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About This Publication

This publication supports TotalPlant Solution (TPS) System network Release 520. TPSis
the evolution of TDC 3000X.

Thisisareference manual for process engineers, control-system engineers, and application
engineers who design and implement data-acquisition and control strategiesto be
accomplished through a TPS System with aLoca Control Network. This publication
defines the control functionsin the Application Modules (AMSs).

This publication is part of a set of publications that define control-system functions. The
other members of the set are

» System Control Functionsin the Implementation/Startup & Reconfiguration - 2
binder

* Process Manager Control Functions and Algorithmsin the Implementation/Process
Manager - 1 binder

» Hiway Gateway Control Functionsin the Implementation/Hiway Gateway - 1
binder.

* Logic Manger Control Functionsin the Implementation/Logic Manager binder.

* Programmable Logic Controller Gateway Control Functionsin the
Implementation/PLC Gateway binder.

Change bars are used to indicate paragraphs, tables, or illustrations containing changes
that have been made to this manual effective with release 520. Pagesrevised only to
correct minor typographical errors contain no change bars.
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INTRODUCTION
Section 1

This section provides references to other publications that are useful or necessary in
implementing control system functions.

1.1 REFERENCES

This manual describes the data-acquisition and control functions that reside in Application
Modules (AMs). Thefollowing are companion publications:

» System Control Functions in the Implementation/Startup & Reconfiguration - 2 binder.

* Process Manager Control Functions and Algorithmsin the Implementation/Process
Manager - 1 binder.

Application Module Implementation Guidelines in the Implementation/Application
Module - 2 binder.

» Hiway Gateway Control Functionsin the Implementation/Hiway Gateway - 1 binder.
* Logic Manger Control Functionsin the Implementation/Logic Manager binder.

» Programmable Logic Controller Gateway Control Functionsin the Implementation/PLC
Gateway binder.

Y ou should be familiar with the content of System Control Functions before using the other
control functions publications.

Other topics related to data-acquisition and control functions on Data Hiways are provided
in these publications:

* Algorithmsin Application Modules—Application Module Algorithm Engineering Data
in the Implementation/AM - 1 binder.

* Algorithmsin Basic Controllers—CB Algorithm Engineering Data in the Product
Manual binder in the BASIC System bookset.

* Algorithmsin Multifunction Controllers—MC Algorithm Engineering Data in the
Product Manual binder in the BASIC System bookset.

* Algorithmsin Extended Controllers—EC Algorithm Engineering Data in the Product
Manual binder in the BASIC System bookset.

Parameter Reference Dictionaries—For detailson dl of the data-point parameters, including
value types, default values, and access levels (keys), refer to the following publications:

Application Module Parameter Reference Dictionary in the mplementation/Application
Module - 2 binder

Process Manager Parameter Reference Dictionary in the Implementation/Process
Manager - 2 binder
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1.1

Advanced Process Manager Parameter Reference Dictionary in the
I mplementati on/Advanced Process Manager - 2 binder

Hiway Gateway Parameter Reference Dictionary in the Implementation/Hiway
Gateway - 1 binder

Computer Gateway Parameter Reference Dictionary in the Implementation/CM50S-1,
and Implementation/Computer Gateway binders.

Programmable Logic Controller Gateway Parameter Reference Dictionary in the
I mplementation/PLC Gateway binder.

Logic Manager Parameter Reference Dictionary in the Implementation/Logic
Manager binder.
The following sections of the Engineer's Reference Manual in the Implementation/Sartup
& Reconfiguration - 2 binder have information related to AM control functions:
Section 21, Checkpointing
Section 22, Processor Status Data Point

Section 23, Configuring for Performance
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AM CONTROL FUNCTIONS
Section 2

This section defines the data-acquisition and control functions, other than data-point functions,
that are accomplished in AMs. The data-point functions are defined in Section 3.

2.1 AM ERROR HANDLING

This subsection defines how the AM handles these conditions:
* LCN Communication Errors(2.1.1)
» "Bad PV" Errors(2.1.2)

* Point Interconnection Errors(2.1.3)

Detection of Failed Nodes (2.1.4)

» Communication Error on General Inputs (2.1.5)

2.1.1 LCN Communication Errors

These are errors detected in communications on the Local Control Network. They are most
likely associated with the failure of amodule or gateway. When a communication efror is
detected, processing of all data pointsis delayed for one cycle (0.5 sec.). If the error
persists for the next cycle, the value status of the data points that are affected changesto
bad, and point processing, even with the bad data, continues. In this situation, the values
in the parameters with bad data can't be changed and a system alarm is generated.

2.1.2 "Bad PV" Errors

Figure 2-1 isaflow chart of the handling of seven conditions that can cause bad PVs. The
following is asummary of each of these situations:

» CVB Overflow inthe AM—This error occurs if the current-value buffer (CVB) inthe
AM isfull and can accommodate no more prefetched or poststored data (see 2.3 in
Application Module Implementation Guidelines).

» LCN Communication Error—The PV vaue statusfor a point has changed to Bad
because of an LCN communication error, as described under 2.1.1.
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2.1.3

» UAC Switchover—The PV vaue status for a point has changed to Bad because an
Uninterruptible Automatic Control (UAC) switchover on a Data Hiway has occurred,
and the AM was fetching the PV during the switchover (a UAC switchover isthe
switching of control from aCB, MC, or EC to its reserve controller).

* Node Failure—The PV value status for a point has changed to Bad because the node
the value was fetched from has failed.

¢ Intermittent Communication Error—A communication error has occurred that appears
to be because atemporary box-level communication error occurred. Thistype of error
doesn't cause an alarm, because of its "immediate” recovery; however, an AM point
that receives the value during the intermittent condition receives abad input.

» Thevaluein parameter PVAUTO isout of range and is not clamped.
» Thevaluefor arequired PV-Algorithm coefficient isbad.
» Thevaluefor arequired PV input is NaN.

Note that the flow chart shows that if the PVY SOURCE parameter for the point with the bad
PV contains Auto, bad-control alarms for this point are not distributed. If PV SOURCE
contains Man (manual) or Sub (substituted PV), the bad-control PV alarm is distributed.

2.1.3 Point Interconnection Errors
The point interconnection-error categories are as follows:

 Software error

» Communication error
 Configuration error

» Vaue storagefaled
 Vaue stored with an error
» Range error

» Key-level error

When such an error is detected an appropriate message is displayed at the Universal
Station(s).

2.1.3.1 Software Errors

Software errors should be very rare, but if they occur, you will need assistance from
Honeywell. When a software error is detected, the module in which it was detected, is
automatically shut down.

2.1.3.2 Configuration Errors

These are caused by amissing data point or amissing parameter, or caused by an incorrect
parameter or some other incompatibility (including off-LCN data access security
violations). When a configuration error occurs, an attempt to read a missing parameter
resultsin a bad-value status (except for general input connections, see 3.1.4.4) and an
attempt to write in amissing parameter isinhibited. In both cases, aconfiguration alarmis
generated.

AM Control Functions 2-2 10/96



2.1.3

Bad PV
Input
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It Was Fetching PV
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Figure 2-1 — AM Handling of Bad PVs
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2.1.3
2.1.3.3 Value Storage Failure

When an attempt to write in a parameter fails because of control interlocks, an error
indication is generated. Examples of such interlocks are that the point isin the wrong
mode, has an incorrect PV SOURCE, or isbeing initialized. In general, standard control
functions don't act on such an error. The error indication is accessible to CL programs,
and corrective action could be taken by a CL program.

2.1.3.4 Value Storage With an Error

When an attempt to write in a parameter is successful but the data was changed in some
way, such as by clamping action, an error indication is generated but, in general, standard
control functions don't act on such an error. The error indication is accessible to CL
programs, and corrective action could be taken by a user-written CL program.

2.1.3.5 Range Error

A range error is caused by an attempt to store outside the system-specified value or
subscript range.

2.1.3.6 Key-Level Error

A key-level error is caused by an attempt to store into a parameter that cannot be written to
with the access key presented.

2.1.3.7 Bad Value Handling at Point Interconnections

When avaluein a parameter is NaN, the value status transferred over input and output
connectionsis "bad" (except for general input connections, see 3.1.4.4). Also,

* Input connections do transfer bad values (except for general input connections, see
3.1.4.4).

* Output connections don't transfer bad values.

2.1.4 AM Detection of Failed Nodes

The flow chart on Figure 2-2 shows how the AM detects afailure of another node (module
or gateway) that the AM communicates with asit is processing data points. If such anode
failsto provide or to accept datafor afull second, the AM assumes anode failover is
occurring, and stops processing long enough for failover to occur (4.5 seconds) before
retrying the request. This suspension of point processing can be referred to asthe AM
"hold your breath" philosophy, and results in accepting a permanent 5 to 5.5-second dip in
the point processing schedules. No attempt is made by the point processors to make up for
thislost time.
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AM detection of failed
nodes

Make an LCN request for:
1) stores from previousl1/2-sec cycle.
2) fetches for next 1/2-sec cycle.

Did any logical
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respond within
1/2 second?

Yes

Wait for the data one
more 1/2 second.

Note:

If the system recognizes a node as
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After 3.5 seconds
more, retry the stores|
and fetches.

Did the data transfer

<
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End
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End

Figure 2-2 — AM Detection of Failed Nodes

processing using bad
values for the data from

the errant logical node.
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2.15

The "hold your breath" path in the flow chart shows that if this path has been taken more
than a system-specified number of times, a"hold your breath" alarm is distributed. On
each pass, the AM attempts for atotal of 4.5 secondsto recover the datatransfers and if the
data doesn't successfully transfer in that period, the AM resumes processing with bad-
value status for any data needed from the failed node.

2.1.5 Communication Errors on General Inputs
If acommunication error occurs when a genera input to an AM point is fetched, the genera

input isn't stored in the point, the status for this general input goes to Commerr, but no
alarm is distributed for this condition.
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2.2
2.2 AM DATA-POINT PROCESSING

AM data points are processed at configured intervals from once each second to once each
day, thus tailoring the processing rate to the dynamics of the process and allowing a
reasonably even distribution of the processing load.

AM points can also be processed as demanded.

2.2.1 Scheduling AM Data Points
To schedule a AM regulatory data point, do the following as you configure the point:

1. Assign ascheduling period from the periods that appear on the point-builder display,
or configure event-driven processing. Events can include an operator request, a
request from a user-written program, or arequest from another data point. Unless
you have specfied that the point is to be processed by the internetwork (1PP)
processor, the scheduling period that you select will determine to which processor the
point isassigned. Selection of 1 second through 2 minutes selects the fast-point
processor (FPP). Selection of 1 "slow" minute (1S Min) through 24 hours selects
the slow-point processor (SPP).

2. You can specify that the point be processed before or after apoint that has already
been scheduled. Note that before/after processing between points assigned to
different processorsis not allowed.

3. You can assign the point to a processing cycle, or you can allow the system to assign
the cycle on which the point executes. Points that have not been assigned to be
processed before or after another point, and that have no user-configured cycle
assignment, are automatically assigned to the |east-loaded processing cycle.

The processing-cycle assignment and before/after assignment are mutually exclusive:
either one or the other can be configured for a point, but not both.

CL programs can schedule points configured for event-driven processing to be processed at
arelative time, such as "five seconds from now."
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2.2.1
2.2.1.1 Data Point Processors

Application Modules have three data-point processors. the fast processor (FPP), the slow
processor (SPP) and the internetwork processor (IPP). The fast processor has a higher
priority than the other two processors, and these processors can consume up to 70% of
each processing cycle. Theremaining timeisavailable for Background CL programs and
other AM processing functions.

The internetwork processor can be used for access of data on remote L CNs through the
Network Gateway. (Note that background CL programs can access remote data regardless
of the point's processor assignment.) Points can only be assigned to the internetwork
processor if 1PP has been enabled during configuration of that AM. PP points do not have
overlapped prefetch/poststore processing. The FPP/SPP processors process cycle n while
fetching for cycle n+1 and storing for cyclen-1. The IPP processes cycle n, and then waits
for both the cycle n stores and the cycle n+1 fetches to complete before it processes cycle
n+1.

Because of its higher priority, points assigned to the fast processor are processed more
nearly on schedule than those assigned to the other two processors. Points assigned to the
fast processor are scheduled to execute within a given one-half second. Points assigned to
the dow processor are scheduled to execute on a particular one-half second within agiven
minute. A 5-second leeway is allowed for actual execution of the point from the assigned
one-half second.

| PP processing and data accessing is independent from the FPP/SPP and is considered less
timecritical. Note that timer and counter data points on the IPP cannot be expected to count
time accurately. Use FPP/SPP instead.

Point-processor loading is effectively balanced across the minute. Thus, if there are 120
one-minute points assigned to the slow processor, each one-half second one of theseis
executed, so that by the end of the one-minute period, all 120 points have been executed.
The 8-, 12-, and 24-hour points are scheduled to execute within the first minute of the
appropriate hourly period, as specified by the cycle assignment.

When the fast processor has work to do, it interrupts the SPP or PP after processing for
the current point is complete (background CL programs are interrupted immediately). Once
one of the processors begins processing a point, it continuesto completion. Thus, if a
point with alarge foreground CL block is assigned to the slow processor, it could cause the
fast processor to be delayed. If aprocessor is delayed, it triesto catch up.

Parameters are available in the AM processor-status point that can be configured to cause
the AM to generate an alarm (FPP/SPP/IPP) or to fail (FPP/SPP only) if a processor is
excessively delayed (see Section 22 in the Engineer's Reference Manual).
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2.2.1.2 Period Assignments and Special Processing

Data points processed by the data point processors are assigned to processing periods. The
processing periods are as follows:

e Fast Processor — 1 Sec, 2 Sec, 5 Sec, 10 Sec, 15 Sec, 30 Sec, 1 Min, and 2 Min.

* Slow Processor — 1S Min, 2S Min, 5 Min, 10 Min, 15 Min, 30 Min, 1 Hr, 8 Hr,
12 Hr, and 24 Hr.

* Internetwork Processor —5 sec, 10 Sec, 15 Sec, 30 Sec, 1 Min, 2 Min, 5 Min, 10 Min,
15 Min, 30 Min, 1 Hr, 8 Hr, 12 Hr, and 24 Hr.

The periods on the fast and slow processors overlap each other (1 Min ison the fast
processor and 1S Min is one minute on the slow processor), thus, providing some
flexibility in period assignments. The accuracy of the actual processing period depends on
the processor to which the point is assigned and the time when the preceding point was
processed.

Points are processed within timing tolerances that assure the accuracy of dynamic control
calculations by agorithms such as PIDs and Lead-L ag algorithms.

Special processing can be requested by US operators, user-written programs, and requests
from other points. When an operator requests special processing from the Detail Display
for apoint, the request is accomplished by placing the value On in parameter PPS. A user-
written program can request special processing by placing Normal in parameter PPSREQ,
or it can request specia processing at some later time by placing adelay timein secondsin
parameter PPSCY CLE (if aCL block requests specia processing for the point it is attached
to, such processing takes place after the next normal processing cycle). Parameter

PPSTY PE indicates the type of any specia processing request currently in effect for a
point. Refer to the Application Module Parameter Reference Dictionary for more detailed
information about these parameters.

There are two categories of special-processing requests:

» Full processing—initiated by requests to parameters PPS, PPSREQ), or
PPSCY CLE.

» Partial processing that occurs for these specific functions (PPSTY PE indicates
which)

Process-Specid Initialization—Execute the set of point functionsinvolved in
changing cascade connection or mode.

Process-Specia Override—Execute the set of functionsinvolved in override
processing.

Process-Specia Manual Mode—This Process Special isinvoked when a
operator changes OP whilein MANua mode.

These are internal functions and they occur as aresult of some other activity,
such as an operator changing the OP value whilein MANual mode.

AM Control Functions 2-9 10/96



2.2.1
2.2.1.3 Automatic Cycle Loading

After selecting the processing cycle, you can let the system determine the |east-loaded cycle
on which to schedule the point for processing. This option is selected when you build an
AM point, by entering "No" in parameter BEFAFT, or by entering "Cycle" in BEFAFT
and entering -1 in NORMCY CL.

The system maintains loading information in aloading array that consists of 240 "load
intervals' for points with fast periods, 60 load intervals for points with slow-minute
periods (1S Min through 1 hr), and 24 load intervals for points with slow-hourly periods
(8 hr, 12 hr, and 24 hr). Each load interval contains the number of points scheduled to
process for all periods whose cycles are associated with that load interval. For example,
dow-hourly load interval number 20 contains the number of points scheduled with an 8-hr
period on cycle 4, a12-hr period on cycle 8, and a 24-hr period on cycle 20. Refer to the
following chart:

Load
Interval  Points Loaded on the Interval Per Cycle
0 8 hrcycle 0|12 hrcycle 0 |24 hrcycle O
1 8hrcyclel |12 hrcyclel |24 hrcyclel
2 8hrcycle2 |12 hrcycle2 |24 hrcycle 2
3 8 hrcycle 3|12 hrcycle 3 |24 hrcycle 3
4 8 hrcycle 4 (12 hrcycle 4 |24 hrcycle 4
5 |8hrcycle5|12 hrcycle5 |24 hrcycle5
6 8 hrcycle 6 |12 hrcycle 6 |24 hr cycle 6
7 8hrcycle 7|12 hrcycle7 |24 hrcycle?
8 8hrcycle 0|12 hrcycle 8 |24 hrcycle 8
9 8hrcycle 1|12 hrcycle9 |24 hrcycle 9
10 |8hrcycle 2|12 hrcycle 10 |24 hr cycle 10
11 8 hr cycle 3| 12 hr cycle 11 | 24 hr cycle 11
12 8 hrcycle 4|12 hrcycle 0 |24 hr cycle 12
13 8hrcycle5(12hrcycle 1 |24 hrcycle 13
14 |[8hrcycle 6|12 hrcycle2 |24 hrcycle 14
15 8 hrcycle 7|12 hrcycle 3 |24 hr cycle 15
16 8 hrcycle 0|12 hrcycle4 |24 hrcycle 16
17 8hrcyclel |12 hrcycle5 |24 hrcycle 17
18 8hrcycle 2|12 hrcycle 6 |24 hr cycle 18
19 8 hrcycle 3|12 hrcycle 7 |24 hr cycle 19
20 |8hrcycle4 |12 hrcycle 8 |24 hrcycle 20
21 8hrcycle5|12 hrcycle9 |24 hrcycle 21
22 8 hrcycle 6 | 12 hr cycle 10 | 24 hr cycle 22
23 8 hrcycle 7 [ 12 hr cycle 11 | 24 hr cycle 23

To determine the least-loaded cycle to which the point should be assigned, the system
compares the load intervals for the point's unit and period group (fast periods, slow-minute
periods, or sow-hourly periods). To select the cycle within the period (for example, cycle
0,1, 2, or 3 of a2-sec. period), atrial calculation is made to determine the maximum
interval load associated with that particular cycle, by comparing the load intervalsin which
the point would be scheduled. The cycle that corresponds to the minimum of these trid
loads is selected as the least-loaded. For example, a point with a 1-sec. period can be
assigned to cycle O or to cycle 1. The maximum loading of the 120 even-numbered load
intervalsis compared to the maximum loading of the 120 odd-numbered load intervals, and
the cycle that corresponds to the minimum of these two numbersis selected.
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In assigning apoint to a cycle, the agorithm that determines the least-loaded cycle
considers the following variables:

» Thispoint's unit, only (loads for other units on the same processing cycle are
ignored).

*  Thenumber of pointsin aperiod group (fast periods, slow-minute periods, or
slow-hour periods) (point processing times and loads in other period groups are
ignored).

2.2.1.4 Before and After Assignments

Data points that require a certain relative processing order can be assigned a before/after
relationship. Y ou can configure either a before or an after relationship to establish the order
of point processing. Such order isimportant when a point needs up-to-the-moment data
from another point.

Points that have before/after assignments are processed in the specified order in the same
one-half second if on the fast process or in the same 5-second period if on the slow
processor. If point A is before point B, and point B is before point C, then points A, B,
and C are processed in A, B, C order.

Such schedules are used in cascade control strategies to assure proper propagation of
information. Two or more points with before/after relationships to each other are defined
as a"before/after set.”

Here are some restrictions on such schedules:

1. All pointswithin a before/after set must be assigned to the same processor (FPP,
SPP, or IPP).

2. The processing period of every point in a before/after set must be some multiple of
the period of the fastest point in the set.

3. Each before/after set must be in the same process unit.

4. Where point A is configured to name point B to be processed before or after point A,
point B must be loaded in the AM before point A isloaded. Pointsin before/after sets
areloaded by the Data Entity Builder's Load Multiple command. This command and
establishing the loading order with a selection list are defined under 7.2.4 in the Data
Entity Builder Manual.

5. All pointsin aprevioudy loaded before/after set must be rebuilt if any of the setis
rescheduled.
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2.2.1.5 Cycle Assignment by Users

In some cases you may want to load processing cycles yourself. To do thisyou need to
understand what cycles are available for each processing period.

On the fast processor, each cycle effectively occurs at each half-second, thus, for the 1—
sec. period there aretwo cycles: 0 and 1. For the 2-min. period, there are 240 cycles (0
through 239). The other processing periods follow this pattern. 1f you assign a point to
cycle 1 of al-sec. period, that point will be executed every other cycle, starting with the
second half-second after the AM startsup. For example, if point A100 is assigned to cycle
1 of a 1-sec. period, it is processed as indicated by this diagram:

| A1|00 | AlIOO | A1|00 ?100 | A|100
Absolute Cycle O 1 2 3 4 5 . . . . . 2n-1 2n 2n+1
L N— AM St art up

4996

Fast processor cycle assignments are as follows:

Period Cycles

1 Sec 0,1

2 Sec 0,123

5 Sec 0,1,..,9
10 Sec 0,1,..,19
15 Sec 0,1,..,29
30 Sec 0,1,..,59

1 Min 0,1,..,119

2 Min 0,1,..,239

Slow processor cycle assignments are as follows:

Period Cycles
1S Min 0
2S Min 0,1
5 Min 0,1,2,3,4
10 Min 0,1,..,9
15 Min 0,1,..,14
30 Min 0,1,..,19
1 Hr 0,1,..,59
8 Hr 0,1,..,7
12 Hr 0,1,..,11
24 Hr 0,1,..,23
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Internetwork processor cycle assignments are as follows:

Period Cycles
5 Sec 0

10 Sec 0,1

15 Sec 0,1,2

30 Sec 0,1,..,5
1 Min 0,1,..,11
2 Min 0,1,..,23
5 Min 0,1,..,4

10 Min 0,1,..,9

15 Min 0,1,..,14

30 Min 0,1,..,29
1 Hr 0,1,..,59
8 Hr 0,1,..,7

12 Hr 0,1,..,11

24 Hr 0,1,..,23

2.2.1.6 Handling of Processing Overloads

If apoint processor can't complete the processing of al of the points on a processing cycle,
processing of al the pointsin the overloaded cycle is completed and the AM triesto catch
up in succeeding cycles.

If the number of late cycles (indicated by processor status data-point parameter
OVERRUNYS) exceeds the threshold established by the user in processor status data-point
parameter AMOVRTHR, a processor status-point alarm is generated. When normal
processing resumes, areturn-to-normal message is generated. (The processor-status data
point is discussed Section 21 in the Engineer's Reference Manual .)

If processing is late by more than the number of cycles specified by the user in processor
status data-point parameter AMOVRABT, the AM falls.

Y ou can select an alternative overrun-handling method. To do so, configure a CL block on
acustom data point to monitor the overrun parameters, OVERRUNS, OVRFASTC, and
OVRSLOWC, and an associated CL block to deactivate selected points to reduce the
overload.

When behind, the IPP uses a technique for catching up that processes some "next cycle"
points on the current cycle. This can result in the skipping of duplicate executions of
higher frequency points. The difference between the number of scheduled cycles and the
number of actual "fetch" cycles represents the count of skipped executions during catchup
periods. The point's PSDP parameters IPPRCY CC and IPPRCY CP give this information.
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2.2.2

2.2.1.7 AM Schedule Dumper

Y ou can usethe AM schedule dumper to print or display areport that provides cycle-
loading and schedule information of the pointsinan AM unit. To do so, refer to
subsection 5.1 in Application Module Implementation Guidelines.

2.2.2 Associated Display

With Release 510 and later software, an Associated Display can be configured for each AM
point by entering the name of a custom built schematic in the ASSOCDSP parameter. The
name of the custom schematic can be up to 8 characterslong. At operating time, by
pressing the ASSOC button, the associated custom schematic can be called up from a Point
Detail Display, Group Display with a point selected, or any Summary Display with a point
selected.

The ASSOCDSP parameter can be defined in the DEB at build time, or it can be changed
from the DEB's Alter_ Parameter function, the Detail Display, Schematics, or CL/AM.
The Access Lock for the ASSOCDSP parameters is Engineering.
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2.3
2.3 PROCESS ALARMS

See 4.3.1 in System Control Functions for general discussions of processalarms. In
addition to the alarm types described below, the AM also detects the alarm types defined
under 4.3.1.8 in System Control Functions.

2.3.1 Process Alarm Detection

Process Alarm detection occurs as individual data points are processed in normal point
processing.

Each appropriate, process-related parameter is checked to determineif it iswithin user-
configured alarm trip points, and the corresponding alarm flag is set or reset as the result of
thetest. Additionally, in AM Regulatory points, a 3-state alarm-transition parameter value
isderived for most analog variables that are subject to alarm checking. Thethree states are
Alarm, Rtn, and NoChange. The values of the transition parameters are meaningful only
during the point's execution and it is specifically intended for the use of CL blocks on the
same point.

2.3.2 Alarm Trip Points

Alarm trip points are user-configured values. When amonitored variable exceedsthe trip
point, an alarm is generated.

In AMs, you can configure the trip point as NaN—not a number. When an aarm trip point
is defined as NaN, the trip-point test is not performed, the corresponding alarm flag is
changed to false, and the alarm-transition flag is changed to "no transition.”

2.3.3 PV Alarm Deadbands in AMs

For Regulatory data points and Counter data pointsin AMs, adeadband is configured for
each data point. The deadband is specified as a percentage of the PV range or asan
engineering-unit value. The deadbands reduce nuisance alarms that can occur when a PV
varies around the trip point.

Parameter PVALDB is configured with one of the following values: Half, One, Two,
Three, Four, Five, or Eu. The values Half through Five specify the deadband in percent of
the engineering-unitsrange. The value Eu indicates that parameter PV ALDBEU contains
the deadband value in engineering units.

