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Warranty and liability

Warranty and liability

Note

Security
infor-
mation

Integral function

The Application Examples are not binding and do not claim to be complete
regarding the circuits shown, equipping and any eventuality. The Application
Examples do not represent customer-specific solutions. They are only intended
to provide support for typical applications. You are responsible for ensuring that
the described products are used correctly. These application examples do not
relieve you of the responsibility to use safe practices in application, installation,
operation and maintenance. When using these Application Examples, you
recognize that we cannot be made liable for any damage/claims beyond the
liability clause described. We reserve the right to make changes to these
Application Examples at any time without prior notice. If there are any deviations
between the recommendations provided in these application examples and other
Siemens publications — e.g. Catalogs — the contents of the other documents
have priority.

We do not accept any liability for the information contained in this document.

Any claims against us — based on whatever legal reason — resulting from the use
of the examples, information, programs, engineering and performance data etc.,
described in this Application Example shall be excluded. Such an exclusion shall
not apply in the case of mandatory liability, e.g. under the German Product Liability
Act (“Produkthaftungsgesetz’), in case of intent, gross negligence, or injury of life,
body or health, guarantee for the quality of a product, fraudulent concealment of
a deficiency or breach of a condition which goes to the root of the contract
(“wesentliche Vertragspflichten”). The damages for a breach of a substantial
contractual obligation are, however, limited to the foreseeable damage, typical for
the type of contract, except in the event of intent or gross negligence or injury to
life, body or health. The above provisions do not imply a change of the burden of
proof to your detriment.

Any form of duplication or distribution of these Application Examples or excerpts
hereof is prohibited without the expressed consent of Siemens Industry Sector.

Siemens provides products and solutions with industrial security functions that
support the secure operation of plants, solutions, machines, equipment and/or
networks. They are important components of a holistic industrial security
concept. With this in mind, Siemens’ products and solutions undergo continuous
development. Siemens recommends strongly that you regularly check for
product updates.

For the secure operation of Siemens products and solutions, it is necessary to
take suitable preventive action (e.g. cell protection concept) and integrate each
component into a holistic, state-of-the-art industrial security concept. Third-party
products that may be in use should also be considered. For more information
about industrial security, visit http://www.siemens.com/industrialsecurity.

To stay informed about product updates as they occur, sign up for a product-
specific newsletter. For more information, visit
http://support.automation.siemens.com.

Entry ID: 102052080, V1.0, 10/2014 2
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1 Task description and solution
1.1 Task

In automation technology, material flows (e.g. volume flows) are commonly
monitored and controlled in order to, for example, achieve a constant level or
a continuous material output. During the process, the current values of the
specified material flows are recorded.

In order to determine the amount of supplied material or the amount of output
material over a specified period, the material flow must be integrated. Based on
the obtained results, the quality of the process can be assessed and appropriate
measures can be taken when needed to increase productivity.

1.2 Solution

This Application Example describes how to calculate material quantities by using
PCS 7 standard blocks from the APL (Advanced Process Library).

Two different solution possibilities with the "Integral" and "TotalL" APL function
blocks shall be shown to you.

The description is based on the integration of a flow (measured signal) and
contains the necessary configuration steps for the "Integral” FB and the "TotalL"
FB. Furthermore, the individual functions and properties of the FBs, used to
establish the quantities of material, are also presented.

The figure below describes the basic structure of the presented solutions:
Figure 1-1
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Integral function
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1 Task description and solution

Benefits

e Guaranteed Siemens support
¢ Rapid determination of the appropriate solution for the automation sub-task

Core contents of the Application Example

Scope

1.21

Note

1.2.2

Integral function

e Configuring the integral function

o Description of the block functions for the implementation of the automation
sub-task

The blocks used in this Application Example are included in the APL version V7.1
SP5 and upwards.

The description and the screenshots of the described Application Example were
made with PCS 7 V8.0 SP2 and APL V8.0 SP2 Upd 2.

Solution with "Integral” FB

A measured value is integrated with the "Integral” FB, and is then available for
further processing in the FB output of the AS. The FB is not able to generate
messages and cannot be controlled or monitored during operation.

