definition table as shown below:

File Modify MNew Delete Find EventX Repair Help
Ma. |Name |Descripti0n |Value |Tag Unit |Tag Tvpe |Tag address | Ei‘
0t FZ_WATCHDOG Walch dog 758 ouT FuzTags: Stream1;DCS.FZ_WATCHI 409
1t OPC_TEST Description 0% Al [
t FZ1_FUZEVENT FuzEwvent ON/OFF switch (f_SCADA) 1 Dl FuzTags:Stream1;DC5.FZ1_FUZEY [
3_FZ1_FUZEVENT_FZ FuzEwent OMNOFF (1iFl<) 1 ouT FuzTags:Stream1;DC5.FZ1_FUZEY [
41 _FZ1_ACC_SAIR_FZ | Secondary air control ACC (f_iFl) 1] Al [
51 FZ1_ACC _GRATE  Grate speed control ACC 1 ouT FuzTags:Stream1;DCS.FZ1_ACC_G [
Bt FZ1_ACC_PAIR Prirmary air control ACC 1 ouT FuzTags:Stream1;DCS.FZ1_ACC_P [
T FZ1_ACC_SAIR Secondary air contral ACC 1] ouT FuzTags:Stream1;DCS.FZ1_ACC_S, [
81 ALT401 02 (f_SCADA) 7% Al FuzTags:Stream1;DCS.AF401.F_0 [
91 FIC_1203 Stearm flow (f_SCADA) B6.95 th Al FuzTags:Stream;DCS.FAC1203F_C
10/t_FZ1_STEAM_SP Stearn flow SP(f_SCADA) 67 tih Al FuzTags:Stream1;DCS.FIC-1203.F_1 [
11/t AIC_1402 Grate speed output (f_SCADA) 7% Al FuzTags:Stream;DCSAIC-1402.F_0 [
12/t_FZ1_GRATE_MODE | Grate speed controller mode 1] Al FuzTags:Stream1;DCS AIC-1402.F_: [
13/t_FZ1_GRATE_MODE_ Grate speed controller mode from FuzEwvent 1] ouT FuzTags:Stream1;DCS.FZ1_GRATE [
14/t_FZ1_GRATE_SPEEL Grate speed from FuzEwvent 324 % ouT FuzTags:Stream1;DCS.FZ1_GRATE [
15/t_FZ1_GRATE_HL_FZ | Grate speed high limitf il a0 % Al FuzTagsOprStream1 0pnFIX FZ1_G [
16/t_FZ1_GRATE_LL_FZ Grate speed low limitf. iFlx 5.000381 % Al FuzTagsOprStream1 0pnFIX FZ1_G [
17t _FCL_1208 Prirmary air 80000 kgdh Al FuzTags:Stream1;DCS.FC-1208.F_C [
18/t _FCL_1209 Secondary air 13000 kg/h Al FuzTags:Stream1;DCS.FC-1209.F_C [
19t _FZ1_PAR_HL_FZ Prirnary air high limit 1110002 kg/h Al FuzTagsOprStream1 0pnFIX F21_P. [
200t FZ1_PAIR_LL_FZ Prirnary air low limit 20000.92 kg Al FuzTagsOprStream1 0pnFIX F21_P. [

Fig. 28: Tag definition table
The columns in the Tag table are:

Tag No.: Tag variable No.

Tag Name: Name of Tag variable.
Note that all Tag variables start with t_.
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The t_ is automatically added to the Tag name when the Tag
variable is defined.

Description:  Description of Tag variable

Tag Value: Current value of the Tag variable
Tag Unit: Engineering unit of the Tag variable
Tag Type: Type of Tag variable. The following variable types exist:
Al Analogue input from container to FuzEvent
DI Digital (1/0) input from container to FuzEvent
AO Analogue output from FuzEvent to container
DO Digital output (1/0) from FuzEvent to container
INT Variable, which can be used for both input and output.

In addition to the columns mentioned above, the Tag table may contain columns, which
are used for specific container systems only.

When a Tag variable has been modified, or a new Tag has been defined, FuzEvent will
automatically reload all scripts to update the references to the new Tag variable list.

7.2 Modify Tag

The “Modify” menu item is used for modification of an existing Tag variable. Selection
of a Tag variable in the Tag table, followed by click on “Modify” opens Tag variable fields
below the Tag table, i.e.:

59 FZI_GI_TES [_PRE | Grae T g Est pressure 5TTDar oo FUZ TagSUpnSream TUpLFIRFZ T
60 t_FZ1_G3_TEST_PRE Grate 3 righttest pressure 6.5 mbar ouT FuzTagsOpr.Stream10prFIX.FZ1_
61 t_FZ1_HIGH_WASTE_ High waste layer Index 0 ouT FuzTagsOpr.Stream1 Opr.FIX.FZ1_
62 t FZ1 LOW WASTE | Lowwaste laver Index -0.164968485 ouT FuzTaasOpr:Stream10nrFixFz1 <
No. Tag name T ag description Tag value Unit Type
I 60 It_FZ1 _G3_TEST_PRE|Grate 3 righttest pressure I 6.5 |mbar ouT FuzTagsOpr.Stream10prFIX.FZ1
Apply Cancel

Fig. 29: Modify Tag

Fill-in the input fields for modification of the existing Tag, followed by click on “Apply”.
Double click on an existing Tag variable also produces the Tag variable fields below the
Tag able.

7.3 New Tag

The “New” menu item is used for definition of a new Tag variable. Select the Tag in the
Tag table after which the new Tag variable should be positioned. Then click on “New”,
which will produce input fields below the Tag table, and an empty line in the Tag table,

i.e.:
78t AIC_2402 Feeder controller output 0% Al
79t_FZ2_GRATE_MODE Feeder contraller mode (ALTHMMAN 1] Al
gt FZ2 GRATE MODE |Feeder contraller mode from FuzEwvent 1] ouT FuzTags Stream2 DCE.FZ2 GRA'ﬂ
Mo, Tag name T ag dezcription Tag value Unit Type
| 66[7eer Description 0% Al

Apply Cancel

Fig. 30: New Tag
Fill-in the input fields for definition of the new Tag variable, followed by click on “Apply”

7.4 Delete Tag

The “Delete” menu item is used to delete an existing Tag variable. Select the Tag in the
Tag table, which should be deleted, followed by click on “Delete”. FuzEvent asks for a
confirmation that you really want to delete the selected Tag variable.
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7.5 Find Tag

The “Find” menu item is used to locate the next occurrence in the Tag name of a text,
which is specified in the input box that is displayed after a click on “Find”. The next oc-
currence is the Tag name below the currently selected Tag in the Tag table.

7.6 Tag used in EventX

The “EventX” menu item is used to find the EventX components where a selected Tag
variable is being used. Click on a Tag variable in the Tag table, followed by click on
“EventX”, produces a window a shown below showing the names of the EventX where
the Tag is used, the EventX No. and the name of the FuzEvent application.

Data name |t F71_STEAM_SP

Events name Events Mo. FuzEwvent name

Filter P 5 - Line 1 -
Grate Waste Layer  Grate E Line 1
Calculation of primary air hi| - 7 - Line 1
Flame position parameters| 8 Line 1
Fepoding 10 Line 1
Feeder speed kickwhen lo 18 Line 1
High steam flowr  FPriman 21 Line 1
Lowy stearm flow Frimar P Line 1
“Wery high steam flow Frim 23 Line 1
ey low stearm flow Frir 24 Line 1
Change of Mastar Airfram [ = Line 1

Cloze

Fig. 31: Tag used in EventX

7.7 Repair Tag table

If unexpectedly the Tag data base is corrupted, then it is possible to repair the data base
by click on “Repair”.

8 Edit Globals

8.1 Globals definition

Edit Globals| in Fig. 27 is used for definition the so-called Global variables. Global varia-

bles can be accessed from all EventX of the belonging FuzEvent application. Global vari-
ables may thus be used to transfer information from one EventX to another EventXin
the same application

Click on “Edit Globals” produces the definition table for Global variables as shown be-
low:
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[ Gicbal definition=
Eile PModify DNew Delete FEind EventX Repair  ArrayExpand  ArrayHide Help

No| Name [Description I Value] Unit [Elements] H.—,.gm|__:1
0 g FIRS TEBLOBAL First global 29 1 o
1 OZ long term average 7 2= 1 (]
2l g O2 medium term average 7 == 1 o
3 O2Z shortterm average 7= 1 [}
a OZ long term trend 0 =z 1 ]
s D2 mediurm term trend eSS 1 o

G o oz s TREND O2Z shortterm trend 0| =2 1 o
7 QIR MASTEMPS1 Max temperature in the (our rows: Fowl 952 .08 Degc a 5]

11 o STEAM_LT_ANF Steam flow long term average 66.949999999 h 1 (=}
12 STEAM_MT_AVR Steam flow medium term average 66.95 t/h 1 o
13 5 Steam flow short term averace 66.95 t/h 1 [§]
14 Steam flow long ternm trend 0 frmin 1 [}
15 Steam flow medium term trend 0 fmin 1 o
16 Steam flow short term trend 0 /rmin 1 o0
17 ered O2 7.0000000000 2% 1 o
18| ¢ ered stearm flow 66.95 t/h 1 o
19 ate speed fraom FuzEvent 32.4) 2= 1 o
=0 any air from FuzEvent 29| 1 o
21 condans air from FuzEsent ol =2% 1 (5]
22 Grate speed high limitf iF=< a0 1 (=}
23 g _GRATE_LL Grate speed low limit fiF< 5000381 =% 1 =]
24 g _DO_GRATE_HL Delta grate speead hiah limit -0.000279193 22 1 [5]
25 g D_GRATE_LL Delta grate speead low limit o = 1 =}
26 g _D_Gl1_FROM_D_Oz Change of G1 from change of O2 o 1 [a}
27 g FLAMEPOS_ S Flame position S 17000 1 o
28 g FLAMEFOS _BACK Tl Time forthe flame to go back to S min) 60 min 1 =}
29 a FURNACE TEMP Averaae furnace temoerature 00 Deac 1 o =1

Fig. 32: Globals definition table — Array collapsed
The columns in the Globals table are:

No.: Global variable No.

Name: Name of Global variable.
Note that all Global variables start with g_.
The g_ is automatically added to the Global name when the
Global variable is defined.

Description:  Description of the Global variable

Value: Current value of the Global variable
Unit: Engineering unit for the Global variable
Elements: Number of elements in the Global variable.

In the Globals table, Global array elements are shown as the

name of the Global variable followed by $ and the element

No. In the table shown above, g_IR_MAXTEMPS1 is the first

element of the Global array g_IR_MAXTEMP, which has four

elements. Use the “ArrayExpand” menu item for display of all

the array elements.
Height: Internal variable used when the Global variable is used in

fuzzy rule calculations.
When a Global variable has been modified, or a new Global variable has been defined,
FuzEvent will automatically reload all the scripts of the FuzEvent application to which
the Global variable belongs.

8.2 Modify Globals

The “Modify” menu item is used for modification of an existing Global variable in the
same way as described under “Modify Tag”.

8.3 New Globals

The “New” menu item is used for definition of a new Global variable in the same way as
described under “New Tag”.

8.4 Delete Globals

The “Delete” menu item is used to delete an existing Global variable in the same way as
described under “Delete Tag”
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8.5 Find Globals

The "Find" menu item is used to locate the next occurrence of a Global variable in the
same way as described under “Find Tag”.

8.6 Global used in EventX

The "EventX" menu item is used to find the EventX components where a selected Global
variable is being used in the same way as described in “Tag used in EventX”.

8.7 Repair Globals

If unexpectedly the Globals data base is corrupted, then it is possible to repair the data
base by click on "Repair".

8.8 Array expand

The “ArrayExpand” menu item is used for display all elements in the selected Global
variable. This item is only relevant to use if the variable has more than one element. Af-
ter selection of a Global variable with more than one element, a click on “ArrayExpand”
produces the following variable list, where the four elements of the array
g_IR_MAXTEMPS1..54 are displayed.

£ Global definitions [T ———)
Eile Podify MNew Delete Find EwventX Repair | ArrayExpand | ArrayHide Help
Mol Mame |Description Lne” | ~alue [ Unit |Elements|Height| ~
0 g _FimRsSTELOBAL First globol = 1 [=]
1 g Oz LT _snm 02 lang term owerage HES 1 o
2 g_OzZ_rAT_anE 02z mediurm term swerage 7| == 1 o
3 g Oz _ST_awR 02 short term average HES 1 o
4 g Oz _LT_TREND OZ long term trend 0= 1 [=]
5 g_O2Z_tAT_THRERD 02 medium term trend 0|2z 1 o
G o_O2_ 02 short term trend 1 [=]
| vlS 1 = Al 0]
5 o_| oo tempersture in the four rows 1 1
9 g_IR_rAA<TERIF$3 FAoc. temperature in the four rows: Row3 1 1
10 g_IF_rAss T ERAPSA oo temperature in the four rows: Fouw 955.24 DegC 1 1
11 O _STEARM_LT_ AN Steam flow long term swerage 5E.949999999 | t'h 1 o
12 g _STEAR_hAT_asF Steam flow medium term cwerage 66.95 | th 1 o
13 g _STEARM_ST_~nWwE Steam flow shor term average 65.95 | wh 1 [=]
14 g _STEARM_LT_TREND | Steam flow long term trend 0 fmin 1 o
158 o _STEARM_MT_TREND | Stearm flow medium term trend 0 i 1 o
16 g _STEARM_ST_TRERD | Steam flow short term trend 0 smin 1 o
17 a_oz Filtered O2 7.0000000000 3% 1 o
18 g_STEARAFELOYW Filtered steoun flows BEB.95 t/h 1 o
19 g _GRATE_FZ Grate speed from FuzEwent 32.4| 22 1 o
20 o_Palm_F=z Frimarn, air frorm FuzEwent EEIES 1 o
21 a_SalR_F=zZ Secondans air from FuzEwent 0=z 1 o
22 g_GFRATE_HL Girate speed high limit £ iFE< 50 == 1 o
23 g_GRATE_LL Sirate speed low limitf. iF= 5000381 == 1 o
24 g _D_GRATE_HL Delta grate speed high limit -0.000279193 | 22 1 o
26 g _D_GRATE_LL Delta grate speed low limit 0=z 1 o
26 o O G1 FRORM O Oz Chanoe of G1 from chanoe of 02 ol =ss 1 |

Fig. 33: Globals definitions table - Array expanded.

8.9 Array hide

The “ArrayHide” menu item is used to turn off the display of all elements in the selected
Global variable, see “Array expand”.
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9 Edit Locals

9.1 Locals definition

Edit Locals| in Fig. 27 is used for definition the so-called Local variables. A Local variable
can only be accessed from the EventX where it is defined.

Click on “Edit Locals” produces the definition table for Local variables as shown below:
= ioot acrniions

Eile Modify. MNew Delete Find EventX Repaic AsrrayExpand [Araybiiqe] Help

No|Name |Description “alue | Unit |[Elements|Height| =
o 11 “ariable Description 14 =< 1 o
1 1_J Local J 0.0000000000 1 o
2 K Local K -0.833153176 1 o
3{_Lv Local L -0.833153176 1 o
A4 I_D_GRATE_LL_hAS Description 28 =< 1 o
5 I_LOW SPEED_GAIMN Gain on low grate speed 5 1 o
6 I_D_G1_RESIST_SP Delta for Grate 2 resistance S = 1 o
T Grate 1 right resistance SF& <A40.00046 1 o

) (TS = SP$1| Under Grate For S P e | I £ | ]
Delta for low resistance from HL -25 1 [
Gain on low resistance o 1 o
Gain on high O2 3 1 o
= Delta for resistance wens high 10 ohm 1 o
20 I_RESIST_WwH “erny high resist limit 52.00046 ohm 1 o
21 I_G3_RESIST_SP Grate 3 right resistance SP 46.00031 ohm 1 o
22 I_CourNT Resistance test counter 8.8333333333 min 1 o
23 I_ TESTINTY Resistance test interval 10 min 1 o
24 1_INTwWZ2 Second pressure test interval 5 min 1 o
25 I_PRESS_G1_SP_AT_67 Gl pressure S ot 67 vh 25 mbar 1 o
26 I_PRESS_G1_HL G test pressure high limit 12.5 mbar 1 o
27 I_PRESS_G1_LL G test pressure low limit 2.5 mbar 1 o
28 I_D_PRESS_G1_HL Delta for G1 test pressure HL 5 mbar 1 o
29|1I_D_PRESS_G1_LL Dehlta for G1 test pressure LL 5 mbar 1 o
30 I_PRESS_G1_SP_HL HL for G1 pressure SP 35 mbar 1 o
31 I_PRESS_G1_SP_LL LL for G1 pressure SP 0 mbar 1 o
32 I_PRESS_G3_SP_AT_6B6: G3 pressure SP at 67 t/h 23 mabr 1 o
33 | PRESS G3 HL G3 test oressure HL 15.499808 mbar 1 DL]

Fig. 34: Locals definitions table - Array collapsed.
The columns in the Locals table are:

No.: Global variable No.

Name: Name of Local variable.
Note that all Local variables start with |_.
The |_is automatically added to the Local name when the
Local variable is defined.

Description:  Description of the Local variable

Value: Current value of the Local variable
Unit: Engineering unit for the Local variable
Elements: Number of elements in the Local variable.