The deadband effects the return-to-normal. Alarms are generated when the PV increases
through the trip point and the return-to-normal indication occurs when the PV returns
through the trip point and the deadband. Deadband values default to 1.0%.
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2.3.5
2.3.4 Advisory Deviation Alarms

An advisory-deviation alarm is generated when the absolute value of the difference between
the PV and the advisory setpoint exceeds the advisory-deviation trip point. The advisory-
deviation alarm return-to-normal is generated when the absolute value of the difference
becomes |ess than the trip point plus the deadband value. The alarm priority parameter for
the advisory-deviation darmisADVDEVPR. See3.1.6.3and 3.1.7.

2.3.5 Bad-Control Alarm

A bad-control alarm is generated when control processing resultsin CV = NaN (CV isthe
calculated value from control processing). This occursif any control input or PV is NaN.
When the NaN input returns to normal, the point isinitialized and a"bad-control return-to-
normal" indication is generated. The aarm priority parameter for thisalarmis
BADCTLPR, and it isavailable on Counter and Regulatory points.

2.3.6 Bad-Configuration Alarm

In AMs, asingle bad-configuration alarm is generated for all reported configuration,
software, key-level, and range errors for process inputs, general inputs, control inputs, and
control outputs. The alarm priority parameter for thisalarm is CNFERRPR, and it is
available on Custom, Regulatory, Switch, Timer, and Counter points.

2.3.7 Bad-PV Alarm

When the PV input to adata point is NaN, abad-PV alarm is generated and other PV-
related alarms are not detected. Until the PV returnsto normal, the last state is maintained
and the alarm transition flags are in the no transition state.

When avadid PV isagain available, abad-PV return-to-normal indication is generated and
normal alarm computation is resumed, using the prealarm alarm status as areference in
generating return-to-normal reports and alarm trangition flags. The aarm priority parameter
for the bad-PV darm isBADPVPR, and it is available on Counter and Regulatory points.

Other aspects of the AM's handling of bad PVsis provided under 2.1.2.

2.3.8 CL Error Alarms

A CL error darmis generated when a Foreground CL program encounters a configuration
error that probably will require an "engineer” fix, using the CL compiler or DEB. See
heading 4.1.4.7. The Background CL error alarm indicates the same condition on a
Background CL program. The Foreground CL and Background CL error alarm prioritiy
parameters are CLEALMPR and BCLEALPR respectively. They are available on Custom,
Regulatory, and Switch points.
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2.3.10

2.3.9 CL Fail Alarms

A CL fail alarm is generated when a Foreground CL program cannot proceed because of a
communications error or abad value. See heading 4.1.4.7. The Background CL fail alarm
indicates the same condition on a Background CL program. The Foreground CL and
Background CL fail alarm prioritiy parameters are CLFALMPR and BCLFALPR
respectively. They are available on Custom, Regulatory, and Switch points.

2.3.10 Pre-Preset and Pre-Pre-Preset Alarms

These alarms apply to only AM counter data points. A pre-preset alarm is generated when
the accumulation value is equal to the preset (accumulation target) value, minus a user-
defined accumulation deviation-one target value.

A pre-pre-preset alarm is generated when the accumulation value is equa to the
accumul ation-target value minus a user-defined accumulation deviation-two target value.

The aarm priority parameter for the pre-preset alarm is PRPRSTPR, and the alarm priority
parameter for the pre-pre-preset alarm is PPPRSTPR. See 3.3.7 for additional
information.

2.3.11 Custom Process Alarms

AM switch data-points provide parameters that can be used with CL/AM programsto create
custom process dlarms. These parameters are SALMFL1, SALMFL2, and SALMFL3,

and the corresponding alarm priority parameters are SWALM1PR, SWALM2PR, AND
SWALM3PR. See 3.7.3 for additional information.

2.3.12 Unit Alarm Operations

All darmsfor al data pointsin a process unit can be enabled, disabled, or inhibited at once,
by a Universal Station operator. These unit-based alarm-state changes override the
enable/disable/inhibit states for the individua data points.

2.3.13 Contact Cutout

Contact cutout is a state in an alarmable point in which alarms are “cut out” (not reported).
The main purpose of the contact cutout function isto prevent a proliferation of alarmsfrom
being reported to the operator, which could occur when a critical failure causes anumber of
related alarmsin other points. Inthe AM, the contact cutout state is determined by the
CONTCUT parameter, which isavailable in all alarmable points (all points execpt
numeric). Thisparameter isalogical type with avaluesof On or Off. This parameter can
be written to from CL to turn the contact cutout state on or off. The CONTCUT parameter
cannot be accessed from the Data Entity Builder (DEB) or from schematics.
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2.3.13

The AM regulatory, counter, and timer points also have a configured contact cutout input
connection that can control CONTCUT and thereby turn the contact cutout state on or off.
Thisinvolves two parameters, CCINPT and CCSRC. CCINPT (Contact Cutout Input
required) isa'Yes/No enumeration which, if set to Y es, causes a data entry box to appear
on the Parameter Entry Display of the DEB, requiring the entry of the point.parameter
CCSRC (Conatact Cutout Source). The source point.parameter entered here must be of
typelogical (On/Off). Asan example, the Point-in-Alarm paramater (PTINAL) of a point
(primary) could be entered as the Contact Cutout Source (CCSRC) in one or more other
points (secondarys).

2.3.13.1 Universal Personality Function

An NCF option (new in R500) allows the user to select how existing unacknowledged
alarms are handled on the US Alarm Summary display when a point goesinto the contact
cutout state. A choice of two optionsis available.

e CLEARIMMEDIATELY—Clearsal of the points unacknowledged alarms from the
Alarm Summary.

* CLEAR WHEN ACKED—L eaves unacknowledged alarms on the Alarm Summary,
but backlights the time stamp. Clears the alarms when they are acknowledged by the
operator. Thisisthe default conditon.

When apoint goesinto the contact cutout state, the following actions take place:
» All of the point’s acknowledged aarms are cleared from the Alarm Summary display.

» Depending on the NCF alarm summary option selected, one of the following
happens:

- All of the point’s unacknowledged aarms are cleared, or

- Thetime stamps on al of the point’ s unacknowledged alarms are backlighted, and
the alarms are cleared when they are acknowledged by the operator.

* Any new alarms detected are not displayed on the Alarm Summary display. Cutout
alarms are not journaled, but continue to to be reported to the AM for event initiated
processing (EIP). A Contact Cutout True messageisjournaled for pointsin alarm.

When contact cutout is removed and the point isin alarm, the AM will redistribute the alarm
with the following results:

» If theaarm isdisplayed on the Alarm Summary display, the backlighting is removed
from the time stamp of the alarm, and the time stamp is changed to the time that
contact cutout was removed. If the alarm is not displayed on the Alarm Summary, a
new alarm message is displayed.

» A Contact Cutout False event isjournaled.

When a point returns to normal from an alarm while in the cutout state, and then goes out
of the cutout state, the following actions take place:

» Backlighting is removed from the time stamps of the point’ s unacknowledged alarms
on the Alarm Summary, and the priority indicator is backlighted indicating that the
point returned to normal. The alarms will be cleared when acknowledged by the
operator. (The priority indicator isasingle character (E, H, or L), or optionally a
symbol, that indicates whether the alarm was Emergency, High, or Low. It islocated
in the column just to the right of the time stamp.)

» A Contact Cutout False event isjournaled.
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2.3.14

2.3.14 Primary Module Points

Primary Module (PRIMMOD) Points provide a mechanism for grouping related points; it is
used to collect alarms and events from points that are related for some purpose. The
PRIMMOD parameter contains the name of asingle point that is linked to other related
points. All points with matching PRIMMOD parameters are considered to be in the same
group.

PRIMMOD parameters can be used in the following ways.

» Create darm groups—the composite alarm status is maintained for aPRIMMOD
group and can be used to support more flexible and customized alarm annunciation
through button LEDs, custom schematics, and the Area Annunciator Display.

* Retrieve events—from the Event History Retrieval Display, you can enter the primary
module point name to retrieve events related to points with the same PRIMMOD
parameter.

* Identify aset of points—as belonging to a batch equipment unit or batch ID.

* ldentify the Process Module Point—that is responsible for manipulating a group of
points.

Any type of LCN point can be used as a Primary Module Point. All LCN points have a
PRIMMOD parameter except for UCN component and CG points. Thereis no limit to the
number of pointsthat can be grouped under a primary module point.

Use the following guidelines when assigning points to a Primary Module:
 ThePRIMMOD default isnull (underscores” " or dashes“-").
ThePRIMMOD vaue of an AM point can be any valid local LCN point.
 The PRIMMOD value of aUCN point must be a point in the local NIM.
» The PRIMMOD vaue of aHiway point must be a point in the local HG.
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2.3.15

2.3.15 AM Multiple Primmods Alarming Option

With R520, a new NCF option allows asingle aarm on an AM point to be reflected in four
new Primmod alarm groups in addition to the standard Primmod parameter group whichis
used for alarm displays and event history. This accommodates the sharing of a common
piece of equipment by up to five processes; e.g., batches or oil movements,
simultaneoudly.

These new Primmod alarm groups are identified by four 16-character string-type
parameters: $MPROD1, $MPROD2, $MPROD3, and $MPROD4. These strings will take
the place of the PRIMMOD parameter stringsin LCN aarm events. The PRIMMOD and
$MPROD groups can be referenced from displays and button LEDs, and used for event
history retrieval.

The NCF Configurator has an option parameter that controls whether the Multiple
PRIMMOD functionality is enabled or not. This option has three modes:

» Multiple PRIMMOD Option Disabled—Alarms are reflected only in PRIMMOD
parameter alarm groups (not SMPROD).

* Multiple PRIMMOD Option Enabled Exclusive—Alarming on PRIMMOD and
$MPROD is mutualy exclusive (e.g., if apoint isin an alarm state and at least one
$MPROD parameter on that point has avalue, that alarm will be reflected in the dlarm
groups for those $MPROD parameters which have values and will not be in the alarm
group for the PRIMMOD parameter. 1f none of the $M PRODs have values, the darm
will be reflected in the PRIMMOD group).

» Multiple PRIMMOD Option Enabled Inclusve—An aarm on apoint will be reflected
inthe darm groupsfor all the point’s $MPROD parameters which have values and
also on the aarm group for the PRIMMOD parameter.

All darmable AM points have these new $MPROD parameters. This functionality does not
apply to the HG, NIM, or CG.

2.3.16 Auxiliary Unit

In R520, all darmable AM point types have anew parameter called Auxiliary Unit
(PAUXUNIT). Thisnew parameter isin the Data Entity Builder (DEB) and on the
Configuration Page of the point’s Detail Display. It alowsall process alarms on a point to
be dynamically redirected from the point’s primary unit to an alternate unit for dlarm

displays.

Process alarm events, that are generated from points whose SAUXUNIT has been
configured, will be accepted only by Universal Stations having an Area Database in which
both the Primary Unit and the Auxiliary Unit are configured. If the SAUXUNIT parameter
isset to null (--), dlarms and messages on that point go to the primary unit. If avalid Unit
ID is specified, alarms and messages from that point go to the Auxiliary Unit.

A point’s SBAUXUNIT parameter can be modified by Schematic, Detail display, DEB, Alter
Parameters, Computing Modules, or CL as determined by the key-access level that is
configured in the NCF. Aslong asthereisno key level violation, the user can modify the
SAUXUNIT parameter at any time even if the point is active.

An Auxiliary Unit on the Alarm Summary and on the Alarm Annunciator displays will
appear in the unit column in reverse video, half-intensity green. If an Auxiliary unit does
not exist, the unit column will contain the primary unit number and will not be back-lit.

If you do not want to use this feature, leave the new parameter SAUXUNIT at its default
value, "--".
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2.4

2.4 MESSAGES
2.4.1 Message Generation

Messages generated by Application Modules are 1-way messages that may or may not be
acknowledged by the message receiver. Messagesin the AM are originated by CL Blocks.

2.4.2 Message Distribution

Messages are distributed to Universal Stations at the end of each point-processing cyclein
the same way asaarms. The messages are sent to the Universal Station(s) that the unit
containing the point is assigned to. Each message also contains atime indication, the point
tag-name, and the unit ID.

2.5 EXTERNAL MODE SWITCHING IN AMs

External mode switching (EMS) istypically used to establish mode interlocks or, under
certain process conditions, to restrict the use of amode that invokes a higher level of
control.

Each regulatory data point has these three logical parametersthat are used in EMS:
ESWMAN, ESWAUTO, and ESWCAS. They correspond to MAN, AUTO, and CAS.
General input connections or general output connections can be used to change these
parameters from other data points.

The following mode-switching options can be configured in EXTSWOPT for each
regulatory point:

* Ems—External Mode Switching
* Emp—External Mode Permissives
* None

When one of thefirst two optionsis configured, the function can be enabled or disabled by
the operator or by a user-written program (with ESWENBST). Mode changes made this
way have no effect on the mode attribute of the data point or on the normal mode and
normal mode attribute of the point. When a mode change is made, the last values of the
normal mode and normal mode attribute parameters stay in effect.

2.5.1 Mode Switching

When mode switching is enabled, the operator and the system functions are prevented from
changing the mode of the data point and the mode is determined by the ESWMAN,
ESWAUTO, and ESWCAS parameters, as indicated on Table 2-1.

AM Control Functions 2-21 10/96



2.5.2 Mode Permissives

252

The principle use of mode permissivesisto restrict mode changes, under certain process
conditions, that lead to a higher-level of control (e.g., AUTO to CAS), or to cause a shed
to alower-level mode (e.g., CASto MAN). When MODPERM contains Enabled, the
status of EM S parameters ESWMAN, ESWAUTO, and ESWCAS affects the modes as
shown in Table 2-2.

Table 2-1 — Mode-Switching Operation

EMS Can Mode Be
Parameters Changed By
EMS (Note 1) Operator or
Enabled? M A C Effective New Mode Program?
No X X X Last Mode Requested Yes
F F F Previous Mode (Note 2)
Yes T X X Man No
F T X Auto (Note 3)
F F T Cas (Note 3)

Notes for Table 2-1:
Note 1 — M is ESWMAN, A is ESWAUTO, and C is ESWCAS, T = True, F = False, and X =

don't care.

Note 2 — Previous Mode is the mode when the point was last processed.

Note 3 — If the effective new mode is not legal for the control algorithm, the mode doesn't
change.
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Table 2-2 — Mode-Permissive Operation

252

Status of the EMS
Parameters (1)

Can the Mode Be
Changed By An

Permissives Last Effective Operator or a
Enabled? M A C Mode (2) New Mode Program?
NO X X X any same as Yes
last mode
YES F F F any same as Yes
last mode
YES T X X AUTO,CAS, MAN
MAN or same as The mode can-
YES F T X AUTO last mode not be changed
to CAS
CAS AUTO (3)
YES F F T any same as Yes
last mode

Notes for Table 2-2:
Note 1 — Mis ESWMAN, A is ESWAUTO, and C is ESWCAS, T = TRUE, F = FALSE, and X
= don't care.
Note 2 — Last Mode is the mode last entered by the operator or a program, or the mode
when the point was last processed.
Note 3 — If AUTO mode is applicable, else MAN.
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2.6
2.6 AM SYSTEM EVENTS

The following system events can be reported on the LCN for each AM:

* AM Failure—Indicates that the AM isno longer available for data acquisition, control,
or event-reporting.

* AM Startup—The AM is being restarted; it may not yet be available for data acquisition,
control, or event reporting, but once requalified and running, it will be.

* Point-Pr ng Schedule Over r un—Point-processing schedules are not being met
within the tolerances specified under 2.2.1.1. See 2.2.1.6 for additional information
about schedule overruns,

2.7 RESTARTING AMs
Restarting an AM consists of loading the on-process personality (.PI files), the network-
configuration files (NCFs), and the database (checkpoint files). The restart is requested by
an operator at aUniversal Station, through the AM Status display (see the Process
Operations Manual). Thefilesto beloaded can be on floppy disks, or they can beina
History Module.
These are the four types of AM restarts:

» Cold Restart, subsection 2.7.2 * Hot Restart, subsection 2.7.4

 Warm Redtart, subsection 2.7.3 ¢ No-Point-Processing Restart, subsection 2.7.5

NOTE

You must determine the type of restart to use based on the situation that exists at the time.
The factors that will influence your decision are the length of time since the last checkpoint,
the requirements and characteristics of your process (especially the volatility), and the
characteristics of each type of restart. Subsections 2.7.2 through 2.7.5 give the
characteristics of the four restart types.
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2.7.1

2.7.1 Checkpointing the AM Database

Checkpointing consists of the transfer of a copy of the AM database to a checkpoint filein a
History Module by automatic checkpointing (see Section 21 of the Engineer's Reference
Manual), or when a Universal Station operator requestsit. The operator can enable or
disable automatic checkpointing.

The database is organized by process units. When checkpointing for a unit starts, all
activity for that unit stops. This assures that the checkpointed datais a"snapshot” of the
data at the time the unit activity stopped. The checkpoint file for each unit includes arecord
of that time. Y ou can determine the time of the last AM checkpoint at the AM Status
display, by selecting an AM node, selecting AUTOLOAD NET, selecting MANUAL LQAD,
and then selecting CHKPNT TI ME.

NOTE

If you use the AUTOLOAD NET or the AUTOLOAD LOCAL targets to inititiate an AM reload and
restart, the load type targets (hot, warm, cold, etc.) do not appear automatically. The load type
will be the default that is configured in the NCF. If you use AUTOLQAD NET, an OVERRI DE
DEFAULT target appears. Selecting the OVERRI DE DEFAULT target brings up the load type
targets (hot, warm, cold, and no point process,) allowing you to override the NCF default load

type.
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2.7.2

NOTE

The following descriptions of cold, warm, hot, and no-point processing restarts assume that
the files mentioned under 2.7 have been reloaded into the AM before the restart occurs, or
that they were retained in the AM during the time it was "off-process."

2.7.2 Cold Restart
The characteristics of acold restart are:

* Primary data pointsin the AM that have asecondary in aPM, LM or abox on aData
Hiway go into initialization (SPC or DDC control of the secondaries doesn't
automatically resume). During the first processing pass for each such AM point, the
AM turns off the "remote cascade” request in its process-connected secondary points.

A Universal Station operator must then put each process-connected secondary in CAS
mode to reestablish control from the AM.

 All darmsare cleared from the AM database and from the Universal Station displays.
As point processing resumes, any alarms detected are reported to the Universal
Station(s) as new alarms.

» Thevalue status for each AM PV is changed to Bad. During thefirst processing pass,
the PV isrecalculated. Thismay result in momentary Bad PV aarmsfor points whose
PV inputs are received from other points that have not yet been processed.

 Onthefirst processing pass, all pointsthat use control processing go through
initialization, and then resume normal processing on subsequent passes.

2.7.3 Warm Restart
The characteristics of awarm restart are:

» Onthefirst processing pass, AM points that have secondary pointsin a PM or abox on
aDataHiway areinitialized and change their secondaries modeto CASif the
secondary has an outstanding "remote cascade” request. SPC or DDC control of the
secondary points in process-connected boxes resumes on the second processing pass.

» All existing larms are retained in the AM's database and on Universal Station displays.
As point processing resumes, these alarms are not reported, and if they have returned to
normal they are taken off the displays.

» All PVsremain at their checkpointed values. During the first point-processing pass,
PV initialization takes place, and normal PV processing resumes on subsequent passes.

» Onthefirst processing pass, al points that use control processing go through
initialization and resume normal processing on subsequent passes.
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2.7.4

2.7.4 Hot Restart
The characteristics of ahot restart are:

» On thefirst processing pass, SPC or DDC control of secondary pointsin PMs or boxes
on aData Hiway is resumed without initialization. If such asecondary point has an
outstanding "remote cascade" request, its primary in the AM changes the secondary's
modeto CAS. The CV of the primary in the AM is adjusted to theinitialization value
received from the secondary if the control algorithm in the AM has a floating output
(PIDs do). On subsequent processing passes, the AM points receive normal
processing.

» All existing larms are retained in the AM's database and on Universal Station displays.
As point processing resumes, these alarms are not reported and if they have returned to
normal they are taken off the displays.

» All PVsremain at their checkpointed values. Normal PV processing takes place on the
first pass and subsequent passes.

2.7.5 No Point Processing Restart

The AM restarts, but no point-processing cycles are executed.
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DATA POINT DESCRIPTIONS
Section 3

3.1 AM REGULATORY DATA POINTS

Regulatory data points are used to control analog process variables by maintaining the
variable at a setpoint value, with as little deviation as possible. Regulatory data points, by
themselves, or in combination with other regulatory points, act as controllers that
manipulate a process element, such as avalve, to maintain the process variable at the
desired value.

3 1.1 Functional Structure

The major functions of an AM regulatory point are presented in Figure 3-1. On that figure,
PV processing and control processing are the most significant. AM regulatory points can
be configured to use either standard PV and control processing, or you can attach user-
written programs to these points, in the form of CL Blocks, to customize the points
functions. Genera input (Gl) and genera output (GO) connections are also available to
help customize the operation of these points.

The main purpose of PV processing isto calculate a process variable (PV) and to check the
results against configured alarm limits. An example of PV calculation is mass
compensation of aflow value read from the processto yield a PV for more precise flow
control. Input value(s) from the process or from other data points are obtained through
PV-input (PI) connections.

The main purpose of control processing isto calculate an output value (OP) that drives a
valve or serves as an input to another (secondary) data point. Inputs from the process or
other data points are obtained through control input (Cl) connections. The output valueis
sent to one or more secondary points through a control output (CO) connection or
connections. If the output drives avalve, it does so through an HG regulatory or analog
output point, so in this sense, AM CO connections always go to a secondary data point.

A contact-cutout feature stops the reporting of alarmsto the Universal Station under certain
circumstances (alarm-history collection continues). An AM-regulatory data point can
accept one contact cutout-input (CC) connection from a point that dictates whether alarms
are cutout or not.

General input (GI) connections and general output (GO) connections are used to exchange
information between data points. CL blocks can be attached to AM regulatory data points
and executed at any of several insertion pointsin the processing sequence. They can be
used to take special actions, such as alarm actions, and they can perform specia
calculations or logical operations. Custom PV algorithms and control agorithms can be
developed through the use of the CL PV algorithm and the CL Control agorithm.
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P T Y vaesw
Connections PROCESSING alue Status
- PV Alarms
Alarm Transitions
_— ————
Gl GO
Connections Connections
—_— —————
1 =
cl nggggscl)ll\‘](; Control-Output
i CO) Connections
Connections - (CO) -
- ALARM
CC DISTRIBUTION LB Alarm Reports
Connections PROCESSING

Figure 3-1 — Major Functions in an AM Regulatory Data Point
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3.1.2 AM Regulatory Point Execution States

AM regulatory point-parameter PTEXECST indicates the execution state of the point as

follows:

* NotConfig The point is being loaded into the AM by the Data Entity Builder. Thisis

* |nactive

atemporary state. When loading is complete, the state automatically
changes to Inactive.

The point is not being processed. All of the parameters needed to define
the structure of the point are present, but some other parameter values can
yet be specified. Some configuration parameters can be changed only in
this state.

When the point's state changes from Active to Inactive, the value status
for PVCALC, PVAUTO, and CV are changed to Bad, al alarms are
cleared, and, if one or more control-output connections is configured, the
control initialization state indicated by INITMAN changesto On. If

PV SOURCE contains Subs or Auto, the PV value statusis changed to
Bad.
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3.1.3

 Active The point isfully configured and is being processed as scheduled. Thisis
the normal operating state. When the state changes from Inactive to
Active, the point is subjected to oneinitialization pass before resuming
normal processing.

Parameter PTEXECST can be changed at a Universal Station by someone with a
Supervisor's or an Engineer's key, or by a user-written (CL) program.

3.1.3 Processing Order

The mgjor stepsin processing an AM regulatory data point are shown in Figure 3-2. All of
these steps can be taken, if the point is so configured; however, if a standard or user-
written PV algorithm isn't configured, PV processing won't take place, and if a standard or
user-written control algorithm isn't configured, control processing won't take place.

Between most of the processing blocksin Figure 3-2, "*----" is shown to indicate points
where CL blocks or CL switches can be inserted. The PV calculation can be the use of a
standard agorithm or it can be the use of a user-written agorithm—an algorithm written in
CL. Likewise, the control calculation can be the use of a standard or a user-written (CL)
agorithm.

Figure 3-2a shows the processing sequence for AM regulatory points. It can be used to
determine the relative order in which decisions and cal culations are made.
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CONTROL PROCESSING

’<~PV PROCESSING =1t
PRE_GI T —— = PRE_CTPR — B
*
General Initial General
Input Control Output
Processing Processing Processing
PRE_PVPR =«
PV Input CI(r)]nLr;)I
Processing put * PST_GO
Processing
PRE_PVAG * * | PRE_SP
Target Value, or
PV_ALG PV Advisory Alarm
* . o Distribution
Calculation Deviation Alarm .
Processing Processing
PST_PVAG
inti * BACKGRND
PV Filtering Deviation
Alarm
and Range Check .
Processing
PST_PVFL * | PRE_CTAG
Control
PV Source Algorithm +CTL_ALG
Selection .
Calculation
PRE_PVA * +—{ PST_CTAG | ! :
- : * CL Block |
Insertion Points |
PV Alarm Control : [
Processing Output | '
Processing I PST_CTAG, etc., |
I are insertion- :
PST PVPR « . : point names. |
PST_CTPR e oo
Figure 3-2— AM Regulatory Data-Point Processing Steps 1932
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Null

General
inputs

|
—|-> PVALGID _|_>

* * *
PRE_GI PRE_PVR PV PST_PVPR

Z Null Proc'g

\

See
"PV Processing."

Null
| General
CTLALGID _|_> Outputs —|-> End
* | g Control * x
PRE_CTPR = NUI Proc PST_CTPR PST_GO

See "Control Processing."

Processing depends on the value in PPSTYPE, as follows:

PPSTYPE = None

= Normal

Init,
Or,
or
Man

Normal, scheduled pass; process everything.

Process everything that is real-time dependent,
such as PID calculations, SP, target-value ramping,
and dead time.

Only parts of Control Processing are Executed. See
"Control Processing."