This solution is particularly suitable when the integral value in the AS is required
for further calculations. No runtime POs are issued for this FB during licensing.

The integration can be made controllable and monitorable from the available
control and monitoring modules available in the APL.

You can find a description of the functions and modes of operation of the control
and monitoring modules in the Function Manual "SIMATIC Process Control
System PCS 7 Advanced Process Library (V8.0 SP2)".

When using the control and monitoring modules, runtime POs are issued during
licensing.

Solution with "TotalL"

The measured value is integrated with the "TotalL" FB, and is then available for
further processing in the FB output of the AS. The FB is able to generate
messages and can be controlled or monitored in WinCC via the included block icon
and faceplate. The block is able to generate messages, meaning that alarms are
triggered when, for example, a defined limiting value is exceeded.

This solution is particularly suitable when the integral value or the integration is
supposed to be controllable and monitorable, and when monitoring for limit
violation is required. Since the FB is controllable and monitorable and also able to
generate messages, POs are issued during licensing.

The following figure shows a possible visualization of the solution with the "totalL"
FB:

Entry ID: 102052080, V1.0, 10/2014 5
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1 Task description and solution

Figure 1-2
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2 Function mechanisms

2

2.1

Function mechanisms

The core functionalities of both the "Integral" and "TotalL" function blocks are
described below.

"Integral™ function block

The "Integral" function block is used to form a time integral over a connected input
signal. It can also be used to form the integral component for the installation of the
controller.

The function block integrates the "In" input signal according to the trapezoidal rule,
and outputs the result to the "Out" output.

Limit monitoring

Limiting values for the integrated value "Out" can be predefined at the function
block. If the limiting values are reached or exceeded, the preset limit is set and
the "Out" output is given out.

When a limit is reached or exceeded/underranged, the outputs "OutHiAct" and
"OutLoAct" are set to 1. An evaluation of the upper limit violation is therefore
possible in the AS.

Track values

The "OutTrkOn" block input allows the "Track values" function to be activated.
As a result of which, the value you set at the "OutTrk" input is given out at the "Out"
output. The value is output as long as the "Track values" function remains active.

If the tracking is exited, the function block uses the current value at the output "Out"
as the first to be integrated. This corresponds to the value "OutTrk".

In this way, the integral value can be set, for example, back to 0.

Hold integration

The input parameter "Hold" allows the integration to be put on hold. Once the
integration is continued, the current value at output "Out" is used for the integration
process.

Startup characteristics

Note

Integral function

The feature bit 0 allows the determination of whether the last saved value should
be given out at output "Out" during startup or whether the "Out" output is reset to 0.

A detailed description of the functions and the mode of operation of the "integral"
function block can be found in chapter 11.8 "Integral - Generating a time integral"
of the Function Manual "SIMATIC Process Control System PCS 7 Advanced
Process Library (V8.0 SP2)".

Entry ID: 102052080, V1.0, 10/2014 7
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2 Function mechanisms

2.2 "TotalL" function block

The "TotalL" function block allows the upward or downward integration of an
analog input value. It can also be used for triggered or continuous summing
(upwards or downwards).

Depending on the set counting, the function block integrates the "in" input signal
according to the trapezoidal rule, and outputs the result to the "Out" output.

Note This Application Example only deals with the integral function and the necessary
functions of the "TotalL" block.

Counting limit monitoring

The "TotalL" function block allows the function for the monitoring of the upper and
lower alarm, warning and tolerance limiting values to be activated (each limit
separately). The limiting value monitoring of the integral direction depends on this.
The upper limiting values are monitored during the upward integration and the
lower ones are monitored during downward integration.

If a limiting value is reached or exceeded, a corresponding message is generated.

Startup characteristics

The feature bit 0 allows the determination of whether the last saved value should
be given out at output "Out" during startup or whether the "Out" output is reset to 0.

Setting the integral value to preset

The "Setting the integral value to preset" function is similar to the "Track values"
function of the "Integral” function block.

