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Control loop and other control functions

1 Goal

In this chapter, students become familiar with the essential components and requirements for a
block for continuous closed-loop control of process tags and can create and configure a
temperature control using the PIDConL and PULSEGEN blocks.

2 Prerequisite

This chapter builds on chapter 'Functional safety’. To implement this chapter, you can use an
existing project from the previous chapter or the archived project 'p01-05-exercise-r1905-en.zip'
provided by SCE. The download of the project(s) is stored on the SCE Internet for the respective

module.

The (optional) simulation for the SIMIT program can be retrieved from the file 'p01-04-plantsim-

v10-r1905-en.simarc'. It can be run in Demo mode.

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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3 Required hardware and software

1 Engineering station: Requirements include hardware and operating system
(for further information, see Readme on the PCS 7 installation DVD)
2  SIMATIC PCS 7 software V9 SP1 or higher
e Installed program packages (contained in SIMATIC PCS 7 Software Trainer
Package):

e Engineering — PCS 7 Engineering
e Engineering — BATCH Engineering
e Runtime — Single Station — OS Single Station
e Runtime — Single Station — BATCH Single Station
e Options — SIMATIC Logon
e Options — S7-PLCSIM V5.4 SP8

3 Demo Version SIMIT Simulation Platform V10

2 SIMATIC PCS 7
V9 SP1 or higher

1 Engineering Station

3 SIMIT V10 or higher

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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Theory

Theory in brief

In the process industry, certain process tags must be kept at a specific value despite
disturbances (disturbance response) and process tags must be adjusted to specified
setpoints in a stable manner (response to setpoint change). Control loops, as shown in

Figure 1, are used for this.

Disturbance

variables z
System Manipulated
deviation e variable y Process variable =
controlled variable
Setpoint w Loop P System
A controller X

Figure 1: Control loop

For the plant used in these training curriculums, the reactor temperature is set to a certain value
for controlling a reaction according to specification. Disturbance variables are the ambient
temperature and the raw materials with different temperatures. In order for the temperature to be
controlled, it first has to be measured. This measured value, which corresponds to the actual
value of the process tag, is then compared with the desired value (setpoint). The difference

between the actual value and setpoint is called the (control) deviation.

When the control deviation is known, it is possible to identify counter measures. In the case of
temperature control, the heater is switched on when the measured actual value is less than the
specified setpoint. For the process to react automatically, a loop controller is needed. A loop
controller that calculates the manipulated variable based solely on the current deviation is called

a proportional controller (or P controller for short).

In practice, so-called PID controllers, which can be used for a wide variety of processes with

the help of just a few parameters, have prevailed.

The PCS 7 Advanced Process Library V90 contains proven blocks that implement this

functionality. The PIDConL block will be used in the following.

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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Introduction

The above-mentioned P controller represents the simplest loop controller. It operates according
to the principle: the more the actual value differs from the setpoint, the larger the manipulated
variable will be. Its behavior is thus derived directly from the control deviation at the given
moment, which makes it fast and relatively dynamically favorable. However, certain disturbances

are not fully compensated for, which means there is a sustained control deviation.

Not every process tolerates a sustained control deviation so that additional measures have to be
taken. One possibility consists of adding an integral-action component, which turns the P
controller into a Pl controller. The effect of the integral-action component is that a sustained
control deviation is added up. This means that manipulated variable becomes larger and larger

despite the constant control deviation.

If abrupt disturbances occur in a system, they can be counteracted quickly with an additional
derivative-action component. The derivative-action component calculates the manipulated
variable from the time derivative of the control deviation. However, this behavior also leads to an

increase of stochastic disturbances (noise). It is necessary to strike a balance here.

A controller that combines proportional, integral-action and derivative-action components is called
a PID controller. In the process industry, 95% of applications are implemented with a PID
controller, because it is tuned with only three parameters (gain, integral-action time and
derivative-action time). These few parameters allow for a good adaptation to a many different

dynamic processes.

However, tuning the parameters requires knowledge of the system that is being controlled.
Knowledge of the system can be gained by experience, determined experimentally or calculated
by modeling the system. For a wide variety of processes that are not dominated by dead times
and that respond similarly to positive and negative changes of the manipulated variable
interventions, several practical tuning rules have been identified. Examples are the tuning rules
according to Chien, Hrones and Reswick [1], the Ziegler and Nichols method [2] and the T-sum
rule [3].

The process control system PCS 7 supports the tuning of parameters using a PID Tuner.