Processing Overview

Figure 3-2a — AM Regulatory Data-Point Processing Sequence
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(Continued) #CL PV
—™| Algo
PV |_Procg Filter
Inputs —|_> PVALGID and Range _>
* Check
*
PRE_PVAG PST_PVAG
*
PV_ALG
PST_PVFL PRE_PVA
* *
e Sourcz_a p\/. End
Selection A|arm|ng
PV Processing
Repeat the following for each active connection:
PV Fetch PV, No Update Set Input
PVSTS Access [ Status
Note 1 Status BNadt >
Source = Sccess? ote End
Parameter
Set Access Update
Fetch Statusto [ Input
Py Source Yes No Error Status
Param. Note 3
Notes: 1. PVSTS s fetched only if the source point has PVSTSREC.

2. This step is bypassed for a control-input connection that stores in SP.

3. Control-input connections that store in SP obey all restrictions applicable
to the continuous-control access key. The access status is updated if an
error is detected as the value is stored.

PV-Input and Control-Input Connections
Figure 3-2a— AM Regulatory Data-Point Processing Sequence 1933
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(Continued)

Bad Set PVAUTO
Status to Bad

Cl Clamp PVAUTO,
amp Status
Fail wm pycLamp LZYnCENN
|_> PVAUTO Status
pvcALc O RANGE I Cer B 1o Bad
Check
ok ™ PVFLTOPT
PVAUTO —
OK =PVCALC
—| PV (end
Single Lag _
) Clamp PVAUTO,
Fail Status —
Clamp = Uncertn
Filter Range
Check
—==— P\/CLAMP Note 1 | PVAUTO
e
=PVCALC
OK
Fail __| PVAUTO Status o
| to Bad
= Range
NoClamp Check
| PVAUTO
Filter = = Filter —
OK Note 1 Output

Note 1. PVFILTER is initialized when PVINIT = On, or when returning from Bad status.

Filtering and Range Checking

Figure 3-2a — AM Regulatory Data-Point Processing Sequence 1933
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(Continued)

Man, Sub
Bad |

PVSTS PVSOURCE End

| LASTPV | PV = PVAUTO, Update
OK =PV > and e | PVEXHIFL, g
Auto PVSTS PVEXLOFL
= PVAUTOSTS

Source Selection

Figure 3-2a— AM Regulatory Data-Point Processing Sequence 1933
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(Continued)
See
"Control-Input
See Co(:1r:1;c():tionnpsu" ;
"Initial Control.” ' ASp Advisory
\ \ — | Setpoint [

Initial
——
Control

Note 2

PV

Deviation
N .
cl T SPOPT —» NOn€ —s - Tracking [ | Alarming "©

Target
* — L
PRE_SP Tv Value
See
"Control
Algorithm." See
"Control
Control Outputs.
| Algorithm \
Update
CTLALGID L »| CO Windup —( End
| Status
. T Note 1
PRE_CTAG ‘
*
CTL _ALG

Notes: 1. This block is always executed.

2. If PPSTYPE = Init — Only initial control, control algorithm (including CL), PRE_CTAG and
PST_CTAGE insertion points, and control outputs are executed.

If PPSTYPE = Or — Only initial control and control algorithm (including CL), and PRE_CTAG
insertion points are executed.

If PPSTYPE = Man —Only initial control and control outputs are executed.

Control Processing

Figure 3-2a— AM Regulatory Data-Point Processing Sequence
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(Continued)
_ | Abort
No this
Point
Override Override-

(or) Initialization

Propogation

Required?
PPSTYPE
| PATHIND

—D

Yes =0Or
Disabled
I
NOU | EqWENBST
Override
(2 0r) | Determine Mode,
» | Based on External
Enabled Switching Logic
# PIDERFB INITMAN
= Off
None CTLALGID
Off
INITMAN
Number
| = Off
@—> of Control ‘ s1 O
Outputs | INITMAN
()n =0ON
>0 (:::)

Initial Control Processing

Figure 3-2a— AM Regulatory Data-Point Processing Sequence
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(Continued)
NotConfig,
InActive g
No » | » | Connection
@-» COACSTS Indisposable
Prefetch Yes
— | secondary's = Success?
Active [ ot o
ata Initialization
—— from Secondary
Yes Required?
Connection
No Disposable
| Repeat for Each Connection |
@ CTRLINIT
Yes =0n, Abort This
INITREQ Point _'( End )
Determine Update =On
@_> INITMAN ™ CVEUHI|, — Bad?
CVEULO

No

Initial Control Processing

Figure 3-2a— AM Regulatory Data-Point Processing Sequence
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(Continued)

Z Init

Determine CTRLINIT
PATHIND PATHIND

= Off
I—
Init @

End

Bad __ _ I'cTRONT L[ Abort this
=0On Point
@_, Initialize| o~ | »( End
v OPHI, OPLO
_nglallzc_e %P Limiting —
OK I kequire if MODE = Man

Initial Control Processing

Figure 3-2a — AM Regulatory Data-Point Processing Sequence
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(Continued)
Fwd Compute cv CV =Bad
—| Using Normal 1 if Bad Control
Equation Situation
Bad |
OK__ _cv
| »| Update
OK Cv
Hold _ Test for Note 1
Bad Control
| CV=Bad
Fail
Ext Initialize
Init SP
——— [NITTYPE
| Initialize
Bias,
Int Dynamics, Etc.
Sel Prim. PTORST
Override = Sel -
NotSel o
Compute
Prim. PTORST | .| ORFBSEC
= NotSel and Send to
Primary

Note 1:

Typical Control Algorithm Processing

—( End

Either compute new CV or initialize CV from output.

Figure 3-2a— AM Regulatory Data-Point Processing Sequence
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™| this Point [™

Repeat for Each Control-Output Connection

Control Output Processing

(Continued)
# Man
Bad Bad
= Control = MODE
Acknowledge Special Alarming
INITREQ from Processing cv
Off-Node of Primary Man
Secondary If Required
OK
Yes CTLINIT Special . Abort
= Processing
=ON for Initialization
| o CV Bad Fwd
Last Time?
# Fwd o
—=— PATHIND @
No
Compute
| OP, Perform
Output
Limiting
InActive
Yes Secondary MODE |
@-» COASTS | =Cas
RCASREQ
—®™ from Secondary
Active Active?
Output to
Secondary | [ Update o
No Destination COACCSTS
Parameter

—O

-G

Figure 3-2a — AM Regulatory Data-Point Processing Sequence
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3.1.4 AM Regulatory Data-Point Interconnections

Strategies that involve more than one data point are created through input and output
connection between data points. Input and output connections read data from and write
datato the parameters of other data pointsin the system. The following types of input and
output connections are available:

* PV Input Connections * Genera Input Connections
* Control Input Connections  Control Output Connections
* Contact-Cutout Input Connection » General Output Connections

All connections are optional. Y ou configure the number of connections and the source or
destination for each connection, as you build each data point, through the Data Entity
Builder. The connections to be configured can be documented before point building, on
the AM Regulatory Data Point Configuration Forms, in the Application Module Forms
package in the | mplementation/Configuration Forms binder.

3.1.4.1 PV Input Connections

PV input connections are used to specify the source(s) for the inputsto PV agorithms. A
maximum of eight PV input connections can be configured. For each such connection, a
source point and a source parameter in that point must be configured. The source
parameter must contain areal number. The destination parameters for these sources default
to one for each input to the configured PV agorithm.

For some PV agorithms, one or more inputs default to a bad value (see AM Algorithm
Engineering Data). At least one input connection must be configured for each of these
inputs, otherwise the point would attempt to run with abad value. Y ou can configure
initial valuesfor other inputs, if you need to. If no input connection is configured for an
input parameter, it retains the default value or the configured initial value.

3.1.4.2 Control Input Connections

Control input connections are typically used to acquire "noninitializable" inputs to the
configured control algorithm. They can be used to acquire initializable inputs, but if
initialization and windup protection are required, a control output connection from the
primary point must be used.

A maximum of eight control input connections can be configured. For each such
connection, the source point and a parameter in that point must be configured. Thevaluein
the source parameter must be areal number. The destination parameters for these sources
default to one for each noninitializable input to the configured control agorithm.

For some control algorithms, one or more inputs default to a bad value (see Application
Module Algorithm Engineering Data). At least one input connection must be configured for
these inputs, otherwise the point would attempt to run with abad value. Y ou can configure
initial valuesfor other noninitializable inputs, if you need to. If no input connection is
configured for an input parameter, it retains the configured initial value or the default vaue.

When the CL Control Algorithm is used, control inputs cannot be configured in the
Parameter Entry Display (PED). Inputs are acquired by direct referencesin CL or through
genera inputsto a CDS that isincluded in the data point.
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Any control input with a status other than normal or Uncertn, is a bad status, and causes
thevaluein CV to be NaN.

3.1.4.3 Contact-Cutout Input Connection

In regulatory, counter, and timer points, a contact-cutout input connection through the
parameter CCSRC provides a dedicated input to the point's contact cutout parameter
(CONTCUT, see 4.3.1.7 in System Control Functions). The source parameter must
contain alogical value. Only one such connection can be configured. See heading 2.3.13
for additional information on contact cutout.

3.1.4.4 General Input Connections

Genera input connections are used to change parameters in the data point. These are
usually static parameters such as the SP high limit, the PV low-alarm trip point, the gain for
aPID, etc. A maximum of eight genera input connections can be configured. For each
such connection, you must configure a source data point and a parameter in that point, plus
adestination parameter in this data point. The source and destination parameters must have
the same data type.

These connections store values in the destination parameter in amanner similar to that of
CL blocks, and they follow all of the constraints that apply to CL blocks. A bad valueis
never stored in a destination parameter whose datatypeis real number.

3.1.4.5 Control Output Connections

Control output connections are used to form initializable connections between Regulatory
data points or between Regulatory data points and Analog Output points. After appropriate
limit checks and conversions, the output of the control algorithm istransferred to the
secondary data point.

A maximum of eight control output connections can be configured. For each such
connection, the destination point and the destination parameter in that point must be
configured. The following are the valid destination parameters when designated as an
initializable input for the destination point algorithm:

 The destination (secondary) point isin the same unit and in the same AM; SP, X1, X2,
X3, and X4.

 The destination (secondary) point isin adifferent unit in the same AM, or in adifferent
AM; SPand X1.

 The destination (secondary) point isinaNIM or HG; SP and OP.

3.1.4.6 General Output Connections

Genera output connections are used to change parametersin other data points. Usually
these destination parameters are static parameters.

A maximum of eight general output connections can be configured. For each such
connection, the source parameter (in this point), the destination point, and the destination
parameter must be configured. The source and destination parameters must have the same
datatype.
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These connections store values in the destination parameter in amanner similar to that of
CL blocks, and they follow al of the constraints that apply to CL blocks. A bad valueis
never stored in adestination parameter whose data type is real number.

WARNING

Do not connect the General Output of a point to the PPS input of a second point. Each time
the point with the General Output is processed, it will set or reset the PPS of the second
point—even if it is already in the desired state. If the operator requests special processing by
setting the PPS to On, a conflict results that can cause the second point to “hang” (stop
processing). To initiate special processing safely, provide a CL block that detects the desired
condition and sets the PPS of the second point, or changes the state of its PPSREQ to
Normal. (A timer point would require configuring a separate point to which the CL block would
be attached).

3.1.4.7 Activity Status

For each input and output connection, thereis an activity-status parameter that indicates the
state of the connection, as follows:

» NotConfg—The connection is not configured. This status can't be changed unless the
connection isfully configured. If the connection isfully configured, this cannot beits
State.

* InActive—The connection is fully configured, but datais not being transferred over it.
» Active—The connection isfully configured and transfers are active.
The parameters are as follows:

* PIACTSTS(n)—PV-input activity status

» CIACTSTS(n)—Control-input activity status

» CCACTSTS—Contact-Cutout activity status

* GIACTSTS(n)—General-input activity status

» COACTSTS(n)—Control-output activity status
» GOACTSTS(n)—Genera-output activity status

More than one PV, genera, or control input connection can be configured for the same
destination parameter, but only one can be active at any time. This allows selection of
aternate sources for adestination parameter. When an input connection is made active, all
other connectionsto the same parameter are automatically made inactive.

3.1.4.8 Access Status

An access status parameter is provided for each input and output connection to indicate the
result of the last value transfer. The values that can be held in these parameters are defined
in the Application Module Parameter Reference Dictionary. The parameter names are like
those under 3.1.4.7 except that "ACT" isreplaced by "ACC," hence PIACCSTS(n),
COACCSTS(n), GOACCSTS(n), etc.
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3.1.5 PV Processing

Thefollowing are the principal PV processing functions:

PV input-connection processing * PV source selection
PV agorithm processing » PV range checking
PV filtering * PV darm detection

If parameter PVALGID contains Nul, PV processing does not take place.

3.1.5.1 PV Input Connection Processing

Here, the values are transferred into this data point over the PV input connections. See
3.1.4.1.

3.1.5.2 PV Algorithm Processing

The configured PV algorithm accepts the values received over the PV input connections and
produces the calculated PV value, PVCALC, plusits value status, PVAUTOST. If the CL
PV Algorithmis configured, a user-written CL Block is used in place of a standard PV
algorithm. The AM agorithms are described in the Application Module Algorithm
Engineering Data manual.

3.1.5.3 PV Filtering

If PV filtering is configured, asingle-lag filter is applied to the PV CALC vaue to remove
noise. The output of thefilter isplaced in PVAUTO. If filtering is not configured,
PVAUTO contains the same value as PVCALC.

The PV filtering function is configured through the Data Entity Builder by placing SinglLag
in PVFLTOPT. Thelag-time constant is specified in minutesin TF. Legal valuesfor TF
are 0.0001 to 1440.0; avaue less than 0.0001 is assumed to be zero.

Regardless of the PVFLTORPT option, the filtering function also makes range checks on
PVCALC. If the PV sourceisAUTO and if PV clamping is not configured, it setsthe
value status (PVAUTOST) bad when PV CAL C goes outside the extended PV range. This
prevents any delay in detecting an out-of-range PV caused by the filtering action.

3.1.5.4 PV Source Selection

The source of the PV can be PV processing, a Universal Station, or a user-written
program. It is specified by the value in PV SOURCE, which can be changed by an
operator, a supervisor, an engineer, or a user-written program. PV SOURCE has one of
these values:

» Auto—ThePV isreceived from PV processing through the PV filtering function. The
valueisin PYAUTO and its statusis contained in PVAUTOST.

 Man—The PV isentered by an operator, supervisor, or engineer at a Universal Station.

» Sub—The PV isentered by a user-written program.
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During normal operation the PV source is Auto, and the PV and its value status (PVSTS)
become equal to PVYAUTO and PVAUTOST, respectively, before PV range checks are
made (3.1.5.5).

When the PV source is changed from Auto to Man or Sub, the PV remains at the last value
until it is changed by the operator (Man) or a program (Sub), so it doesn't "bump.” In Man
or Sub, the statusin PVSTSis Uncertn.

When the PV source is changed from Man or Sub to Auto, the PV immediately goesto the
PVAUTO vaue. Thismight cause abump in the value unlessit is changed gradually to the
valuein PVAUTO before changing the source.

When the source is Man, only someone at a Universal Station can changethe PV.

When the source is Sub, only a user-written program can change the PV. A program can
storeabad valuein PV, and if it does, PVSTS goes Bad.

Y ou can prevent PV source changes by configuring OnlyAuto in PVSRCOPT. Thisfixes
the source as AUTO and the parameter PV SOURCE is removed from the point.
Configuring All in PV SRCOPT alows normal PV source selection.

If PVSRCOPT equals All and the control algorithmis PID, PIDFF, or PIDERFB, to
change PV source requires the mode to be MAN and External Mode Switching must be
disabled.

PV Processing

PV Value
Status
- PVMAN
iy — PVAUTO — \_ —>
p ALGO PV SUBS ° PVL\I/I\?F'UE PV
Inputs & ALARMING
FILTER CHECKS
BN — py —
—p PVAUTO
Value Status
(PVAUTOST)
| PV Source
Selection
Figure 3-3 — PV Processing 1935
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3.1.5.5 PV Value Limit Checks

The PV rangeis configured in PVEULO and PVEUHI in arange from 0% to 100.0% of
the engineering-unitsrange. Thisisusualy the normal operating range for the PV but it
can extend into a configurable extended range, defined by PVEXEUL O and PVEXEUHI.
The extended range is forced to be equal to or greater than the range defined by PVEULO
and PVEUHI. The PV isgeneraly constrained within PV EXEULO and PVEXEUHI, but
the checks and constraints depend on the PV source, as follows:

* If PVSOURCE contains Auto—(1) If PVAUTOST contains Bad, PVSTSisBad and
no PV-range checks are made. (2) If PVAUTO is outside the extended range, and PV
clamping (PVCLAMP) is not configured, the PV becomes a bad value, PVSTSis Bad;
however, if PV clamping is configured, the PV becomes equal to the value of the
violated range, and PV STS becomes Uncertn. In either case, the appropriate PV-range
violation flag is set (PVEXLOFL or PVEXHIFL).

* If PVSOURCE contains Man—Any value from the Universal Station that is outside the
extended range is not accepted. PV STSis aready uncertain because the source is Man.

* If PVSOURCE contains Sub—If a program stores a PV value outside the extended
range, the appropriate PVEXLOFL or PVEXHIFL flagisset. PVSTSisalready
uncertain because the source is Sub.

Data-point parameter LASTPV aways holds the last good value of the PV.

3.1.5.6 PV Value Status

Thevaluein the PV value-status parameter, PVSTS, is determined as follows:

Norma PVSOURCE = Auto, PVAUTOST = Normal, and the PV valueiswithin the
range defined by PVEUL O and PVEUHI.

Uncatn 1) PVSOURCE = Man or Sub and the PV value = NaN (isavalid, red
number), or,

2) PVSOURCE = Auto, and PVAUTOST = Uncertn. Note that
PVAUTOST contains Uncertn if at least one of the required agorithm
inputs is Uncertn and none of the required algorithm inputsis Bad, or,

3) PVSOURCE = Auto and the valuein PVAUTO is outside the
engineering-units range and is clamped.

Bad The PV valueisNaN. Thisresults from one of the following;
1) PVSOURCE = Auto and PVAUTO = NaN.

2) PVSOURCE = Auto, the valuein PVAUTO is out-of-range, and has not
been clamped.

3) PVSOURCE = Sub or Man and the PV is stored as NaN.
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3.1.5.7 PV Alarm Checks
The following types of larms are detected during PV alarm processing:

PV High/Low

PV High-High/Low-Low

PV Rate-of-Change Positive/Negative
PV Significant Change

PV source selection has no effect on alarm processing. For more detailed alarm
information, see 4.3 in System Control Functions.

3.1.6 Setpoint Handling

Setpoint handling takes place only if the configured control algorithm requires a setpoint.
Setpoint-handling functions are as follows:

» Accessrestrictions
» SP Target-Vaue processing

* Advisory Deviation-alarm processing
* Ratio and bias options

3.1.6.1 SP Access restrictions

The activities that can store avalue in the SP are defined by Table 3-1.

Table 3-1 — Setpoint Storage Access

PID Control Algorithm Non-PID Control Algorithm
INACTIVE | PVTRACK =Y PVTRACK =N EXTINTI=Y EXTINIT =N
or Attrb.  Attrb. Attrb.  Attrb. Attrb.  Attrb. Attrb.  Attrb.
Mode | INITMAN =Oper =Prog =Oper =Prog =Oper =Prog =Oper =Prog
Man No I I Op P I I Cc Cc
Auto No Op P Op P P P Op P
Cas No Cc Cc Cc Cc Cc Cc Cc Cc
Man Yes I I Op P I I Cc Cc
Auto Yes I I Op P I I Op P
Cas Yes I I Cc* Cc* I I Cc Cc
Key: | = SPis being initialized.
Op = Operator at a Universal Station.
Cc = Input/Output connection or CL Block continuous-control access.
P = Access level = program.
*INITTYPE must not contain Ext.
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3.1.6.2 SP Target-Value Processing

Thisoption lets a Universal Station operator or a CL program "ramp" the setpoint from the
current value to anew value over aperiod of time. The option is configured through the
Data Entity Builder by entering TV in parameter SPOPT. |If an operator isto ramp the SP,
the mode attribute in MODATTR must be Oper, and if aCL program isto ramp the SP, the
mode attribute must be Prog.

The operator does the following to use this option:

* Place Preset in the TVPROC parameter (point must be in Auto mode and INITMAN
must contain Off).

Enter the desired new SP valuein SPTV.

Enter the ramp time, in minutes, in RAMPTIME.

Enter Runin TVPROC.

The SP begins moving linearly toward the new value and the value in RAMPTIME
decreases with time. When RAMPTIME = O, SP reaches the new value, and the status
in TVPROC changes to Off.
TVPROC can be changed to the Run state only from the Preset state. While TVPROC
contains either Preset or Run; SP-high and SP-low limits, and the SP high and low
engineering-unit ranges can't be changed. The following appliesto TVPROC if itisin the
Run state:

1. If MODE ischanged to Man, state goes to Preset.

2. If MODE ischanged to CAS, state goesto OFF.
If INITMAN istrue, state goes to Preset.

A store to SP forces the state to OFF.

a &~ W

If SPTV > SP and ARWNET indicates that SPiswound HI or HILO, the SP stops
changing. When ARWNET indicates that SP is no longer wound HI or HILO, SP
ramping continues from the stop position. Note that when SPisramping, ARWNET
Is not shown on the Group or Detail Displays. SP can normally be inferred from the
output windup status. ARWNET can be accessed from a custom display.

6. If SPTV < SPand the output becomes wound LO or HIL O, the SP stops changing.
7. 1f none of the above istrue, the SPisramped to SPTV.
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CONTROL PROCESSING

—_— [r—
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From SP HANDLING DEVIATION O R
Control ALARMING N O
Output Conn., | (if SP is used T C
Programs, by Control R E
Operator, Processing) O S Output(s)
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I
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G
Control Input Connections

= | Algo & OP
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Figure 3-4 — Control Processing 1936

3.1.6.3 Advisory Deviation Alarming

Thisoption is used to allow an operator to manually change the setpoint (SP) to a
predetermined value. The predetermined vaueis usually calculated by a user-written
program that stores the value in the advisory setpoint parameter, ADV SP, rather than
storing it directly in SP. Advisory-deviation alarming is selected by configuring Asp in the
setpoint option parameter, SPOPT.

When this option is selected, an darm is generated if the difference between the PV and the
valuein ADV SPis greater than the trip-point valuein ADVDEVTP. Thisaarm returnsto
normal when the difference between the PV and ADV SP isless than the value in
ADVDEV TP minus a deadband equal to 10% of the trip-point value.
The following conditions must be true if advisory-deviation alarming is to function:

» SPOPT = Asp

« ADVDEVTP#NaN

e ThePV # NaN

» Theadarm-enable statusin ALENBST # Inhibit

If the advisory-deviation alarm is present and the value of one of the configuration
parameters above is changed, the advisory-deviation alarm is cleared.

If parameter ASPPROC = Disable, the value in ADV SP equals the value in SP.
The aarm priority parameter for the advisory deviation alarm isADVDEVPR.

AM Control Functions 3-23 10/96



3.1.6

3.1.6.4 Ratio and Bias Options

The Ratio and Bias options apply to only PID control algorithms. For amore functional
description of these options, see 18.4.11 in Application Module Algorithm Engineering
Data manual.

These options are configured by entering one of the following valuesin parameter RBOPT:
 FixRatBi—Fixed Ratio and Bias
» AutoRat—Auto Ratio and Bias
» AutoBi—Fixed Ratio and Auto Bias

If one of these optionsis configured, the SP is modified before being used by the PID
algorithm asfollows:

SP_Store_Value*RATIO + BIAS

Where SP_Store Valueisthe setpoint before the modification.

Y ou can configure limits for both the RATIO and the BIAS values in the following
parameters:

¢ RTHILM—Ratio high limit
 RTLOLM—Ratio low limit
* BIHILM—Bias high limit
* BILOLM—Biaslow limit

In normal operation (CAS mode and INITMAN containing Off), al three options work
alike. RATIO and BIAS can be changed by a Universal Station operator or by user-written
programs (depending on whether MODATTR contains Oper or Prog). During initialization
of this point, however, RATIO and BIAS can be changed only if they are not being
initialized, based on the valuein RBOPT, asfollows:

 FixRatBi—The initialization value calculated for this point's primary is
INITVAL = (SP - BIAS)/RATIO

» AutoRat—RATIO sinitidized asfollows:
RATIO = (SP - BIAS)/Store Value

If RATIO attempts to go outside one of itslimits, it is clamped at the limit, and
INITVAL iscalculated asfollows:

INITVAL = (SP - BIAS)/RATIO
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» AutoBi—BIASisinitialized asfollows;

BIAS = (SP - Store_Value)*RATIO

If BIAS attemptsto go outside one of itslimits, it is clamped at the limit, and INITVAL
is calculated asfollows:

INITVAL = (SP - BIAS)/RATIO

3.1.7 AM Regulatory Data Point Alarms

Regulatory data pointsin AMs can generate the following types of darms:

» General Alarms Alarm Priority Parameter
Configuration error CNFERRPR
Bad control BADCTLPR
Bad PV BADPVPR
CL error CLEALMPR
Background CL error BCLEALPR
CL fall CLFALMPR
Background CL fail BCLFALPR
» Contro Alarms Alarm Priority Parameter
Advisory deviation ADVDEVPR
Deviation hi/lo DEVHIPR, DEVLOPR
* PV Alarms Alarm Priority Parameter
PV hi/lo PVHIPR, PVLOPR
PV hihi/lolo PVHHPR, PVLLPR
PV rate-of-change pos/neg PVROCPPR, PYROCNPR
PV significant change PVSCHPR

See 4.3 in System Control Functions for additional alarm information.

3.1.8 Limits in AM Regulatory Data Points

Limiting prevents certain variables from exceeding user-configured limit values. For
limiting functions that apply in CL programs, see 4.4.1.2.

3.1.8.1 Setpoint Limits

Setpoint limits prevent setpoint values from exceeding user-configured high and low limit
values. These limits are configured in the same engineering units as the SP and must be
within the SP range plus extensions. No crossover of setpoint l[imitsisallowed. The
configured setpoint limits also apply to the advisory-target value.

AM Control Functions 3-25 10/96



3.1.8

Configured setpoint limits are entered through the point builder and can be modified
through a Universal Station by someone who has a Supervisor key. The limits default to
SPEUHI +6.9% and SPEUL O -6.9%. If NaN (not a number) is entered in one of these
parameters, the value of its extended limit (SPEXEUHI or SPEXEULO) replaces the limit
value.