Presetting is done via the "PresetVal" input parameter. The value can be set by
an interconnection or from the faceplate by the operator. If the "PresetVal" input
parameter is not interconnected, presetting can be done from the faceplate.

Switching the integrator on and off

Integration can be put on hold or its direction can be changed from the faceplate or
via the UpOp, OffOp and DnOp input parameters.

After a change of direction or continuation of the integration, the current value at
the "Out" output is used for the integration process.

Message behavior

The function block generates messages depending on the configured limiting
values. These messages can be suppressed from the appropriate settings
"MsgEn" and "MsgLock".

Integral function
Entry ID: 102052080, V1.0, 10/2014 8
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2 Function mechanisms

HMI

Note

Integral function

The function block is controllable and monitorable. Various block icons are
available. The faceplate allows, among other things, the display of messages
(Message view), calling reports (Trend view), changing limiting values and
changing parameters such as, for example, the integral time (Parameters view).
The integral direction, integral value and the value of the input signal to be
integrated are among the values shown in the standard view. The "InUnit" and
"OutUnit" input parameters allow the units to be predefined by the input signal
and integral value. These parameters are displayed in the Standard view.

A detailed description of the functions and the mode of operation of the "integral"
function block can be found in chapter 9.3 "TotalL - Additive counter with upward
or downward counting direction (totalizer)" of the Function Manual "SIMATIC
Process Control System PCS 7 Advanced Process Library (V8.0 SP2)".

Entry ID: 102052080, V1.0, 10/2014 9
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3 Configuring of functions

3

3.1

Integral function

Configuring of functions

The APL contains the "Integral" and "TotalL" function blocks. The "Integral" FB
forms part of the "Math" block family. The "TotalL" FB forms part of the "Count"
block family. Adding in a CFC chart is done by drag and drop.

Figure 3—1
= Q Math (- @y Count
£ Addo4 [FC351: Adder with 4 values] §3 CntOhsc [FB1803: Counter of operating hours and switching of
£ Add08 [FC352: Adder with 8 values] 3 CountOh [FB1864: Counter of operating hours]
§3 Average [FB1804: Average determination] £ CountScL [FB1806: Up/down counter]
3 DeadTime [FB1807: Time delay] b ¥ Totall [FB1906: Summing counter (totaliser) up/down - Large]

$3 Derivative [FB1808: Differentiator - trapezoid method)]
{7 Div02 [FC358: Divider]
3 FlowCorr [FB1916: Pressure Temperature Correction]

Em}Integral [FB1823: Integrator]

3 Lag [FB1828: Lag function]

3 MeanTime [FB1832: Average determination]
$3 Mulo4 [FC360: Multiplier with 4 values]

§3 Mulo8 [FC361: Multiplier with 8 values]

§3 Polygon [FB1881: Curve fitting]

& Smooth [FB1890: Signal Smoothing]

3 Sub02 [FC381: Subtractor]

In the "TotalL" FB, the mode of operation of the block must still be configured as
integrator via the ,Feature” (Bit6) input parameter.

Configuring the SampleTime and integral time

The "SampleTime" and the integral time must be configured in the same way on
both function blocks via the "SampleTime" and "Ti" input parameters.

The value of the "SampleTime" parameter is determined automatically from the
called cyclic interrupt (OBxx). Changing this value is only possible by switching
to another cyclic interrupt.

The integral time must be configured according to the input signal. The integral
time is measured in seconds. The preset value is 1. If the physical unit of the input
signal is in the "unit/second" form (e.g. B. L/s), the preset value should be kept.

If the physical unit of the input signal is in the "unit/minute" form (e.g. L/min), the
value of the "Ti" input parameter must be changed to 60 (60 seconds = 1 minute).
The situation is analogous to all other time units.

Entry ID: 102052080, V1.0, 10/2014 10
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3 Configuring of functions

3.2

In this Application Example, the physical unit of the input signal is L/h. Accordingly,
the value of the "Ti" input parameter is 3600. The following figure shows the
configuration of the "SampleTime" and "Ti" input parameters of the "Integral" and
"totalL" function blocks in the CFC.