In the controller block PIDConL, the parameters for the gain, integral-action component and
derivative-action component are called GAIN, Tl and TD, respectively. The times must be
specified in seconds in each case. The input variables of the controller are the process tag PV
and the setpoint SP, which yield the control deviation ER. The manipulated variable MV is the

output variable for the controlled system; it is calculated according to the following formula:

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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MV =GAIN.|14 L+ 4 TDS ‘ER

DiffGain

Suitability of loop controllers in industry

For a loop controller to also work in everyday industrial applications, additional functions have to

be implemented. These include above all:

— Bumpless changeover

— Anti-reset windup

— Support of different closed-loop control structures

The purpose of bumpless changeover is to prevent an abrupt change of the manipulated variable
on a changeover between manual and automatic mode or between an internal and external
setpoint setting or when a parameter changes. A bumpless changeover between manual and
automatic mode is required, for example, when a process in the process industry runs semi-
automatically, i.e. startup is performed in manual mode and a switch is then made to automatic
mode during regular operation. In manual mode, the operator specifies the manipulated variable

directly; in automatic mode, the control algorithm calculates the manipulated variable.

The purpose of the anti-reset windup (ARW) function is to prevent the integral-action component
(reset) of the manipulated variable from continuing to increase (figuratively: windup), because

control deviation cannot be corrected due to the manipulated variable limitation, for example.

The support of different closed-loop control structures enables optimization of the loop controller
without having to replace the controller. Some of these closed-loop control structures are
explained in greater detail in section 'Expanded closed-loop control structures'. With PIDConL
from the SIMATIC PCS 7 Advanced Process Library V90, the following closed-loop

control structures can be implemented:

Fixed setpoint control

Cascade control

— Ratio control

— Feedforward control

— Split-range control

— Smith predicator control

— Override control

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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4.4 Expanded closed-loop control structures

In some applications, single-loop control loops are inadequate, so that expanded closed-loop
control structures must be used to reach the desired goal.

If the response to setpoint changes and the disturbance response is not simultaneously
optimized satisfactorily for a process tag, a feedforward control/auxiliary value injection or a

cascade control can be used.

If the disturbance is measured and its point of application is known, there is the option to apply
feedforward compensation for disturbances at the controller input or controller output.
Feedforward control can be used to fully compensate the disturbance variable, so that the

controller can be tuned for optimal response to setpoint changes.

Disturbance

variables z
. Compensation [«
@ I @ -
. System ‘ Manipulated
deviation e ° variable y

- \ 4
Process variable
. Loop —
Setpoint w troller | System = Controlled
+ controfler variable x

Figure 2: Feedforward control at the controller input (1) or controller output (2)

If the disturbance variable cannot be measured, but another variable in the system can be
measured in its place, this auxiliary variable is fed to the controller input with a loop controller.
The auxiliary variable injection reduces the effect of the disturbance variable but does not

compensate for it completely.

Auxiliarx
variable x,
t Compensation [«
Disturbance
variables z
System Manipulated
) deviation e variable y
Loo Process variable
Setpoint w=——pp»| P P Subsystem P Subsystem = controlled
controller :

+ variable x;

Figure 3: Auxiliary variable injection

If the auxiliary variable is injected at the controller input, the compensation and the loop controller
do not act independently of each other. This means that if the controller parameters are adjusted,

the compensation has to be adjusted as well.

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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If the feedforward control and auxiliary value injection are inadequate, the point of application of
the disturbance variables cannot be determined with sufficient accuracy or the subsystems
cannot be modeled with sufficient accuracy, a two-loop or multi-loop cascade control is used.

When designing a cascade control, it is assumed that the lower-level control loops (Loop
controller 2 in Figure 4 — a so-called follower controller) respond faster in each case than the
higher-level control loops (Loop controller 1 in Figure 4 — a so-called master controller). The

closed-loop control system is thus always optimized from the inside out.

The cascade control reduces the effect of the disturbance variable and speeds up control of the
setpoint. In order for the cascade control to be used, measurable variables appropriate for this

type of control must exist.

€1 Y1i=Wz 57} Y2 X2

— — Loop Loop
W . controller 1 > < > | controller 2 Subsytem Subsystem
_ T i .

v
\ 4

Figure 4: Cascade control with two loops

Ratio control is used if the process tag is determined in dependence on another variable, e.g.
ratio control of two liquid flows that are to be mixed. This means closed-loop control of the
composition of the mixture or ratio control of combustion gas and fresh air in a gas burner for
optimal combustion. The setpoint of the process tag w; is calculated from the ratio V,, and the

process tag Xi.

A\ 4

Iy > Wa €2 Loop Y2 X2
System 2
controller 2 |

€1 Loop Y1
controller 1

» System 1 X1

Figure 5: Ratio control

4.5 Interfacing to processes
The continuous output signal of the loop controller is not always output directly to the process.
Especially when large forces or flows are involved, this direct output is not advisable, and a
binary interface is therefore implemented. To this end, the analog signal is converted into a
binary signal by means of pulse width modulation. The elementary block PULSEGEN [4] is
available in the CFC Library for this.