In the Locals table, Local array elements are shown as the
name of the Local variable followed by S and the element
No. In the table shown above, | GRATE_PRESS_SPS1 is the
first element of the Local array , |_GRATE_PRESS_SP, which
has eight elements. Use the “ArrayExpand” menu item for
display of all the array elements.

Height: Internal variable used when the Global variable is used in
fuzzy rule calculations.

When a Local variable has been modified, or a new Local variable has been defined,
FuzEvent will automatically reload the script to which the Local variable belongs.

9.2 The Locals menu items

All the menu items of the Locals definition window have the same functions as de-
scribed in connection with definition of Global variables in 8.1.
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10 Edit Properties

Edit Properties| in Fig. 27 is used for adjusting the properties of the FECA routines.

FECA is the name of the FuzEvent Control Algorithm. The FUEL library script of the FECA
algorithm can be fetched by selecting Open from the File-menu in the FUEL editor.

An existing FECA script can be opened and edited as described in 11 Edit Script.

A dedicated configuration window has been defined for FECA. The configuration picture
is displayed by first click on the EventX No. in the upper right corner of the EventX sym-
bol, and then by selecting Edit Properties, which produces the following picture:

Basics Activation -
Description

Events name ’m Auctivation limit  |-0.5 Contral action 1 |Master air OUT %
Scan time [sec) ’57 Max Mo, act I‘I— Contral action 2 |

Contralintv.(min) [15 Target value 67 Contral action 3 B
Piotygroun [27 et value EEE Contral action 4 -
Pricrity ’17 Current value  EE.95 Contral action 5 |-

Caontrol modes

Activation
I Fuzzy activation description

v Stepwise reverse actions
Dreactivation

I Min. time between activations [Tm) Maw reverze action

™ Decreasing EVEMTYALLE Deact. limit -0. Reverse factor 1 10,5 9993

Reverse factar 2 [0 []

tizcellaneous

R factor 3
ki, time T [min] |0 BYEISE lactol |D |D
Fuzzy high lmit |0 Deact. value L Reverse factor 4 |D |D
- Rewerse factor & |IJ |EI
Fuizzy low lirmit 0

Dreactivation
Apply FuzEvent® Help

description
Fig. 35: FECA Properties window

Note: The configuration picture is only displayed if the EventX has EventX Type No. 10
or No. 11, which is specified in the Browser under the EventX properties.

10.1 Basics

The Basics box is used to specify:

e The name of the EventX

e The scan in seconds, which is the time interval between execution of the EventX
script

e The control interval in minutes, which is the time interval between change of the
control parameter

o The EventX priority group and priority. Please refer to 6.2 The Priority Management
System earlier in this manual.

10.2 Control modes
The Control modes box is used to specify:
e Selection of "Fuzzy activation" activates the so-called fuzzy activation

e Selection of "Stepwise reverse actions" activates the so-called stepwise reverse ac-
tions
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e Selection of "Min time between activations Tm" enables the feature by which it is
possible to specify a minimum time in minutes between two activations. This func-
tion is used if there is a risk that EventX activates again immediately or shortly after
it has deactivated.

e Selection of decreasing EVENTVALUE. This feature is used if a maximum number of
actions have been specified, and if lower priority EventX gradually should become
active when this EventX has reached the maximum number of actions. If this feature
is selected, then the action counter will continue to run even after the maximum
number of actions has been reached. No actions, of course, will be executed after
the maximum number of actions has been reached. The EVENTVALUE, however, will
be calculated by the following, after the maximum number of actions has been
reached:

EVENTVALUE = EVANTVALUE * MAXNOOFACTIONS / ACTIONCOUNT

By this it can be seen that the EVENTVALUE will decrease as the ACTIONCOUNT in-
creases, by which a lower priority EventX gradually will regain its weight factor
(Please refer to section 6.2 The Priority Management System earlier in this manual.)

10.3 Miscellaneous

The Miscellaneous box is used to specify:

e The minimum time in minutes between activation of the EventX

e The two spare parameters named Fuzzy high limit and Fuzzy low limit are the sys-
tem variables, i.e. FUZHL and FUZLL, which may be used e.g. for calculation of the
fuzzy activation logic.

10.4 Activation
The Activation box is used to specify:

e The Activation limit, which is the system variable ACTLIMIT. Normally ACTLIMIT is a
delta-value, which is used to calculate the activation value from a target or set point
value. The Activation box shows the set point (TARGET) and the calculated activa-
tion value (ACT_LIMIT), which are updated from the EventX script e.g. by:

|_ACT=t_FZ1_STEAM_SP+ACTLIMIT
TARGET=t_FZ1_STEAM_SP
ACT_LIMIT=l_ACT

The Activation box also shows the current value of the process measurement, which
is updated from the EventX script e.g. by:
CURRENT_VALUE=g STEAMFLOW

e Max No. act, which is the parameter used for specification of the maximum number
of actions. During one activation of the EventX it is thus possible to define the max-
imum number of actions that the EventX is allowed to execute. The value -1 means
no limit to the number of actions.

e Control action 1 to 5, which defines the adjustment of up to five control parameters.
Next to the control adjustments it is possible to specify a description of the actual
control parameter.

e Finally, the Activation box holds a field for description of the calculations and/or log-
ic, which is used for activation of the EventX.
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10.5 Deactivation
The Deactivation box is used to specify:

e The Deactivation limit, which is the system variable DEACTLIMIT. Normally DEACT-
LIMIT is a delta-value, which is used to calculate the deactivation value from a tar-
get or set point value. The Deactivation box shows the deactivation value, which is
updated from the EventX script e.g. by:

|_PAS=t_FZ1 STEAM_SP+DEACTLIMIT
DEACT_LIMIT=l_PAS

e Reverse factor 1 to 5, which defines the reverse factor for up to 5 control points.
Next to the Reverse factor a maximum reverse action must be specified by which it
is possible to limit the size of the reverse action.

e Finally, the Deactivation box holds a field for description of the calculations and/or
logic, which is used for deactivation of the EventX.
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11 Edit Script

11.1  Script introduction

in Fig. 27 is used for configuration of the calculations and the control func-
tions of FuzEvent. The script language is named FUEL, i.e. FUzzy Event Language. FUEL is
especially designed for configuration of the control algorithms, which represents the
high level control philosophy of FuzEvent.

Click on “Edit Script” produces a programming window for the selected EventX as
shown below.

£73 FUEL Script
File Data Valueson Find Help
FuzEvent [z Event< [waste quality Messages | | Reset

1_I=t_L1 WASTE_QUALITY

g_D2_GRATE_HL=0
g_D2_GRATE_LL=0

EVENTVALUE=0
IF 1 I GT 0.5 THEW

¢_D2_GRATE_HL=1_D GSFEED HL_HEIGH
g_D2_GRATE LL-1 D GSEEED LL HIGH
EVENTVALUE=1

END IF

IF 1 I GT 1.5 THENW

g_D2_GRATE HL=1 D GSEEED HL LOW
¢_D2_GRATE_LL=1 D GSFEED_LL_LOW
EVENTVALUE=-1

END IF

SHOW_VALUE ("Waste gquality",t_L1 WASTE QUALITY,1, 3)
SHOW_VALUE ("Delta HL for high cal.",1 D GSPEED HL HIGH, 3, 3)
SHOW_VALUE ("Delta LL for high cal.",1_ D GSPEED LL HIGH, 4, 3)
SHOW_VALUE ("Delta HL for low cal.",l D GSFEED HL LOW, &, 3)
SHOW_VALUE ("Delta LL for low cal.",l1 D GSPEED LL LOW,7,3)

Fig. 36: Edit Script window
The menu item “File” holds the following sub-menu items:

e “Save” Used for compilation of the script into a new executable program
e “Save As” Used to save the script in a user named file, which then can be used
as starting point for a new EventX script.

e “QOpen” Used to insert script code that previously has been saved by using
the “Save As” menu item
e “Close” Used to close and exit the script definition window

The menu item “Data” holds the following sub-menu items:

o “Tags” Used for display of the Tag variables in a window, which includes
Tag No., Tag name, actual Tag value, and the Tag description.
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e “Globals”Used for display of the Globals variables in a window, which includes
Global No., Global name, actual Global value, and the Global vari-
able description.

e “locals” Used for display of the Local variables in a window, which includes
Local No., Local name, actual Local value, and the Local variable de-
scription.

The window below shows an example with Global variables.

P lobal vanablel =5

A E 4l |
Refresh| Help | Find

M ame

g FIRSTELOBAL

g 02 _LT_AVE

g 02 MT_AVHE

q 02 5T_AWA

g 02 LT_TREWD

g 02 _MT_TREHD

q 02 S5T_TREMD

q STEAM_LT_AVR BE.9435939
0 STEAM_MT_AWA BE.95

g STEAM_ST_&WHE BE.95

q STEAM_LT_TREMD 0

q STEAM_MT_TREMD 0

g STEAM_ST_TREND 0

g 02 700000000
q_STEAMFLOMW EE.95

q GRATE_FZ 324

g _PalR_Fs 29

g SalR_FZ 1]
q_GRATE_HL a0

g GRATE_LL A.000331
g D_GRATE_HL 00002791
g D GRATE_LL 1]

g D_G1_FROM_D_O2 0

g _FLAMEPOS_SP 17000

g _FLAMEPOS_BACK... 60

g FURMACE _TEMP 00

q_ MASTER_AIR_HL

g MASTER_AIR_LL

g [_AIR_FROM_D_02

q_FI_1110

TR R

mmﬂmmhmm—li

Fig. 37: List of Globals
Click on “Refresh” displays the actual values of the Global variables.

The “Find” button is used to find the next occurrence in the variable name of the search
text, which has been entered in the input field next to the “Find” button.

The “Help” menu item activates the help functions on the FUEL script language.

11.2 The Script editor

The FuzEvent script editor includes features, which help the user to key-in the variable
names.

In FUEL, it is easy to find out whether a variable is a Tag variable, a Global variable or a
Local variable. Tag variables starts with t_, Global variables start with g_, and Local var-
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iable start with |_. In the example in Fig. 36, t L1 _WASTE_QUALITY is a Tag variable,
g D2 GRATE_HL is a Global variable, and |_D_GSPEED_HL HIGH is a Local variable.

If, for instance, the user wants to refer to a Tag variable, then just write t_, after which
the list of Tag variables pops-up as shown below. The “Find” button can be used to lo-
cate the Tag variable, or the user may use the slider to manually find the Tag variable,
which should be inserted into the script.

g FUFL St EIETEN
File Data Valueson Find Help
FuzEwvent ILine1 Eventx IWaSte guality Messages | LI Reset

>

1_I=t_L1 WASTE_QUALITY

g_D2_GRATE_HL=0
g_D2_GRATE_LL—0

‘Watch dog
EVENTVALUE=0 I_OPC_TEST Description

IF 1 I GT 0.5 THEW

t_FZ1_FUZEWENT FuzEvent OM/OFF.
FuzEwent OM/OFF.
_| Secondary air cont.
FZ1_ACC_GRAT Grate speed cantr.
1_ACC_Palr Frimary air contral ..
1_ACC_SAIR Secondary air cont.
02 [f_SCADA)

Steam flow [f_SCA.
Steam flow SPf_..
Grate speed outpu.
1_GRATE_MODE Grate speed contr.
1_GRATE_MODE_.. Grate speed contr..
1_GRATE_SPEED Grate speed fiom ..
1_GRATE_HL | Grate speed high |
1_GRATE_LL | Grate speed low li..

Primary air
_1209 Secondary air
1_PalR_HL_FZ Frimary air high lirnit
[T | »

dd
53
O
E i
TZ
Ny

g_D2_GRATE_HL=1_D GSFEED HL_HEIGH
g_D2_GRATE LL-1 D GSEEED LL HIGH
EVENTVALUE=1

END IF

SREERR
m

IF 1 I GT 1.5 THENW

=]
=1
@

g D2 GRATE_HL=)D GSPEED HL LOW
g_D2_GRATE_J¥~1 D GSFEED_LL_LOW

C M MY I M M M W RN M M MR W AN N S

RN

SHOW_VALUE ("Waste quality"”,t L1 WASTE_QUALITY,1,3)
SHOW_VALUE ("Delta HL for high cal.",l D GSPEED_HL HIGH, 3,3)
SHOW_VALUE ("Delta LL for high cal.",1 D GSPEED LL HIGH, 4,3)
SHOW_VALUE ("Delta HL for low cal.",l_D GSPEED HL LOW,6,3)

SHOW_VALUE ("Delta LL for low cal.”,l D GSPEED LL LOW,7,3) -

Fig. 38: Using the pop-up menu to locate variables

When the Tag variable has been located in the list, the user double click on the Tag
name after which the complete Tag name is inserted in the script.

The same works for Global variables and Local variables, where the variable list pops-up
when g_or |_ has been keyed-in.

11.2.1 Known words

The FUEL editor automatically changes the colour to blue for known words. In the ex-
ample above END, IF, SHOW_VALUE, EVENTVALUE are all predefined terms, which au-
tomatically are written in blue to make the script easier to read.

11.2.2 Comments

The ‘ as the first character is used to put comments into the script. The colour of a
comment line is automatically changed to green.

11.2.3  Errors

If an error is detected during compilation of the script, the line with the error is changed
into red colour.
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g D2 _GRATE HL=1 D GSPEED HL LOW
g D2 GRATE LL=1 D GSPEED LL_LOW
EVENTVALUE=-1

END IF

t L3 GRATE

PEED=3

[r}

Simultaneously, an error message is shown in the “Messages” field in the upper right
corner of the script editor window. As shown below, the message line includes the fol-
lowing information:

e Dateandtime
e FuzEvent application No. and EventX component No.
o Message text.

Messages [1212121211:17 -1- 19 Undsfined variable: t_L3 GRATE_SP | Feset

In the message shown above, -1-19 means FuzEvent application No. 1, and EventX No.
19

The “Reset” button next to the messages field is used to acknowledge messages so that
it is easy to identify new messages. Messages which have been acknowledged have a
double asterisk in front of the message line, i.e.:

Messages |+ 12121212:11:17 -1- 19 Undefined variable: t_LH_GFE.-’-'-.TE_Eﬂ
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12 The EventX type library

12.1 EventX type algorithms

FuzEvent includes a library of predefined control algorithms, which are referred to by an
EventX type number.

The predefined library functions are:
Type Name

e No algorithm
e General control

e FECAGT
e FECALT

PID Controller

e Neural net
[ ]

[ )

[ ]

[ )

e Proportioner
e Fuel master
e Fuel type
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12.2 EventX type 0 (No algorithm)

The EventX type O is for user defined internal control algorithms using fuzzy rules or
other types of calculations. Only the most important EventX properties are shown in the
EventX property window, which is displayed by click on the EventX name on the EventX
symbol. Further EventX type 0 cannot write TAG values to the container. That is, it is al-
ways considered to be off-line as described in 6.4 On line / Off line. EventX scripts of
type 0 are mostly used for internal service like Trending, Filter and Reporting.

.3 EventX properties

Help

Trend calculations
Excel (10 sec

Ewent properties Event properties Uszer defined
Mame | Walue MName Walue MName alue
Events name Trend calculations Ex... 02 Raw 7
Ewent No. 3 02 Filtered 7.00000000
Events type u] O2LT trend 1] O2LT Awr 7
Scan time [zec.) 10 02 MT trend 1] 02 MT Awr 7
Control interval [min.] 0 02 5T trend 1] O25T Awr 7
Control counter [min.] 148333333
Priority group u] Steamn Flow BE.95
Prriority u] Steam LT trend 1] Steamn LT Awr BE.9499993
Event: value 0 Stearn MT trend 1} Stearn T dvr BE.95
Event status 1 Stearn 5T trend 1} Stearn ST Awr BE.95
‘wheight factor 1

Fig. 39: EventX type O properties

12.3 EventX type 1 (General control)

The EventX type 1 is for user defined control algorithms using fuzzy rules or other types
of calculations. All EventX properties are shown in the EventX property window, which
is displayed by click on the EventX name on the EventX symbol. EventX type 1 can write
TAG values to the container.

[ EventX properties

Help
Check
Event+ properties Event+ properties User defined

|| Mame | ‘alue M ame Walue M ame Walue
Eventx name Check Gain factor #1 1] FuzEvent ON DCS 1
Ewenits MNa. 4 Gain factor #2 Grate Mode 1]
Event type 1 Gain factor #3 b aster Air Mode 0
Scan time [sec.) 5 Gain factor #4
Control interval [min.] 0 Gain factor #5 Grate ACC 1
Control counter [min.] 20,25 Mest action #1 Hhdaster Air ACC 1
Fricrity group 1] Mext action #2
Fricrity Mext action #3
Event value MNext action #4
Ewent statuz Mext action #5
wigight Factor Lazt action #1
Activation lirmit Last action #2

Last action #3
Last action #4
Last action #5
Acc. actions #1
Acc. actions #2
Acc. actions #3
Acc. actions #4
Acc. actions #5

D eactivation limit
Max Mo, of actions
Action courter
Contral action #1
Contraol action #2
Cantral action #3
Control action #4
Contral action #5
Reverse factor #1
Reverse factor #2
Reverse factor #3
Reverse factor #4
Reverse factor #5
PID proportional gait
FID integral time
PID derivative time

CoooooooOoOoooOooOoOoOoOoD oo

oooooooooOooOooOo L, OO0 0O00

Fig. 40: EventX type 1 properties
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12.4 EventX type 10 FECA GT and type 11 FECALT

The script code of the FECA algorithm is accessed from the FUEL script editor. In the
script editor, click on the "File" menu item in the upper left corner, and then click on the
"Open", which produces the pop-up window with the FuzEvent library scripts, i.e.:

Entry No. 10 and No. 11 refer to two different versions of FECA. To fetch the script and
the set of Local variables, double click on either No. 10 or No. 11 by which the script is
transferred to the EventX for which the FUEL editor is open.