Figure 3-2
“i=Runtime editor -- Accumulation\SIMATIC 400
B 0830 [Weckalarmd] (5,0 5) -
- T 0831 Wedkalarm1] (2,05)
Flow_2 Flow_1 - B 0832 [Weddalarm2] (1,05)
gz:;iiq w 083 Ez:g:t w 083 - T8 0833 [Weckalarm3] (500 ms)
B 0834 [Weckalarm4] (200 ms)
0—E_In M5_Relea|— Out [— = 0B35 [Weckalarm5] (100 ms):
0.0—{Tner ¥ode | — : | |_outhitce|— = ([ Flow? (100ms)
0.0—{Decr Cntout [— ( 3 OutLolct £ Plantiunit\Flow 1\Flon_2
o out [— | 60 / A Plantunit\Flow1\Flaw_1
J3600.0TT OosAct [— 0. i I j T FlantinitiFow1it
U—juesLL Y T T f ecrurmacruRT
0—Ligp 0.0 B 0835 [Weckalarmé] (50 ms)
0—offLi - T8 0837 [Weckalarm7] (20 ms)
0—UpLi - 0838 [Weckalarmg] (10ms)
0—DnLi - 0840 [Prozessalarmi]
0—Rstli T 0841 [Prozessalarm ]
500.0—{OutAH L1 T 0842 [Prozessalarm?]
495.0—{OutWH L1 T 0843 [Prozessalarm3]
490.0—{oueTH L1 - T8 0844 [Prozessalarmd]
10.0—{OueTL_Li - T8 0845 [Prozessalarms]
5.0— OutWlL Li B 084 [Prozessalarmé]
0.0—{OutaL Li T 0847 [Prozessalarm?]
100.0—{PresetVa T8 0855 [DP: Statusalarm] L
530.0—{OutOpSca - T8 0856 [DP: Update Alarm]
TnUnit / - T8 0857 [0P: Herstellerspezifischer Alarm]
1032 —ourinic - 0880 [Mehrprozessoralarm]
Lo sammiaTs T8 0851 [DP: Taktsynchronalarm1]
1= Feature T8 0862 [DP: Taktsynchronalarm2]
TR ABED AR Talbmm s nm e 51

When configuring "SampleTime" and "Ti", one has to ensure that the value for "Ti"
is not within the following range:

SampleTime <7l < SampleTime
2 2

Resetting the integral value

The integral value of both function blocks can be reset to 0 by configuring a preset
integral value.

"Integral” function block

Integral function

The integral value in the "Integral” function block is reset to 0 via the "OutTrk" and
"OutTrkOn" input parameters.

The value 0 is to be entered in the "OutTrk" input parameter. If the "OutTrkOn"
input parameter is set to 1, the value 0 is given out at the "Out" output parameter
(Out.Value = OutTrk.Value).

Entry ID: 102052080, V1.0, 10/2014 11
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3 Configuring of functions

Figure 3-3

Flow 1
Inr.egral
Integrat
£ 10.00072— In | out |- 0.0|
500.0—OutHilim OutHiker 0
0.0—Cutlolim CutLolct —1
3600.0—TI

0.1 |SampleTi
D— Hold
——J]—1—0utTrkOn
0.0—OutTIrk

The integral value can be reset from an interconnection or through the Online view

in the CFC chart. If the reset is to be done via the user interface in WinCC, the
"OutTrkOn" input parameter can be interconnected to the "Out" output parameter
of a block from the "Operate” family (e.g. "OpTrig"). It is then possible to perform
the reset via the faceplate of the connected block from the "Operate” family.

"TotalL" function block

Integral function

The integral value is reset to 0 at the function block "TotalL" via the input
parameters "PresetValue", "RstLi" (input parameter "LiOp" = 1) and "RstOp"
(input parameter "LiOp" = 0). The "RstOp" input parameter is controlled from the
faceplate.

The value 0 is to be entered in the "PresetValue" input parameter. This can be
done in the CFC directly from the block or in the parameter view of the faceplate.
An interconnection to another block is not necessary for setting the preset value
in WinCC.