Setpoint limits for regulatory pointsin an AM are observed in initidization calculations. If
the limits are violated by the SP value, anti-reset windup-status propagation is invoked.

3.1.8.2 Ratio Limits

Y ou can configure high and low limits for the RATIO va ue that can be applied to the
setpoint in PID pointsinan AM. A Universal Station user with a Supervisor key can
changethese limits. An operator isnot allowed to enter a value that exceeds these limits. If
auser-written program attempts to store a value outside the limits, it is clamped to the limit.
Crossover of these limitsis prohibited.

3.1.8.3 Bias Limits

Two user-setable high and low limits on the SP-related bias parameter are provided.
Whenever operator or CL entries are outside the limits the entries are clamped to the closest
limit. Crossover of limitsisinhibited.

Y ou can configure high and low limitsfor the BIAS value, that can be applied to the
setpoint in PID pointsinan AM. A Universal Station user with a Supervisor key can
change these limits. An operator is prohibited from entering a value exceeding these limits.
A user-written program is clamped to the exceeded limit. Crossover of these limitsis
prohibited.

3.1.8.4 Output Limits

Y ou can configure high- and low-limit values for regulatory data points that are configured
for control processing. These limits are expressed as a percentage of the output range and
the limit values can range from -6.9% to 106.9%. A Universal Station user with a
Supervisor key can change these limits. Crossover of these limitsis not permitted.

These output limits apply to regulatory data pointsin Application Modules. For AM points
whose output is in engineering units, the output limits are still expressed as a percentage of
full range.

When an output limit is reached or exceeded, windup status is propagated up through
cascade strategies.

3.1.8.5 Output Rate-of-Change Limits

Y ou can configure a maximum rate of change in percent-per-minute for output values of
regulatory data pointsin an AM. The effect of thislimit isto reduce excessive rates of
change in the output, to the limit. The smallest limit can't be less than one percent per
point-processing interval. The default value for the limit is NaN, which eliminates the limit
check.
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Typically, the output rate-of-change limit is configured for AM points doing DDC control
through a dot in a process-connected box, and is used to match the slew rate of the fina
control el ement to the control dynamics.

3.1.8.6 Minimum Output-Change Limit

Y ou can configure a minimum output-change value for regulatory pointsin an AM. This
value is apercentage of the output-value range. If the absolute difference between the
output value at one processing pass and the next doesn't equal or exceed the minimum
change, the earlier value ismaintained. A Universal Station user with a Supervisor key can
change the minimum output-change value.

The default minimum output-change value is NaN, which eliminates the minimum change
check.

Thisfeatureistypically configured for AM points that are doing DDC control through adot
in a process-connected box. It isused to minimize "wear and tear”" on the final control
device.

3.1.8.7 Limiting in CAScade Mode

SP and OP limits are observed when transporting data between points within the same box
and between AMs. When transporting data from AM points to points in process-connected
boxes, SP and OP limits are not observed unless the box slot contains a PIDDDC-type
algorithm and the storeisto SP. The storesto SP in this case obey operator rules; that is,
they get clamped.

In process-connected boxes, these limiting functions remain as they were before
introduction of the Loca Control Network, and they are described in the appropriate
Configuration Form Instructions.

3.1.8.8 Limiting in Manual Mode

No output limits, output rate-of-change or output minimum-change limits are observed
whilein manual mode. Anindication isgiven to the operator if amanually entered or
program-entered output-val ue exceeds the output limits.

3.1.9 Initialization in AM Regulatory Points

Initialization provides meaningful initial values in the data point parameters before
processing is started or restarted. Separate mechanisms are provided to initialize PV-related
parameters and control-related parameters.

The operator needs to know the value a primary point will initialize with when the
secondary point is put back into control; they can see the initialize value of the primary
point's output while in the initialize mode, not just at the time the initialization goes away.

For AM regulatory points with one output connection, continuous tracking will be provided
during the initialization state from the secondary point. Points with more than one output
connection will initialize to the first disposable secondary. The AM initialize logic matches
the behavior of the NIM/PM in similar situations.

NOTE

The primary OP will not update when initialization exists and more than one control output
exists. The initialization value is not known until the first disable secondary is available.
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3.1.9.1 PV Initialization

The principal purpose of PV initiaization isto set up starting values the first time the point
isprocessed or the first timeit is processed after recovering from aBad PV value status.
PV initialization is useful only for functionsinvolved in history collection or for
dynamically varying values. Stated another way, PV initialization is required where the
new value depends on the previous value.

The following events cause PV initialization:
* The point's execution state is changed to Active.
» The AM undergoes awarm or cold restart.
* PVAUTOST recoversfrom Bad value status.

» A PV initiadlization request is made by aprogram (PVINIT contains On). CL Blocks
can change PVINIT to force PV initiaization.

PV initialization consists of the following functions:

* PVCALC iscaculated from the P inputs, using the steady-state portion of the equation.
For calculations that don't involve time, the normal equation is used.

* PVAUTO ismade equal to PVCALC. If PV filtering is configured, the filter dynamics
areinitialized to steady state.

* No other PV processing is affected by PV initidization.

3.1.9.2 Control Initialization

Control initialization allows normal control strategies to be reestablished, after they have
been interrupted, without "bumps" in the output to the process and without the need for
manual balancing of valuesto avoid such bumps.

For control initialization, the control-processing blocks use their initialization procedures to
compensate for changes that may have occurred since the normal control strategy was last
operating. For example, aUniversal Station operator might have taken over control of the
output to the process, so that it now has a value that is different than normal processing
would calculate. Theinitialization procedures automatically readjust either the biasvaluein
the data point(s) or an input to the data point(s) so that when normal control is
reestablished, the output to the process does not move or "bump.” For most control
algorithms, you can configure one of these three initiaization choices:

* None—No initialization, so abump can occur when normal processing resumes.

» External—A new valueis back-calculated for an input that absorbs any output change.
Thisvalue and an initialization request are sent to the primary data point that provides
the input; thus, the primary absorbs the change and it must take similar action with its
own primary, if it has one, so that the whole strategy can absorb the change.

* I nter nal—Each data point absorbs output changes. Usually, thisis done by calculating
abias value that holds the output unchanged when the data point is put back in the
control strategy.
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By configuring a control output connection from one point (primary) to an initializable
input to another point (secondary), an initialization path is created. Itisaong this
initialization path that avalueistransferred for use by a primary to absorb external process-
upsets that may have occurred at the secondary.

Two or more active paths from a single primary to multiple secondaries are referred to as
"fanout" connections. Where there are two or more control output connections from a
primary to two or more secondaries and all of these outputs are indisposable, the primary
goesinto theinitiaization state.

The value that is to be protected from a bump (the value to back-cal culate from) is obtained
at the point's output, at a secondary's initializable input, or at a secondary's output,
depending on the type of control output connection (SPC or DDC) and according to where
the upset occurred.

General M echanism—At each point-processing pass, the following information is retrieved
from all secondaries to which the data point has control output connections. The data that
isretrieved to support initidization is:

* Initialization Request
* |nitidization Vaue

An initialization request from the secondary causes the control output connection on the
primary to go to an "output indisposable” state, a condition where a newly generated output
to the secondary has no effect on the secondary. A control output connection also has
"output indisposable” status if it isinactive or if acommunication error has been detected
when the initialization request and initialization value should have been received.

When al connections from a primary arein the "output-indisposable” state, the primary is
forced to theinitialized state. This causes the primary to set itsinitialization request, if itis
configured for external initialization. In turn, this may cause the control output connection
of apreceding primary to assume the "output indisposable” state and may force that
primary to beinitialized aswell. In this manner, the initialization state is propagated
upstream to all interconnected primaries.

During the initialization state, each point remainsin that state until a disposable output
connection isfound. At thefirst processing pass when a disposable output connection is
available, the primary setsits output value to the initialization value received from its
secondary.

When initialization is correctly configured for a control strategy, each data point's output is
readjusted by back-calculating an initializable input or by an internal (bias) adjustment.
When each point resumes normal calculations, the new output and the input value at its
secondary are balanced and no bump occurs.

I ndisposable outputs are not the only factor for triggering initialization. It is possible to
force a back-calculation by writing to a point's output whileit isin MANua mode, or aCL
program can set the control initiaization flag in apoint. For these cases, the point does not
go to theinitiaization state but its primary may, because the point sent an initialization
reguest to the primary.
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Conditionsthat Cause Contral Initialization—The need to initidize adatapoint inan AM is
indicated by external upsetsthat directly affect the point or it isindicated by an initiaization
request from a secondary data point.
Contral initialization is caused by any of the following:
» The point isin Man mode and goes to Cas or Auto mode.

» A CL program has requested initialization (see "Initialization Forced by a Program,”
below).

» The point is active for the first time (an inactive to active transition).
» The point is executing the first time after awarm AM restart.

* All control output connections were indisposable and now one or more output
connections s disposable.

A control output connection isindisposable when
* A secondary has made an initialization request, or
 The control output connection isinactive, or

« A communication error has been detected in retrieving an initialization request and
initialization value from a secondary.

The following are the reasons why a secondary data point sends an initialization request to
its primary data point:

» The secondary isn't in CAS mode, or

» The secondary isinactive, hasfailed, or is doing only basic control (process-connected
boxes), or

» Theinitializable input to the secondary (the destination of the primary's control output
connection) is not selected for a secondary that uses the switch algorithm or the
override selector agorithm, or

» The secondary isin theinitialization state and is configured for external initialization.

Initialization of a Point in the Same AM and the Same Pr ocess Unit—For aprimary and a
secondary that are both in the same AM and the same process unit, an enhancement is
provided. Thisenhancement presents the operator with an immediate indication of
initialization when a cascade strategy is opened or closed. The following events cause
initialization to be quickly propagated up through the data points in the strategy.

» The secondary is given special processing caused by the transition from CAS mode to
some other mode.

» The secondary is given special processing caused by transition of the secondary from
another mode to CAS mode.
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» The primary is given special processing when the secondary is processed because of
either of the two preceding events. This causes the primary to pick up the initialization
state.

Initialization For ced by a Program—A user-written program can cause a data point to
initialize by setting the data point's control initialization-request flag (CTRLINIT). The
next time the point is processed, it initializes. CTRLINIT is cleared when the processing
passis complete. If the point isconfigured for externa initialization, an initialization
request is sent to its primary, thus propagating initialization up through the control strategy.
Initialization requests are not propagated across unit boundaries.

Limit Checking During Controal I nitialization—Limit checks apply during initiaization
except for output rate-of-change limits.

How Initialization isIndicated at Univer sal Stations—When adata point that isinitidizing
isdisplayed, the display indicates that it isinitializing. For example, on agroup display or
adetail display, INIT appearsin the point-status field that is just below the mode indicator.

3.1.10 Windup Protection in the AM

PID algorithmsin the AM are protected from windup caused by reset action. Windup
status parameters are maintained that pass the status "upstream™ to the primary points along
theinitiaization path. Each PID algorithm checks its output windup status and takes
appropriate action to prevent reset windup. These functions are standard and require no
configuration by the user.

3.1.10.1 Windup Status
The following parameters contain windup-status information:
* ARWOP—Output (OP) windup status
* ARWNET—Windup status for SP or another initializable input.

« SECARW/(n)—Windup status, as seen from this data point, of the secondary indicated
by n, where n can range from 1 through the integer in NOCOPTS.

When this point's ARWOP contains something other than Normal, integral control in the
windup direction stops. Integral action in the other direction and P and D action continue.

For the remainder of the control subsystem, the windup status serves only as awarning,
and not asa constraint. For example if the statusin ARWNET is Lo, lowering SP won't
have an immediate effect on the output of the final secondary; however, SP can be lowered
if the SP-low limit has not yet been reached.

The valuesin the windup-status parameters indicate whether raising or lowering the
associated parameter value will affect the output of the final secondary, asit should. The
values are asfollows:

» Normal—Free to movein either direction

» Hi—Freeto move only in the lower direction
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» Lo—Freeto move only in the upper direction

» HiLo—Not freeto movein any direction

3.1.10.2 Status Propagation

Windup statusis propagated from SECARW(n) to ARWOP and ARWNET of the same
point, and then from ARWNET of the secondary point to SECARW(1) of the primary
point, and so on.

Propagation from secondary to primary is instantaneous if both are in the same process unit
and the same AM. Otherwise, it takes place on the next processing pass for each point.

3.1.11 Override Control

Override control strategies are primarily used for multivariable constraint control. Insuch a
strategy, control of asingle process variable is based on one of two or more PVs. These
multiple PVs are referred to as "congtraints.” A selector algorithm selects the PV to be used
for control. When an different PV is selected, the former PV has been overridden—the
new PV has constrained the others.

Consider the following examples:

* Intypica boiler-control strategy, the constraint on the fuel flow (SP of the fuel-flow
PID controller) can bethat it cannot exceed the actua air flow, multiplied by aratio
(which may be computed by the O controller). In this case, the fuel flow isthe

primary PV to be controlled and the actua air-flow PV isthe "constraint".

* In some heating applicationsit may be desirable to control the temperature of the feed
(the primary PV) aswell as possible, without ever letting the temperature of the hottest
part of the pot (or the heat exchanger) exceed asafe limit. Inthiscase, the safe limit on
the pot temperature is the "constraint."”

* Inan oven temper ature-contr ol application, the temperatures can be measured at severa
placesin the oven, and it may be desirable to control all these PV's by controlling one
valve. One PID controller can be used for each PV, and the PID controller representing
the PV that isfarthest from its SP can be allowed to control the valve. In this case,
thereisno primary PV, since al the PVs have the same importance. Each PID
controller represents a constraint on the other PID controllers.

Most often the objective isto achieve the best possible control of a PV without violating
any of the constraints. The manipulated variable is driven by the output of an Override
Selector agorithm that selects the highest or the lowest of up-to-four inputs. A PID that is
in a cascade strategy, but is not selected, is prevented from winding up with the help of
override initialization. Inthe rest of this section, the term "O/R selector” is used to mean an
Override Selector control algorithm that is configured for external initialization. See
Section 23 in the Application Module Algorithm Engineering Data, for more about this
agorithm.
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3.1.11.1 O/R Status and Feedback

Regulatory data points contain the following parameters to support O/R strategies:
PTORST—This parameter contains the O/R status of the point as follows:

NotCon  The point is not connected to an O/R selector. Strictly, it meansthat this
point is not on an initializable path to an O/R Selector or it isnow being
initialized. PTORST defaultsto thisvalue.

S The point isa part of an O/R control strategy and is now selected.

NotSel The point is part of an O/R control strategy and is not selected by the O/R
selector.

When the point is returned from inactive to active status, when it undergoes a cold start,
or whenitisinitialized, the status in PTORST becomes NotCon. This point resides on
the primary.

ORFBSEC—This parameter contains the override feedback value that is sent to
nonselected primaries. Thisistheinitial output value that the primary isto usewhenitis
next selected. This parameter resides on the primary and derivesits value from the
secondary.

3.1.11.2 Processing in an Override Control Strategy

Figure 3-5 isan example of an O/R strategy. The override portion of the strategy includes
the Override Selector point and all points "upstream” from it. Hereis how O/R processing
works:

» There must be at least one PID controller in the O/R strategy. In Figure 3-5 the points
named TAG-A, TAG-B, TAG-C, TAG-D, and TAG-E constitute the O/R strategy.

o All points upstream of the O/R selector are processed on normal schedules. In the
example, the points may be processed in TAG-A, TAG-B, TAG-C, TAG-D order.
Their PV and control algorithms are executed normally.

» The next point to be processed isthe O/R selector (TAG-E in the example). It selects
oneinput. Assumeinput X2 is selected.

» The O/R selector then propagates appropriate O/R status to each one of itsown
initializing primaries. It aso propagates the O/R-feedback value to the nonselected,
initializing primaries. Inthe example, TAG-E propagates O/R status of "SEL" to TAG-
C becauseinput X2 is selected, and O/R-status NOTSEL to TAG-B. Further, TAG-E
propagates the O/R-feedback value to the nonselected, initializing primary, TAG-B.
TAG-D does not receive the O/R status nor the feedback value becauseit is not an
initializing primary when it is configured asa PV agorithm.
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Figure 3-5 — Example of an Override Control Strategy
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 Each primary (provided it is configured for external initialization and isin CAS mode),
in turn, propagates O/R statusto its own primaries (if any). It also propagates O/R
feedback upstream, if it isnot selected. Inthe example, TAG-B would propagate
NOTSEL and an O/R feedback valueto TAG-A.

* The propagation upstream continues until there are no more primaries. The output of
any PID in acascade chain, connected to a nonselected input of the O/R selector is
initialized to override-feedback value, plus gain-times deviation (PV-SP). Since TAG—
A containsa PID agorithm and it is not selected, it undergoes O/R initialization.

» Thewhole cycle isrepested.

« All points downstream of the O/R selector are processed at their specified interval and
according to the configured before/after relationships, with respect to the O/R selector.
In the example, TAG-F is processed after TAG-E.

If therearemultiple O/R sdlectorsin a strategy

O/R-feedback propagation isinitiated only by the most downstream O/R selector. Inthe
example, if TAG-F were aso an O/R selector, the O/R strategy would consist of points
TAG-A, TAG-B, TAG-C, TAG-D, TAG-E, and TAG-F. O/R propagation would be
initiated by TAG-F and not TAG-E, as before.
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Initialization in an Override Srategy

When acascadeis broken in an O/R strategy, initialization propagation supersedes O/R
propagation. Inthe example, if point TAG-B isplaced in MAN mode, it doesn't propagate
O/R status or an O/R-feedback valueto TAG-A. TAG-A's O/R status then isNOTCON.

3.1.11.3 Guidelines for Using Override Control

Y ou should follow these guidelines to configure properly functioning O/R strategies:
Configuring for Initialization

The Override Selector point must be configured for external initiaization. All points
between the O/R selector and the final PID must be configured for external initialization.
In the example of Figure 3-5, TAG-E must be configured for external initialization.
TAG-B, must be configured for external initialization.

Proportional and Derivative Action on PIDs

While PIDs in an O/R scheme can be configured with proportional and derivative action
on SP, use of these actions should be carefully considered because undesired results may
occur, such as momentary oscillation caused by "kicks' in the error.

Scheduling

The O/R selector and al the points upstream of it, along initiaizable paths, must be
scheduled for the same processing interval. Also, proper before/after relationships (i.e.,
primary before the secondary) must be specified for these points. TAG-A, TAG-B,
TAG-C, TAG-D, and TAG-E, all must have the same processing interval and

TAG-A must be before TAG-B
TAG-B must be before TAG-E
TAG-C must be before TAG-E
TAG-D must be before TAG-E

Further, it takes one second to propagate O/R feedback from a secondary to the primary,
and up-to-one second for the completion of the primary's processing. In order to assure
that propagation of O/R feedback is completed following a normal processing pass and
before the start of the next pass, al the points must have a sample time at least equal to
(N+1) seconds, where N is the number of pointsin the longest cascade chain connected
to the O/R selector (the most downstream O/R selector when there are more than one). In
the example, the longest cascade chain consists of TAG-A, and TAG-B. It would take
three seconds; two seconds for propagation of O/R status and feedback to TAG-A, and
up to one second for processing of TAG-A, after TAG-E (the O/R selector) is processed.
Each point in the O/R strategy in the example must be scheduled to run at intervals greater
than 3 seconds.
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Unit and M odule Boundaries

O/R feedback can't be propagated beyond a process unit or outside an Application
Module. The entire O/R strategy must be within one process unit and within one AM.

Fanout:

No fanout control output connections are allowed in an O/R strategy. All primaries
in upstream from the O/R-sel ector point can have only one control output
connection.

3.1.12 Control Output Processing in AMs

The primary task of control output processing in an AM isto make the control algorithm
calculation available to the rest of the system (displays, printers, CL programs, other data
points, etc.) in percent or EUs, as needed. This section describes control output
processing as it appliesto regulatory pointsin AMs.

Control algorithms produce outputs in percent or in engineering units. A different type of
output processing is required to support each case. For standard control algorithms, the
appropriate control output processing is automatically selected by the system; however, for
user-written algorithms (written in CL), you must specify the type of control output
processing to be used. Thisis specified in parameter CVTY PE.

Control Output Processing does the following:

* Providesthe output value in percent and EUs for displays, printing, CL programs, and
interpoint communications.

* Processes control output connections that send the output to the secondary data point
after conversion to EUs and percent.

 Congtrains the output to the configured limits.
» Generates and propagates windup statusif thereisaviolation of an output limit.
The following parameters contain significant output-processing information. All of them

are accessible for displays and printing, and all can be accessed by programs writtenin CL,
Pascal, and FORTRAN.
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CV = Theresult of caculation of the control agorithm, can bein percent or
EU depending upon the control algorithm.

OP = Thefina control output, expressed as % of EU Range of the output.
OPEU = Fina control output in Engineering Units.
CVEUHI = Output EU Range corresponding to 100% value of OP.
CVEULO = Output EU Range corresponding to 0% value of OP.
CVTYPE = Typeof CV (PERCENT or EV)

Note that for standard control algorithms, CVTY PE is determined by the system and
can't be specified by the user; however, for CL control algorithms, you must specify
CVTYPE.

3.1.12.1 Initial Control Processing

During initial control processing, initialization data is fetched from the secondary points
indicated by each control-output connection. If acommunication or configuration error is
encountered, the output-connection status is updated.

The output engineering-unit rangein CVEUL O and CVEUHI is determined based on the
EU range of the secondary pointed to by the first active control-output connection. If this
connection has acommunication or configuration error, the output rangeis set to bad and
the point is aborted. If this happens, the ClI connections, CO connections, and any CL
blocks scheduled for execution after initial control processing are not processed and their
status is not updated.

As an example of such asituation, consider a Cl connection that is acquiring aPV from an
NIM or HG with a CO connection through the same NIM or HG. If that NIM or HG fails,
initial control processing encounters a communication error when it fetches initialization
data, so CV rangeis set to NaN, parameter COACCSTS s set to Config, and processing
of the point is aborted. Parameter CIACCST S retains a value of NoError, from the
previous processing pass.

3.1.12.2 Control Output Processing for CV In Percent

For CV in EUs, see 3.1.12.3.

Normal Computation

1. CViscadculated by the control agorithm.

2. OPisset equal to CV after checking output minimum-change, output rate-of-change,
output high-limit, and output low-limit. If any limits are exceeded, the OP valueis

adjusted or clamped, as appropriate. The calculated CV value is not clamped or
adjusted.
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3. Thewindup-statusis set (see 7.5.10).

4. Inactive control output connections are not processed. Each active control output
connection is processed as follows:

If the output is disposable,

The corresponding secondary value is made equal to OP, if the destination parameter
is OP.

For all other destinations, the value in OP is converted to the destination-parameter's
EU range and stored, subject to the applicable limits of the destination parameter
(e.g., SP limits).

In MANual mode

1. OPisset (in percent) by the operator or by a CL program, as determined by the data
point's attribute.

2. Inactive control output connections are not processed.
Remaining processis as previoudy defined under "Normal Computation.”
When initializing because of arequest from a secondary data-point:

1. If adl of the control output connections are indisposable, CV remains at its last value.
When the first disposable control output connection becomes available, the CV is
back-calculated (an EU to % conversion if the destination parameter is an input) from
the destination parameter of the secondary.

2. After output high and low limit checks are made, OPis set equal to CV.

3.1.12.3 Control Output Processing for CV in EUs

For CV in %, see 3.1.12.2.
Normal computation
1. CViscaculated by the control agorithm.

2. OPiscalculated from CV, with the units based on the range defined by CVEUL O and
CVEUHI. Note that the valuesin CVEULO and CVEUHI are determined by the
engineering-units range of the secondary point to which the first active connection is
made.

3. OPischecked for minimum output change, output rate-of-change, output high-limit,
and output low-limit. If any of the limitsis exceeded, the OP valueis adjusted or
clamped as applicable.
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4. Thewindup statusis set.

5. Inactive control output connections are not processed. Each active control output
connection is processed as follows:

If the control output connection is disposable,

the corresponding value in the secondary point is made equal to OP, if the
destination parameter is OP, otherwise it is made equal to OPEU.

the OP or OPEU value istransferred to the secondary's destination parameter,
subject to applicable limits on the destination parameter (e.g., SP limits).

In MANual Mode
1. OPisset (in percent) by an operator or by a CL program, depending on the attribute.

2. Inactive control output connections are not processed. Each active control output
connection receives normal processing, as described above. Remaining processisas
defined under "Norma Computation.”

When initializing because of arequest from a secondary data-point

1. If dl of the control output connections are indisposable, CV isinitialized to itslast
value. When thefirst disposable control output connection becomes available, the CV
is back-calculated (% to EU conversion if the destination parameter is OP) from the
destination parameter of the secondary.

2. OPiscaculated from CV, based on CVEULO and CVEUHI.

3.1.13 Functional Summary Chart for AM, and for CB, MC, and EC

Regulatory data pointsin UCN nodes and in CBs, MCs, and ECs on the Data Hiway have
many of the same or similar features to those of regulatory pointsin an AM. Thefollowing
chart compares these functions.