Library script No. 10, i.e. FECA_GT is used for control of a process state where a process
measurement, or a combination of measurements, is greater than a target- or a set
point value, hence the _GT, which refers to Greater Than.

Library function No. 11, i.e. FECA_LT, is similar to FECA_GT, except that FECA_LT is used
for control of a process state, where the process value is Less Than the target.

Having double clicked on either FECA_GT or FECA_LT, the script is sent to the EventX,
and the necessary Local variables are defined automatically. The next step is to Save the
script after which it is ready to be adapted to the actual control task. The library script
holds various references to a Local variable named |_TO_BE_CHANGED, which indicate
which variables normally have to be changed.

Help
High steam flow IHigh steam flow  Primary Lj
Primary air

EventX properties EventX properties User defined
Name | Value Name ] Value Name I Walue
Eventx name High steam flow Pl Gain factor #1 1 Steam SP E7
EventX No. 21 Gain factor #2 0 Steam flow E7.95
Eventx type 10 Gain factor #3 0 Steam ST trend 0.59340659
Scan time [sec.) 5 Gain factor #4 0 Steam Max 67.95
Control interval [min.) 2 Gain factor #5 1] 38
Control counter [min.] 0.5 Next action #1 2
Priority group 2 Next action #2 0 PAST value E7.75
Priority 1 Next action #3 0 PAS2 value E7.55
EventX value 1 Next action #4 0 PAS1 0
EventX status 0 Next action #5 0 PAS2 1}
Weight factor 1 Last action #1 0 Act Activation limit E7.3
Activation limit 03 Last action #2 0 Act Dedctivation limit 6715
Deactivation limit 015 Last action #3 0 Int_Cntlinty 2
Max No. of actions -1 Last action #4 i} Fuzzy activation 0
Action counter 1 Last action #5 0 Wait timer ON
Control action #1 2 Acc. actions #1 -2 Waiting counter 4.83333333
Control action #2 0 Acc. actions #2 0 Wait between Act 0
Control action #3 0 Acc. actions #3 0
Control action #4 0 Acc. actions #4 0 Action made 1
Control action #5 0 Acc. actions #5 0 Reverse flag 0
Reverse factor #1 07 Max &ctions Done 0
Reverse factor #2 0 Decr Event Value 1}
Reverse factor #3 0 Pausing dueto Trend 0
Reverse factor #4 0
Reverse factor #5 0 Old EVENTWALUE 1
PID proportional gain - 0 ActionValue #1 2
PID integral time 0 Local Reverse Fact.. 1
PID derivative time 0

Fig. 41: FECA type EventX (type 10 and 11) properties
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Act.

Deact.

Target

The basic FECA control function is illustrated below:

Trend\ ] P iabl
rocess variable
Acceptance /

//Ban e

| Control

i interval E Reverse
action

Actions

» Time

Fig. 42: FECA basic control function

In Fig. 42, the green curve shows a process measurement for which a high activation
limit (Act. limit) has been defined. Typically the high activation limit is defined in rela-
tion to a set point or target value, i.e. the activation limit is the set point plus some delta
value, marked as the Acceptance band. In addition to an activation limit, a deactivation
value is defined. The activation values defined when the control algorithm should start
making control actions, and the deactivation value is the value where the algorithm
should become passive again, i.e. where it will stop making control adjustments.The
blue curve illustrates the control parameter (output) that is used for keeping the pro-
cess measurement close to the target.

A steam flow is an example of a process measurement for which a target or set point
has been defined, and the speed of a motor driving a fan is an example of a control pa-
rameter by which the steam flow is kept close to the steam flow set point.

For the example shown above, an EventX activation value has been defined. Normally
the activation value is defined as a target value plus a delta value, i.e. ACT = SP + DELTA.
A deactivation value is also defined which is a little lower than the activation value to
avoid the EventX from switching between activation and deactivation if the process
measurement is oscillating around the activation value.

A control action has been defined together with an interval between actions, the con-
trol interval. Finally, a reverse factor has been defined, which determines the size of the
control action in the opposite direction of the changes, which were made when the
EventX was active.

The reverse action is the accumulated value of the changes, which were made when the
EventX was active, multiplied with the specified Reverse factor.
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If, for instance, the sum of the four actions shown above is 8, i.e. 4*2, and if the Reverse
factor is 0.7, then the reverse action will be -8*0.7 = -5.6. The control parameter, in
other words, is decreased by 5.6.

A dedicated configuration window has been defined for FECA. The configuration picture
is displayed by first click on the EventX No. in the upper right corner of the EventX sym-
bol, and then by selecting Edit Properties, the configuration window for the basic FECA

algorithm is shown as in Fig. 43.

Event<name  [Highsteamflow | | Activationlimt [03  Controlaction1 [2 [Maste[i:sgi_ljp;“i/?
Scantime(sec) [§ | | MaxNeast [1  Contolaction2 [0 [-
Control inty. [min] ﬁ Targelivakie: 7 Control action 3 IU I
Priority group E— Aatuakie 673 Control action 4 IU I
Priority i ] Current value 66.95 Control action 5 |0 [-

Control modes Activation This EventX controls the Primary Air Fan speed when the Steam Flow is

™ E s aien, description above the Target value by Activaton limit ~ Act. value.

| Stepwise reverse actions |

[ Min. time between activations (Tm) ) Deactivation Max reverse action

I Decreasing EVENTYALUE | Deact. limit 015 Reverse factor 1 |0.7 9999

|- Miscellaneous ~ Reverse factor 2 |0 [0
Min.time Tm(min) [0 v iaca 20 o
Fuzzy high it [0 — | | Deact vaiue 6715  Reverssfactord o [0
b Reverse factor 5 |D [i]
Fuzzy low limit 0
Deactivation  |The Reverse action is 70% of the Accumulated actions, when Steam
description flow was high. Utilized when Steam flow drops below Target +
Deactivation limit ~ Deact. value.

FuzEvent® Help

Fig. 43: FECA configuration window

Note: The configuration picture is only displayed if the EventX has EventX Type No. 10
or No. 11, which is specified in the Browser under the EventX properties.

Activation Desc.: This EventX controls the Primary Air Fan speed when the Steam Flow is
above the Target value by Activation limit ~ Act. value.

Deactivation Desc.: The Reverse action is 70% of the Accumulated actions, when Steam
flow was high. Utilized when Steam flow drops below Target value + Deactivation limit ~
Deact. Value.

12.4.1  Basics
The Basics box is used to specify:

e The EventX name.

e The Scan time in seconds, which is the time interval between execution of the
EventX script.

e The Control interval in minutes, which is the time interval between change of the
control parameter.

e The EventX Priority group and Priority. Refer to The Priority Management System on
page 28 for further explanation.

12.4.2  Control modes
The Control modes box is used to specify:
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* Selection of Stepwise reverse actions activates the stepwise reverse actions, where
Reverse actions are divided into three steps and are executed at three different
levels between Max. Value and Deact. value as seen in Fig. 44. Stepwise reverse
actions is further explained in 12.4.6 under

e Selection of Huzzy activation Jctivates the fuzzy activation where the first control
actions are executed when the measured process value are above the Deact. val-
ue. These actions are not counted in Action counter. Fuzzy activation is further ex-
plained in paragraph 12.4.7 under

e Selection of Min time between activations Tm ehables the feature by which it is
possible to specify a minimum time in minutes between two activations. This func-
tion is used if there is a risk that EventX activates again immediately or shortly af-
ter it has deactivated.

e Selection of Decreasing EVENTVALUE . This feature is used if a maximum number of
actions have been specified, and if lower priority EventX gradually should become
active when this EventX has reached the maximum number of actions.

If the “Decreasing EVENTVALUE” feature is selected, then the action counter will con-
tinue to run even after the maximum number of actions has been reached. No actions
will of course be executed after the maximum number of actions has been reached. The
EVENTVALUE, however, will be calculated by the following, after the maximum number
of actions has been reached:

EVENTVALUE = EVENTVALUE * MAXNOOFACTIONS / ACTIONCOUNT

By this it can be seen that the EVENTVALUE will decrease as the ACTIONCOUNT increas-
es, by with lower priority EventX gradually will regain their weight factor (refer to the
"Priority Management System" of the FuzEvent Help)

12.4.3  Miscellaneous
The Miscellaneous box is used to specify:

e The minimum time in minutes between activation of the EventX

e The two spare parameters named Fuzzy high limit and Fuzzy low limit are the sys-
tem variables, i.e. FUZHL and FUZLL, which may be used e.g. for calculation of the
fuzzy activation logic, user programming is needed for this.

12.4.4  Activation
The Activation box is used to specify:

e The Activation limit, which is the system variable ACTLIMIT. Normally ACTLIMIT is a
delta-value, which is used to calculate the activation value from a target or set
point value. The Activation box shows the set point (TARGET) and the calculated
activation value (ACT_LIMIT), which are updated from the EventX script e.g. by:

TARGET =t_FZ1_STEAM_SP
|_ACT =t_FZ1_STEAM_SP + ACTLIMIT
ACT_LIMIT=I_ACT

e The Activation box also shows the current value of the process measurement, which
is updated from the EventX script e.g. by

CURRENT_VALUE = g_STEAMFLOW
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e Max No. act, which is the parameter used for specification of the maximum number
of actions. During one activation of the EventX it is thus possible to define the
maximum number of actions that the EventX is allowed to execute. The value -1
means no limit to the number of actions.

e Control action 1 to 5, which defines the adjustment of up to five control parameters.
Next to the control adjustments it is possible to specify a description of the actual
control parameter.

e Finally, the Activation box holds a field for description of the calculations and/or log-
ic, which is used for activation of the EventX.

12.4.5 Deactivation
The Deactivation box is used to specify:
e The Deactivation limit, which is the system variable DEACTLIMIT. Normally DEACT-
LIMIT is a delta-value, which is used to calculate the deactivation value from a tar-

get or set point value. The Deactivation box shows the deactivation value, which is
updated from the EventX script e.g. by:

|_PAS =t_FZ1_STEAM_SP + DEACTLIMIT
DEACT_LIMIT =1_PAS

e Reverse factor 1 to 5, which defines the reverse factor for up to 5 control points.
Next to the Reverse factor a maximum reverse action must be specified by which it
is possible to limit the size of the reverse action.

e Finally, the Deactivation box holds a field for description of the calculations and/or
logic, which is used for deactivation of the EventX.

12.4.6  Stepwise reverse actions

The FECA control algorithm features a stepwise reverse actions-function. Stepwise re-
verse actions means that instead of making the reverse action in one step, it is divided
into three steps, which are executed when the process measurement starts to approach
the deactivation value.
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Fig. 44: FECA Stepwise reverse actions
The stepwise deactivation logic works in the following way:
e The maximum value during active state of the EventX is registered automatically.

e The interval between the deactivation logic and the maximum value is divided into
three subintervals.

e When the process measurement goes below the first subinterval limit, then one
third of the total reverse action is executed.

e When the process measurement goes below the second subinterval, then another
one third of the total reverse action is executed.

e Finally, when the process measurement goes below the deactivation value, then the
last third of the total reverse action is executed. The advantage of the stepwise
reverse actions is that normally it results in more smooth control compared to
making one large reverse action.

The advantage of Stepwise reverse actions is that process value over-swings in the op-
posite directions might be prevented.

[Stepwise reverse actions]is selected by setting the tick mark named Stepwise reverse
actions in the FECA configuration window under Control modes.

12.4.7  Fuzzy activation

The FECA algorithm allows what is called fuzzy activation. Fuzzy activation means that
the first control actions start when the process measurement is above the deactivation
value as shown in Fig. 45.
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Fig. 45: FECA Fuzzy activation

The first action, in other words will has already been executed when the process meas-
urement reaches the activation value. After the first action, the FECA algorithm works in
the same way as the basic algorithm, and the following actions are executed in steps
with the specified control interval between the adjustments.The advantage of fuzzy ac-
tivation is that early small adjustments may prevent the process value from reaching
[the activation v:}lue.Fuzzy activation is selected by setting the tick mark named Fuzzy
activation in the FECA configuration window under Control modes.

FECA scripts in practice
Often the FECA (FuzEvent Control Algorithm) scripts are configured to operate in pairs
or in quads for handling the same controlled process output value (e.g. Feeder speed,
Grate speed or PA Fan speed, etc.).

If configured for operation in pairs, one FECA script is Type 10: FECA GT, handling pro-
cess states where the measured process value(s) are larger than the target value or set-
point. The other is Type 11: FECA LT, handling process states where the measured pro-
cess value(s) are smaller than the target value or setpoint. They both control the same
process output variable.

If configured for operation in quads, two FECA scripts are Type 10: FECA GT, handling
process states where the measured process value(s) are larger than the target value or
setpoint. The others are Type 11: FECA LT, handling process states where the measured
process value(s) are smaller than the target value or setpoint. They all control the same
process output variable.

Typically, the two type 10 FECA GT scripts will be named “High <Process Value> <Con-
trolled Value>” and “Very high <Process Value> <Controlled Value>” whereas the two
type 11 FECA LT scripts will be named “Low <Process Value> <Controlled Value>"” and
“Very low <Process Value> <Controlled Value>".
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Eventx
[v |High steam flow
Primary air

Eventx
v |Low steam flow
Primary air

Eventx
v |Very high steam flow
Primary air

EventX
v Ve low stearm flow
Primary air

[v |High steam flow e
Primary air 2:1
v I Low kteam flow
Primary air 2;1
v 1Very high steam flow | ——
Primary air 20
v Ve low stearm flow | ——
Primary air 2,0

[v | High steam flow e
| Primary air 2:1
v | |Low steam flow e
| Primary air 21
v 1Very high steam flow | ——
Primary air 20
v | Ve low stearm flow
Primary air 2,0

Fig. 46: FECA scripts in quad configuration

The naming of the four FECA scripts in Fig. 46 follows this convention. They are shown in
three different situations:

e Left: The measured Steam Flow is within the Activation Limits of EventX 21 and 22.

e Middle: The measured Steam Flow is below the Activation Limit of EventX 22 and
this has become active.

e Right: The measured Steam Flow is below the Activation Limit of EventX 24 and this
has become active. Due to the priorities defined, that is EventX 21 and 22 have low-
er priority than EventX 23 and 24, EventX 21 and 22 are forced passive by reducing
their EVENTXWEIGHT value to zero.
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12.6 EventX type 13 (PID controller)
The PID control algorithm of FuzEvent is:
ACTIONVALUEL = Gain x (Ae+ Itime % e + Dtime(Ae — Ae._y )]
The Gain is the EventX property named “PID proportional gain”, the Itime is the proper-

ty named “PID integral time”, and Dtime is the property named “PID derivative time”.

12.7 EventX type 19: Raw material proportioning

The raw material proportioning algorithm of FuzEvent, which works in combination with
the Excel workbook named FuzProp.

13 The FUEL script language

13.1 FUEL introduction

The FUzzy Event Language (FUEL) is a specialised programming or script language for
implementation of high level control strategies based on the theory of fuzzy sets, which
was introduced by Professor Lotfi A. Zadeh in the mid nineteen sixties. A FuzEvent con-
trol strategy is composed of a mixture of calculation EventX components and control
EventX components.

Types of variables
FUEL works with three types of variables, i.e.:

Tag variables

Global variables

Local variables
Tag variables are used for communication with the container system, i.e. for exchange
of process measurements.

Global variables are variables, which may be used for exchange of data between differ-
ent EventX components within the same FuzEvent application.

Finally, Local variables can only be accessed from the EventX where they are defined.
Variables are defined by right click on the EventX number in the upper right corner of

the EventX symbol.

Frame color = EventX status Colour blue for
last selected EventX

Hide/show EventX [y h __EventX No.
the EventX — v | Check Eoo

L«
EventX Weight /EventX Value EventX Priority
EventX Name field (Group; Priority)

Variable values and constants in FUEL are all real number. The number 1 and 1.0 are
thus treated as the same number, and logical values are also represented by real num-
bers. A condition is true if the value of the condition is 1. If the value is different from 1,
then the condition is treated as false.

Arithmetic operators
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FUEL holds the following arithmetic operators:

*  Multiplication (priority 1)
/ Division (priority 1)
+ Addition (priority 2)
- Subtraction (priority 2)

The priorities are used to determine the order of execution as priority 1 operators are

executed before the priority 2 operators, unless parentheses change the order of execu-
tion.

X1 = SET + FR*DEL

First FR*DEL is calculated, after which SET is added to the result.
Parentheses are used to control the order of execution, e.g.:

X1 = (SET + FR) *DEL

First SET is added to FR, after which the sum is multiplied with DEL.
Parentheses are also used to increase the script readability.