If the value 1 is set during a reset via an interconnection to the input parameter
RstLi, the value 0 is given out at the "Out" output (Out.Value = Preset.Value).

Entry ID: 102052080, V1.0, 10/2014
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3 Configuring of functions

Figure 3—4 Reset via interconnection
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Feature

When performing a reset from the faceplate, the "RstOp" input parameter is set
to 1. The reset is done from the "Preset" button in the "standard" view of the

faceplate.

Figure 3-5
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3.3 Putting the integration on hold

The integration of both function blocks can be put on hold. The final integral value
is then written permanently to the "Out" output of the function blocks.
"Integral” function block

The integration of the "Integral” function block can be put on hold from the "Hold"
input parameter. If this value is set to 1, the integration is put on hold. Once it is
set back to 0, the integration is resumed.

Figure 3—6

Flow 1
Integral
Integrat 1/2
10.00072— In Qut — 10.101&7
500.0—OutHilim CutHiket —0
0.0—0utlolim OutLolet —0
3600.0—TI
.1 SamnleTi
15014
D/ 0utTrkOn
0.0—OutTrk

OB3.

The integration can be only put on hold from an interconnection or through the
Online view in the CFC chart. If the integration is to be put on hold from the user
interface, the "Hold" input parameter can be interconnected to the "Out" output
parameter of a block from the "Operate" family (e.g. "OpTrig"). It is then possible
to put on hold via the faceplate of the connected block from the "Operate” family.

"TotalL" function block

The integration of the "TotalL" function block is put on hold via the input parameters
"OffLi" (input parameter "LiOp" = 1) or "OffOp" (input parameter "LiOp" = 0).
The "OffOp" input parameter is controlled from the faceplate.

If this value of the "OffLi" input parameter is set to 1, the integration is put on hold.
The last integral value is written permanently at the "Out" output. If the "OffLi" input
parameter is reset to 0, the integration resumes with the recent integral value,

as long as one of the two input parameters "UPLI" (upward integration) or "DnLi"
(downward integration) and the "LiOp" input parameter is set to 1.

Integral function
Entry ID: 102052080, V1.0, 10/2014 14
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3 Configuring of functions

Figure 3—7 Putting the integration on hold from the interconnection
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1— Feature

The input parameters "OffOp", "UpOp" and "DnOp" are written out from the
faceplate. The integration can be put on hold from the "Command" section in the

"Standard" view. The integration can be also resumed from the "Command" section

in the "Standard" view.

Integral function
Entry ID: 102052080, V1.0, 10/2014
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Figure 3-8 Putting the integration on hold from the faceplate
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3.4 Retaining the integral value after CPU stop

Whether the integral value is retained when performing a restart of the CPU,

is determined by the startup characteristics of the function block. With regard to
the function blocks "Integral" and "TotalL", this is done via the bit 0 of the "Feature"
input parameter. The configuration is identical for both function blocks.

Integral function
Entry ID: 102052080, V1.0, 10/2014 16
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3 Configuring of functions

Figure 3-9
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The start-up characteristics differs between the two function modules.

Integral function block

If the Feature Bit 0 = 0, the "Out" output is reset to 0 when starting. If the Feature
Bit 0 = 1, the integration is resumed from the last saved value when starting.

TotalL function block

If the Feature Bit 0 = 0, the integration is put on hold and reset to the value
predefined in the "PresetValue" input parameter.

If the Feature Bit 0 = 1, the integration is resumed from the last saved value when
starting.

Integral function
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4 Literature

4 Literature

Table 4-1

Subject area

Title

\1\ | Siemens Industry
Online Support

http://support.automation.siemens.com

\2\ Article download
page

http://support.automation.siemens.com/WW /view/de/102052080

\3\ Function manual

SIMATIC Process Control System PCS 7 Advanced Process Library

(V8.0 SP2)

http://support.automation.siemens.com/WW /view/en/80539207

5 History

Table 5-1
Version Date Change
V1.0 10/2014 First edition
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