Regulatory Data-Point
Function CB, MC, EC AM PM/APM

* Point Interconnections X
¢ Input Connections

PV Inputs

Control Inputs

General Inputs

X X X X

Notes: X
Blank

Function provided
Function not available

(Continued)
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Regulatory Point Functions Chart (Continued)

Regulatory Data-Point

3.1.13

Function CB, MC, EC AM PM/APM
Output Connections X
- Control Outputs X
- General Outputs X
« Connections Active/lnactive X
¢ Alarm generation
- Advisory Deviation X
- Bad Control X X
- Bad PV X X X
- Dev High X X X
- Dev High, High EC
- Dev High, High, High EC
- Dev Low X X X
- Dev Low, Low EC
- Dev Low, Low, Low EC
- PV High X X X
- PV High, High EC X X
- PV High, High, High EC
- PV Low X X X
- PV Low, Low EC X X
- PV Low, Low, Low EC
- PV Significant Change X X
- PV Rate of Change EC,BC
- PV Rate of Change Negative X X
- PV Rate of Change Positive X X
- Logic Out as an alarm (Status 1,3,4) EC
- Ramp/Soak Mark1,2 EC
- Ramp/Soak Offsetl,2,3 EC
e Alarm Cutout HG X X
¢ Alarm Disable HG X X
e Alarm Inhibit HG X X
¢ Unit Alarm Disable X
e Unit Alarm Inhibit X
e Alarm Level (per type) HG X X
» Alarm Priority (per parameter) HG X X
e Control Processing CB,EC,BC X X
« Point Execution States X X
* Point Active/lnactive X X
¢ Mode Switching EC(limited)
¢ Mode Permissive X X
e CL Switches X
e Limiting X X
- PV Range Limit X X
- PV Range Extension X X
- PV Range Clamping X X
- SP High Limit X X
- SP Low Limit X X
Notes: X = Function provided
Blank = Function not available
CB, MC, EC = Function provided in that box type
(Continued)
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Regulatory Point Functions Chart (Continued)

Regulatory Data-Point

3.1.13

Function CB, MC, EC AM PM/APM
- Output High Limit X X X
- Output Low Limit X X X
- Output Rate-of-Change Limit X X
- Minimum Output Change X X
- Integral Limit High X
- Integral Limit Low X
¢ Modes
- MAN X X X
- AUTO X X X
- CASC X X X
- BCASC X
e Attributes: Prog, Oper MC,HG X X
¢ Normal Mode X X X
« Cascade Request EC, HG X X
¢ Time-out Gate X
e PV processing EC, HG X X
* PV Source selection X XX X
« PV Tracking X X X
¢ PV Value Status X X X
* Red Tag X X
« Reverse/Direct Control (for PID only) X X X
e PV Target Value X X X
e SP Target Value X X
¢ Point Scheduling X
- Processing period X
- Optional Before/After X
- Optional Processing Cycle X
- By Scan Rate X

Notes:

X
Blank
CB, MC, EC

Function provided
Function not available
Function provided in that box type
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3.2
3.2 AM NUMERIC DATA POINTS

A Numeric data point in an Application Module stores areal number that can be changed by
an operator at aUniversal Station or by a user-written program. Numeric data points are
used to store data, such asavauethat is needed later or recipe data for a batch operation.

3.2.1 AM Numeric Point Functional Description

Data-point parameter PV stores the real-number value. PV stores a single-precision, 32-
bit, real number in accordance with the |EEE standard for floating-point values. When not
limited, PV can store any representable value in arange from +infinity to -infinity, or NaN
(not a number).

Though the values stored in PV can be within this very large range, there are limitsto the
number of significant digits that can be shown on Universal Station displays and on printed
logs and reports. Further, parameter PVFORMAT is configured to specify the number of
decimal digitsto display, in arange from O to 6.

3.2.2 Limiting PV Range in AM Numeric Points

Parameters RANGEHI and RANGEL O can be configured to limit the range of PV values,
asindicated in the chart, below. These parameters can also be changed by someone at a
Universal Station with an engineer's key, or by a user-written program. If NaN (not a
number) is placed in RANGEHI or RANGELO, the corresponding range limit isnot in
effect.

RANGEHI,
RANGELO Values PV Range

RANGEHI = NaN

RANGELO = NaN Unlimited, as described above

RANGEHI # NaN

RANGELO = NaN From the largest negative value to the value in RANGEHI

RANGEHI = NaN

RANGELO # NaN From the value in RANGELO to the largest positive value

RANGEHI # NaN

RANGELO # NaN From the value in RANGELO to the value in RANGEHI

Any attempt to store anew value from a Universal Station that exceeds a configured limit is
rejected and an "out-of-range”" message isdisplayed. An attempt by a user-written program
to store avalue beyond a configured limit resultsin the value being clamped at the limit
value, and a"value-clamped" indication being returned to the program.

NOTE

Refer to the Application Module Parameter Reference Dictionary for further information on
the parameters mentioned in this section.
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3.2.3 AM Numeric Point Processing

AM Numeric data points are not scheduled and are not processed at regular intervals. The
only activity of one of these pointsisto accept new PV vauesfrom aUniversal Station or a
user-written program, subject to the limiting or clamping, as defined under 3.2.2.

3.2.4 AM Numeric Point Restarts

The database for aNumeric data point is restored from its checkpoint filein a History
Module, during cold, fast, and hot restarts.

3.2.5 AM Numeric Point Configuration

The configuration forms and Parameter Entry Displays for AM Numeric data points show
several default values, which are entered when the point is built through the Data Entity
Builder unlessthe default valueis changed. Any parametersthat don't have default values
must be entered or the point can't be loaded into the AM.

The following are the configurable parameters for an AM Numeric data point (seethe
Application Module Parameter Reference Dictionary for further parameter details):

NAME—The Tag Name for the Numeric data point (no default value)
UNIT—The ID of the process unit that contains this point (no default value)
PTDESC—The description of this data point (default value = al blanks)
KEYWORD—The keyword for this data point (default value = all blanks)

PRIMMOD—The process modul e associated with this point (the default value represents
a"null" tag name)

EUDESC—The engineering-units descriptor for the PV (default value = al blanks)
RANGELO—The PV-low limit (see 3.2.2) (default value = NaN)
RANGEHI—The PV-high limit (see 3.2.2) (default value = NaN)

PVFORMAT—The number of decimal placesin displayed and printed PV values (default
= DO, or nnnnnn.)

PV—Theinitial value for this point's PV (default = 0.0)
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3.2.6 AM Numeric Point Error and Warning Messages

Thefollowing error or warning messages may be returned when attempts are made to store
new valuesin AM Numeric data point parameters.

* Error Messages
Limit or Range Exceeded—The newly stored value exceeded arange limit.

Limit or Range Crossover—The newly stored range-limit value crossed over the
opposite range-limit value.

Read-Only Parameter—An attempt was made to store avalue in a parameter that can
only be read.

» Warning

Vaue-Clamped Error—An attempt was made by a user-written program to store avalue
beyond one of the PV range limits, so the PV was clamped at the limit value.

3.3 AM COUNTER DATA POINTS

Counter data points are used for flow or speed measurement, accumulation of total flow for
volumetric control, and event counting. An AM Counter data point receives a count from a
Control Counter data point in an HG, by means of an input connection to the AM counter
point (the count source for the HG's Control Counter is a 32-bit counter in an HLPIU).
The AM Counter point computes arate value for its PV parameter and an optiona
accumulation value for its AV parameter (displayed as OP).

3.3.1 AM Counter Point Functional Description

While parameter PTEXECST indicates that the AM Counter point is active, the following
datais acquired (prefetched) through the input connection from the Control Counter point
inthe HG:

» Delta Counts—The difference in the count val ue between two sample periods,
computed by the Control Counter.

» Delta Time—The differencein time, in milliseconds, between the two sample periods
of the Control Counter, calculated by using the HLPIU's sequence-of-events clock.

» Total Counts—The latest sampled value of the Control Counter's count, which isheld
in a32-bit binary counter.

NOTE

Refer to the Application Module Parameter Reference Dictionary, for further information on
the parameters mentioned in this section.
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» Rollover Threshold—The 32-bit HLPIU counter's rollover threshold value, from the
PlU's database.

 Point State—The worst state of the HLPIU counter since the last time the AM read
from the Control Counter. This detects any reset of the HLPIU, which resets the
HLPIU's counters.

» Delta State, which indicates the validity of Delta Counts and Delta Time. Delta Count
and Delta Time are valid only when the HG has had two, successive, good readings of
data from the HLPIU.

The HG updates thisinformation in the Control Counter data point every ten seconds.
When the AM reads from the Control Counter point, the Point State value in the Control
Counter is set to OK.

Each time the AM Counter data point is processed the following functions occur, in the
order they are listed:

» General Input Processing, if ageneral input connection is configured. This connection
issimilar to genera input connections for Regulatory data points (see 3.1.4.4)

» Contact Cutout Processing, if a contact cutout connection is configured. Thisfunction
issimilar to the contact cutout function for AM Regulatory data points (see 3.1.4.3in
this publication and 4.3.1.7 in System Control Functions).

 Counter Input and PVAUTO Calculation (see 3.3.3)

» PV Source Selection and Range Checks. These are the same as for Regulatory data
points (see 3.1.5.4 and 3.1.5.5).

* PV Alarm Processing (see 3.3.4)
* Deviation Alarm Processing (see 3.3.5)
» Accumulation Processing (see 3.3.6)

» General Output Processing, if ageneral output connection is configured. Thisfunction
issimilar to general output processing for AM Regulatory data points (see 3.1.4.6).

 Alarm Didribution Processng

3.3.2 Scheduling of AM Counter Points
AM Counter data points are scheduled as described under 2.2.

3.3.3 Counter Input and PVAUTO Calculation

A valuefor AM Counter parameter PVAUTO is calculated only if all three of the following
aretrue:
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1. The counter input connection-activity statusin CIACTSTSisActive. If itisInactive,
the HG's Control Counter data is not processed.

2. The counter input-access statusin CIACCSTSis NoError. This status indicates that
no error was detected during the last acquisition of data from the Control Counter.

3. DdtaState received from the Control Counter is OK.

If these conditions are true, the PVAUTO vaue and PV AUTO-value status are calculated as
follows:

PVAUTO = ReltaCounts .-y
Delta Time

and
PVAUTOST = Normal

The PVCONV factor converts the rate expressed in counts per millisecond to an
engineering-units representation. The Delta Counts and Delta Time values are availablein
parameters PVCOUNTS and TIMELPSD.

If any of the three conditions above are not true, the PVAUTO value is not calculated and
PVAUTO contains NaN. PVAUTOST then contains Bad.

If the status in CIACCSTS s Confg, a configuration error has been detected, the
configuration-error flag in CNFERRFL goesto On, and a configuration alarm is generated.

When Delta Status is not OK, the HG has not processed two successive reads from the
HG's Control Counter. This condition should occur only, very briefly, following an HG
startup or an HLPIU startup.

If the PVSOURCE isAUTO, thevalue Last PV (LASTPV) represents the last "good"”
caculated PV;i.e, if PVAUTO isnot equal to NaN, LASTPV is set equal to PV before
determining the new PV.

The PV value status (PVSTS) is determined exactly asit isfor regulatory points. See
3.1.5.6.

Once aPV and aPV STS are computed, the PV is checked against the configured PV
Extended Ranges (PVEXEUHI and PVYEXEULO). PV and PVSTS can be altered
according to the PV clamping option (PVCLAMP) if the PV is outside the extended ranges.
Parameters PV-EU extended-high (PVEXHIFL) and extended-low (PVEXLOFL) flags
signify if the PV has violated a given extended-range limit.

The PV isaccessiblein percent-of-range (PVEUHI minus PVEUL O) through the parameter
PV percent (PVP).
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3.3.4 PV Alarms in AM Counter Points

Parameter PV receivesits value from the PV Source Selection and PV Range Checks,
which are the same as for AM Regulatory data points (see 3.1.5.4). If the PV Sourceis
PVAUTO, thevauein PVAUTO isplacedin PV.

The PV value can be checked for the following types of alarms:

Alarm Type Alarm Priority Parameter
PV High PVHIPR
PV High High PVHHPR
PV Low PVLOPR
PV Low Low PVLLPR
PV Rate-of-Change Positive PVROCPPR
PV Rate-of-Change Negative PVROCNPR
PV Significant Change PVSGCHPR
Bad PV BADPVPR

PV darm processing and related parameters are identical to those for AM-Regulatory data
points (see 3.1.5.7 in this publication and 4.3 in System Control Functions); however, the
AM-Counter data point doesn't have alarm-transition parameters.

3.3.5 AM Counter Point Deviation Alarming

If aPV target valueis configured in parameter PV TV, deviation aarms can be monitored
by an AM counter point. The deviation, DEV, is calculated asfollows:

DEV = PVTV - PV.

Thevauein DEV is compared with the deviation-high trip point in DEVHITP and the
deviation-low trip point in DEVLOTP. Theadarmisgenerated if DEV equals or exceeds
either of thetrip points. The alarm priority parameter for the deviation-high trip point alarm
isDEVHIPR. Theaarm priority parameter for the deviation-low trip point larmis
DEVLOPR.

AM counter deviation-alarm functions are the same as for other AM regulatory points
except that the AM counter doesn't have alarm-transition parameters.

If you do not configure a control algorithm, you may configure the target value for PV
(PVTV). Thisparameter is shown on the Group and Detail displays as the setpoint.
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3.3.6 Accumulation Processing in AM Counter Points

Accumulation processing in an AM counter point takes place only if the following
conditions are true:

» Theinput connection-activity status for the input from the HG control counter, as
indicated by parameter CIACTSTS, is Active and the HG counter-input datais
processed.

» The access status for the HG control-counter input, as indicated by parameter
CIACCSTS, isNoError. This parameter indicates any error that is detected when the
input is prefetched for the AM counter.

» The HG control-counter point state, which is prefetched from the HG, is OK.
* The AM counter's accumulator state, asindicated by parameter STATE, is Running.

During accumulation processing, the total count read from the HG control counter, in the
prefetch for the last sample, is subtracted from that read for the current sample. This
differenceis added to the AM counter's accumulation value, as counts. An engineering-
unit conversion factor in parameter AVCONYV is applied to yield the accumulation value, as
follows:

AV = AVCOUNTS*AVCONV

where AVCOUNTS isa count value, AVCONV contains the engineering-units-per-
counts factor, and AV isin engineering units.

The AV is stored as a 32-bit real number. Inthe AM, thisvaueisinternaly maintained as
a48-bit binary representation to maintain accuracy and to expand the range of conversion
factors. The HLPIU control counter maintains a 32-bit count value.

Thevaluein AV can range from zero to 999,999. If the conversion resultsin a number
greater than 999,999, the value in parameter ROLLOVER isincremented by one, the value
in AV "rolls over" to zero, and begins accumulating again, on each processing pass. When
ROLLOVER isincremented to 32,767 and AV exceeds 999,999, AV isset to NaN. Inthis
case, use the three steps below to recover.

Parameter LASTAV maintains the last, good accumulation value, so if thevaluein AV goes
to NaN, LASTAYV containsthe last value before AV became NaN.

If STATE contains Stopped, accumulation processing does not occur.
If the Point State received from the HG Control Counter is not OK, the HLPIU hasfailed
between two prefetches by the AM. During this period, the valuein AV isnot valid so the
valuein AV is changed to NaN and a bad-control alarmis generated (BADCTLFL indicates
this alarm condition). In thissituation, an operator at a Universal Station must intervene to
do the following:

1. Stop the accumulator (change STATE to Stopped).

2. Storeacorrect valuein AV. AVCOUNTS isautomatically recomputed (the last good
accumulation value may be availablein LASTAV).

3. Start the accumulator (change STATE to Running).
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If CIACTSTS contains InActive, indicating that the counter input connection is not active,
and STATE indicates that the accumulator is Running, an unrecoverable situation has
occurred and a bad-control alarm is generated. The AM can't determine what the Point
Stateinthe HLPIU is, so it sets AV to NaN and generates a bad-control alarm. The
operator can then try to recover, asin the three steps, above.

Therollover threshold in the HLPIU database is configured with a value of zero when the
HG Control Counter data point is built and must always be zero for the AM Counter to
properly operate (with this threshold set to zero, rollover inthe HLPIU occurs at 232 -1 =
4,294,967,295 counts). The AM detects rollover when the difference in total count over
two samplesis a negative value, and it compensates accordingly. If therollover threshold
inthe HLPIU is not zero, the HG Control-Counter Point State indicates Failed, so the AM
places NaN in AV and a bad-control alarm is generated. Again, the operator can attempt
recovery as described above.

3.3.7 AM Counter Point Accumulation Alarming

The accumulation valuein AV is checked for the following alarm conditions:

Alarm Trip Point Alarm Condition Alarm Priority Parameter
Pre-Pre-Preset AV equal to or greater than (AVTV - AVDEV2TP) PPPRSTPR
Pre-Preset AV equal to or greater than (AVTV - AVDEV1TP)) PRPRSTPR
Preset AV equal to or greater than AVTV PRESETPR

Where AVTV isthe accumulation-target vaue,
AVDEV2TP isthe second deviation-alarm trip point, and
AVDEV1TPisthefirst deviation-alarm trip point.

If any of these three parameters contains NaN, the alarm condition in which it isused is not
checked.

AVTV, AVDEV2TP, and AVDEV1TP can haveinitial, configured values. AVTV can be
changed by an Operator at a Universal Station and AVDEV2TP and AVDEV1TP can be
changed at a Universal Station by someone with a Supervisor's or an Engineer's key.
These parameters can also be changed by a user-written program.

Note that the first two alarms are defined as a deviation of AV from the target valuein
AVTV.

The AM Counter data point includes the following three parameters to indicate the presence
of the corresponding alarm (On indicates an alarm, Off indicates no alarm):

AVDEV2FL
AVDEV1FL
AVTVFL

Alarm transition parameters are not provided.
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3.3.8 Accumulator Control in AM Counter Points
The AM Counter data point's accumulator is controlled through the parameters listed in
Table 3-2. In most cases, the values of these parameters can be changed by someone at a
Universal Station or by a user-written program. The table defines the effects of the
parameter changes and all restrictions to those changes.

Table 3-2 — Accumulator-Control Table

Parameters Values Restrictions and Results
STRTSTOP Start Restrictions:
Operator access not permitted when CNTLLOCK
Normal Access Level: = NotPerm
Operator

Resultant parameter values:
STRTSTOP = Start
STATE = Running, if PTEXECST = Active
STATE = Stopped, if PTEXECST = InActive

Special Notes:
If PTEXECST = Active the counter point is
immediately processed to acquire an initial total-
counts value, which is used to calculate the
difference in counts between two process-passes.

Stop Restrictions:
Operator access not permitted when CNTLLOCK
= NotPerm

Resultant parameter values:
STATE = Stopped
STRTSTOP = Stop

Special Notes:
If PTEXECST = Active and the previous state was
Running, the Counter point is immediately
processed to compute the final AV, AVCOUNTS,
and ROLLOVER values, and to check for
accumulator alarms.

RESETCMD Reset Restrictions:

Operator access not permitted when CNTLLOCK
Normal Access Level: = NotPerm
Operator

Resultant parameter values:

AV =0

AVCOUNTS =0

ROLLOVER =0

RESETCMD = Reset, momentarily, then NotReset

AVTVFL = Off

AVDEV1FL = Off
AVDEV2FL = Off

NotReset No restrictions

(Continued)
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Table 3-2 — Accumulator-Control Table (Continued)

3.3.8

Parameters

Values

Restrictions and Results

PTEXECST

Normal Access Level:
Supervisor

Active

No Restrictions

Resultant parameter values:
PTEXECST = Active
STATE = Running, if STARTSTOP = Start
STATE = Stopped, if STARTSTOP = Stop
All Accumulator alarms are cleared.
RESTART = PtActvn

InActive

No Restrictions

Resultant parameter values:
PTEXECST = InActive
PV = NaN (unless PVYSOURCE = Man)
PVSTS = Bad (Uncertn if PVSOURCE = Man)
All PV alarms are cleared
All accumulation alarms are cleared
STATE = Stopped
STRTSTOP = Stop
AV =0.0
ROLLOVER =0
AVCOUNTS =0.0

AV or ROLLOVER

Normal Access Level:
Operator

A new
accumulation
value or
ROLLOVER
value

Restrictions:

US or program cannot change AV or ROLLOVER

when STATE = Running.
US or program cannot store NaN to AV or to
ROLLOVER.

US or program cannot store a new value in AV that

is > 999,999,
US or program cannot store a new value in
ROLLOVER that is > 32,767.

New values for AV from other data point or user-

written programs are clamped at 999,999.

Resultant parameter values:

AV = the new accumulation value, or the clamped

value, 999,999.
ROLLOVER = the new rollover value.

(Continued)
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Table 3-2 — Accumulator-Control Table (Continued)

Parameters Values Restrictions and Results
AVTV A new Restrictions:
accumulation If AVTVLOCK = NotPerm, an operator at a
Normal Access Level: | target value Universal Station can’t change AVTV.
Operator If the new AVTV value is > 999,999, new values

from another data point or from a user-written
program are clamped at 999,999.

Resultant parameter values
AVTV = the new target value, or the clamped
value, 999,999.

Special Notes:
When the AVTV value is changed, the alarm-trip
points are automatically readjusted; however, the
alarm state doesn’t change until the next
processing pass.

3.3.9 Other AM Counter Functions

When the control-lock parameter CNTLLOCK contains NotPerm, Universal Station
operators can't change the STRTSTOP and RESETCMD parameter values, but someone at
aUniversal Station with a supervisor's or an engineer's key can change these values, as
can user-written programs.

When the accumul ation-target value-lock parameter AVTVLOCK contains NotPerm,
Universal Station operators can't changethe AVTV value, but someone at a Universal
Station with a supervisor's or an engineer's key can change the AVTV value, as can user-
written programs.

The AM Counter data point can be forced to be processed on demand by changing the value
in the point processing-special parameter PPSto On. The special processing pass can be
set up to occur sometime later, by first placing an integer representing the number of
seconds (up to 86,400 seconds or 24 hours) in PPSCY CLE, and then changing PPS to

On. The accesslevel for PPSis Operator, and for PPSCY CLE it is Program.

Parameter PTINAL indicatesif the counter point has an darm (PTINAL = On) or not
(PTINAL = Off).
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3.3.10 Display- and History-Related Parameters in AM Counters

The following parameters contain information related to the representation of the AM
Counter point of Universal Station displays and in the process-history files:

* AVFORMAT—Defines the decimal-point position inthe AV vaue.

» DISPTY PE—Defines the format to be used on the Group and Detail displaysfor this
data-point type (Counter).

» EUDESC—Defines the engineering-units description to appear with the PV and AV
values.

» HIGHAL—Indicates the highest level darm for this point, which is either BadCil,
BadPV, CComer, Cnferr, PVHi, PVHH, PVLo, PVLI, PVSgch, PVRocn, PVRocp,
DevHi, DevLo, Preset, PrPreset, PPPreset or NoAlarm.

* HIGHALPR—Priority of the alarm value that is contained in HIGHAL.

3.3.11 AM Counter Point Restarts

When an AM Counter point is restarted using its database from a checkpoint filein an HM,
the counter dataiisinitialized, as described in the following paragraphs. Thisinitialization
takes place only if the PTEXECST value from the checkpoint fileis Active.

For cold, warm, and hot restarts, if the accumulation option is configured (ACCUM = On),

» STATE ischanged to Stop

» STRTSTOP s changed to Stop

* AV, LASTAV, AVCOUNTS, and ROLLOVER vaues are dl changed to zero.
* Pre-Pre-Preset, Pre-Preset, and Preset alarms are cleared (Off).

In addition, for acold restart, only,

* PV ischanged to NaN
» PVSTSischanged to Bad
 All PV and deviation dlarms are cleared (Off).

3.3.12 AM Counter Point Configuration

The configuration forms and Parameter Entry Displaysfor AM counter data points show
several default values, which are entered when the point is built through the Data Entity
Builder unlessthe default valueis changed. Any parametersthat don't have default values
must be entered or the point can't be loaded into the AM.

The configuration forms and Parameter Entry Displaysfor AM counter data points offer
both brief parameter sets and full-disclosure parameter sets. The brief set includes only the
parameters needed to configure the PV- and AV -related functions. To configure general
input connections, a contact cutout connection, or general output connections, you must
enter Full disclosure in parameter PTDISCL.

AM Control Functions 3-53 10/96



3.3.12

For more detailed information about the parameters listed in this section, refer to the
Application Module Parameter Reference Dictionary.

The following are configurable parameters for an AM Counter data point:
NAME—The Tag Name for the Counter data point (no default value)
UNIT—The ID of the process unit that contains this point (no default value)
PTDESC—The description of this data point (default value = al blanks)
KEYWORD—The keyword for this data point (default value = all blanks)

PRIMMOD—T he process modul e associated with this point (the default val ue represents
a"null" tag name)

PTDISCL—Brief or full parameter-set disclosure (default = brief)
ACCUM—Sdlects the accumul ator option (default = Off)

CISRC—Counter input connection-source point (default value represents a"null’ tag
name)

CIACTSTS—Counter input connection-activity status (default = Active)
PVEULO—PV engineering units low-range value (no default value)
PVEUHI—PV engineering units high-range value (no default value)
PVEXEULO—PV engineering units, extended low-range value (no default value)
PVEXEUHI—PV engineering units, extended high-range value (no default value)
PVCONV—PVAUTO conversion factor (default = 1.0)

PVTV—PV target value (default = NaN)

PVFORMAT—PV decimal point position (default = D1)

PVCLAMP—PV clamp option (default = NoClamp)

PV SRCOPT—PV source option (default = OnlyAuto)

3.3.12.1 AM Counter Alarm Configuration

Each type of AM counter point alarm is enabled when the corresponding trip-point
parameter contains a value other than NaN.

The PV low trip-point value is contained in PVLOTP. If PVLOTP contains area number,
aPV low-low trip point can be configured in PVLLTP.
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The PV high trip-point value is contained in PVHITP. If PVHITP contains area number,
aPV high-high trip point can be configured in PVHHTP.

If PERIOD contains something other than NoPeriod and if PVLOTP and PVLLTP contain
real numbers, rate-of-change values can be configured in PVROCPTP (positive trip point)
and PVROCNTP (negative trip point). Likewise, if PERIOD = NoPeriod, and PVHITP
and PVHHTP contain real numbers, rate-of-change values can be configured in
PVROCPTP and PYROCNTP.

If the PV target valuein PVTV contains areal number, deviation alarms can be configured
in DEVHITP (deviation-high trip point) and DEVLOTP (deviation-low trip point).

A PV alarm-deadband valueis configured in PVALDB. PVALDB contains one of the
following enumerations. Half, One, Two, Three, Four, Five, or Eu (the default valueis
One). The values Half through Five specify the deadband in percent of the engineering-
unitsrange. The value Eu indicates that the value in PV ALDBEU specifies the deadband
value in engineering units.

If ACCUM = On, indicating that accumulation is to function, an accumulation-target value
can be entered by an operator in AVTV. When AVTV contains a value other than NaN, the
trip point configured in AVDEV 1TP ismonitored. If AVDEV1 contains avalue other than
NaN, a second deviation trip point can be configured in AVDEV 2TP.