Logical operators.
FUEL holds the following logical operators:
AND X1 AND X2 The resultis the smallest of X1 and X2
ORX1 OR X2 Theresultisthe largest of X1 and X2
GT X1 GT X2 Isequalto 1if X1>X2, else the resultis 0
GE X1 GE X2 Isequalto1ifX1>=X2, else the resultis 0
LT X1 LT X2 Isequalto1ifX1<X2, else the resultis 0
LEX1 LE X2 Isequalto1isX1<=X2, else the resultis0
EQX1 EQ X2 Isequalto1if X1=X2, else the result is 0
NE X1 NE X2 Isequalto 1if X1<>X2, else the resultis 0
All the logical operators have the same priority.

Examples:
DEFT = 02 LT 02 LL

DEFT isequal to 1if O2 islessthan 02 LI, else DEFT is equal to 0.
DEFT = (DEFT + 1)* (02 GE 02 HL)

DEFT is equal to DEFT+1 if 02 is greater than or equal to 02 HIL,
else DEFT is equal to 0

These examples show that in FUEL it is possible to combine arithmetic calculations with
logical expressions.

13.2 GOTO
Unconditional GOTO

The syntax is:
GOTO (LABNAME)

or
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GOTO LABNAME

where LABNAME is the name of a Label, which is defined by:

LABEL: LABNAME

The unconditional GOTO statement is used to jump to the line, which follows the LABEL
statement.
Example:

GOTO LAB10 When the GOTO line is executed, the
kK KoKk xkokkxkokkxkkk k% program jumps to the line after the
*Hkxkxkxkxx | ABEL: LAB10 statement.

* ok Kk x k kx

LABEL: LABI1O0
X =***

Conditional GOTO

The syntax is:

IF <condition> THEN GOTO (LABNAME)

or

IF <condition> THEN GOTO LABNAME

where LABNAME is the name of a Label, which is defined by:

LABEL: LABNAME

If the <condition> results in the value 1, then the next line to execute will be the line fol-
lowing the line with the Label. If the <condition> results in any other value than 1, then
the next that will be executed is the line immediately after the conditional GOTO. The
<condition> may be a logical expression, an arithmetic calculation or even a combina-
tion of logical and arithmetic expressions.

Example:

IF 02 LT O2L THEN GOTO LO2 If 02 is less than O2L, then
*xxxkkokkk ok xexecution will jump to the line

*xxx following the Label LO2:
LABEL: LO2

13.3 IF THEN/END IF
Conditional assignment
The syntax is:

IF <condition> THEN Varl=<Expression>

If <condition> is equal to 1 then the variable Varl is set equal to <Expression>, which
may be an arithmetic or a logic expression. If <condition> is different from 1, then the
value of Varl is not changed by this statement.

IF-THEN/END IF

The syntax is:

IF <condition> THEN

* Kk ok ok k k
* Kk ok ok k k

* Kk ok ok k k

END IF
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If <condition> is equal to 1 then, then the statements between IF and END IF are exe-
cuted. If, however, the value of <condition> is different from 1 then statements be-
tween IF and END IF are not executed.

It is possible to have conditional assighment statements nested in an IF-THEN/END IF
block, and it is possible to have other IF-THEN/END IF blocks nested inside each other,
i.e.:
IF <conditionl> THEN
IF <condition2> THEN
Linel
Line?2
END IF
Line3
Lined
END IF

If <condition1> is equal to 1 and <condition2> is equal to 1 then statements Linel and
Line 2 are executed. If <condition1> is equal to 1 and <condition2> is different from 1

then only Line3 and Line4 are executed. If both <condition1> and <condition2> are dif-
ferent from 1 then Linel, Line2, Line3 and Line4 are not executed.

When programming the EventX scripts, it is easy to mark the nested statements in an IF-
THEN/END IF block by using the Tab-character, as in the example above.

13.4 Fuzzy IF-THEN/END IF
Fuzzy IF-THEN

The syntax is:
IF <condition> THEN Varl=FUZZY (Singleton)
Where the argument of the function FUZZY is a so-called singleton.

The calculations involved in the execution of fuzzy rules are explained in details in sec-
tion “Fuzzy rules”. At this point, the following is emphasized:

A fuzzy output variable is not automatically reset to 0. A fuzzy output variable is the var-
iable following the THEN in a fuzzy control rule. This means the FUEL code must reset
the variable to O, if previous results and other EventX should not influence the result.

Example:

DAIR = 0
IF HIGH (02) THEN DAIR = FUZZY(1.5)
IF OK (02) THEN D *#*#**&&x*

If DAIR was not reset to 0, then DAIR from the previous calculations would have been
combined with all the future evaluations of this set of rules. This feature may be used to
build rule bases in different EventX instances, which work together.

In case of nested fuzzy rules it is necessary to specify that the condition should be treat-
ed as a fuzzy condition. This is done by setting the system variable FUZZYON equal to 1.

Example:

FUZZYON = 1
IF HIGH (FuzO2) THEN
IF NOT (HIGH (FuzTemp)) THEN
DAIR = FUZZY (1)
END IF
END IF
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In this example, the statement FUZZYON = 1 ensures the nested rules will be evaluated
even if FuzO2 is not high in degree 1. If FUZZYON = 1 was not included, then the nested
rule

IF NOT(HIGH(FuzTemp)) THEN DAIR = FUZZY(1)
would only have been executed if HIGH(FuzO2) had the value 1. For details about evalu-
ation of fuzzy rules, please refer to section “Fuzzy rules”.

13.5 Standard membership functions
FUEL includes standard membership functions of the shoulder type, which all are de-
fined on the interval from —1 to +1. The figure below shows the membership functions,
and Table below the functions gives the parameter values, as each function is defined
by four parameters P1, P2, P3, and P4, where P1 is the leftmost parameter.

Fig. 47: Standard membership functions
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The exact values of the four parameters P1, P2, P3, and P4 are shown the table Stand-
ard membership functions in Fig. 48

Standard membership functions

Name Meaning P1 P2 P3 P4
LOwW Low -99999 -999 -0.75 0.0

OK Ok -0.8 -0.5 0.5 0.8
HIGH High 0.0 0.75 999 99999
LNEG Large negative -99999 -999 -0.85 -0.2
MNEG Medium negative -1.05 -0.75 -0.5 0.05
SNEG Small negative -0.9 -0.5 -0.25 0.15
ZNEG Zero negative -0.45 -0.2 -0.05 0.2
ZERO Zero -0.5 -0.25 0.25 0.5
ZPOS Zero positive -0.2 0.05 0.2 0.45
SPOS Small positive -0.15 0.25 0.5 0.9
MPOS Medium positive -0.05 0.5 0.75 1.05
LPOS Large positive 0.2 0.85 999 99999

Fig. 48: Table of Standard membership functions

13.6 Fuzzy control rules

The following examples illustrate how fuzzy control rules are evaluated in FuzEvent. A
fuzzy control rules has the syntax:

IF <condition> THEN OUTVAR=FUZZY (VAR)

where <condition> is an expression, which is composed of membership functions
and fuzzy logic operators. OUTVAR is the fuzzy output variable and FUZZY (VAR) is a
so-called singleton at the position VAR . An example of a fuzzy control rule is:

IF HIGH(INCR) AND LOW(TEMP) THEN DAIR = FUZZY (2.3)

HIGH (INCR) AND LOW (TEMP) results in a degree of fulfilment DFUL, which is a
number between 0 and 1 that expresses to what degree INCR is high and TEMP is low.
The contribution to DAIR from the above mentioned rule is a singleton at position 2.3
with the height equal to DFUL.

Simple set of fuzzy rules

The following is a simple set of fuzzy rules:

0.88IF HIGH(INCR) THEN DAIR = FUZZY(2.3)
0.32IF OK (INCR) THEN DAIR = FUZZY (0)
0.0 IF LOW(INCR) THEN DAIR = FUZZY(-1.8)

The numbers to the left of the rules show the degree of fulfilment. The first rule, in oth-
er words, is fulfilled in the degree 0.88, which means that INCR is high in the degree
0.88. INCR is ok in the degree 0.32, and it is low in the degree 0.0. The result of the first
rule is a singleton at position 2.3, and with a height on 0.88. The second rule is a single-
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ton at position 0.0 with the height 0.32, and the last rule results in a singleton at —1.8,
but with the height 0.

The combination of the three rules is calculated as a sort of weighted average of the in-
dividual results, i.e.

DAIR = (0.88*2.3 + 0.32*%0)/(0.88 + 0.32) = 1.69
DAIR = (MaxDegree*DAIR + 0.0*(-1.8))/ (MaxDegree + 0.0) = 1.69

Where MaxDegree is the largest degree of fulfilment of the previous rules.

DAIR, in other words, is a compromise between the first and the second rule, where
rule No. 1 will have a larger influence then rule No. 2, because rule No. 1 has a higher
degree of fulfilment than rule No. 2.

Nested set of fuzzy rules

The following is an example of so-called nested fuzzy rules:

FUZZYON = 1
0.4 IF HIGH(X1) THEN

1.0 IF NOT (LOW(X2)) THEN
0.4 DAIR = FUZZY (1)
END IF
END IF
1.0 IF OK(X1l) THEN
0.7 IF LOW(X3) THEN DAIR = FUZZY(0.7)
END IF

IF LOW(X4) THEN DAIR = FUZZY(-0.1)
0.667 W = DAIR

The line values show:

X1 is high in the degree 0.4
X2 is not low in the degree 1.0

FUZZY(1) will have a weight of 0.4, which is the degree of fulfilment of the first set of
nested rules.

X1 is OK in the degree 1.0
X3 is low in the degree 0.7
X4 is low in the degree 0.13.

Note! FUZZYON = 1 isinserted to mark that the following IF-THEN rules are to be
treated as fuzzy rules. This means that even if the condition is different from 1, then the
statements after the IF will be executed.

The rules are combined in the following way:

DAIR = (0.4*1 + 0.7*0.7)/(0.4 + 0.7) = 0.809
DAIR = (MaxDegree*0.809 + 0.13*(-0.1))/ (MaxDegree + 0.13)
(0.7%0.809 + 0.13*(-0.1))/(0.7 + 0.13) = 0.667
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14 The FUEL Functions

14.1 ABS
ABS(var)

This function returns the absolute value of the variable var.

Example:

1 AVR = -23
1 ABVAR = ABS(l VAR)

The value of |_ABVAR will be 23.

14.2 CLOSE
CLOSE

The syntax is:
CLOSE ("WorkbookName”, “WorksheetName”, mode)

This function is used close the referenced Excel Workbook and Worksheet. The mode
parameter can have one of the following three values:

0 The workbook is closed

1 The workbook is saved with the name “WorkbookName”_ddmmyy_hhmmess.xls be-
fore it is closed

2 The workbook is saved with the name “WorkbookName”_ ddmmyy_hhmmss be-
fore.xls it is closed, and a new empty workbook is opened with the name “Workbook-
Name” xls

Example:
CLOSE(“FuzPropReport”,”SHEET1”,2)

This CLOSE statement saves the worksheet ”"SHEET1"”, of the workbook “FuzPro-
pReport” inafile with the name FuzPropReport ddmmyy hhmmss.xls, af-

ter which it opens an empty workbook/worksheet with the name “FuzPropRe-
port” .x1ls/”SHEETL1”

14.3 DAY
DAY

The syntax is:

Var = DAY (TIMER)
This function returns the current day, e.g. 4 for Wednesday.
14.4 EVAL
EVAL(Var)
This function returns the EVENTVALUE of the EventX with the number var.

Example:
g EVVAL = EVAL(4)
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The value of the Global variable g AVVAL is set equal to the EVENTVALUE of EventX No.
4,

14.5 EVENTX
EVENTX
The syntax is:
Var = EVENTX (XNo, PropName)

This function returns the current value of PropName for the EventX component with the
number XNo.

Example:

1 EVAL = EVENTX (6,EVENTVALUE)

The value of |_EVAL will be equal to the EVENTVALUE of EventX No. 6
1 CINTRV = EVENTX (21, CONTROLINTERVAL)

The value of |_ CINTRV will be equal to the CONTROLINTERVAL of EventX No. 21

14.6 EXECUTE_TYPE
EXECUTE_TYPE
The syntax is:
EXECUTE TYPE

The EventX property named “EventX type” refers to a pre-programmed control algo-
rithm, which is executed from the EventX script by the statement EXECUTE TYPE

Normally the structure for application of one of the EventX type algorithms is:

e Prepare input variables for the control algorithm

e Execute the EXECUTE TYPE statement

e Perhaps evaluate the results of the control algorithm. The results are returned from
the control algorithm in the properties ACTTONVALUE1, ACTIONVALUE?Z, etc.

The EventX type property is defined in the browser. The default EventX type is 0, which
does not refer to any pre-programmed algorithm.

The pre-programmed control algorithms are described in section 12.1 EventX type algo-
rithms.
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14.7 FUZZY
FUZZY(Var)

Fuzzy singletons are used as control actions, i.e. following the THEN statement of a
fuzzy control rule. A Singleton is a special type of membership functions with a value dif-
ferent from 0 in only one point.

The syntax is:
FUZZY (VAR) which creates a singleton at the position VAR.

FUZZY (0.7) will create a Singleton at position 0.7 as shown in Fig. 49.

AFUZZY(VAR)

| 0 |
| > VAR
-1 0.7 1

Fig. 49: Fuzzy singleton creation using FUZZY(VAR)

Example:

IF LOW(l FUZO2SP) THEN 1 DO2SP=FUZZY (0)

IF MNEG(l FUZO2SP) THEN 1 DO2SP=FUZZY (0)

IF SNEG(l FUZO2SP) THEN 1 DO2SP=FUZZY (0)

IF ZERO (1l FUZO2SP) THEN 1 DO2SP=FUZZY (0)

IF SPOS (1l FUZO2SP) THEN 1 DO2SP=FUZZY (-0.3)
IF MPOS (1 FUZO2SP) THEN 1 DO2SP=FUZZY (-0.6)
IF HIGH(l FUZO2SP) THEN 1 DO2SP=FUZZY (-1)
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14.8 FUZZYFY
FUZZYFY (Definition of membership function and fuzzyfication)
The syntax is:

varFz = FUZZYFY (var,Pl,P2,P3,P4)

This function transforms a variable into the interval from —1 to +1, using the member-
ship function of the shoulder type, which is defined by the four function parameters as
shown in Fig. 50.

AFUZZYFY(VAR, P1, P2,P3,P4)

| | | | =
P1 P2 P3 P4

Fig. 50: Fuzzy membership creation using FUZZYFY

Example:
g FZTQETREND = FUZZYFY (1l TQETREND,-10,-8,8,10)

14.9 HOUR
HOUR
The syntax is
Var = HOUR (TIMER)

This function returns the current hour, e.g. 10 for 10:33:10

14.10 LIMIT_CHECK
LIMIT_CHECK
The syntax is:

VAR = LIMIT CHECK(TAG_SP,ACT,LL,HL)

Where TAG_SP is the Tag (Global or Local), which holds the set point for which the lim-
its apply. ACT is the change that will be added to TAG_SP, and LL and HL are the low lim-
it and the high limit respectively. The value of VAR is either equal to ACT or it is equals
the value by which the sum of TAG_SP and VAR is equal to the low limit or the high lim-
it. In other words TAG_SP + VAR is not above the high limit or below the low limit.
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Example:

ACTIONVALUEI=LIMIT CHECK(t GRATESPEED, ACTIONVALUEl,g LL,g HL)
t GRATESPEED = t GRATESPEED + ACTIONVALUEL

This ensures that t_GRATESPEED is in the interval [g_LL,g_HL].

14.11 LOG_ACTIONS
LOG_ACTIONS
The syntax is:

LOG_ACTIONS (“Text”,varl,var2)

This function is used to insert a message in the “Message list” of the Browser. Typically
this function is used to insert a message about a control action, where “Text” explains
about the action and varl is the old value of the control point, and var2 is the new value

Example:
LOG_ACTIONS (“Change of kiln feed”,g FEED OLD,g FEED NEW)
This message is display in the “Message list” of the Browser in the following way:

a3 402005 1:35:31 PM Z11&mdeWEm@eﬂHMmdﬁiﬁ1ﬁl

showing date, time, FuzEvent application No., EventX No., and the LOG_ACTIONS pa-
rameters.

14.12 LPOS, MPOS, SPOS etc.
Membership functions

The standard membership functions in FUEL are described in section 13.5 Standard
membership functions.

The syntax is

LPOS (var), MPOS(var), SPOS(var), ZPOS(var), ZERO(var), 4ZNEG(var),
SNEG (var), MNEG(var), LNEG(var), HIGH(var), OK(var), LOW(var)

The argument var has a value between -1 and +1, which is the definition interval for the
standard membership functions. Normally, a variable is first fuzzyfied, i.e. transformed
into the interval from [-1,1] by using the SCALE function

Example:

IF LOW(l FUZO2SP) THEN 1 DO2SP=FUZZY (0)

IF MNEG(l FUZO2SP) THEN 1 DO2SP=FUZZY (0)

IF SNEG(l FUZO2SP) THEN 1 DO2SP=FUZZY (0)

IF ZERO (1l FUZO2SP) THEN 1 DO2SP=FUZZY (0)

IF SPOS (1l _FUZO2SP) THEN 1 DO2SP=FUZZY (-0.3)
IF MPOS (1l FUZO2SP) THEN 1 DO2SP=FUZZY (-0.6)
IF HIGH(l FUZO2SP) THEN 1 DO2SP=FUZZY (-1)

14.13 MINUTE
MINUTE

The syntax is

Var = MINUTE (TIMER)

This function returns the current minute, e.g. 33 for 10:33:15
14.14 MONTH

MONTH
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The syntax is

Var = MONTH (TIMER)

This function returns the current month, e.g. 3 for March.