Each of the dlarm conditions hasits own alarm priority parameter. These parameters are:

BADCTLPR Bad control alarm priority

BADPVPR Bad PV aarm priority

CNFERRPR Configuration error alarm priority

DEVHIPR Deviation high alarm priority

DEVLOPR Deviation low aarm parameter

PPPRSTPR Pre-pre-preset alarm priority (see subsection 3.3.7)
PRESETPR Preset alarm priority (see subsection 3.3.7)
PRPRSTPR Pre-preset alarm priority (see subsection 3.3.7)
PVHHPR PV high high alarm priority

PVHIPR PV high @arm priority

PVLLPR PV low low alarm prioity

PVLOPR PV low aarm priority

PVROCNPR PV negative rate of change alarm priority
PVROCPPR PV positive rate of change alarm priority
PVSGCHPR Significant PV change aarm priority

3.3.12.2 AM Counter Accumulator Control and Operating Parameters

If ACCUMN = On, the following parameters can be configured:
AV CONV—the AV conversion factor (default = 1.0)
AVFORMAT—the AV decimal-point position (default = DO)
AVTV—the AV target value (default = NaN)
CNTLLOCK—the accumulator state-control lockout (default = Permit)
AVTVLOCK—the accumulator target-value lockout (default = Permit)
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3.3.12.3 General Input, General Output, and Contact Cutout Configuration
Refer to the Application Module Counter Configuration Forms, AM88-440, and to the
Application Module Parameter Reference Dictionary, to configure these connections.
PTDISCL must contain Full.

3.3.12.4 AM Counter Configuring the Point-Processing Schedule

Refer to 2.2 in this publication and to the Application Module Parameter Reference
Dictionary, to configure the processing schedule for the AM Counter data point.
3.3.13 AM Counter Error and Warning Messages

One of the following warnings may be returned when an attempt is made to change an AM
Counter data-point parameter:

 Value Clamped Error—the new value exceeded one of the PV or AV limitsand was
clamped at that limit.

 String Truncated—the new value was a string with too many characters, so only the
maximum number of characters was accepted. Characters at the right end of the string
were rejected.

One of the following error messages may be returned when an attempt is made to change an
AM Counter data-point parameter:

» Parameter |nvalid—the parameter referencesis not configured on this data point.

» Parameter Cannot Be Changed—the value in the referenced parameter can't be
changed.

* |llegal Value—the new value isthe wrong type for the parameter.

» PV Source Disallows PV Change—PV SOURCE currently has a value that does not
permit the requested PV value change.

 Limit or Range Crossover—anew value for alimit or arange parameter crosses over
the opposite limit or range value.

» Source of Request Invalid—the requester had an improper access key for this
parameter.

* ModeNot Man or Point Active—the point must be Inactive to allow a change of this
parameter's val ue.

» Engr Unit Span Too Small—defined engineering-units span must be nonzero.

* Limit or Range Exceeded—the new value exceeded the range or alimit of this
parameter.
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* Read Only Parameter—this parameter can be read, only—its val ue cannot be changed.

» Change Not Permitted By Operator—a Universal Station operator cannot change the
parameter.

* lllegal Counter State—the current state of this Counter point does not allow thisvalue
change.

* Point Type I nvalid—the configured source point for the counter input connection is not
an HG Control Counter.

3.4 AM FLAG DATA POINT

A Flag data point in an Application Module contains a PV with two discrete states. Flag
data points can be used for any task that requires the retention of a discrete state indicator,
such as synchronizing sequence programs that run concurrently or store recipe data.

The state of the PV isindicated on displays and printed logs and reports as one of the
valuesin parameter PVSTATES. PVSTATES isan array of two values. Thetwo values
in PVSTATES are 8-character strings that can be configured and can be changed by
someone with an engineer's key at a Universal Station; therefore, the PV valueis said to be
a"self-defining" enumeration. For example,

PVSTATES(0) = Full

and
PVSTATES(1) = Empty

The PV state can be changed by an operator at a Universal Station or by a user-written
program. When the PV isone state its value is Full and when in the other stateitsvalueis
Empty.

The character strings are configured in the two PVSTATES vaues. The configured values
can be changed by someone with an engineer's key at a Universal Station, or by a user-
written program. STATEL contains the same character string as PV STATES(0) and
STATEZ contains the same character string as PV STATES(1).

NOTE

Refer to the Application Module Parameter Reference Dictionary, for further information on
the parameters mentioned in this section.

3.4.1 Scheduling of AM Flag Points

AM Flag data points are not scheduled and are not processed at regular intervals. These
points are active only when anew value is stored in one or more of its parameters by
someone at a Universal Station or by a user-written program.
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3.4.2 AM Flag Point Display- and History-Related Parameters

The following parameters contain information related to the representation of the AM Flag
data point on Universal Station displays and in the process-history files:

» UBOXCLR—Definesthe color of the upper box on Group and Detail displays that
show this data point. The upper box isfilled with that color when the PV isin the state
represented by the box.

» LBOXCLR—De¢finesthe color of the lower box on Group and Detail displays that
show this data point. The lower box isfilled with that color when the PV isin the state
represented by the box.

» DISPTY PE—Defines the format to be used on the Group and Detail displaysfor this
data point type (Flag).

» PTDESC—The Point Descriptor, a configured string of up to 24 characters.
« KEYWORD—This point's keyword, configured as a string of up to eight characters.

* OVERVAL—If this parameter contains On, off-normal alarmsfor this point are shown
on the Overview display.

* HIGHAL—Indicates the highest alarm value for this point, which is either NoAlarm or
OffNormal.

* HIGHALPR—Indicates the priority of the alarm value that isin HIGHAL.

3.4.3 Off-Normal Alarms in AM Flag Points

If parameter OFFNORMAL contains On, off-normal alarms are enabled, so PYNORMAL
should contain the PV STATES character string that represents the normal state of this Flag
data point. Parameter OFFNRMFL indicates whether the alarm exists or not (On = aarm,
Off = no darm). The following chart shows an example of the alarm conditions, assuming
PVSTATES(0) contains Full and PVSTATES(1) contains Empty:

OFFNRMAL PVNORMAL PV OFFNRMFL
Off Full or Empty Full Off
Off Empty or Full Empty Off
On Full Full Off
On Empty Full On
On Full Empty On
On Empty Empty Off
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The off-normal alarm check is made when one of the following parametersis changed from
aUniversal Station or by a user-written program:

P\/

PVNORMAL

OFFNRMAL

ALENBST

And when OFFNRMPR is changed from NoAction.

If OFFNRMAL contains On, OFFNRMPR contains the alarm priority, which can be
configured and can be changed by someone with an engineer's key at a Universal Station.
The possible priorities are Emergency, High, Low, Journal, NoAction, Printer, and
Jnlprint (see 4.3.1.3 in System Control Functions).

An operator at aUniversal Station can enable, disable, or inhibit the alarm by changing the
valuein ALENBST.

A user-written program can cut out this alarm by storing Onin CONTCUT. Contact cutout
connections are not applicable.

3.4.4 AM Flag Point Restarts

The database for an AM Flag data point is restored from its checkpoint filein aHistory
Module during cold, fast, and hot restarts.

3.4.5 AM Flag Point Configuration

The configuration forms and Parameter Entry displays for AM Flag data points show
severa default values, which are entered when the point is built through the Data Entity
Builder unlessthe default valueis changed. Any parametersthat don't have default values
must be entered or the point can't be loaded into the AM.

The following are the configurable parameters for an AM Flag data point (see the
Application Module Parameter Reference Dictionary for further parameter details):

NAME—The Tag Name for the Numeric data point (no default value)
UNIT—The ID of the process unit that contains this point (no default value)
PTDESC—The description of this data point (default value = all blanks)
KEYWORD—The keyword for this data point (default value = all blanks)

PRIMMOD—T he process modul e associated with this point (the default value represents
a"null" tag name)

PV STATES—Contains the two strings, of up to eight characters, that define the PV
states and appear on Universal Station displays, in process history files, and on printed
logs and reports (default for both valuesis all blanks)

UBOXCLR—The upper-box color on Group and Detail displays (default = red)
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LBOXCLR—The lower-box color on Group and Detail displays (default = red)
OFFNRMA L—Off-normal aarm enable (default = Off)

If OFFNRMAL is configured as On, the following parameters can be configured:
PVNORMAL—The normal state of the PV (default isall blanks)
ALENBST—Theinitial value for the alarm-enable status (default = Enable)
OFFNRMPR—Off-normal alarm priority (default = Low)
OVERVAL—Overview-display indication of off-normal alarm (default = Off)

3.4.6 AM Flag Point Error Messages

The following error indications are returned when an improper attempt is made to change a
parameter value:

» Read Only Parameter—this parameter isaread only parameter.

* |llegal Vaue—the new vaueisillega for this parameter.

3.5 AM TIMER DATA POINTS

Timer data pointsin an Application Module are used to measure time intervals and to initiate
events when the prescribed time has el apsed.

Figure 3-6 shows the functional structure of an AM Timer data point.

NOTE

Refer to the Application Module Parameter Reference Dictionary for further information on
the parameters mentioned in this section.

3.5.1 AM Timer Point Functional Description
When parameter STATE contains Running, the timer is running and
PV = PV + Period
where

PV isthe current time and Period is the processing interval configured in PERIOD,
expressed in the units specified by TIMEBASE.
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Contact Cutout —— CONTCUT

Alarm Enable Status —— ALENBST

Alarm Priority—— ALPRIOR

Time-Out Alarm Config.—— TIMEOUTVAL_}
All Other Entries
SPLOCK Current Time
= NotoPerm PV
Set Time
Time-Out Flag
Operator Entry —O/C SP -
SPLOCK TIMEOUTFL
=Perm
All Other Entries
° o __| Start/Stop
Operator Entry —o/ STRTSTOP
All Other Entries
o
a Reset/Not Reset
- RESETCMD
Operator Entry ———=0
CNTLLOCK = NotPerm Remaining Time I
TIMELEFT
* Timer State —
CNTLLOCK = Perm STATE
Time Base TIMEBASE ———
Processing Interval PERIOD—
Point Execution Status PTEXECST — |

General-input and general-output connection can also be configured for AM Timer Data Points, in the
same manner as for Regulatory data points (see 3.1.4.4 and 3.1.4.6). Also, a contact-cutout
connection can be configured for AM Timer Points (see 3.1.4.3).

Figure 3-6 — Functional Structure, AM Timer Data Point 1940
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For example, if PERIOD contains 30 seconds and TIMEBASE contains Minutes, Period in
the equation aboveis 0.5 minutes.

Normally, an operator at a Universal Station can start and stop the timer and can reset the
time by changing values in the STRTSTOP and RESET parameters, however, if
CNTLLOCK contains NotPerm, operators can't change these parameters. CNTLLOCK
can be changed from Perm to NotPerm and vice versa at a Universal Station by someone
with an engineer's key.

Similarly, an operator can normally change the set-time valuein SP, but if SPLOCK
contains NotPerm, an operator can't make such changes. SPLOCK can be changed from
Perm to NotPerm and vice versaat a Universal Station by someone with an engineer's key.

If the set-time valuein SPisnot NaN (not a number) and PV isequal to or greater than the
valuein SP, thetimer state in STATE is Stopped and STRTSTOP contains Stop. Also, if
the time-out alarm is enabled (TIMOUTAL contains On), the time-out flag, TIMOUTFL,,
contains On which generates an alarm.

If SP contains NaN, the PV is updated at each processing pass until it contains 1,000,000
time-base units, then it rolls over to zero and resumes updating.

Parameter TIMELEFT contains the difference between PV and SP (PV - SP). If SP
contains NaN, TIMELEFT also contains NaN.

If STATE contains Stopped, the AM Timer point is hot processed.

3.5.1.1 Controlling the Timer

The AM Timer is controlled through the parameters listed in Table 3-3. In most cases, the
values of these parameters can be changed by someone at a Universal Station or by a user-
written program. The table defines the effects of the parameter changes and all restrictions
to those changes.

3.5.2 AM Timer Point Time-Out Alarm

If TIMOUTAL contains On, the time-out alarm is enabled and the following aarm-related
parameters apply to the AM Timer data point:

TIMOUTFL—Thetime-out darm flag

TIMOUTPR—Which specifies the alarm priority as No/action, Journal, Low, High,
Emergency, Printer, or Jnlprint

ALENBST—The alarm-enable status that can be Enable, Disable, or Inhibit.

It isaso possible to configure contact cutout for thisalarm. See 4.3.1.7 in System Control
Functions.

If the set-time valuein SPis NaN, the time-out alarm cannot occur.
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Table 3-3 — Timer Control Table

3.5.2

Parameters Values Restrictions and Results
STRTSTOP Start Restrictions:
No Start when SP is not NaN and PV is equal to or
Normal greater than SP
Access Operator access not permitted when CNTLLOCK =
Level: NotPerm
Operator
Resultant parameter values:
STRTSTOP = Start
STATE = Running, if PTEXECST = Active
STATE = Stopped, if PTEXECST = InActive
Stop Restrictions:
Operator access not permitted when CNTLLOCK =
NotPerm
Resultant parameter values:
STATE = Stopped
STRTSTOP = Stop
RESETCMD Reset Restrictions:
Operator access not permitted when CNTLLOCK =
Normal NotPerm
Access
Level: Resultant parameter values:
Operator PV =0.0
RESETCMD = Reset (momentarily), then NotReset
TIMOUTFL = Off
NotReset No restrictions
PTEXECST Active No restrictions
Normal Resultant parameter values:
Access PTEXECST = Active
Level: STATE = Running, if STRTSTOP = Start
Superv. STATE = Stopped, if STRTSTOP = Stop
TIMOUTFL = Off (any existing alarm is cleared)
RESTART = PtActvn
InActive No restrictions

Resultant parameter values:
PTEXECST = InActive
STATE = Stopped
STRTSTOP = Stop
PV =0.0
TIMOUTFL = Off

(Continued)
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Table 3-3 — Timer Control Table (Continued)

Parameters Values Restrictions and Results
PV A new Restrictions:
current No change in PV when:
Normal time STATE = Running
Access The new value is NaN
Level: The new value is greater than SP
Oper. SP #NaN

If the new time is < 0 or if the new time > 1,000,000,
new values from a Universal Station are rejected
and new values from another data point or from a
user-written program are clamped to the limit
(0 or 999,999).

Resultant parameter values:
PV = the new current time in TIMEBASE units, or
the clamped value.

SP A new Restrictions:
set time No change by an operator when SPLOCK =
Normal NotPerm
Access If the new time is < 0, or if the new time > 1,000,000,
Level: new values from a Universal Station are rejected
Superv. and new values from another data point or from a

user-written program are clamped to the limit
(0 or 999,999).

Resultant parameter values:
SP =the new current time in TIMEBASE units, or
the clamped value.

3.5.3 AM Timer Point Scheduling
AM Timer data points are scheduled as described under 2.2.1 in this publication.

If PTEXECST contains Inactive, the AM Timer point is not processed. If PTEXECST
contains Active, the point is processed in the following order at each processing interval:

» General input processing, if any genera input connections are configured (see 3.1.4.4
in this publication).

» Timer Processing as described under 3.4.1 in this publication.

» General output processing, if any genera output connections are configured (see
3.1.4.6 in this publication).

NOTE: Do not connect the General Output of a Timer point to the PPS of another point.
Seethewarning at the end of subsection 3.1.4.6 for additioanl details.
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3.5.4 AM Timer Point Restarts

When an AM Timer datapoint is restarted by using its data from a checkpoint filein an
HM, itsdataisinitialized as follows:

» STATE isset to Stopped

* STRTSTOP s set to Stop

» The PV valueisset to 0.0

* TIMOUTFL is set off and return-to-normal is indicated

3.5.5 AM Timer Point Configuration

The configuration forms and Parameter Entry displaysfor AM Timer data points show
severa default values, which are entered when the point is built through the Data Entity
Builder unlessthe default valueis changed. Any parametersthat don't have default values
must be entered or the point can't be loaded into the AM.

The configuration forms and Parameter Entry displaysfor AM Timer data points offer both
brief parameter sets and full-disclosure parameter sets. The brief set includes only the
parameters needed to configure the basic timer functions. To configure general input
connections, a contact cutout connection, or general output connections, you must enter
Full disclosure in parameter PTDISCL.

The following are the configurable parameters for an AM Timer data point (see the
Application Module Parameter Reference Dictionary for further parameter details):

NAME—The Tag Name for the Numeric data point (no default vale)
UNIT—The ID of the process unit that contains this point (no default value)
PTDESC—The description of this data point (default value = all blanks)
KEYWORD—The keyword for this data point (default value = all blanks)

PRIMMOD—The process modul e associated with this point (the default val ue represents
a"null" tag name)

PTDISCL—Brief or full parameter-set disclosure (default = brief)
TIMEBA SE—Timebase units (default = Minutes)

SP—Set Time (default = NaN)

CNTLLOCK—Operator timer-control lock (default = Permit)
SPLOCK—Operator set-time lock (default = Permit)
TIMOUTAL—Time-out alarm enable (default = Off)
ALENBST—Time-out alarm-enable status (default = Enable)
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BADCTLPR—Bad control value aarm priority parameter
CNFERRPR—Configuration error alarm priority (default = Low)
TIMOUTPR—Time-out alarm priority (default = Low)
PERIOD—Processing interval (no default value. See 2.2 in this publication)
BEFAFT—Processing before or after relationship (default = No)

If BEFAFT is configured with avalue of Cycle, NORMCY CL must be configured with
an appropriate cycle number.

Refer to the Application Module Forms, and to the Application Module Parameter
Reference Dictionary, to configure general input, contact cutout, and general output
connections.

3.5.6 AM Timer Point Error and Warning Messages

One of the following error messages may be returned when an attempt is made to change an
AM Timer data point parameter:

» Change Not Permitted By Operator—A Universal Station operator cannot change the
parameter.

* |llegal Value—The new valueisthe wrong type for the parameter.
» Parameter Cannot Be Changed—The value in the parameter can't be changed.

* |llegal Timer State—The vaue can't be changed because of the current state of the
Timer.

» Read Only Parameter—Only Read accessis adlowed for the parameter.
» Parameter |nvalid—The parameter referenced is not configured on this data point.

The following warning may be returned when an attempt is made to change an AM Timer
data-point parameter:

» Value Clamped Error—The new value (for SP or PV) was greater than 999,999 or less
than zero; therefore, the value was clamped at the appropriate one of those limits.

3.6 AM CUSTOM DATA POINTS

Often thereisaneed for custom CL logic that does not have asingle, specific regulatory
data point associated with it. That is, CL logic that conceptually stands by itself, perhaps
monitoring or controlling the activities of several regulatory (or other) data points. What is
needed for thisis adata point that has the standard parameters relating to identification,
scheduling, custom data-segment attachment, and CL block status, a data point that has no
other data except custom data segments, and one that has no functions other than those
added by custom CL blocks. Custom Data Points are provided to meet this need.
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The chart below shows the standard user-visible parametersin a Custom Data Point.

3.6

Significance — CONFIGURATION
Identification — NAME (B)
PTDESC (EB)
KEYWORD (EB)
UNIT (B)
PRIMMOD  (B)

Schedule — PERIOD (B)
BEFAFT (B)
BEFAFTID  (B)
NORMCYCL (B)
General
Operation —
Alarms — BCLEALPR (EB)
BCLFALPR (EB)
CLEALMPR (EB)
CLFALMPR  (EB)
CNFERRPR (EB)
CDS — NOPKG (B)
PKGNAME (B)
(1..NOPKG)
(.....Others
CL Blocks — CLSLOTS (B)

BLKNAME (L)
(1..CLSLOTS)
INSPOINT (L)
(1..CLSLOTS)
INSORDER (L)
(1..CLSLOTS)

OPERATION

PPS )

PTEXECST (S)

ALENBST  (0)
CONTCUT  (P)

CLACTIVE  (EP)
(1..CLSLOTS)
$CLCMPST  (EP)
(1..CLSLOTS)
$BKGSTS (V)
(1..CLSLOTS)

STATUS/INFO

DISTYPE (V)

PPSTYPE (V)

RESTART (V)

PTINAL (V)
HIGHAL (V)
HIGHALPR (V)
CLEALMFL (V)
CLFALMFL (V)
$BCLEAFL (V)
$BCLFAFL (V)

NOCDS )

BLKTIME (L)
(1..CLSLOTS)
CLERRSUM (V)
CLBLKERR (V)
(1..CLSLOTS)
CLERRLOC (V)
(1...CLSLOTS)
BRANCHES (V)
(1...CLSLOTS)
CLVERSIN (V)
(1...CLSLOTS)
CLREVISN (V)
(1...CLSLOTS)
CLUSECNT (V)
(1...CLSLOTS)
$BKGABRT (V)
$BKGQFUL (V)
$BKGTIME (V)
$BKGPRTY (V)
(1...CLSLOTS)

Parameter-access locks:
(V)—View only
(B)—DEB only

(EB)—DEB or Engineer key only
(P)—Program (or continuous control) or DEB
(E)—Engineer, DEB or Program
(S)—Supervisor, Engineer, DEB, or Program
(O)—Operator Supervisor, Engineer, DEB, or Program

(L)—Entered by CL Linker
(EP)—Engineer or Program
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3.6.1 Custom Data Point Identification Data

The identification data shown in the chart on the previous pageis a subset of that used on
al regulatory data points.

3.6.2 Custom Data Point Schedule and General Operation

Custom Data Points are scheduled just as Regulatory data points are, including period,
before/after, and cycle options. This means that a Custom Data Point can be processed on
aschedule, or it can be given no schedule at al and processed entirely with process
specials. The PPSREQ parameter can be used by CL code to determine whether a PPSis
used to process a given point execution.

The point-execution status, PTEXECST, has the states "active" and "inactive," which
apply asin Regulatory data points. That is, the point doesn't execute in the inactive state.
Aswith Regulatory points, the RESTART parameter provides initialization and startup

information. Specifically, it indicates the first execution since point activation, if thisisthe
first execution since a cold, warm, or hot restart.

3.6.3 Custom Data Point Alarms

The alarm-related parameters on the chart, above, are aso the same as the corresponding
functions of Regulatory data points. These functionsinclude the following;

» Alarm priority

» Alarm enable

» Contact cutout, where the cutout flag is driven exclusively by CL logic

* Pointin alarm (PTINAL) and the highest-level current alarm (HIGHAL) flags

e CL eror and failure darms

3.6.4 Custom Data Points and CL Segment Data

The number of packages and each package file name are specified as for other AM points.
The CL segment datais defined under 4.1.5 in this publication.

3.6.5 CL Block Insertion Points in Custom Data Points

There are two insertion points on a Custom Data Point. These are the "general” insertion
point (which is processed first) and the “backgrnd” insertion point. Multiple CL Blocks
can be linked to either insertion point. The order of execution of blocks on the same
insertion point can be established by information located in the Block Headers of the CL
programs. See the Control Language/Application Module Reference Manual for more
detail.
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3.7 AM SWITCH DATA POINTS

3.7

A Switch data point is a Custom Data Point in an AM, with two additional functions. aCL
Switch and some custom alarming features.

The following chart defines the user-visible parameters of a Switch data point.

CONFIGURATION

OPERATION

STATUS/INFO

IDENTIFICATION

NAME (B)
PTDESC (EB)
KEYWORD (EB)
UNIT (B)
PRIMMOD (B)

DISTYPE (V)

SCHEDULE

PERIOD (B)
BEFAFT (B)
BEFAFTID (B)
NORMCYCL (B)

PPS (O)
PPSREQ (P)

PPSTYPE (V)

GENERAL OPERATION

NUMSWTCH (B)

SINSTATE (B)

S1STATES (B)
(0..x)*

S1ACCLVL (EB)
(0..x)*

S2NSTATE (B)

S2STATES (B)
(0..x)*

S2ACCLVL (EB)
(0..x)*

*x =1 less than SANSTATE

PTEXECST (S)

SIREQSTS (0)
S1CURSTS (P)

S2REQSTS (0)
S2CURSTS (P)

RESTART (V)

ALARMS

BCLEALPR (EB)
BCLFALPR (EB)
CLEALMPR (EB)
CLFALMPR (EB)
CNFERRPR (EB)
SWALMIPR (EB)
SWALM2PR (EB)
SWALM3PR (EB)

SALMDSCI (E)
SALMDSC?2 (E)
SALMDSCS3 (E)

ALENBST (O)
CONTCUT (P)

SALMFL1 (P)
SALMFL2 (P)
SALMFL3 (P)

PTINAL (V)

HIGHAL (V)

CLEALMFL (V)
CLFALMFL (V)
$BCLEAFL (V)
$BCLFAFL (V)
HIGHALPR(V)

SALMTRL (V)
SALMTR2 (V)
SALMTR3 (V)

Parameter access locks:
(V)—-View only
(B)—DEB only

(EB)—DEB or Engineer key only
(P)—Program, connection from a continuous-control data point or DEB.
(O)—Operator, Supervisor, Engineer, DEB, or program
(E)—Engineer, DEB, or program

(continued)
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Switch Data-Point Parameter Chart (Continued)

3.7

CONFIGURATION OPERATION STATUS/INFO
CDS NOPKG (B) NOCDS (V)
PKGNAME (B)
(1..NOPKG)
(.....Others Per......... CL.....)
CL BLOCKS CLSLOTS (B) CLACTIVE (EP) BLKTIME (E)
BLKNAME (L) (1..CLSLOTS) (1..CLSLOTS)
(1..CLSLOTS) $CLCMPST (EP) CLERRSUM (V)
INSPOINT (L) (1..CLSLOTS) CLBLKERR (V)
(1..CLSLOTS) $BKGSTS (V) (1..CLSLOTS)

INSORDER (L)

(1..CLSLOTS)

(1..CLSLOTS)

CLERRLOC (V)
(1..CLSLOTS)
BRANCHES (V)
(1.CLSLOTS)
CLVERSIN (V)
(1.CLSLOTS)
CLREVISN (V)
(1.CLSLOTS)
CLUSECNT (V)
(1..CLSLOTS)
$BKGABRT (V)
$BKGQFUL (V)
$BKGTIME (V)

Parameter-Access Locks:
(V)—View only
(L)—Entered by CL Linker
(B)—Data Entity Builder, only
(E)—Engineer, Program, or DEB
(EP)—Engineer or Program

The principal reasonsto use a Switch data point are:

» Switch 1 isdisplayable on the point's Group Display at a Universal Station, therefore,
an operator can use it to monitor and to control the CL logic. Switch 2 and switch 1
are displayed and can be controlled through a page of the point's Detail Display.

» The alarming features allow custom alarms to be generated by CL logic and to be

displayed on the Process Alarm Summary display.
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3.7.1
3.7.1 General Parameters

Except for the switch parameters and the added alarm information, the identification,
schedule, CDS, and CL-Block data are as they would be for a Regulatory Data Point. The
related functions, including scheduling, specia point processing (PPS), and CL execution
are also the same.

3.7.2 Switch Parameters

CL Switch parameters are as described for CL Switches on AM Regulatory Points, under
4.2. Here, the default value for NUMSWTCH is 1 rather than O, and the legitimate options
are 1 and 2, rather than O, 1, and 2; otherwise, functions of the parameters and expected
use by CL and operators are the same.

3.7.3 Switch Alarming Functions

In addition to the standard alarming functions that are supplied on Custom Data Points, a
Switch Data Point includes nine standard parameters that can be used by CL logic to create
three independent, custom, process-alarm conditions.

These parameters have this form:
SALMFLn  SALMDSCn  SALMTRn

where n ranges from 1 to 3 for the three alarm conditions. Each alarm flag parameter
(SALMFLn) hasalogica value—Off or On. A CL Block bound to the point can set an
alarm condition by setting one of these alarm flagsto On. The standard point processing
logic generates an "off-normal™ process alarm, using the SALMDSCn parameter as the
alarm-description text. Thisalarm is displayed on the Alarm Summary Display at the
appropriate Universal Stations, along with other process alarms. When the CL logic has
determined that the alarm condition has gone away, it can set the darm flag in SALMFLnN
to Off. This causes the standard point processing logic to generate a return-to-normal for
that process alarm.

Alarm-description parameters contain strings of up to eight characters, and allow Engineer
access. It isexpected that they will be entered through point building through the DEB, but
they can be changed at a Universal Station by someone with an Engineer's key.

The alarm transition flags (SALMTRN) are provided mainly for symmetry—all other dlarm
flagsin the AM have transition flags for use in entering CL logic only when aarm
transitions occur. The flag states are Alarm, Rtn, and NoChange.

These darms have an internd level, whichis SALMFL3, SALMFL2, and SALMFL1
(decreasing order), behind the higher level CL Error (CLEALMFL) and CL Failure
(CLFALMFL). When darms have been assigned the same prioritiesin their individual
alarm priority parameters, theinternal level is used as atie-breaker to determine which
alarm to show on the Detail and Group Displays (for more information, see System Control
Functions, subsection 4.3.1.4).
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3.7.4 CL Block Insertion Points in Switch Data Points

There are two insertion points on a Switch Data Point. These are the "genera" insertion
point (which is processed first) and the “backgrnd” insertion point. Multiple CL Blocks
can be linked to either insertion point. The order of execution of blocks on the same
insertion point can be established by information located in the Block Headers of the CL
programs. Seethe Control Language/Application Module Reference Manual for more
detail.
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CONTROL-LANGUAGE SUPPORT
Section 4

4.1 CL EXECUTION IN THE AM
4.1.1 CL's Place in Point Processing

The Control Language provides a means for a process engineer to customize control
strategies.

Where standard point processing is used without CL programs, continuous-control data
points are processed according to a standard, fixed scheme, as configured by the process
engineer. Because it would be impossible to implement every concelvable control scheme
and algorithm as a standard option, three methods to vary the standard point-processing
scheme are provided. They are:

» When normal point processing is satisfactory, except that some nongtandard actionsare
required, the customer can insert CL Blocks in the standard point-processing sequence
inan AM, at one or more predefined insertion points.

» When normal point processing is satisfactory, except that anongandard PV algorithm
or anonstandard control algorithm isrequired, the customer can choose the CL PV
Algorithm or the CL Control Algorithm. If so, auser-written CL Block executesin the
PV -processing interval or in the control-processing interval in the standard point-
processing sequence.

» When normal point processing is satisfactory and some nongtandard actionsare
required and theinserting of logic into normal point processng would be cumber some,
Background CL Blocks can be added to be initiated during the point processing cycle.

NOTE

Though the descriptions in this section on "Access Rights Checks" and on "Range and Limit
Violations" apply to CL executing in Multifunction Controllers and in AMs, this section
primarily covers the execution of CL in an AM.

4.1.1.1 Foreground and Background CL Blocks

CL blocks are user-written routines (see the Control Language Reference Manual ) that are
"inserted” into the point processing structure at defined places. Figure 3-2 shows the
places where a CL block can be inserted into the processing of aregulatory data point.

CL blocksinserted at any place except the “BACKGRND” insertion point are referred to as
"Foreground CL blocks." The Foreground CL blocks run as subroutines, each block
completing before returning to process the remaining control functions on that point. This
isapowerful and flexible structure, but it does require that the Foreground CL blocks
complete quickly so that the normal point processing of other pointsis not delayed.
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A final insertion point called BACKGRND is added at the end of point processing for the
regulatory, custom, and switch point types. Blocks linked to thisinsertion point are called
"Background CL blocks' and are given specia treatment. Instead of running as
subroutines that must complete before the processing of the next point can begin,
Background CL blocks are queued to run under a separate "background" task.

Background CL blocksrunin AM "free" time, after the "foreground” operations such as
point processing (including foreground CL blocks) and alarm distribution for al points
have completed. Therefore, background CL blocks can run for longer periods of time
(over many processing cycles) without disrupting the timing of point processing. This
leads to two important differences between Foreground and Background CL blocks: there
is no backward branch count limit for Background CL blocks, and Background CL blocks
can be aborted (or made inactive) by the operator.

The number of background blocks that a point can haveislimited only by the configured
number of insertion blocks per point (up to 255). Each timethat apoint is processed, itis
checked for active Background CL blocks. If it has active background blocks and none are
running, the point is queued for background processing. Once queued, a point's active
Background CL blocks run to completion one at atimein order. After all have completed,
the point can again be queued for background processing.

The Background CL blocks from up to 10 points can run at atime (per AM), sharing 50
millisecond dlices of the available free time between processing of points. (The number of
simultaneously executing background tasksis customer configurable and consumes user
point and CL program data space.

Operational differences of Background CL blocks are covered in detail at heading 4.1.6,
Background CL Operation. Many of the execution characteristics, such as data access
checks and CL error conditions, are common to both Foreground and Background CL
blocks, and are discussed together in the paragraphs that follow.

4.1.2 CL's Connection to Data Points
These are the steps required to connect CL/AM Blocks to data points.

a) Source code is entered through the Engineering Personality (EP) Command Processor
EDit function. Source code file names use the ".CL' extension, and can contain:

» CL 'Block' programming statements and local data definitions.
» Custom Data Segments (CDS) containing user-defined parameters.
» Custom enumerations and parameter lists.

b) When the source is compiled through the EP Command Processor's CL overlay, object
files and custom data segment files are produced.

» Object files (<filename>.AO) contain the program to execute in the AM. Thisis
linked to an AM Custom, Regulatory, or Switch Point through the EP Command
Processor's CL Link function. The point that the program is loaded to isreferred to
as the Bound Data Point or BDP.
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 Custom data segments (<filename>.GD) are attached to AM points through the EP
Application Module Point Building function.

¢) Theattaching of CL codeto an AM point requires, in order:
1) Any Custom parameters used must be compiled.

2) The AM point is built with the quantity of CL objects (blocks) that can be linked to
it specified (CLSLOTS) and, if Custom Data Segments are used, the quantity and
names of the CDS source files are entered (PKGNAME(n)). Optionaly, the values
for the Custom parameters can be specified at point build time. The Custom
parameters must be compiled before the package name can be entered, and the point
must be built with CL dots before the CL object can be linked.

3) The source code is compiled and the object islinked. The Bound Data Point must
be inactive while linking.

There are two basic waysin which CL Blocks can be attached to data points. specific, and
generic—as specified in the Header of the CL Block:

1. When aspecific data-point name is specified in the CL header, the CL Block can be
connected to only that point.

2. When the GENERIC clause is used in the CL header, the actual point to which the
block islinked can be any point that is consistent with the applicable Parameter Lists
and PARAMETER statementsin the CL code.

4.1.3 Indirect Reference through Point Identifiers

CL/AM programs can read or write values of point.parameters through both direct and
indirect reference formats.

Direct Reference—Both standard and custom parameters of the Bound Data Point can be
directly referenced by the parameter name (without the requirement of the preceding point
name). The parameters of other pointsin the AM and points that reside in other LCN
nodes can be directly referenced from a CL/AM program by declaring the points as
EXTERNAL and preceding the parameter references with the externa point identifiers
(names). These direct reference points must exist when the CL/AM program is compiled
and linked.

Indirect Reference—Y ou can use the indirect reference capability to write 'generic’' CL/AM
code that references externa points through a Custom Data Segment (CDS) parameter
whose type is point identifier (the names of the external point identifiers are not declared in
the CL/AM program). This permits the program to be developed and compiled without
knowing the external identifiers of points used in the program. Also, the point identifier
can be changed without having to re-edit the source. Theidentifiers of theindirectly
addressed external points are specified when the AM point isloaded (through the valuesin
Custom Data Segment parameters), and bound to this CL/AM program when it islinked to
the point.
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A dynamic indirection capability allows the CDS parameter value that contains the external
point identifier to be changed without having to inactivate, reload, or relink the point. The
CDS parameters containing point identifiers can be modified through the DEB, Detail
Display—Custom Page, Custom Schematics, through CG program stores, and built-in CL
Functions and Subroutines.

CL indirection supports:

references to arrays of point ids

b) multiple levels of point id indirection

c) no point identifier (Null Point ID) being specified in an array asthe CDS parameter id
vaue

d) astoreof the same point id value to an on-point CDS parameter relinks al CL
references to this parameter when they start on this Bound Data Point.

The capabilities and restrictions of indirection are explained further in the Control
Language/Application Module Reference Manual under headings 2.3.8 (Indirect Reference
to Point Identifiers) and 2.3.4 (Data Points Data Type).

4.1.4 Data Access and CL Runtime Errors
Data access from both Foreground and Background CL Blocksis subject to severdl

system-enforced restrictions. These include access rights checks, range and limit checks,
and data-transport errors.

4.1.4.1 Foreground CL Block Data Access
Foreground CL references to data-point parameters proceed as follows:

 Each reference to a point in another node uses a prefetch/poststore mechanism that
fetches all parameters that might be needed for a processing cycle, before the
processing cycle.

 References to data points in the same node, including those to the bound data point, are
made, in place, asthe CL Block is executed.

Theresult isthat a"fetch” from a parameter that received a new value during the current
cycle returns a value whose "freshness' variesin different situations, as follows:

Situation Value Returned on Fetch
Destination parameter is Store is done in place including Data Access checks.
in the same node. The Value that results from the store is returned on the

subsequent fetch.

Destination parameter is The stored value is internally held (in the point).

another node and the fetch is This value is returned on the fetch. Data Access

from the same point from which checks of the stored value have not yet been made.

the store was made. It is assumed (but not assured) that the value will pass the
checks.
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Destination parameter is in The original prefetched value is returned. One
another node and the fetch is point has no implicit knowledge of another point's
from a point other than the off-node stores.

the one that caused the store.

Destination parameter point The change in point identifer does not take effect
identifier (indirection) is changed until the end of the point execution cycle (i.e.,
during the point execution cycle prefetch and poststores are done based on the old
(between prefetch and end-of-point  point identifier).

execution).

4.1.4.2 Background CL Block Data Access

All Background CL accesses to data points, whether in the same node or in another node
onthe LCN, are madein place as the CL block is executed. Thereisno prefetch or
poststore of data for Background CL blocks.

Thisresultsin aseparate LCN data fetch or store for each Background CL reference to an
off-node datapoint. Thus alarge number of LCN data fetches will significantly lengthen
the execution time of a Background CL block. Y ou should consider alternatives such as
having a process-special point fetch the required datain Foreground CL blocks and save
the datain Custom Data Segment parameters.

4.1.4.3 Access Rights Checks

Thereisan "Access' Clause in the Header of a CL Block that governsthe rights and
restrictions for CL storesto MODE, SP, OP, RATIO, and BIAS parameters of other points
(the same rules apply to stores of these parameters in the bound data point, but they are
seldom used). The Access clause can specify PROGRAM or CONT CONTROL access.
CONT CONTROL isthe default for continuous CL programs, but PROGRAM can be
selected as an option. PROGRAM isthe only access type used for sequence programsin
the Multifunction Controller—it need not be explicitly selected.

PROGRAM access requires that the Mode Attribute for the destination point be " Program”
and then follows Operator-type Mode rules, as follows:

» Storesto the mode parameter require the Mode Attribute of the destination point to be
"Program."

» Storesto SP require the Mode Attribute to be "Program” and the Mode to be Auto (or,
for PID points, Manua w/o PV tracking).

» Storesto OP require the Mode Attribute to be "Program™” and the Mode to be Manual.

NOTE

Stores from on-process Universal Stations require the Mode Attribute to be "Operator” for
changes to Mode, SP, and OP.
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CONT CONTROL access obeysrulesthat are similar to those followed by normal
Regulatory Data Point Output Processing, as follows:

» Storesto MODE are not affected by the Mode Attribute of the destination point.

» Storesto SP require CAS Mode and are unaffected by the Attribute. 1n addition, for
HG points, RCASENB must contain On and the algorithm must be an SPC algorithm
or aDDC agorithm without PV tracking.

o Storesto OP (if lega at the destination point) require CAS Mode and are unaffected by
the Mode Attribute. Storesto OP are not permitted on AM points. For HG points, the
algorithm must be a DDC algorithm and RCASENB must contain On.

In general SP and OP processing are accomplished by storesto the CV parameter (see
Section 26 in Application Module Algorithm Engineering Data). To bypass the standard
control-output processing, in addition to handling windup and initialization, the CL
program must be involved in assuring that an operator's request to transfer to CAScade
mode occurs. Refer to 4.4.2.1 in System Control Functions for a discussion of cascade-
mode requests.

We recommend (but don't require) that CL programs that store to SP and OP with CONT
CONTROL access, check the point's CASREQ parameter before storing in MODE. If
CASREQ contains Request, the program should store Casin MODE and exit (note that the
store to MODE will occur even if CASREQ doesn't contain Request). The next time the
program executes, it can storein SP or OP. The reason the program should exit and not
storein SP or OP until the next processing passisto delay to give the box enough time to
change the mode. Thisisan example of such a program:

BLOCK storesp (generic; at pst ctag)
EXTERNAL hgO05 -- HG poi nt
I f hgO5.casreq = request then (set hgO05.npde = cas; exit)
I f hgO5.nbde = cas then set hg05.sp = hg05.sp + 1

END storesp

Regardless of the Access selection, storesto Ratio or Bias, of the PID Ratio/Bias
Algorithms, require the Attribute to be Program for CL stores.

AM/CL stores of MODE and MODATTR parameters to the same Multifunction Controller
dot require that the values be stored on separate executions of the CL. The example below
describes a method to change both parameters with multiple execution cycles of the CL.

- THIS IS A CL THAT WLL CHANGE AN MC SLOT TO P- AUTO, THEN CONTI NUE
BLOCK ndpauto (GENERI C; AT GENERAL)
EXTERNAL hg0501
| F hg0501. MODATTR <> PROGRAM THEN
& (SET hg0501. MODATTR = PROGRAM EXI T)

- ONCE THE MODATTR | S PROGRAM THEN CHANGE THE MODE
| F hg0501. MODE <> AUTO THEN SET hg0501. MODE = AUTO

- CONTI NUE ON

END ndpaut o
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NOTE

Stores from on-process Universal Stations require the Mode Attribute "Operator" for
changes to Ratio and Bias.

Storage (write) access by CL blocks bound to another data point is governed by restrictions
defined for the particular parameter, asit is configured.

4.1.4.4 Range and Limit Violations

Stores to SP are normally clamped so that they stay within the SP Limits (if they exist) for
the destination point (pointsin Basic Controllers don't have SP Limits). This clamping
applies for normal output processing logic, aswell asfor direct CL stores over interpoint
connections within boxes and within AMs; however, when the connection is from an AM
to a process-connected box, the rules for output processing allow the higher-level
continuous control by the AM to violate the limits in the box.

For connections between AMs and Boxes, the following rules apply:
* For access where the attribute is PROGRAM, SP clamping of the store occurs.

» For CONT CONTROL access, the rules used by output processing for AM-to-Box
cascades are followed. Vaues outside the SP limits (extended range in the case of CB
and MC points) are clamped at the SP limits. More restrictive checks, if necessary,
must be directly supplied by the CL code.

* Direct stores to the OP parameter in Boxes (or UCN Nodes) from CL under
PROGRAM access are clamped to stay within the Box OP limits.

The values directly stored in OP of other data points are not clamped to stay within the OP
limits. These limits apply to only the value of OP that are calculated within the point. That
is, they are applied when the point creates an OP from a CV value, whether the CV is
computed by a standard algorithm or by a CL Block. Direct storesto the OP parameter
from Universal Stations, Output Processing of another point, or CL under CONT
CONTROL access are not clamped unless the value is outside the -6.9% to 106.9% range,
inwhich caseit is clamped at the corresponding range limit for output processing and CL,
and an error indication appears at the Universal Station(s).

For other parameters (other than SP & OP) that have configurable ranges (for example,
PV), stores from CL that exceed the defined range of the destination parameter are clamped
at the end of the range.

If the parameter has a system-fixed range (for example, a control-tuning parameter that
must always be positive), attempts to store a value outside the range are rejected.
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4.1.45 Data-Transport Errors

There are two types of data-transport errors:

» Nonexistence Errors—An attempt to read or write a parameter of any data point cannot
be performed if that point or parameter does not exist. Such an error iscalled a
"nonexistence” error. These errors are normally discovered when the CL program is
compiled or linked, but they can be detected when the program is running (at
"runtime"), if the database has been modified. A nonexistence error at runtime causes
the Configuration Error condition of the CL Block.

« Communication Errors—An attempt to read or write to a data point in another device
results in acommunication error if the destination box or module isinactive, or if the
network connection to it is not operating.

4.1.4.6 Bad Values

Parameters whose type is number can have a"bad" code for the value that indicates that a
legitimate number cannot be determined. This happens under any of the following
conditions:

* A PV isbad because its range has been exceeded (transmitter failure) and the clamping
option was not selected.

* A limit or darm trip point has been set Bad to bypass limiting or alarming action (this
appliesto only AM points).

» A communication error or device failure has prevented acquisition (fetching) of the
value.

* A valueis set to Bad, using the SETBAD CL Subroutine.

4.1.4.7 CL Actions on Bad Values and Communication Errors

If no extra consideration is given by the customer engineer, acommunication error (for
example, box failure or node failure), or the use of abad value that is aresult of any of the
above functions, results in the aborting of the CL Block. The effect of the CL abort is
described below under "Execution Errors." Thisis accomplished asfollows:

* For parameter types other than number, the abort occurs immediately as the CL block
attempts to access the parameter.

* For aparameter whose type is number, a bad value code is used as the value, and
expression evauation (arithmetic) isallowed. The bad value code propagates through
the expressions, aways with a bad value result. The CL block is aborted on any
attempt to store the bad value or on any attempt to use the bad value to make adecision
(this could result in incorrectly storing in another parameter).
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If aCL abort is not the desired action in these conditions, the Customer Engineer can use
one of the following courses of action:

* Innorma (Foreground) CL, the Communication Error (COMM_ERR) Functionis
provided to allow a CL Block to check for transmission error on a prefetched
parameter. Thisreferenceto aparameter with acommunication error will not cause an
abort. The Comm_Err function operates on al types of parameters.

* In both Foreground and Background CL, the MOVE_PARAMETER Subroutine can be
used to fetch (or store to) off-node values. Communication or configuration errors
encountered by aMove Parameter call result in no value move and an appropriate
status return, but will not cause an abort.

 Additionaly, the BADVAL function is provided to check a parameter whose typeis
number for abad value. Thisfunction allows the convenience of checking only the
result of acomplex expression, rather than checking each of several inputsto it—if that
isthe desired action. This check is generally inserted before storing the result, so that
alternate logic, can be executed to avoid storing a bad value.

* Finally, it may be desirableto allow the storing of a bad value so that other logic in the
system may continue its propagation, or simply to detect its presence. Thisfunctionis
provided by the ALLOW BAD and SET BAD subroutines. ALLOW BAD(x,y) stores
"y"into "Xx" evenif "y" isbad, and does not abort the CL Block. (Both"x" and"y"
may be direct or indirect point-parameter references. SET BAD (X) generates a"bad
value" (NaN) code and stores it into "x" without aborting the CL Block.

4.1.4.8 Infinities

Certain operations on values whose type is Number cause a positive or negative infinity to
be created asthe result. These cases include the following:

* Dividing by zer o—the result isinfinity with the sign of the numerator.

 Arithmetic overflow—(for example, adding one to the largest finite value that the
internal number system can hold.) Theresult isan appropriately signed infinity.

NOTE

These are NOT error conditions. Infinite values are not Bad Values; they are handled in
calculations and comparisons according to normal mathematical rules. For example, adding
anything finite to a positive infinity yields a positive infinity; in a comparison, a positive infinity
is greater than any finite value, and a negative infinity is less than any finite value. If this
handling of infinite values is not deemed appropriate, the CL function, FINITE, can be used
to test for finite/not finite (not finite includes bad values and infinities), and take the desired
action.
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4.1.4.9 Execution-Time ("Runtime") Errors

There are three classes of execution-time errors. (1) CL Error conditions, (2) CL failures,
and (3) minor errors. If any of these conditions occurs, a code that defines the reason for
the error is stored in the CL segment. This code can be displayed at a Universal Station or
can be accessed by CL logic, including CL Blocks bound to the same data point. If
multiple errors have occurred, the reason code in the CL segment indicates the most severe
error.

CL Error Conditions
 Configuration error (CNFERR)

1) A fetch or store couldn't take place because the parameter or point doesn't exist, or
because the parameter's current data type does not match the data type of the
parameter when the CL block was linked.

2) Anindirect referenceis attempted through a null data-point ID within apoint ID
array.

3) A CL program islinked to a certain array data-type definition, and the data type
changes so that the array becomes larger, and there is a subsequent attempt to
access that parameter by a CL program (if this happens the CL block must be
unlinked, recompiled, and relinked).

4) A CL program attempts to fetch an array parameter in an HG. (Such a program
compiles and links properly. To avoid this problem, refer to the array parameter as
an individual point. Thisisthe casefor MC numeric, flag, and timer points.)

5) The second or a subsequent store to a value-array-size parameter of reserved data
point SAMIF (only once can avalue be stored in these parameters).

6) An attempt to fetch or to store to the string array size, value revision, value, or
status parameter of reserved data point SAMIF, before the SAMIF configuration has
been established.

7) An attempt to fetch or store a$AMIF parameter that islegal but has not been
established (created) by a user-written CL on AM startup.
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» Key-level AccessError (KEYLEVEL)—AnN atempted store could not take place
because of akey-leve restriction. That is, a parameter store was attempted that is not
legal from continuous control or program access.

* Program Error (PROGERR)—CL execution reached someillogical condition that
indicates an error in the CL program (a"bug"). These are the situations that cause a
program error:

1) Thelabel that isthetarget of a GOTO statement isin the middle of a REPEAT
loop.

2) None of the conditionsin a conditional SET statement are true.

3) The CL block cannot get more memory whileit is executing. When this happens,
it istypically on a subroutine call or function call. This can be corrected by
increasing the stack size for a CL running at a Background insertion point, or by
reducing the quantity of CL local variables defined in the block.

4) Useasaloop index, avariable that has not been stored to, or a parameter whose
valueis*“bad.”

In cases 1), 2) and 4), the location of the error in the CL block is placed in
parameter CLERRLOC(n) in the CL segment of the bound data point. In the third
case, azero isplaced in CLERRLOC. More information about CLERRLOC is
under 6.3 in Control Language/Application Module Data Entry.

5) A CL block attempted to call a subroutine or function in an external load module
that isnot loaded. (See the Control Language/Application Module Reference
Manual for CL Runtime Extension information.)

* RangeError (RANGE)—An attempt was made to store a value outside the fixed range
of aparameter that has afixed value range, rather than a configurable value range.

» Array Limit (ARRAYLIM)—An attempt was made to access outside the bounds of an
array.
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» Backward Branch Violation (BRANCHV)—Thelegal number of backward branches
has been exceeded. When aGOTO or REPEAT statement is executed that resultsin
execution of a preceding portion of the program, a backward-branch counter is
decremented by one. If the counter reaches zero, BRANCHYV violation has occurred.
There is no backward branch limit for Background CL blocks.

There are two backward branch counters. CLBACKF (fast processor) and CLBACKS
(slow processor). These are processor status data-point parameters and they can be
accessed and changed through a custom display (see Section 22 in the Engineer's
Reference Manual). They can store a maximum count of 32,767. The default valuein
CLBACKF is 100 and the default value in CLBACKSis500. Note that setting the
value in one of these parameters too high can delay point processing if a CL block gets
into along loop. Thiscan causethe AM tofail.

If the point containing the CL block executes due to a process specia request (PPS),
the backward branch counter associated with the point's assigned processor isused. If
an unscheduled point (PERIOD is defined as NOPERIOD) executes dueto a PPS
request, the CLBACKS counter is used. Notethat a CL block executing in background
does not check for backward branch violations.

» Arithmetic Error (ARITHERR)—AN atempt was made to store an infinite number of
seconds into atime variable or time parameter. Note that an attempt to store abad value
number of secondsinto atime variable or time parameter resultsinaBADVALST
error.

CL FailureConditions,

* ABORT gtatement (ABORT)—Execution of an ABORT statement, or for Background
CL blocks only, operator request or program store to $CLCMPST.

¢ Communication error abort (COMABORT)—Attempted use of a parameter, other than
one whose type is Number, that had a communication error on the attempt to fetch the
value.

» Bad value store (BADVALST)—Attempt to store a Bad value without using the
ALLOW _BAD or the SET_BAD subroutine, or the use of aBad valuein making a
decision.

Minor Errors

¢ Communication error (COMMERR)— (1) A network fetch or store couldn't take place
because of a communication error or because the device accessed wasn't on-line.
(2) A failed attempt to obtain memory for the SAMIF reserved data point initiated viaa
store to an array-size string or a string-length parameter.

* Rightserror (RIGHTS)—A temporary restriction, removable by the operator, prevents
the storing of avalue. Examples are Mode and Mode Attribute restrictions on storesto
SP and PV SOURCE restrictions on storesto PV.