14.15 OPEN
OPEN
The syntax is:
OPEN (”"WorkbookName”, “"WorksheetName”)
This function is used open the referenced Excel Workbook and Worksheet.

Example:
OPEN (1_FUZPROPREPORT,1 SHEET1)

This OPEN statement opens the worksheet “SHEET 1”,of the workbook
“FuzPropReport”.

14.16 PWR
PWR
The syntax of the power function is

X1 PWR N
which calculates X1 in the power of N.

Example:
X1 PWR 0.5

Calculates the square root of X1, i.e. VX1

14.17 RETRIEVE
RETRIEVE
The syntax is:

RETRIEVE ("WorkbookName”, “"WorksheetName”, row, column, var)

This function is used to retrieve the value(s) from the row,column(s) of the refrenced
Excel workbook and worksheet, and assign the retrieved value to the variable var. The
referenced workbook must be loaded, which is done from the Excel menu item on the
application window. If the variable is an array, then all the array elements are retrieved
from column, column+1, column+2 etc.

Example:
RETRIEVE (“FUZPROP”, "DATA”,3,11,g LSF M)

This RETRIEVE statement retrieves the value from row 3, column 11 of the worksheet
named “DATA” in the workbook named “FUZPROP”, and assigns the retrieved value to
the Global variable g LSF M.

14.18 RND
RND
The syntax is:

var = RND (1)
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This function generates a random number in the interval from 0 to 1. The parameter i is
an initial value in the random number sequence. A typical value foriis 1.

14.19 RUN
RUN

The syntax is:

RUN (EVENTXNO)

where EVENTXNO is the number of the EventX that should execute. The RUN statement
is typically used in connection with an EventX that has the ScanTime property equal to
0. Another EventX may schedule one execution of this EventX.

Example:

RUN (5)

If this statement is included in e.g. EventX No. 11, and EventX No. 5 has ScanTime equal

to 0, then EventX No. 11 makes EventX No. 5 run once every time the RUN(5) statement
is executed in EventX No. 11

14.20 SCALE
SCALE(var,varlLL,varSP,varHL)
The syntax is:
varFz = SCALE (var,varLL,varSP,varHL)

This function transforms the variable var into the interval from -1 to +1. The operation is
also named fuzzyfication of the variable var. The transformation interval is defined by
the arguments varLL, varSP, and varHL, and the transformation is shown in the figure
below. It is paramount that varLL < varSP < varHL.

AvarfFZ

Fig. 51: SCALE function

Example:
g FZTQETREND = SCALE (1l TQETREND,g TQETREND LL,0,g TQETREND HL)
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14.21 SECOND
SECOND

The syntax is:
Var = SECOND (TIMER)

This function returns the current second, e.g. 15 for 10:33:15

14.22 SHIFTUP
SHIFTUP(Avar(e),var)

This function shifts array elements. The argument Avar(e) refers to the array element
that will be lost, and the value of var is put into the array element with the highest ele-
ment No.

The syntax is:

SHIFTUP (Avar (e),var)

Example:
SHIFTUP (1 TEMPARRAY (1),t COOLERTEMP)

Suppose the array | TEMPARRAY has 6 elements, i.e.:

Element Value

1. 123.2
2. 133.2
3. 1120
4. 110.3
5. 1151
6. 120.1

If the value of t_COOLERTEMP is 113.7, then the array values after the SHIFTUP opera-
tion are:

Element Value

1. 133.2
112.0
110.3
115.1
120.1
113.7

ok wnN

Note! Itis possible to shift a part of an array by specifying a different element No. than
1.

14.23 SHOW_VALUE
SHOW_VALUE

The syntax is:
SHOW VALUE (“Text”,var, Line, Page)

This function is used to display the value of a variable on the EventX property page,
which is display by click on the EventX name of the EventX symbol on the application
window, i.e.
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EventX pr
Help

Trend calculations |[HEGREEENIIEEE v

Excel (10 sec

EventX properties EventX properties User defined
Name | Value || | Name l Yalue Name ] Yalue
Eventx name Trend calculations Ex... 02 Raw 7
Eventx No. 3 02 Filtered 7.00000000
EventX type 0 02LT trend 0 02LT Awvr %
Scan time [sec.) 10 02 MT trend 0 02 MT Awr 7
Control interval (min.) 0 02 ST trend 0 02 ST Awr 7
Control counter [min.]  14.8333333
Priority group 0 Steam Flow B6.95
Priority 0 Steam LT trend 0 Steam LT Awr B6.9493399
Eventx value 0 Steam MT trend 0 Steam MT Awr B6.95
Eventx status 1 Steam ST trend ] Steam ST Awvr B6.95
Weight factor 1

Fig. 52: Real time display of values using SHOW_VALUE

The display window is divided into three pages. Page No. 1 is the leftmost page. The
Page parameter may have the value 2 or 3, whereas the Line parameter may have a val-
ue between 1 and 28, corresponding to one of the 28 lines on each page.

Example:

SHOW VALUE ("Steam ST Avr",g STEAM ST AVR,10,3)

This SHOW_VALUE displays the text “Steam ST Avr”, and the value of g STEAM_ST_AVR
in the 10" line of page No. 3, as shown in Fig. 52.

14.24 START
START

The syntax is:

START (EVENTXNO)

where EVENTXNO is the number of the EventX that will be started.
14.25 STOP

STOP

The syntax is:

STOP (EVENTXNO)

where EVENTXNO is the number of the EventX that will be stopped.
14.26 STORE

STORE

The syntax is:
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STORE (”"WorkbookName”, “"WorksheetName”, row, column, var, mode)

This function is used to store the value(s) of the variable var in the row,column(s) of the
referenced Excel workbook and worksheet. The referenced workbook must be loaded,
which is done from the Excel menu item on the application window. If the variable is an
array, then all the array elements are stored in column, column+1, column+2 etc.

The mode parameter can have the value 0 or 1. If mode is O, the value(s) is stored in
row,column. If mode is 1, then data and time are automatically added in front of the
value(s) in column and column+1, and the value(s) is stored in column+2.

The STORE statement may be used to trigger a calculation, which has been programmed
in VBA of Excel. The calculation is triggered from FuzEvent by storing a value in a certain
cell, which activates e.g. a sub-program of the type:

Private Sub Worksheet SelectionChange (ByVal Target As Range)
Example:

STORE (“FuzProp”, “DATA”,6,4,g SAND LL,0)

This STORE statement stores the value of the global variable g SAND_LL in row 6, col-

umn 4 of the worksheet named “DATA” in the workbook named FuzProp.

14.27 TIMER
TIMER

TIMER is a system variable that holds the current date and time.

TIMER is used as argument in the functions YEAR, MONTH, DAY, HOUR, MINUTE and
SECOND.

FuzEventManual 07-03-2013 Rev02.doc 73 of 108




Automation

FuzEvent® Afuyang

14.28 TREND
TREND(avar(EINo),NOVAL)

This function is used to calculate the trend of a variable from data, which are stored in
an array. The syntax is:

TREND (AVAR (E1No) , NOVAL)

where AVAR(EINo) is the first array element, which enters the trend calculation, and
NOVAL is the number of elements from the array that will be used in the trend calcula-
tion. The array AVAR must be organized so that the newest value is the last element of
the array. The function SHIFTUP will maintain an array so that it can be used directly in
the trend calculation.

The trend calculation is done by approximating the real signal, which is represented by
the data in the array, by a regression line. The time interval is thus determined by the
time interval between storage of data in the array, and the number of elements in the
array. The trend calculation is illustrated in Fig. 53

Avar

» Time

A
A\ 4

Time interval

Fig. 53: TREND function

Often long term trends are calculated using an external Excel spreadsheet to limit array
sizes.

14.29 YEAR
YEAR

The syntax is:

Var = YEAR (TIMER)

This function returns the current year, e.g. 2012

FuzEventManual 07-03-2013 Rev02.doc 74 of 108




Automation

FIIZEVEIIt® AFuyang

15  FuzEvent used in a WtE plant, example and breakdown

The following example is derived from a Waste to Energy plant with two combustion
lines burning household waste. Each boiler has a nominal steam capacity of 13 tonnes
per hour. On this plant, FuzEvent is installed on a separate desktop computer with its
own screen, keyboard and mouse.

FuzEvent controls:

o The feeding of waste into the furnace by controlling the frequency of the feeder
pusher strokes.

e The primary- and secondary air flows by controlling the speed of the primary- and
secondary air fans.

FuzEvent controls both combustion lines and therefore consists of two applications,
named Oven 1 and Oven 2.

The implementation is done so that the existing Scada/DCS system can take over these
controls from FuzEvent at any given time, e.g. during start-up or shut down.

The FuzEvent operator screen for one combustion lines is shown below:

Fig. 54: FuzEvent operator screen for one line
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15.1

FuzEvent application overwiew
The EventX scripts in an application are divided into groups: Auxiliary functions, Feeder

speed control tasks and Primary air / Secondary air control tasks.

Browser Header Show Windows Excel
Login
Administrator Fremty -
[w [ atch dog & ACC _—
TEST Override 0:0
Owenl
Eventy 2
Bumpless =
¥ 0.0
Owen2
Frvenlk’ 3
[w | Trend calculations o
Excel (10 sec base] ;0
Fventy 4
¢ || Check ]
i 0:0
Eventy 5
v || Filter, 140 & Resktance | |—
00
Eventy g
[w | Grate resiztance —
Grate speed LL 0.0
Frventy g
[w |Flame position —
parameters ﬂ
Fvenly q
[w [ Data to/from i< —
Data to VOO 0:0
Dublix LrenX T g
Aol Reporting —
———Engineering | |V 00

Datalog  Trend Help
Eventy 1 Fvenly’ 71
[w I High steam flow — v || High steam flow ]
Grate speed 1.0 Prrirnary air 2:1
Eventy’ 12 Eventy 72
[ | Low steam flow —— | | Low steam flow —
Grate speed 1.0 Prirnary air 21
Fvaalk’ 13 Frestk’ 79
[ 1Wer high steam flow | —— [ Ve high steam flow | ——
Grate speed 14 Prrirnary air 20
Eventk’ Fventy
14 24
[w | Mery low stear flow —— Ve low steam flow —
Grate speed i Primary air ﬂ
Eventy 15 Fvenly 95
[ |Change of grate speed . ——— [ | Change of Primary &ir | ——
from 02 Trend 0a from 02 Trend 0:0
Eventy 98
v | Change of Primary &ir | ——
fram furnace pressure || 0.0
Eventy
- . 27
v | Change of primany air | ———
from high/low 02 00|
Eventx’ 18 Fventk’ W
[w | Feeder speed kick — W [ EPI Readiwiite —
wher low Steam Flow || 0.0 0:0
Eventy 19 Fvenly a9 Eventy’ Er
v |'waste quality —— | | High/Low P& flow [w | Secondary Air —
0a Prrirnary Air 0:0 Difference Cantral 0:0
Eventy’ a0 Eventy IED Eventk’ 4
v || Grate speed control = v || Primary Air control [ || Calc. Feeder B ——
0.0 0.0 torvement 0:0

15.2 EventX scripts for auxiliary functions

Fig. 55: Example of a FuzEvent application

In the example in Fig. 55 the EventX scripts numbered 1 to 10 and 38 are auxiliary func-
tions performing the following tasks:

EventX |Naming Task

1 Watchdog & ACC Communication supervision and Accepted Computer
Type 1 |TEST Override Control.

2 Bumpless Handling transfer of control between FuzEvent and the
Type 1 plant DCS

3 Trend Calculations | Calculating trends and average values of measured
Type O |Excel (10 sec Base) |(input) or calculated values.

4 Check Switching controllers in DCS between Auto and Manual
Type 1 modes

5 Filter, I/O & Re- Reading measured values from DCS TAGS, filtering val-
Type 0 |sistance ues and writing them to Global variables. Calculating
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EventX |Naming Task

the grates resistances.

6 Grate resistance Calculating offsets to feeder speed and PA fan from
Type O |Grate speed LL Grate resistance. The purposes are to protect the fur-
nace from waste over feeding, and to protect the grate
from exposure to high temperature when the waste
layers are thin.

8 Flame position pa- | Calculating offsets to feeder speed and PA fan from
Type 0 |rameters operator indicated flame position. The purpose is to
slow down the grate or to redirect air when the flame
front is too far forward, i.e. there is risk of un-burnt
waste falling into the slag chute.

9 Data to/from iFIX Reading data from and writing data to the iFIX HMI.

Type 1 |Datato IVOO Writing auxiliary data to the plant DCS

10 Reporting Sampling of data, calculating averages and collect them
Type 0 to day reports.

38 KPI Calculation of long term Key Performance Indicators for
Type 1 presentation in the iFIX HMI.

15.2.1  EventX 1: Watch dog & ACC, TEST Override

Every 5 seconds the watch dog counter is increased by 1. See Fig. 56. When the counter
reaches 1000, the value is reset to 0. The watch dog counter value is sent to the Tag
named KOMMUNIKATIE_FUZEVENT in the SRV_IVOO-PDB of SRVSUBO1.

Every 30 seconds, a VBA script in SRVSUBO1 checks that the value of FZ_ WATCHDOG
has changed. If the value has not changed, an alarm is generated, and FuzEvent is
switched OFF automatically.

The signals t Fz MASTER, t FZz FEEDERand t Fz AIR coming from SRVSUBO1 are
mirrored backas t Fz MASTER ACC,t FZ FEEDER ACCandt Fz AIR ACC, where
ACC stands for Accepted Computer Control. Conditions for switching to FuzEvent opera-
tion can be programmed here.

! *** ACC signals to IVOO Scada ***
! If conditions for ACC's exist, insert them here

v

t OVl FZzZ MASTER ACC=t OVl FZ MASTER
t OVl FZ FEEDER ACC=t OVl FZ FEEDER
t OVl FzZ AIR ACC=t OVl Fz AIR

't OV1 FZ WATER ACC=t OV1 FZ WATER

Note! Only the Oven 1 application sends a watch dog signal to SRVSUBO1.
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To test the open loop performance of FuzEvent, EventX 1 gives access to three global
tags: g TEST GRATE (#TEST FzFeeder0/1), g TEST AIR (H#TEST Fz Air0/1) and

g TEST WATER (HTEST Fz Water 0/1). These MUST be set to zero during normal opera-
tion.

User defined

Name l Value
Watchdog 611

FZ Master f_Scada 1
Master ACC »Scada 1
FZ Feeder f_Scada 1
Feeder ACC >Scada 1
FZ &irf_Scada 1
Air ACC »Scada 1
FZ water f_Scada 0
Water ACC >Scada 0

(HTEST Fz Feeder 041 O
HTEST Fz Air 0/1 0
(HTEST FeWater 01 0

Fig. 56: EventX 1 properties

15.2.2 EventX 2: Bumpless

This script ensures bumpless transfer from non-FuzEvent control to FuzEvent control,
which means that FuzEvent starts with the current values for waste feeder speed, pri-
mary air and secondary air controller outputs, which were present just before the oper-
ator switched FuzEvent ON.

|Jzer defined

REI= | Yalue
Fz Mazter f_Scada 1
Fz Feeder f_Scada 1
Fz &ir f_Scada 1
Fz'wiater f_Scada ]

#P& Fan Min by OFF 15
#54 Fan Min by OFF 25

Fig. 57: EventX 2 properties

The two parameters, #PA Fan Min by OFF and #SA Fan Min by OFF are the minimum
speeds assigned to the PA- and SA fan speed outputs when switching from DCS to Fuz-
Event control.
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15.2.3 EventX 3: Trend calculations Excel (10 sec base)

Excel workbooks are running in the back ground, which are used for average and trend
calculations. The name of the work books are Trend_Calcull.xls for Oven 1 and
Trend_Calcul2.xls for Oven 2.

The work books are stored in the folder C:\Program Files\data\FuzEvent_V4\FuzEventO.
Average and trend calculations are made for the following signals:

e 02

e Steam flow

e Grate speed

e Gratel, 2,3 & 4 resistances.

Trends are expressed as change per minute in the unit of the signal. E.g. Steam flow is
measured in t/h, a trend of 0.2 means that the Steam flow changes by 0.2 t/h per mi-

nute.
Help
Trend calculations | NAIES
Excel (10 sec
Events properties Eventx properties Uszer defined
Marne | Y alue REL:! Walue M ame alue
Event¥ name Trend calculations Ex.. 02 LT 10" trend -0.0626652 0ZLT 1HR average 794518272
Eventx Mo, 3 02 MT 5" trend 0.03623032 DZLT 10" average 772950819
Events type 0 025T 2'trend 015780219 02 MT &' average 7 03225806
Scan time [sec.) [} 02 5T 2" average 7 R7E32307
Contral interval [min] - 0 Steam LT 10 trend 00442622 02 Filtered a5
Control counter (min.] — 113.493333 Steam MT B trend 0
Priarity group 0 Steam ST 2' trend 0 Stearn LT THR aver... 13.79071029
Pricrity 0 Steamn LT 10" average 13.6685409
Event value 0 GSpeed LT 2HR av.. 155595657 Steamn MT 5 average 13521
Event status 1 GSpeed MT 20' ave.. 154908526 Steam 5T 2' average 13521
‘Wweight factor 1 GSpeed MT 20" avg.. 06772128 Steam Flow Filtered 13.921
G1 Resist 10" average  32.8119163 Scan ratio for trend [

G1 Resist 100 trend 0.057E1HE
GZ Resist 100 average 314987452
G2 Resist 10' trend 0.08621483
G3 Resist 10" average  30.1856083
G3 Resist 10' trend 0.05442418

Fig. 58: EventX 3 properties

To facilitate commissioning and supervision of the FuzEvent control system, the results
of the EventX 3 calculations are shown in Fig. 58 by programming the SHOW VALUE
function. A few lines are shown below:

SHOW VALUE ("02 LT 10' trend",g 02 LT TREND,1,2)
SHOW_VALUE ("02 MT 5' trend",g 02 MT TREND,2,2)
SHOW_VALUE ("02 ST 2' trend",g 02 ST TREND, 3,2)
SHOW VALUE ("Steam LT 10' trend",g STEAM LT TREND,5,2)
SHOW VALUE ("Steam MT 5' trend",g STEAM MT TREND, 6, 2)
SHOW VALUE ("Steam ST 2' trend",g STEAM ST TREND,7,2)
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The fuzzyfied 20 minutes average feeder speed is calculated in stored in the Global vari-
able named g GRATE SPEED_FZZ. The fyzzyfied average feeder speed has a value
between -1 and +1, and it is calculated as shown in Fig. 59, using the SCALE instruction
described in section 14.20.

4 0_GRATE_SPEED_FZZ

+1

Low limit Feeder

> speed

High limit

Fig. 59: Fuzzyfication of 20' average feeder speed

The script code is shown below:

1 I=0.5* (g _GRATE SPEED HL-g GRATE LL PROD)+g GRATE LL PROD
g GRATE SPEED FZZ=SCALE (g GRATE SPEED MT AVR,g GRATE LL PROD,1 I,
g GRATE SPEED HL)

15.2.4 EventX 4: Check

Not used in this application example.
Normally used to switch the plant DCS main PID controllers to:

e Manual mode when FuzEvent is switched on.
e Automatic mode when FuzEvent is switched off.

15.2.5 EventX 5: Filter, 1/0 & Resistance
This script filters the following signals:

o 02 t_ OV1_02_001->g 02
e Steamflow: t_OV1_FIA_021 - g STEAMFLOW
o Air flows:t_OV1_FIC_001 - g_PAIR_FLOW
t_OV1_FIC_003 - g_SAIR_FLOW
e Furnace temperature t_OV1_TICA_003 - g_ FURNACE_TEMP

In addition, the script calculates the filtered furnace pressure and the filtered under
grate pressures.
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Finally, the grate resistances are calculated for grates 1 to 4 from the filtered values, us-
ing the formula:

AP

RESISTANCE= —«———
PairFlow? + T

Where:

e AP is the pressure drop over the grate, i.e.
AP = (under grate pressure) — (furnace pressure).

e PAirFlow is the primary air flow

e Tis the absolute primary air temperature

e Kis a constant to bring the resistance in the range 0 to 100 ‘ohm’ during normal op-
eration.

The grate resistance gives an accurate indication of the waste layer thickness on each
grate, largely independent of the air flow.

15.2.6  EventX 6: Grate resistance, Grate speed LL

Fig. 60: Operator input fields in iFIX

Fromthetag, t G1 RESIST HL — g Gl RESIST HL, marked in Fig. 60, a number of
other global resistance limit variables are calculated from local parameters:

e g Gl RESIST SP from g G1 RESIST HL and #Delta forres SP f_HL
e g Gl RESIST LL from g G1 RESIST HL and #Delta for low res f_HL
e g Gl RESIST VH from g G1 RESIST HL and #Delta for VHires f_HL

Similar calculations are made for the grate 3 resistance, but are presently not used.
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EventX properties Jser defined
Name l Value Name [ Value
41.00061 Delta grate LL [f_ 02) 101729621
G1 Resist HL f_ifix 36.00061 Max delta arate LL 30
G1 Resist SP 28.00061
G1 Resist LL 24.00061 Grate speed FZZ -0.6740586
G1 Resist Act 33.2173656 Gain on AVR speed 10
G1 Resist Fzz 0.65209445
G1 High Resist Flag 0 Speed from L Resist 0
Delta GSpeed HL on Highres  -50
G3 Resist HL f_ifix 31.99569 RGain on low res 15
G3 Resist SP 25.99963 HGain on high 02 1.2
G3 Resist LL 19.99969 #Delta for low res f_HL 12
G3 Resist Act 30.6120820 H#Delta for res SP f_HL -8
G3 Resist Fzz 0.76873201 #Delta for Vhires f_HL 5
HKick-factor 1

Fig. 61: EventX 6 values & parameters

This script also calculates global values, which are used in the control of the feeder
speed. The values are:

® g Gl RESIST FzZz.Fuzzyfied value of Grate 1 resistance.

e g D GRATE LOW RESIST. This Global variable holds an increase of the feeder
speed, calculated from the fuzzyfied grate 1 resistance, if:

[Grate 1 resistance is below the calculated g G1 RESIST SP]
The parameter #Gain on low res determines how large the increase in feeder
speed will be if the abovementioned rule is fulfilled.
A further contribution to g D GRATE LOW RESIST is calculated from
g 02 Fzzif:
[Grate 1 resistance is below the calculated g G1 RESIST SP]AND [O,is
above the 02 set-point].
The magnitude of this O, High contribution is controlled by the parameter #Gain
on high 02

e g D 02 LL. This Global variable hold a positive offset for the feeder speed low
limit. The rule for increase of the feeder speed low limit is:

[Average feeder speed is low] OR [[02 is above the 02 set point] AND
[Steam flow is below the steam flow set point]]

e g Gl HIGH RESIST. Iscalculated as alogical flag for too high grate 1 resistance.
If the grate 1 resistance is above the Grate 1 resistance high limit, the flag is 1, else
itis 0.

The operator may change the Grate 1 resistance high limit, by changing the number on

the white back ground as marked in Fig. 60. Increasing this value will increase the layer

thickness on grate 1, and subsequently the layer on grates 2 to 4. The value should be in

the range 25 to 40 ohm.

15.2.7 EventX 8: Flame position parameters

The idea is to adjust the Flame Position number in the lower right corner of the opera-
tors screen to indicate the position of the fire. The nearer the flame front is to the ash
hopper the higher the number should be.
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This feature in the FuzEvent system is mainly used when the flame front is too near to
the front, resulting in un-burned waste in the hopper.

This result in the internal steam set-point is reduced proportionally by to a maximum
given by the parameter Max Delta (normal value: -2.0), when the Flame Position num-
ber is varied between 60% and 100%.

This results in a lower feeder speed and a higher primary air flow.

When the situation has normalized, the operator can then write the number back to its
normal 50%

Flame position
50 %

15.2.8 EventX 9: Data to/from iFIX

This script is used to read from and write data to iFIX in the FuzEvent PC and to write
auxiliary data to the plant DCS.

15.2.9  EventX 10: Reporting

This script writes report data to an Excel spread sheet. A report has been defined for
each combustion line, and the reporting period is from midnight to midnight. The re-
ports are saved in the folder:

C:\Program Files\FuzEvent_V4\data\Reports

For Oven 1, the report name has the following format:
FuzEvent_Reportl_20110514 235915

For Oven 2, the report name format is
FuzEvent_Report2_20110515_235945

Where 20110515 is the date, i.e. May 15, 2010, and 235945 is the time for saving the
report, i.e. 11:59:45 pm.

The following data are reported:

e Grate ON/OFF

Air ON/OFF

Water ON/OFF
Steam Flow SP

e Steam Flow

e 02 content

e Grate Cycle time

e Primary Air flow

e Secondary Air flow
e G1 pressure

e G2 pressure

e @G3 pressure

o G4 pressure

e Gl resistance

e G3resistance

e Feeder Movements per cycle time
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e Grate 1 Actual High Limit

e Grate 1 Actual Low Limit

e (2 Set-point

e Flame Position

e Steam Flow internal set-point

The report hold one line per minute, and the values reported are the minute average
values based on an instant value sampled every 10 seconds.
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15.3 EventX scripts for Feeder speed control

In the example in Fig. 55 the EventX scripts numbered 11 to 20 and 40 are Feeder speed
control tasks performing the following tasks:

EventX

Naming

Task

11
Type 10

High steam flow
Grate speed

Reducing the Feeder speed in small steps over time
when the actual Steam flow is above the Steam flow
set point.

12
Type 11

Low steam flow
Grate speed

Increasing the Feeder speed in small steps over time
when the actual Steam flow is below the Steam flow
set point.

13
Type 10

Very high steam flow
Grate speed

Reducing the Feeder speed in one large step when
the actual Steam flow is far above the Steam flow set
point. Only one action is allowed in each activation.

14
Type 11

Very low steam flow
Grate speed

Increasing the Feeder speed in one large step when
the actual Steam flow is far below the Steam flow
set point. Only one action is allowed in each activa-
tion.

15
Type 1

Change of grate
speed from 02 Trend

Calculate an offset value to the Feeder speed.
When the flue gas oxygen content rises and the
trend is positive, the Feeder speed is increased.
When it falls and the trend is negative, the Feeder
speed is reduced.

18
Type 1

Feeder speed kick
when low Steam
Flow

Generates a momentary increase in Feeder speed
when the steam flow is an adjustable amount below
the Steam set-point

19
Type O

Waste quality

Adjusts the Feeder speed High and Low limits ac-
cording to the operator indicated calorific value:
High, Normal or Low.

20
Type 1

Grate speed control

Summarizing the contributions and offsets to the
Feeder speed and the Feeder speed limits. Limit the
Feeder speed to within the actual Feeder speed
High and Low limits.

40
Type 1

Calc. Feeder Move-
ment

From the Feeder speed, the Feeder pusher frequen-
cy is calculated.

The task performed in EventX 40 is special for this application. In other applications, the
feeder speed output from EventX 20 is transmitted directly to the plant DCS.
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The most important connections between the EventX scripts for Feeder speed control

are shown in Fig. 62

Evesty’
High steam flow
Grate speed

<

Eventy’
Lowve steam flov
Grate speed

<l

Evesty’
ey high zteam flow
Grate speed

<

Lvestx’
ey low steam flow
Grate speed

<

Evesty’
Change of grate zpeed
from 02 Trend

<

Evesty’ g
v | Grate resistance
Grate speed LL 0.0

11| g_GRATE Fz ~N
11— —

12
7;ig7GRATE7Fz
13 >

0] g GRATE FZ

f‘
1.0
g GRATE FZ

v

v

v

15 |
| oo

g D Gl _FROM D 02

> _/

v+

_g D GRATE LOW RESIST

v+

Lvestkx’
Feeder speed kick
when low Stearn Flow

[

Evesty

I | Waste quality

Eventy

v || Grate speed contral

18
0.0

_]19 g D Gl FROM KICK
00w

519 D2 GRATE HL

2
00lg D2 GRATE LL =

+—

Fa B=re
Calc. Feefler 40
Moveme 0:0

Tt_OVl_GRATE_SPEED_FZ T TtiovliFEEDERiMOVSJ?Z -~

»

to Plant DCS

Fig. 62: The Feeder control EventX components

Note: The frames of EventX 20 and 40 turns green when the operator switches
FuzEvent ON for the feeder. If FuzEvent is OFF, then frame color is yellow.

The frames of EventX 11, 12, 13 and 14 turns green when they become active.

15.3.1  EventX 11: High steam flow Grate speed

Standard FECA Type 10 script for control of feeder speed, when steam flow is above the
steam flow set-point. The parameters are shown in Fig. 63.

The meanings of the parameters are:

Activation limit

Control action 1

Max No. act

Deact. Limit

Reverse factor 1

FuzEventManual 07-03-2013 Rev02.doc

0.5

Means that this EventX becomes active when the
stream flow is 0.5 t/h above the steam flow set-point.

Means that the feeder speed will be decreased by
7.5% on each control action.

Means that the number of control actions during each
activation is unlimited.

Means that this EventX becomes inactive when the
stream flow is 0.2 t/h above the steam flow set-point.

Means that the accumulated actions will be reversed
by a factor 0.2 when the EventX becomes inactive. This
will be done in three steps if Stepwise reverse actions
is selected
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Stepwise reverse actions

Control intv. (min) =

V  When this is selected, reverse actions will be done in
three steps as the steam flow decreases towards the

set-

point.

seconds.

Means that the interval between control actions is 90

!ECA properties h_‘ EI—

|

"E,’D EventX properties:

Basic —&ctivation —
Description
Eventxname  |High steam flow [ Achivation limit ID.E Contral action 1 |-T-"_5 |Change of Feed speed %
Scan time [gec) |5 b ax Mo, act I-‘I Contral action 2 |D |Event>< Ll
Cantral inty. [min) |‘|_5 TerEieele I8 Contral action 3 |D |
Friority group |‘| At value 155 Control action 4 |U
Friority ID Cument value 1280000 Control action & ID
Contral modes Activation
[ Fuzzp activation deszcription
¥ Stepwise reverse actions
™ Min. time betwesn activations (Trm) | [ Deactivation Il ax reverse acton
[~ Decreasing EVENTWALLE Deact. limit |D.2 Reverse factor 1 |D.2 9999
T — Reverse factor 2 |D 0
R factar 3

Min tme Tm (mind 0 everse factor 3 g Io
Fuzzy high limit ID— Deact. walue 152 RererelEmsd |[ u

- Reverse factor 5 |0 0
Fuzzy low limit ID

Deactivation |-
description
Apply FuzEvent®  Help |

Fig. 63: Parameters for EventX 11 - High steam flow Grate speed

Below, in Fig. 64, a snapshot of the values in EventX 11 in its active state is shown.

Help

High steam flow
Grate speed

|- steam flow  Grate speed vI

EventX properties EventX properties User defined
Name | Value | | Name | Yalue Name | Yalue
EventX name High steam flow  Gr... Gain factor #1 0 Steam SP 14
Eventx No. 1 Gain factor #2 a Steam flow 14.684492
EventX type 10 Gain factor #3 0 Steam ST trend 0.05934065
Scan time [sec.] 10 Gain factor #4 0 Steam Max 14.684492
Control interval [min.) 2.5 Gain factor #5 0 Feeder speed Steam  28.5933637
Control counter [min.]  0.16666666 Next action #1 75
Priority group 1 Nest action #2 0 PAST value 14.563369
Priority 0 Nest action #3 0 PAS2 value 14.442246
Eventx value 1 Next action #4 0 PAS1 0
Eventx status 0 Next action #5 a PasS2 a
Weight factor 1 Last action #1 0 Act Activation limit 145
Activation limit 05 Last action #2 0 Act Dedctivation limit  14.2
Deactivation limit 0.2 Last action #3 0 Int_Chtlinty 25
Max No. of actions -1 Last action #4 0 Fuzzy activation 0
Action counter 2 Last action #5 0 Wait timer ON 0
Control action #1 75 Acc. actions #1 15 Waiting counter 510.000000
Control action #2 0 Acc. actions #2 0 Wait between Act 0
Control action #3 0 Acc. actions #3 a
Control action #4 0 Acc. actions #4 0 Action made 1
Control action #5 0 Acc. actions #5 0 Reverse flag 0
Reverse factor #1 0.2 Max Actions Done 0
Reverse factor #2 0 Decr Event Value 0
Reverse factor #3 0 Pausingdueto Trend 0
Reverse factor #4 0
Reverse factor #5 0 Old EVENTVALUE 1
PID proportional gain 0 Local Reverse Fact... 0.38457988
PID integral time 0
PID derivative time 0

Fig. 64: EventX 11 active state values
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15.3.2  EventX 12: Low steam flow Grate speed

Standard FECA Type 11 script for control of feeder speed, when the steam flow is lower
than the steam flow set-point. The parameters are shown in Fig. 65

GICYTTRE S SmCIES

Basic —&ctivation

Drescription

Eventx name ILow steam flow Activation limit I-D.S Contral action 1 |?‘_5 IChange of Feed zpeed .
Scan time [sec) |5 Max Mo, act I-‘I Cantral action 2 |D |Event>< 12
Cantral inty. [rain) |'| 5 TerEieele I8 Cottral action 3 |D |

Friority group 1 At vl 145 Control action 4 |g

Friority i} Curent value  15.9 Control action 5 |0

Contral rnodes Activation

™ Fuzzy activation description

W Stepwise reverse actions

™ Min. time betwesn activations (Tm) | [ Deactivation bl aw revwerse acton
[~ Decreasing EVENTVALUE Deact. lmt  [02 Reverse factor 1 [0.2 9999
T — Reverse factor 2 |IJ a

R factar 3
Min. time: Trm (min) [0 everse factor 3 |0 jo
Fuzzy high limit ID Deact. value 148 Tzteis Ledr s ID ID
o Rewverse factar & |IJ ID
Fuzzy low limit ID

Dreactivation
ﬁ-‘ml:'lyl FuzEvent®  Help |

description
Fig. 65: Parameters for EventX 12 - Low steam flow Grate speed
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15.3.3

EventX 13: Very high steam flow Grate speed

Standard FECA Type 10 script for control of feeder speed, when the steam flow is much
higher than the steam flow set-point. The parameters are shown in Fig. 66 This EventX is
an assist function to EventX 11 and is only allowed one control action during each acti-

vation.