 Limit violation (LIMVIOL)—An attempt to store avalue that exceeded SP Limits, OP
Limits, or Range Limits. Thiserror isnot generated for stores to this point's PVCALC
or OP parameters, even if the stored value exceeds the range limits or OP limits. The
store is completed and the value is clamped at the limit.
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CL Error Conditions are expected to result from CL programming errors ("bugs’) or other
errorsthat require CL coding changes for successful recovery. Thisissimilar to the
ERROR state of a sequence program in an MC. The following actions are taken:

» Thelocation count for the CL instruction where the error occurred is placed in
CLERRLOC inthe CL segment (for poststore errors, the valuein CLERRLOC is
zero). Thereis one CLERRLOC parameter for each CL dot in the segment. Refer to
6.3 in Control Language/Application Module Data Entry in the
| mplementation/Application Module - 2 binder to learn how to determine which
statement hasthe error.

» The CL Error Alarm condition (CLE for Foreground CL and BCLE for Background
CL) isset, causing a process alarm to be generated on this point.

» A CL Abort occurs on the point and point processing (including CL execution) is
attempted on the next scheduled processing pass of the point. Thereis an exception:
The Abort cannot occur if the error isa"store" configuration error to another node.

» The CL Error Alarm condition is an "off-normal™ condition that remains true until point
processing for the point again normally completes with no CL Aborts, at which time the
"return-to-normal" for the alarm is registered.

CL Failure Conditions are expected to result from equipment failures, such as a sensor
failure, abox, module, or gateway failure, or acommunication failure. Also, the explicit
abort from execution of aCL ABORT statement isincluded in thisclass. Thisissimilar to
the Fail state of a sequence program, in that the system, rather than the CL code is expected
to be at fault.

The actions taken are similar to those taken for the CL Error Condition:

» The Alarm condition is set, in this case, the CL Failure Alarm (CLF for Foreground CL
and BCLF for Background CL). This causes a process alarm to be generated on this
point.

» A CL Abort occurs on the point and point processing, including CL execution, is
attempted on the next scheduled processing pass of the point.

» The CL Fail Alarm condition isan "off norma" condition that remains true until point
processing for the point is completed normally with no CL Aborts. At that time the
"return-to-normal” for the alarm is registered.

Minor errors are expected to result from conditions in the process or in the control
strategies, such as modes that preclude stores or limits clamping the stored values. No
alarms or aborts occur.

Note that in sequence programs, rights errors and communication errors are considered to
be failures and the sequence is stopped to wait for operator intervention. For continuous
CL programs, however, they are assumed to be acceptabl e operation overrides.

Any necessary checks should be made by explicit CL code before attempting to store
values.
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If aCL Abort caused by an Abort statement or some other error has occurred, the action
taken isto skip al remaining processing of the point, except for distribution of the alarm

conditions already detected on the present processing pass.

Additionaly, if the abort occurs at an insertion point up to and including the post-PV
processing insertion point, the following occurs:

* PVCALC and PVAUTO are set Bad.
* If PVSOURCE = Auto, the PV status goes Bad and a Bad-PV aarm is requested.

» The PV initidization condition is sat.
» The Contral initialization condition is set.

If the abort occurs at any insertion point after the calculation of the PV, the following
occurs.

« ThePV isleft asis,
» The Contral initialization condition is set.

If no errors have occurred in the last pass, a state of NORMAL is reported.
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4.1.5 CL Segments

4.1.5

Each data point to which CL Blocks can be linked has a CL Segment, which holds data that
relates the CL Blocksto the datapoint. The CL segment iswritten to and read from by the
Linker (and its loader) and by the standard control software. Some of the CL Segment's
parameters can be accessed by other data points and by user-written programs.

4.1.5.1 CL Segment Structure

The following chart lists user-visible parametersin CL segments related to CL blocks that
are bound to AM points:

Parameter
Significance--> CONFIGURATION OPERATION STATUS/INFO
Parameter
Names & ----> CLSLOTS (B) CLACTIVE (EP) BLKTIME (V)
Access Locks BLKNAME (L) (1..CLSLOTS) (1..CLSLOTS)
(1..CLSLOTS) $CLCMPST (EP) CLERRSUM (V)
INSPOINT (L) (1..CLSLOTS) CLBLKERR (V)
(1..CLSLOTS) $BKGSTS (V) (1..CLSLOTS)
INSORDER (L) (1..CLSLOTS) CLERRLOC (V)
(1..CLSLOTS) (1..CLSLOTS)
BRANCHES (V)

(1..CLSLOTS)
CLVERSIN (V)
(1..CLSLOTS)
CLREVISN (V)
(1..CLSLOTS)
CLUSECNT (V)
(1..CLSLOTS)
$BKGABRT (V)
$BKGQFUL (V)
$BKGTIME (V)
$BKGPRTY (V)
(1..CLSLOTS)

Parameter-Access Locks:
(V)—View only
(L)—Entered by CL Linker
(B)—Data Entity Builder, only

(E)—Engineer, Program, or DEB

(EP)—Engineer or Program

Thevaluesin BLKNAME, INSPOINT, INSORDER, $CLCMPST, BLKTIME,
CLERRLOC, CLERRSUM, and CLBLKERR appear on the CL page of the point's Detail
Display. CLSLOTS, CLVERSIN, CLREVISN, CLACTIVE, $BKGSTS, BRANCHES,

CLUSECNT, $BKGABRT, $BKGTIME, $BKGQFUL, and $PKGPRTY can be

included in a custom display.

AM Control Functions

4-15

10/96




4.1.5

4152 CL Slots

A CL segment contains one slot for each block that can be bound (linked) to the data point.
The CL Linker ensuresthat all occupied dots are contiguous and begin with thefirst dot in
the segment. All unoccupied, or "not configured" slots are grouped at the end of the
segment.

Slots are maintained in order, first by insertion point, then by their specified order within
theinsertion point. Blocks that do not specify an execution order are executed after all
those that are so specified.

4.15.3 CL Slot Parameter Access

Thefields of the dots are accessed as though they were elements of an array. They are
indexed by the ot number. A block can determine its own slot number to use asthe
index, when the block is executing, by using the SELF function in the CL code. For
example:

A101. CLACTI VE( x) —Activeflag of Slot x
A101. BLKNAME( Sel f ) —Block name of self

Note that a CL Block should never use afixed, predetermined number for the ot index
because this can change as other blocks are inserted or deleted on the data point.

4154 CL Segment Configuration Parameters

CLSLOTS—The "number of dots’ field of the CL segment (CLSLOTY) is set up when the
data point isbuilt. It can be changed by rebuilding the data point through the Data Entity
Builder (DEB). Thisallows CLSLOTSto be increased, making space for more CL blocks
without affecting the blocks aready linked to the point. The CLSLOTS parameter value
cannot be decreased on arebuild operation.

BLKNAME—A nonvisible parameter in the data point points to the block's entry in the CL
Object Catalog in the AM. This givesthe name (BLKNAME) and atime stamp
(BLKTIME) of the block (corresponding to the Block name and time stamp on the CL
listing) and allows the control system to locate the object code.

INSPOINT & INSORDER—The Insertion Point Number (INSPOINT) and Insertion
Point Order (INSORDER) fields specify the insertion point at which the block isto be
executed and provide an optional specification for the order of execution within the
insertion point. The content of these fields are originally specified by the CL user inthe AT
clause of the block heading. For further information, see Figure 3-2 (under 3.1.3 in this
publication) and refer to the Control Language/Application Module Reference Manual.

4155 CL Segment Operation Parameters

CLACTIVE—The CL Active parameter (CLACTIVE) hasthree states. NOTCONFG,
ACTIVE, and INACTIVE. Theseindicate whether the dot isvacant or hasa CL Block
linked to it that is either active or inactive. A block that isinactive cannot execute. A block
that is active executes whenever its specified execution condition in the CL Block Heading
statement istrue. If no execution condition is specified, the block is unconditionally
executed.
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$CL CM PST—For operating and display convenience, the operating state of the ot
($CLCMPST (1)) is derived from the values of $BKGSTS(1) and CLACTIVE(]). For
Foreground blocks the values are identical to CLACTIVE(I). For Background blocks, the
following table shows the possible SCLCMPST values.

$CLMPST()) CLACTIVE(I) | $BKGSTS())
NOTCONFG (R) NOTCONFG | -
INACTIVE  (RW) | INACTIVE OFF
INACTIVE  (RW) | INACTIVE QUEUED
ACTIVE (RW) | ACTIVE OFF
QUEUED (R ACTIVE QUEUED
RUNNING (R ACTIVE RUNNING
DELAYED (R) ACTIVE DELAYED
WAITING R) ACTIVE WAITING
INA_RUN (R) INACTIVE RUNNING
INA_DELAY (R) INACTIVE DELAYED
INAWAIT (R INACTIVE WAITING

The operator can change the status of $CLMPST between active and inactive from the
Detail Display. (Note that when this parameter is selected the "pick” includes ABORT
which is not a state but a command which will stop execution of adot's Background CL
Block until the point's next processing cycle. See heading 4.1.6.2.)

INA_RUN, INA_DELAY, and INA_WAIT states occur when the CL Block associated
with an inactive CL dot is still executing (see heading 4.1.6.3).

$BK GST S—The Background Status parameter ($BKGST S)—which applies only to dlots
containing Background CL Blocks—hasfive possible states:
OFF—The CL Block isavailable for execution.
QUEUED—The CL Block isin the queue waiting to be executed.
RUNNING—The CL Block has started execution and has not yet completed. 1t may not
actually be running because of its priority level.
DELAYED—The CL Block has called adelay and iswaiting for the delay to complete.
WAITING—The CL Block has caled an off-node function and is waiting for completion
of that function.

4.1.5.6 CL Segment Status and Information Parameters
BLKTIM E—See the description of the CL Segment configuration parameter BLKNAME.

CLERRSUM—The Error Status Summary field (CLERRSUM) reflects the most severe
error that occurred for any block bound to the data point, as aresult of the previous
processing pass. Thisfield isupdated by the standard control software to reflect the results
of apoststore error. The valuein CLERRSUM is changed to Noerror when the point's
execution state is set to Active, and its value is then redetermined each time the point is
processed.

CLBLKERR—The Error Statusfield (CLBLKERR) indicates the most severe error
encountered the last time this block was executed. 1f there were no errors detected the last
time the CL block was executed, or if the CL Block's activity status changed to Inactive,
thevaluein CLBLKERR is set to Noerror. The valuesin the CLERRSUM and
CLBLKERR parameters are those in parentheses under 4.1.4.9 in this publication.
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CLERRL OC—Thelisting generated when a program is compiled shows the | ocati on-counter
value for the beginning of each CL statement (see 6.3 in Control Language/Application
Module Data Entry). Thislocation-counter value will be found in the parameter CLERRLOC
for a CL block when one of the following occurs

a) an error occurred while executing that statement

b) adelay was called from that statement (Background CL only)

c) await (caused by an off node data access, afile 1/O call, etc.) occurred in that
statement (Background CL only)

CLERRLOC contains zeros if the CL block executed to completion on itslast pass. Note
that an error on a post-store from Foreground CL does not abort the CL block execution,
so that CLERRLOC will contain zero in this case.

BRANCHES—contains the number of backward branches taken the last time the CL block
was executed. This parameter is not used for Background CL blocks.

CLVERSIN—contains the version number of the CL Compiler that was used to compile
the CL block.

CLREVISN—contains the revision number of the CL Compiler that was used to compile
the CL block.

CL USECNT—contains the number of uses of the CL block for a specific unit.

$BK GABRT— Equals TRUE if the Background CL blocks on the point were aborted the
last time one was being executed.

$BK GQFUL— Equals TRUE if the queue was full the last time that Background CL was
scheduled to be queued.

$BK GTIME—Contains the time (including queue time) in seconds that Background CL
has been running on the point.

$BK GPRTY—Background CL Blocks execute at three different priority levels, controlled
by the parameter $BKGPRTY . Itsvauesare: LOW, MEDIUM, and HIGH. Change of
priority is controlled by the CL block itself through the subroutine

BKG_CHANGE _PRIORITY (seethe Control Language/Application Module Reference
Manual for details). All Background CL Blocks start execution at HIGH priority.
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4.1.6 Background CL Operation

CAUTION

Background CLs restart from the beginning after failover of a redundant AM. Users of
background CL on redundant AMs must be careful to program for redundancy. Refer to
subsection 7.4 in Application Module Implementation Guidelines.

4.1.6.1 Initiating Background CL Blocks

Background CL blocks are initiated (queued) at the end of apoint's execution. If none of
the point’ s background blocks are running ($BKGSTS for al ACTIVE background blocks
is OFF), the point is queued for background processing.

When a point’ s background CL s cannot be queued because the queue limit of 50 points has
been reached, the queue status is reported as follows:

1) The point parameter $BKGQFUL is set TRUE.

2) The AM’s PSDP parameter BKGQFUL is set TRUE.

3) AnAuxiliary Status alarm "Background CL queue full” is output, causing notification
on the Node Status display.

The system continues trying to queue the point’ s background CLs each timeit is processed.
When a background CL again can be queued the following happens:

1) The PSDP parameter BKGQFUL isset FALSE.

2) AnAuxiliary Status message "Background CL queue available" is outpui.

3) The point parameter $BKGQFUL is set to FAL SE (but not until after successful
completion of the next point processing cycle for Background CL blocks).

Be cautious in setting a Background CL Block to either low or medium priority. A block at
low or medium priority can run only when there are no blocks of higher priority that are
ready to run. For example, you have anumber of high priority blocks that run frequently,
alow or medium priority block can take an excessive length of time to complete.

4.1.6.2 Aborting Background CL Blocks

The operator can abort a running Background CL Block from the CL page of the point's
detail display by selecting the status displayed in the Activity column and then selecting the
ABORT_CL pick. A program can abort arunning Background CL Block by storing
ABORT_CL to the $SCLCMPST parameter of the CL dot.

Aborting the running Background CL Block also prevents execution on this pass of any
other active Background CL blocks for that point. Aborting a Background CL Block does
not affect background CL execution the next time that the point is processed. When the
point is next processed, it begins execution of the active Background CL Blocksin their
normal sequence.
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A Background CL Block can detect that an abort occurred during the latest execution of the
point's background CL block(s) by testing the point's parameter $BKGABRT. When
background for a point has been aborted, this parameter remains TRUE until al active
Background CL Blocks on the point have subsequently run to normal completion.

4.1.6.3 Deactivating Background CL Blocks

An operator can set a point inactive from the first page of its Detail Display by changing the
point’s execution state to INACTIVE. A program sets a point inactive by storing
INACTIVE to the parameter PTEXECST.

Setting apoint Inactive stops the execution of all Background CL Blocks on that point. It
causes the abort of arunning Background CL Block or prevents a queued block from
running.

An operator can set a Background CL Block inactive from the CL page of the Detail
Display. A program sets a Background CL Block inactive by storing INACTIVE to the
slot's SCLCMPST parameter.

Setting a Background CL Block Inactive does not abort its execution if it is already queued
or running. Inactivating ablock takes effect the next time that the point’ s background
blocks are to be queued.

4.1.6.4 Interruption By Other CL Blocks

Since Background CL blocks run at low priority, they will be interrupted by other AM
functions including Foreground CL blocks and Background CL blocks of equal or higher
priority. Thisinterruption can occur between two background block data accesses. CL
programs that share data must take this probability into account.

4.1.6.5 Foreground Processing Parameters

Severa parameters on a point convey meaning only while the point isin Foreground CL
execution and should not be used by Background CL blocks. Theseinclude RESTART,
PATHIND, and alarm transition flags.

4.1.7 CL Runtime Extensions

Applications oriented subroutines and functions that are callable by CL/AM programs can
be purchased from Honeywell and added to your system. These subroutines and functions
are known as CL Runtime Extensions and are packaged in files called Include Sets. These
optional files are loaded into the AM during system startup and configuration.

Information on available Include Sets and the subroutines and functions that they contain is
available with the optional product or package.
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4.2 CL SWITCHES ON AM REGULATORY DATA POINTS

CL Switches can be added to Regulatory Data Pointsin an AM to communicate the state of
custom CL strategies to Universal Station operators, and to provide a standard way for the
operator to make strategy-change requests to the CL logic. The most visible parameters of
aCL switch are the following:

e Current state—SnCURST S that indicates the current state of the switch, as determined
by aCL Block.

» Requested state—SNREQST S indicates the requested position of the switch. Usually,
the state request is made by an operator.

A storeto the requested-state parameter initiates special processing of the data point on
which the CL switchis configured. Therefore, programmers should use care when writing
programs that write to these parameters, so asto avoid unnecessary processing. Itis
expected that CL Blocks bound to the data point will see each change in the requested state,
check to seeif the changeisvalid, and act accordingly. These CL Blocks can be
configured to execute either when the CL switch position changes (implemented by a
WHEN clause in the CL Block's header) or each time the point is processed (no WHEN
clause specified). Switch CL Blocks that implement switch-strategy logic can be linked to
any valid insertion point on the data point.

CL switches can have up-to-five states. The names of these states are configured through
the Data Entity Builder. The main advantage of CL switches over smple enumerationsin
custom data segmentsis that CL switches have some supporting information on the points
detail displays. Examplesof CL switch use include switching between alternate inputs, as
the validity of inputs change, changing cascade-control schemes, and changing algorithm-
related constants as required by process conditions (limit violations, etc.).

4.2.1 CL Switch Data Point Parameters
A CL Switchis added to a Regulatory Data Point by configuring something other than zero

for the data-point parameter NUMSWTCH. Up to two switches can be added to an AM
Regulatory data point.

AM Control Functions 4-21 10/96



4.2.1

Configuring a switch on the data point adds the parameters shown on the following chart:

CONFIGURATION OPERATION STATUS/INFO

GENERAL OPERATION NUMSWTCH -B

SINSTATE -B
S1STATES -B S1REQSTS -O
(0..X)* S1CURSTS -P
S1ACCLVL -EB
(0..X)*

S2NSTATE -B
S2STATES -B S2REQSTS -0
(0..X)* S2CURSTS -P
S2ACCLVL -EB
(0..X)*

Parameter access locks:

*X:

B—DEB only

EB—DEB or Engineer key only

P—Program, connection from a continuous-control data point or DEB.
O—Operator, Supervisor, Engineer, DEB, or program

1 less than SNNSTATE

Parameter Definitions (n = switch number; 1 or 2):

NUMSWTCH Number of switcheson the point: 0, 1, or 2.

SNANSTATES

SNSTATES

SnACCLVL

SNCURSTS

SNREQSTS

Number of valid states of the switch. Aninteger in arange from 2
through 5.

Character-string representation of each valid current and requested state,
wherenislor 2. Anarray of up to five 8-character strings. Thesize
of the array is determined by the valuein SANSTATES.

Access-level choice for ShNCURSTS parameter, wherenis1or 2.
Valueis one of the following enumerations: Operator 1, Operator 2,
Engineer, and Program.

Current state of the switch, wherenis 1 or 2. Self-defining
enumeration. The parameter that holds the state definitionis
SNnSTATES.

Requested state of the switch, wherenis1or 2. A self-defining
enumeration. The parameter that holds the state definitionis
SNSTATES. The access leve for this parameter defaults to operator and
isfurther qualified by the SnACCLVL parameter.

Y ou can configure additional parameters required for switch operation and the
switch/operator interface by configuring Custom Data Segments (see 3.6).

AM Control Functions 4-22 10/96



4.2.2
4.2.2 Changing State Representations in CL Switch Points

When a salf-defining enumeration is declared, the assignment of values to each state
followsthe declared order of the states. When a CL Block is compiled, code generated for
the switch states is based on the specific point in the database or it is based on the type
assertionsin the CL source code. When the block islinked, these assertions are rechecked
for validity.

WARNING

A process engineer can change the state representations of self-defining enumerations
(parameter states) any time; however, CL operates on the basis of the old states until the CL
Block is relinked.
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Access Status, Regulatory Point Interconnections 3.1.4.8
Accumulation Alarming, Counter Points 3.3.7
Accumulation Processing, Counter Points 3.3.6
Accumulator Control, Counter Points 3.3.8
Activity Status, Regulatory Point Interconnections 3.1.4.7
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Bad Control 2.3.5
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CL Error 2.3.8
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Operations (Unit) 2.3.12
Pre-Preset and Pre-Pre-Preset 2.3.10
Process 2.3
PV, Counter Points 3.3.4
Regulatory Points 3.1.7
Trip Points 2.3.2
Algorithm Processing, PV 3.1.5.2
AM
Detection of Failed Nodes 2.1.4
Schedule Dumper: 2.2.1.7
Switch Data Points 3.7
Associated Display 2.2.2
Automatic Cycle Loading 2.2.1.3
Auxiliary Unit 2.3.16
Background CL 4.1.1, 4.1.6, 4.1.4.2
Bad Configuration Alarm 2.3.6
Bad Control Alarm 2.3.5
Bad PV Alarm 2.3.7
Bad Value Handling at Point Interconnections 2.1.3.7
Bad Values and Communication Errors, CL 4.1.4.7
Bad Values, CL 4.1.4.6
Before and After Assignments 22.1.4
Bias and Ratio Options, Regulatory Points 3.1.6.4
Bias Limits 3.1.8.3
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Index

Topic

Detection of Failed Nodes
Detection of Process Alarms
Deviation Alarming, Counter Points
Deviation Alarms, Advisory
Display-and History-Related Parameters
Counter Points
Flag Points
Distribution, Messages
Dumper, AM Schedule
Dynamic Indirection
Error
Handling
Key Level
Messages, Flag Points
Range
Value Storage
Error Alarm, CL, Fatal
Error and Warning Messages
Counter Points
Numeric Points
Timer Points
Errors
Bad Values and Communication, CL
Communication
Configuration
Data Transport, CL
Execution-Time, CL
Point Interconnection
Software
Execution States, Regulatory Points
Execution-Time Errors, CL
External Mode Switching
Failed Nodes, Detection of
Failure, Value Storage
Fast Point Processor (FPP)
Fatal-Error Alarm, CL
Filtering, PV - Regulatory Points
Flag Points
Functional Summary
AM and Process-Connected Boxes
General Input Connections
General Output Connections
General Parameters, Switch Data Points
Guidelines, Override Control
History-and Display-Related Parameters
Counter Points
Flag Points
Hold Your Breath
Hot Restart
Identification Data, Custom Points
Indirect References, CL
Infinities, CL
Indirection, Dynamic
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Index

Topic

Internetwork Point Processor (IPP)
Initialization
Control
PV
Regulatory Points
Insertion Points, CL
Interconnection
Errors
Regulatory Points
Interval Assignments
Key-Level Error
Level Error
Limit and Range Violations, CL
Limiting
In CAScade Mode
in MANual Mode
PV Range in Numeric Points
Limits
Bias, Regulatory Points
in Regulatory Points
Minimum Output Change, Regulatory Points
Output Rate-of-Change, Regulatory Points
Ratio, Regulatory Points
Setpoint
Loading, Automatic Cycles
Loading of Cycles by Users
MANual Mode Limiting
Message
Distribution
Generation
Messages
Minimum Output Change Limits, Regulatory Points
Mode
Permissives
Switching, External
Multiple Primmods Alarming Option
Numeric Points
Off-Normal Alarms, Flag Points
Output Limits
Rate-of-Change, Regulatory Points
Regulatory Points
Override Control
Guidelines
Regulatory Points
Parameter Access, CL
Parameters
CL Switches
General, Switch Data Points
Period Assignments
Permissives, Mode
Point Interconnection Errors
Point Interconnections, Bad Value Handling
Point Processing, CL's Place in
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Index

Topic

Point Processing Special
AM Counter Functions
AM Switch Data Points
Special Processing Requests
Pre-Pre-Preset and Pre-Preset Alarms
Primary Module Points
Process Alarm Detection
Process Alarms
Process Alarms, Custom
Processing Order, Regulatory Points
Processing
Control Output, Regulatory Points
Counter Points
Custom Data Points
Data Point
Flag Points
Numeric Points
Point - CL's Place in
Point-processing special
PV, Regulatory Points
Timer Points
Processors, Point
PV Alarm
Bad
Checks, Regulatory Points
Counter Points
Deadbands
PV Algorithm Processing
PV Filtering, Regulatory Points
PV Initialization
PV Input Connections
PV Processing, Regulatory Points
PV Range Checks, Regulatory Points
PV Range Limiting, Numeric Points
PV Source Selection, Regulatory Points
PV Target Value - PVTV
PV Value Status, Regulatory Points
PVAUTO Calculation, Counter Points
Range and Limit Violations, CL
Range Checks, PV, Regulatory Points
Range Error
Range Limiting, PV, Numeric Points
Ratio and Bias Options, Regulatory Points
Ratio Limits, Regulatory
References, Indirect - CL
Regulatory Data Points
Regulatory Point
Alarms
Initialization
Limits
Reset Windup, Regulatory Points
Restart
Cold
Hot
Warm
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Index

Topic Section Heading

Restarting AMs 2.7
Restarts
Counter Points
Flag Points
Numeric Points
Timer Points
Runtime Errors
Runtime Extensions to CL
Schedule, Custom Data Points
Schedule Dumper
Scheduling
Counter Points
Data Points
Flag Points
Timer Points
Segment Data, CL Custom Data Points
Segments, CL
Setpoint Handling, Regulatory Points
Setpoint Limits
Slots, CL
Slow Point Processor (SPP)
Software Errors
Source Selection, PV — Regulatory Points
Special point processing
SP Target-Value Processing, Regulatory Points
State Representations, Changing, CL Switches
Status, Access — Regulatory Point Interconnections
Status, Activity — Regulatory Point Interconnections
Storage Failure
Switch
Alarm Functions, Switch Data Points
Data Points
Switches, CL on AM Regulatory Points
Target-Value Processing, Regulatory Points
Time-Out Alarm, Timer Points
Timer Points
Transport Errors, Data — CL
Trip Points, Alarm
Unit Alarm Operations
Value Status, PV — Regulatory Points
Value Storage Failure
Value Storage with an Error
Warm Restart
Warning and Error Messages
Counter Points
Numeric Points
Timer Points
Windup Protection, Regulatory Points
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READER COMMENTS

Honeywell IAC's Automation College welcomes your comments and suggestions to improve
future editions of this and other publications.

You can communicate your thoughts to us by fax or mail using this form, or by placing a toll-free
telephone call. We would like to acknowledge your comments; please include your complete
name, address, and telephone number.

BY FAX: 1-602-313-4842

BY MAIL.: Honeywell Inc.
Industrial Automation and Control
Automation College
2820 W. Kelton Lane
Phoenix, AZ 85023-3028

BY TELEPHONE In the USA, use our toll-free number 1-800-822-7673 (available in the 48
contiguous states except Arizona; in Arizona dial 1-602-313-5558).
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