Max No. act =

Decreasing EVENTVALUE

Bazics

Evenx name ,m
Scan time [sec) ,57
Contral inty. [rit) ,37
Friority group ,17
Pricrity lﬂi
Control modes

[ Fuzzy activation

v Stepwize reverse actions

[~ Min. time bebween activations [Tm)

¥ Decreasing EVENTWALLIE

Mizcellaneous

tin. time T [min] {0
Fuzzy high limit 0
Fuzzy low limit 0

Apply FuzEvent® Help

1 Means that the number of control actions during each
activation is one.

V Means that this script will deactivate gradually over
time reducing its EVENTVALUE. This re-activates
EventX 11 by increasing its EVENTWEIGHT gradually.
This is true even if the Process Value, here the Steam
flow, has not decreased below the Deact. Value.

Achivation -

Description
Activation imit 1.5 Cantral action 1 |-25 |Change of Feed speed %
Max Mo act |1 Contral action 2 [0 |Event= 13

Targstvalue 15 Contral action 3 [0 B

165 Cortral action 4 [0 B

At walue

Current value  15.9 Cortrol action 5 |D |

Activation
dezcription

Deactivation -
b ax revverze action

Deact. limit 1.2 Reverse factor 1|06 999

Reverse factar 2 [0 [
Reverse factor 3 [0 o
Deact. value 1B.2 RiesEe leien |D |D
Reverse factar 5 [0 [
Deactivation |-
description

Fig. 66: Parameters for EventX 13 - Very high steam flow Grate speed
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15.3.4  EventX 14: Very low steam flow Grate speed

Standard script for control of feeder speed, when the steam flow is much lower than
the steam flow set-point. The parameters are shown in Fig. 67. This EventX is an assist
function to EventX 12 and are only allowed one action during each activation.

Max No. act = 1 Means that the number of actions during each activa-
tion is one.

Decreasing EVENTVALUE V Means that this script will deactivate gradually over
time by reducing its EVENTVALUE. This re-activates
EventX 12 by increasing its EVENTWEIGHT gradually.
This is true even if the Process Value, here the Steam
flow, has not increased above the Deact. Value.

Bazics Activation —
Drescription
Eventx name  [Wem low steam flow Achivation limit  |-1.5 Cortral action 1 |25 |Change of Feed speed
Scantime [sec] |5 Max Mo. act 1 Contral action 2 |D |Event>< 14
Cantral inky. [rin] |8 TerEieele I8 Cottral action 3 |D |
Priarity aroup 1 Act value 135 Contral action 4 |D |
Pricrity 1] Curent value  15.9 Cantral action 5 |D l-
Control rnodes Activation
[~ Fuzzy activation dezcription
v Stepwize reverse actions
[™ Min. time between activations [Trm) Deactivation bl aw revwerse acton
¥ Decreasing EVENTVALLE Deact. limit 1.2 Reverse factor 1 0.6 9999
Mizcellaneous Reversefactor 2 |11 [
R factar 3

Min tme Tm (minl [0 sversefactor 3 {0 o
Fuzzy high limit {0 Deact. value 138 Reverse factor 4 |D |D

- Reverse factar & |D |D
Fuzzy low limit 0

Deactivation |-
description
Apply FuzEvent® Help

Fig. 67: Parameters for EventX 14 - Very low steam flow Grate speed

15.3.5 EventX 15: Change of grate speed from O, trend.

This script calculates an offset value (delta value) g D G1 FROM D 02, shown as G1
change from D 02 in Fig. 68, for the feeder speed as a function of the change of oxy-
gen. If 02 increases, then the offset value is positive, and if 02 decreases, then the off-
set value for feeder speed will be negative.

In EventX No. 20, the offset value is added to the feeder speed set point, g GRATE FZ,
calculated in EventX No. 11 to No. 14.
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The parameter named #Gain factor determines how much the 02 trend should influence
the speed of the feeder. Further #MAXtrend and #MIN trend controls the trend limits.

These can be changed on the Property window of EventX No. 15, shown in Fig. 68.

User defined
Name I Value
02 actual 7.2514588
02 ST trend Lim -0.4441892

G1 change from D_02 -1.5546624

#Gain factor 35
#hAX trend 1:2
HMIN trend 1.2

Fig. 68: Values and parameters in EventX 15

A fuzzyfied value of 0,, g 02 FZzZ, is calculated fromg 02,t OVl D 02 LL,g 02 SP
and t ovl D 02 HL foruse in other EventX scripts. See Fig. 69.

40 02 FZ7

+1

g_02_SP+

t OVi_D_02_LL

g_02_SE

»qg 02

g_02_SP+
t OVI_D_02_HL

Fig. 69: O, fuzzyfication using the SCALE function

FuzEventManual 07-03-2013 Rev02.doc

91 of 108




FuzEvent®

Automation

15.3.6

FuzEventManual 07-03-2013 Rev02.doc

EventX 18: Feeder speed kick when low Steam Flow.

This script generates a momentary increase in feeder speed when the steam flow is
#Delta for Steam LL below the steam set-point. This function increases the feeder speed
by #SP Speed Kick for #Kick duration and then pauses for #Pause duration, as long as the

above condition exists and the Steam ST Trend is below the fixed value 0.2.

User defined
MName ' Value
#Delta for SteamLL  -1.8
Steam LL for kick 12.2
Act Steam flow 11.684492
Steam ST trend 0
025ST Trend 0.726527472
BGainon 02 5T 10
Delta Speed Kick 0
#SP Speed Kick 35
#Kick duration 5
#Pause duration 15
Counterl 0
Counter2 15

Fig. 70: Values and parameters in EventX 18

The output, g D G1 FROM KICK (Delta Speed Kick), is used in EventX 40, Calc. Feeder

Movement
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15.3.7 EventX 19: Waste quality

On the operators screen picture it is possible to select between three different qualities
of the waste, i.e.:

The High/Low calorific value changes the high/low limits for the

Calorificvalue 0| speed of the feeder. These parameter values can be specified on
High = the property window of EventX No. 19, as shown in Fig. 71.
Normal ~
Low €

The meanings of the parameters are:

#Delta HL for high cal: Change in feeder speed high limit for high calorific waste
#Delta LL for high cal: Change in feeder speed low limit for high calorific waste
#Delta HL for low cal: Change in feeder speed high limit for low calorific waste.

#Delta LL for low cal: Change in feeder speed low limit for low calorific waste.

User defined
Name I Value
Waste quality 0

#DeltaHL for highcal_ 10
f#DeltalLL forhighcal. O

#Delta HL for low cal . -20
#Delta LL for low cal_ 0

Delta GSpeed HL 0
Delta GSpeed LL 0

Fig. 71: Values and parameters for EventX 19

15.3.8  EventX 20: Grate speed control

This EventX summarizes the contributions to the set point for feeder speed that come
from EventX No. 11 to No. 15, as shown in Fig. 62 on page 86. These contributions are
marked on Fig. 73 The output, t OVl GRATE SPEED FZin % (Feed Speed OUT), is sent
to EventX 40 for calculation of the feeder movements in cycle time.

In addition, the actual high/low limits are calculated from parameters g GRATE HL and
g GRATE LL, which have been specified on the iFIX user’s interface picture.

SeﬂocnﬁooFeeder Primary/ Secondary air  Water Actual

OWER Picture - .1 r .1 r .0 1191 %
Grate speed high limit 70.00 % 0.00%
Grate speed low limit 5.00 %/ 11.26%

Fig. 72: Grate speed operator lim#s and actual/values

These actual limits Feed Spéed HL and Feed Speed HL are adjusted as a function of Grate 1
resistance, Waste calorific value and from Flame position.
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15.3.9

Ifthe g G1 HIGH RESIST flagis set from EventX 6, indicating a too thick waste layer
situation on grate 1, then g GRATE HL is reduced by the value of the parameter

g D GRATE HIL RESIST.

g_GRATE_HL is the common high limit for the FECA scripts EventX 11 to 14, so the value
Speed from Steam g GRATE Fz will be limited to g GRATE HL. When the thick layer
condition is over, the FECA scripts will control g GRATE FZ again, preventing large
sudden jumps in the feeder speed.

User defined

Name l Value

Feed speed OUT 38.3897087
Feed speed HL 70.0003538
Feed speed LL 5.000254
BGSpeedLL at12t/h 5

02 6.2514588
Steam flow 14.684492
/Speed fr Steam 42 5897087
Speed fr 02 trend -4.2

Speed fr L Resist 0

Speed fr Kick 0
\#Limit on SpeedKick 10

Fig. 73: Values and parameters in EventX 20

EventX 40: Calc. Feeder Movement

This script calculates the feeder movements in cycle time, t OVl FEEDER MOVS FZ,
fromt OVl GRATE SPEED FZ originating from EventX 20. The calculation is based on
a set of parameters defining the limits for

User defined change as marked in Fig. 74.
Name ] Value - .
FeedeMovesf VoD IR l.e. the feeder speed limit for changing
FeederMoves to VOO 2 from zero (stop) to one feeder moves per

cycle time is here 10.5 %.
Grate Speed FZ % 27.5897087
GSpeed last change... 27.5897087 This relates to ‘Grate speed high limit’ on

g?,sl?%e‘jtfha’l‘lgehz 180 the iFIX operator picture, which are shown
S mlg?leohl; nsgrgatir:e[a"' 10 as set to 70% on Fejl! Henvisningskilde ikke
fundet.on page Fejl! Bogmaerke er ikke

Delta Speed Kick 0 defineret.. Therefore the maximum speed
Chonfickmeresss 120 is three moves per cycle time, as the limit
( #GSp limit 1 Move 105 GSP limit 4 Moves is set to 77.5 % in Fig. 74.
gggs :m g mzz:z é;? The effectof g D G1_FROM KICK from
#GSp limit 4 Moves  77.5 EventX 18 will simply increase
| #GSp limit 5 Moves 325 t OVl _FEEDER MOVS_FZ by one, but is

limited to a maximum of three moves to

prevent overfilling the furnace.

Fig. 74: Values and parameters for EventX 40
Small changes less than GSpeed-change
% are considered each TimeOut small change seconds to prevent oscilating between two

movement levels. Small change timer shows the running time.

The output, t OVl FEEDER MOVS FZ, (Feeder moves to IVOO) is transmitted to the IVOO
Scada and controls the number of feeder movements in cycle time directly.
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15.4 EventX scripts for Primary and Secondary air control

In the example in Fig. 55 the EventX scripts numbered 21 to 30 and 39 are Primary and
Secondary fan speed control tasks performing the following tasks:

EventX

Naming

Task

21
Type 10

High steam flow
Primary air

Reducing the Primary air fan speed in small steps
over time when the actual Steam flow is above the
Steam flow set point.

22
Type 11

Low steam flow
Primary air

Increasing the Primary air fan speed in small steps
over time when the actual Steam flow is below the
Steam flow set point.

23
Type 10

Very high steam flow
Primary air

Reducing the Primary air fan speed in two large
steps when the actual Steam flow is far above the
Steam flow set point. Only two actions are allowed
in each activation.

24
Type 11

Very low steam flow
Primary air

Increasing the Primary air fan speed in two large
steps when the actual Steam flow is far below the
Steam flow set point. Only two actions are allowed
in each activation.

25
Type O

Change of Primary
Air from 02 Trend

Calculate an offset value to the Primary air fan
speed. When the flue gas oxygen content rises and
the trend is positive, the PA fan speed is increased.
When it falls and the trend is negative, the PA fan
speed is reduced.

26
Type O

Change of Primary
Air from furnace
pressure

Calculate an offset value to the Primary air fan
speed. As the absolute furnace pressure increase,
the PA fan speed is reduced to maintain under pres-
sure in the furnace and boiler. When the absolute
furnace pressure is back to, or below normal, the
offset is removed.

27
Type O

Change of primary air
from high/low 02

Calculate two offset values to the Primary air fan
speed. The PA fan speed is increased gradually as
the flue gas oxygen content rises, up to an operator
defined limit “Delta for high 02” above “02 SP” The
PA fan speed is reduced gradually as the flue gas
oxygen content falls, up to an operator defined limit
“Delta for low 02” below “02 SP”

29
Type O

High/Low PA flow
Primary Air

Calculate an offset value to the Primary air fan
speed. Gradually reduce the PA fan speed over time
when the steam flow is above the operator indicat-
ed “Primary air high limit”. Gradually increase the
PA fan speed over time when the steam flow is be-
low the operator indicated “Primary air low limit”.

30
Type 1

Primary Air control

Summarizing the contributions and offsets to the
Primary air fan speed. Limit the PA fan speed to
within the actual PA fan speed High and Low limits.
Limit the PA fan speed output slew rate to prevent
PA fan inverter trips.
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EventX [Naming Task
39 Secondary Air The demand for Secondary air is controlled by the
Type 13 | Difference Control difference between the Total Air set-point and the
actual Primary air flow The SA fan speed output is
controlled by a PID type controller.

The EventX components for Primary and Secondary and their most important connec-
tions air are shown in Fig. 75

Eventy 2

High steam flow ! g PAIR FZ
v Primary air 20 o— — > \
Fventy 22
Lowy steam flow
g Frimary air 20 - g_PA L R_F 4 o
- »
Evesty 23
v | ey high stearn fow >—>
Primary air 20 g_PA I R_F Z o
Eventy 24 - v
v [ Wery low stearm flow
Primary air 20
g PAIR FZ
Lvemy (5 @ »>_/
v | Change of Primary Air
from 02 Trend 00
Frantyx o g D AIR_FROM_D_O2 +|
[w | Change of Primary Ai e el
from fumace pressure || 0.0
Fvanty 27 g D MAIR FPRESS +|
v | Change of primary air — — >
from high/low 02 | 0:0
D MASTER LOW 02 +
® 92! - - P> t_OVl_TOTAL_AIR_SP
o giDiMASTERiHIGH702 ; g_SATR_FLOW
Lty 29 Fiamty [
[ | High/Low P flow ) M | Secondary Air
Frimary & E Difference Contral 00
Lvanty a0
v | Primarp &ir contral
00 _ g D MASTER FROM PAIR +|
@ L

|t Ovl MC 008 OUT

v

P
<«

|t Oovl MC 001 OUT

»
|

Fig. 75: The Air control EventX components

Note: The frame of EventX 30 and 39 turns green when the operator switches FuzEvent
ON for the air. If FuzEvent is OFF, then frame color is yellow.

The frames of EventX 21, 22, 23 and 24 turns green when they become active.
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15.4.1  EventX 21: High steam flow Primary air

Standard FECA Type 10script for control of primary air fan output, when the steam flow
is high. The parameters are shown in Fig. 76.

The meanings of the parameters are:

Activation limit = 0.3 Means that this EventX becomes active when the
stream flow is 0.3 t/h above the steam flow set-point.

Control action 1 -3 Means that the primary air fan output will be de-

creased by 3 % on each control action.

Max No. act = -1 Means that the number of control actions during each
activation is unlimited.

Deact. Limit = 0.1 Means that this EventX becomes inactive when the
stream flow is 0.1 t/h above the steam flow set-point.

0.5 Means that the accumulated actions will be reversed
by a factor 0.2 when the EventX becomes inactive. This
will be done in three steps if Stepwise reverse actions
is selected

Reverse factor 1

Stepwise reverse actions V  When this is selected, reverse actions will be done in
three steps as the steam flow decreases towards the
set-point.

Control intv. (min) = 1 Means that the interval between control actions is 1
minute.

~Basics [~ Activation

‘ Description
Eventx name W Activation limit [03— Control action1 |3 | Primary 4ir DLTT %
Scan time (sec) lﬁi Max No. act 11— Control action2 |0 [Eventx 21
Contolintv.(min) [T Tagetvakes 4 Control action3  [o [
Pty goup  [2 At vl 143 Control action 4 [p [
Priority T || Cunentvalue 146844g Control actions [ |-
Control modes Activation Reduce the Primary Air Fan speed when the Steam Flow is above the
TIUF (o mctvalion description Target value by Activation limit ~ Act. value
[V Stepwise reverse actions : :
[~ Min. time between activations (Tm) | [ Deactivation- MeRiaversa sction
™ Decreasing EVENTVALUE Deact. limit |E|1_ Reverse factor 1 |0_5 ]gggg

- Miscellaneous- i Reverse factor 2 |0 [

KT [min][[l—_ Reverse factor 3 |0 i
Fuzzy high limit |0 Deact. value 141 Reverse factor 4 I 0 I 0
S Reverse factor 5 |0 [i]

| | Deactivation  |Total Reverse action is 50% of the Accumulated actions. Utilized in

description three steps when Steam flow drops below Deact. value

Apply FuzEvent® Help

Fig. 76: Parameters for EventX 21 - High steam flow Primary air
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15.4.2  EventX 22: Low steam flow Primary air

Standard FECA Type 11 script for control of primary air fan output, when the steam flow
is low. The parameters are shown in Fig. 77.

ECA prroperti'e
- Basics

- Activation

Description

Eventx name W Activation limit [Fé_ Control action 1 |2 |Primary air OUT %
Scan time (sec) [5— MaxNo.act [1  Contiolaction2 [0 |Eventx 22
Cantrol inty. [min) |1— Targetvalue 14 Control action 3 In |

Priority group |2— At walie 137 Control action 4 IU |

Pricrity — Curent value 1468449 Contolaction 5 [0 |-

- Control modes

Activation Increase the Primary Air Fan speed when the Steam Flow is below the
T UF (o mctvalion description Target value by Activation limit ~ Act. value
[V Stepwise reverse actions
[~ Min. time between activations (Tm) | | Deactivation METeverea schion
I” Decreasing EVENTYALUE Deact. limit |-U.1 Reverse factor 1 |U_5 |.gggg

- Miscellaneous—————————————————— Reverse factor 2 |0 [

Mirz time T (min) l—-u Reverse factor 3 |0 [
Fuzzy high limit |D Deact. value 139 Reverse factor 4 ID Iﬂ

100 Reverse factor 5

Fuzzy low limit |D ID IU
Deactivation  |Total Reverse action is 50% of the Accumulated actions. Utilized in
description three steps when Steam flow rises above Deact. value

Apply FuzEvent® Help |

Fig. 77: Parameters for EventX 22 - Low steam flow Primary air
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15.4.3  EventX 23: Very high steam flow Primary air

Standard FECA Type 10 script for control of primary air fan output, when the steam flow
is very high. The parameters are shown in Fig. 78. This EventX is an assist function to
EventX 21 and is only allowed one control action during each activation.

Max No. act = 1 Means that the number of control actions during each
activation is one.

Decreasing EVENTVALUE V Means that this script will deactivate gradually over
time by reducing its EVENTVALUE. This re-activates
EventX 21 by increasing its EVENTWEIGHT gradually.
This is true even if the Current (Process) Value, here
the Steam flow, has not decreased below the Deact.
Value.

|- Basics |~ Activation : =
| Description
‘ EventX name ]Very high steam flov | | Activation limit IDAQ Control action1 |6 | Primary air OUT %
Scan time (sec) ]5 Max No. act |2 Control action2 |0 [Eventx 23
Control intv. (min) ]2 Tagebakier 1i Control action 3 |0 |-
Priority aroup I 2 Aotvalie 149 Control action 4 ]U |
Priority o Curent value 1468449 Contolaction5 |0 |-
Control modes Activation Reduce the Primary Air Fan speed in 2 steps when the Steam Flow is

TUF (o mcbvation descrintion above the Target value by Activation limit ~ Act. value

[V Stepwise reverse actions

™ Min. time between activations (Tm) Deactivation- Max reverse action

¥ Decreasing EVENTVALUE Deact. limit ]EI.S Reverse factor 1 {0.8 ]3333
| 0

Reverse factor 2 |0

- Miscellaneous

Min tine T (min) [35 Hevensizcol 3010 o
Fuzzy high lmit [0 = | | Deact value 145 Reverse factor 4 |0 [0
o Reverse factor 5 |0 [
Fuzzy low limit 0
Deactivation  |Total Reverse action is 80% of the Accumulated actions. Utilized in

description three steps when Steam flow drops below Deact. value.

Fig. 78: Parameters for EventX 23 — Very high steam flow Primary air
The way the EVENTVALUE is reduced can be programmed individually for each case.

In this example the EVENTVALUE is reduced by subtracting 0.2 every CONTROLINTER-
VAL after MAXNOOFACTIONS have been performed. That is, this script will be passive in
5 CONTROLINTERVALs. Further the ACCACTIONS1 is reduced by 20% each time the
EVENTVALUE is reduced. This gradually transfers full control to EventX 21.

The purpose is to avoid sudden rises in the Controlled Value, here the PA fan speed
output, by the activation of Reverse Actions after the control system have been outside
its operational window for a long time. This could be caused by sudden feed of light dry
fast-burning waste.

The Current (Process) Value, here the Steam flow, has to decrease below the Deact. Val-
ue before this script can be re-activated
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15.4.4  EventX 24: Very low steam flow Primary air

Standard script for control of primary air fan output, when the steam flow is very low.
The parameters are shown in Fig. 79. This EventX is an assist function to EventX 22 and
is only allowed one control action during each activation.

Max No. act = 1 Means that the number of control actions during each
activation is one.

Decreasing EVENTVALUE V Means that this script will deactivate gradually over
time by reducing its EVENTVALUE. This re-activates
EventX 22 by increasing its EVENTWEIGHT gradually.
This is true even if the Current (Process) Value, here
the Steam flow, has not decreased below the Deact.
Value.

& e R

|- Basics | [ Activation S ] ]
| Description
| EventX name |'r\/ery low steam flow Activation limit |-0.9 Control action1 [4.5 |Primary &ir OUT %

Scan time (sec) ]5 Max No. act |2 Control action2 |0 [Eventx 24

Control intv. (min) |2 Tagebakier 1i Control action 3 |0 |-

Priority aroup I 2 Aotvalie 121 Control action 4 ]U |

Priority o Curent value 139544 Contolaction5 |0 |-

Control modes Activation Increase the Primary Air Fan speed in 2 steps when the Steam Flow is

TUF (o mcbvation descrintion below the T arget value by Activation limit ~ Act. value

[V Stepwise reverse actions

™ Min. time between activations (Tm) Deactivation- VErTere e aehon
[V Decreasing EVENTWALUE Deact mt  [-05 Reverse factor 1 [0.8 |-9933
A Eo0e Tl Reverse factor 2 |0 i
Min time Tm min) 35 oyt 2l [0
Fuzzy high limit |0 Deact. value 135 Reverse factor 4 I 0 I 0
10 Reverse factor 5 |El IU
Fuzzy low limit 0
Deactivation  |Total Reverse action is 80% of the Accumulated actions. Utilized in
description three steps when Steam flow rises above Deact. value.

Apply FuzEvent® Help

Fig. 79: Parameters for EventX 24 — Very low steam flow Primary air

The way the EVENTVALUE is reduced can be programmed individually for each case.

In this example the EVENTVALUE is reduced by subtracting 0.2 every CONTROLINTER-
VAL after MAXNOOFACTIONS have been performed. That is, this script will be passive in
5 CONTROLINTERVALs. Further the ACCACTIONS1 is reduced by 20% each time the
EVENTVALUE is reduced. This gradually transfers full control to EventX 22.

The purpose is to avoid sudden falls in the Controlled Value, here the PA fan speed out-
put, by the activation of Reverse Actions after the control system have been outside its
operational window for a long time. This could be caused by heavy wet slow-burning
waste.

The Current (Process) Value, here the Steam flow, has to rise above the Deact. Value be-
fore this script can be re-activated
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_ Evenly 7 In Fig. 80 a situation is shown, where EventX 24 is
v IE:E_:;;E;:“ flows B partly deactivated and its EVENTVALUE was re-
- duced to 0.6, this has partly re-activated EventX 22
Fventy - by increasing its EVENTWEIGHT to 0.4. The actions
v | e stearn flow _ of EventX 22 will be 0.4 * CONTROLACTION1
||3 2:1
TIrm, Ir -
EVENTWEIGHT
b =rri 23
W |%erw high stearm fow | ——
Primary air 210
[ ey low stearn flg
Prirmary air 210
L EVENTVALUE

Fig. 80: EventX 24 partly de-activated

15.4.5 EventX 25: Change of Primary Air from O, Trend

This script calculates an offset value (delta value) g D AIR FROM D_02 (Air from 02
trend), for the primary air fan output as a function of the change of oxygen.

If O, increases, then the offset value is positive, and if O, decreases, then the offset val-
ue for primary air fan output will be negative.

In EventX No. 30, the offset value is added to the primary air fan output set-point,
g PAIR FZ,calculated in EventX No. 21 to No. 24.

The parameter named #Gain factor determines how much the 02 trend should influence
the speed of the feeder. Further #MAX trend and #MIN trend controls the trend limits.

They can be changed on the Property window of EventX No. 25, Fig. 81

User defined
Name | Value
D2 ST Trend Lim 0
Air from 02 trend 0
Act02 6.2514588
Act Steam flow 13.9684492
#Gain factor 1.2
BMaX trend 05
HMIN trend 1.2
P& Fan OUT 497543764

Fig. 81: Values and parameters for EventX 25
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15.4.6

EventX 26: Change of Primary Air from furnace pressure
This script calculates a negative offset value (delta value), g D MAIR FPRESS (Air from
Furnace Press), for the primary air fan output as function of the furnace pressure.

If the furnace pressure is less (more negative) than 1_MAX FPRESS1 (#Max furnace press
1), then the offset value is O.

When the furnace pressure increases to between 1 _MAX FPRESS1 and
1 MAX FPRESS2 (#Max furnace press 2), the offset is the scaled value of the furnace
pressure between 1 MAX FPRESS1and 1 MAX FPRESS2

If the furnace pressure is greater (less negative or positive) than 1 _MAX FPRESS2, then
the offset valueisequalto -1 D MAIR HL (#Max D_MAIR_HL), =-1.5%.

In other words, if the furnace pressure is too high, then the primary air fan output is de-
creased by up to 1.5%.

The parameters can be changed via the Property page of EventX No. 26, Fig. 82

lUser defined

Name l Value

HMax furnace press 1 -0.15
BMax furnace press 2 0.1
Act furnace press -1.4993333

Air from Fumnace Press 0

HMaxD_MAIR_LHL 15
P& Fan OUT 49.7543764

Fig. 82: Values and parameters for EventX 26
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15.4.7 EventX 27: Change of Primary Air from high/low O,

This script calculates two offset values (delta values): g D MASTER LOW_02 (Air from low
02) and g D MASTER HIGH 02 (Airfrom high 02) for the primary air fan output as func-
tion of 02 content.

The relationship between O, g D MASTER LOW_02 (Air from low 02) is shown in Fig. 83.

a 0. D_MASTER_LOW Q2

02LL 02 8P
} 02

\J

-1.5

Fig. 83: Primary air fan output offset as function of low O,

The relationship between O, and the g D MASTER HIGH 02 (Airfrom high 02) is shown
in Fig. 84.

4 9_D_MASTER_HIGH_O?2

15

o2

Y

02 8P 02 HL

Fig. 84: Primary air fan output offset as function of high O,

The parameter #Master air MAX change can be changed via the Property window for
EventX No. 27, as shown in Fig. 85.
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User defined
MName l Value
Air from low 02 -2.2456236
Air from high 02 0

HMaster air MAX change 3

Act02 6.2514588
Act Steam flow 13.9684492
025SP 7

P& Fan OUT 497543764

Fig. 85: Values and parameters for EventX 27

The 02 set point is specified by the operator, and the delta values, which defines the
high and low limits for O, is specified on the iFIX picture, as shown in Fig. 86

250

Fig. 86: 02 set-point and delta values for high and low 02

FuzEventManual 07-03-2013 Rev02.doc 104 of 108




FuzEvent® Afuyang

Automation

15.4.8 EventX 29: High/Low PA flow Primary Air

This script gradually reduces or increases an offset value (delta value),

g D MASTER FROM PAIR (Delta), when the actual PAir flow is outside the limits ‘Primary
air high limit’ (Pair flow HL) and ‘Primary air low limit’ (Pair flow LL) as specified by the op-
erator on the iFIX picture, as shown in Fig. 88

When the actual PA flow is outside the limits, g D MASTER FROM PAIR (Delta) is re-
duced or increased by #Delta each scan until #MAX delta is reached. Increased if the actual
PAir flow is below Pair flow LL and decreased if the actual PAir flow is above Pair flow HL.

When the actual PA flow is inside the limits, g D MASTER FROM PAIR (Delta) is re-
duced or increased by 2 * #Delta each scan until #MAX delta equals 0.00. The scan time is

10 sec.
User defined

Name I Value
Delta 0
Pair flow 20999.9999
Pair flow HL 22999.92
Pair flow LL 10000
P& Fan OUT 497543764
f#Delta each scan 0.05
fiMaX Delta 25

Fig. 87: Values and parameters for EventX 29

The purpose is to prevent the PA Fan running at the minimum or maximum output lim-
its for long periods.

The PA Fan running at the minimum limit could lead to a too low Primary air flow result-
ing in air deficit, again resulting in high furnace temperature and excessive flue gas CO
levels.

The PA Fan running at the maximum output limit could lead to a too high Primary air
flow with excess air, not contributing to the primary combustion, resulting in falling fur-
nace temperature and increased O, content.

Primary air high limit 18000 | Nm3th 10720 Nm3ih
Primary air low limit 10000 | Nm3/h

Fig. 88: Primary air limits and actual Primary air flow
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15.4.9  EventX 30: Primary Air control

This EventX summarizes the contributions to the set-point for primary air fan output
that come from EventX 12 to 29, as shown in Fig. 75 on page 96. These contributions are
marked on Fig. 89. The global variable g pA FAN oUT (PAFan OUT %) holds the sum-
marized contributions which is limited between the actual high limit and the low limit.

To prevent too fast rises and falls in the fan speed set-point, g PA FAN OUT is limited

in slew rate to #MAX rate of Change in % per 10 seconds and stored in the output,

t OVl MC 001 OUT in % (PA OUT SlewLimited).This is transmitted to the IVOO Scada
and controls the Primary Air Fan VFD.

User defined
MName l Yalue
Air from steam 52 )
Air from 02 trend 0
Air from low 02 -2.2456236
Air from high 02 0
Air from PAIR HAL 0 )
P& Fan OUT % 497543764
Pa 0UT SlewLimited 497543764
#MaX Rate Of Change 2.0833333
Act PA flow 21000
#Prirn Air OUT HL 53
#PAIr HL at 12t/h 50
Act PAir OUT HL 52
#Pri Air OUT LL 15
#hin PAIHL from low fumace temp 43
#hax time PAiHL reduction 10
Act time PAIrHL reduction 0
Furnace temp 1024.99999
Special case no 0

Fig. 89: Values and parameters for EventX 30

The actual high limit, g MASTER OUT HL (Act PAIrOUT HL) is calculated from parameters
g MASTER AIR HL, (#Prim Air OUTHL) and g MASTER HL AT 12, (#PAir HL at 12t/h),
depending on the Steam set-point. See Fig. 90.

Act PA'IOUT HL

Prim Air OUT HL:

PAir HL at 12t/

-

12t/h

15t/h

'

Steam set-point

Fig. 90: Primary Air high limit in relation to Steam set-point

FuzEventManual 07-03-2013 Rev02.doc

106 of 108




FuzEvent® Afuyang

Automation

This script also handles four special cases indicated in Special case no:

1.

If Steam flow is greater than (Steam set-point + 3.0 t/h),

g PA _FAN OUT (PAFanOUT %) is immediately reduced to 17 % plus the contribu-
tions from g D MASTER HIGH 02 andg D MASTER LOW O2.

If Steam flow is greater than (Steam set-point + 5.0 t/h),

g PA FAN OUT (PAFan OUT %) is immediately reduced to 13 % plus the contribu-
tions from g D MASTER HIGH 02 andg D MASTER LOW O2.

If the Steam drum pressure, t OVl PIA 022 is higher than Steam pressure high
limit, t ovl PIA 022 HL, the for primary air fan output set-point,

t OVl MC 001 OUT, is limited to 2 %, in reality stopping the Primary air fan
Steam pressure high limit 39.5 bar 37.3 bar

If Furnace Temperature falls below 800 °C, Act PAIrOUTHL, g PA FAN OUT (PAFan
OUT %) is gradually reduced, reaching 1 _MIN OUT_ HL (#Min PAirHL from low furnace
temp) when Furnace Temperature falls to 750 °C. This reduction is restricted

1 MAX MINUTES (#Max time PAirHL reduction) minutes. The purpose is to prevent ex-
cess primary air not contributing to the primary combustion but actually cooling the
furnace.

If the O2 content is below 02 SP + Delta for low 02 from Fig. 86, g PA FAN 0OUT (PA
Fan OUT %) is gradually reduced, reaching g MASTER AIR_LL, (#Prim Air OUT LL)
The purpose is to react fast to sudden increase in waste CV.

If the O2 content is above 02 SP + Delta for high O2 from Fig. 86,5 PA FAN OUT
(PA Fan OUT %) is gradually increased, reaching g MASTER AIR HI,

(#Prim Air OUT HL). The purpose is to react fast to sudden drops in waste CV.

15.4.10 EventX 39: Secondary Air Difference control

This script controls the amount of secondary air by the difference between the Total Air
set-point and the actual primary air flow.

The Total Air set-point is given by the operator on the Plant Scada Combustion Line pic-
ture.

User defined

Name l Value

SA missingin TOTA...  7000.00000
Offsetin TOTALAIR 0

Actual SA flow 65487.34482
Error signal 512.665172
Scaled Eror 0.17088505
#Scale HL 3000
-3000

S4 fan speed SP 62.6888452
Actual SA fan speed 0

HMCO08 OUT HL 705
HMCO03 0UT LL 3H

OUT change sincel... 0.03417701
Furhace Temp 1024.99933

Fig. 91: Values and parameters for EventX 39
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EventX 39 is implemented as a normal PID-controller using the difference between the
Total Air set-point and the actual primary air flow, SA missing in TOTAL AIR as set-point
and Actual SA flow as process value. The Error signal is fuzzyfied in Scaled Error using #Scale
LL, zero and #Scale HL. The output, SA fan speed SP, is limited between #MC008 OUT HL
and #MC008 OUT LL, and transmitted to to the IVOO Scada and controls the Secondary
Air Fan VFD.

If Furnace Temperature falls below 840 °C, the actual limiting values of MC008 OUT HL
and MC008 OUT LL are gradually reduced, reaching 25 % when the Furnace Temperature
falls to 800 °C. The purpose is to prevent excess secondary air, which is not contributing
to the combustion, cooling the furnace, e.g. when burning heavy, wet waste.
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