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved. 11
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The PULSEGEN function uses pulse width modulation to transform the input variable INV (=
LMN manipulated variable of the PID controller) into a pulse train with a constant period. It
corresponds to the cycle time used to update the input variable and must be assigned in
PER_TM.

The duration of a pulse per period is proportional to the input variable. The cycle assigned with
PER_TM is not identical to the processing cycle of the PULSEGEN function block. As shown in
Figure 6, a PER_TM cycle ) consists of several processing cycles (1) of the function block
PULSEGEN. In this context, the number of PULSEGEN calls per PER_TM cycle provides a
measure of the precision of the pulse width modulation.

i

Ny 100—
(LMN) - = 80
- 50
50—
- 30
0 -t
QPOS_P
1 —
| -t
0 p—
Ho ]
PER.TM =

Figure 6: Timing diagram of input INV and output QPOS_P of PULSEGEN [4]

An input variable of 30% with 10 PULSEGEN calls per PER_TM means the following:
— 1 at output QPOS for the first three calls of PULSEGEN (30% of 10 calls)
— 0 at output QPOS for the remaining seven calls of PULSEGEN (70% of 10 calls)

The pulse width is recalculated at the beginning of each period. Through a sampling ratio of 1:10
(CTRL_PID calls to PULSEGEN calls), the manipulated value precision is limited in this example
to 10%. Specified input values INV can only be mapped to a pulse width at the QPOS output in a
grid of 10%. Correspondingly, the precision increases with the number of PULSEGEN calls per
PIDConL call. If PULSEGEN is called 100 times and PIDConL only once, a resolution of 1% of

the manipulated variable range is achieved.
Note:

— You must program the reduction ratio of the call frequency yourself.

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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5 Task

In accordance with the specifications in chapter 'Process Description’, the temperature control
and the associated manual control of Reactor R0O0O1 is to be added to the CFCs from chapter
'Functional safety’. The heating of the reactor will be implemented using a PID controller with

downstream pulse generator.

The following CFCs will be created here:

— A1T2HO008 (manual local control for heating reactor RO01)

— A1T2T001 (temperature control reactor R001)

When implementing the temperature control, the following interlock conditions must be taken into

account in the CFC.

— An actuator may only be operated when the main switch of the plant is switched on and the

Emergency Stop switch is unlocked.
— The temperatures in the two reactors must not exceed 60 °C.

— The heaters of the two reactors may only be started up if they are covered with liquid (here: a

minimum of 200 ml in the reactor).

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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6 Planning

The manual control A1T2H008 (see Figure 8) for controlling the heating consists of three parts:
— Addigital input for the Start command: 'A1.T2.A1T2H008.HS+.START'/ 17.0

— A digital input for the Stop command: 'A1.T2.A1T2H008.HS-.STOP' / 17.1

— A digital output for the status feedback: 'A1.T2.A1T2H008.HO+-.0+'/ Q4.1

An analog measured value is available for the temperature measurement:

— 'AL.T2.A1T2TOO01.TIC.M'/ IW76 / actual temperature value R001

A digital output is available for the heating control:

— 'ALT2.A1T2TO001.TV.S'/ Q4.

The signals are already contained in the symbol table and only still have to be linked.

The analog measured value must still be scaled to an actual temperature. For this, the user

specifies the high limit 100°C and low limit 0°C of the measured value.

The manual control influences the A1T2T001 temperature control (see also Figure 7), which must

be expanded accordingly.

The interlocks mentioned in the task description can all be implemented with previously created
sensors and actuators.

AN e A
—

LISA+

A1T2L001

=SCE.A
=SCE.A1.T
®

=SCE.A1.T2R001
— —r——  Reactor

SO+

A1T2S003

=sceA1T2P001 [ | Yt n1 ).

f xv\ / GO+-\
\Aa1Tax003/ \A1T4x003/ €
: : T A

M | M

Figure 7: Portion of the P&ID flow chart to be programmed
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Local operator panel ‘

On Emergency stop Local

Reactor R0O01 Reactor R002

START STOP STATUS START STOP  STATUS

HS+ HS- HO+- HS+ HS- HO+-
Educt BOO1
1T2HO001 1T2H001 1T2H001 A1T2H004, 1T2H004, A1T2HO004,

HS+ HS- HO+- HS+ HS- HO+-
Educt B002
A1T2H002, 1T2H002, 1T2H002 A1T2HO005, 1T2HO005, 1T2HO005,
EdUCt BOOS HS+ HS- HO+- HS+ HS- HO+-
A1T2HO003, A1T2HO003, 1T2HO003, A1T2HO006, A1T2HO006, 1T2HO006,
Sti HS+ HS- HO+- HS+ HS- HO+-
Ir
A1T2H007, A1T2H007 A1T2H007, A1T2H009 A1T2H009 A1T2H009,
HS HS- HO+-
Heat
A1T2H01Q A1T2H010Q A1T2H010,

+> >
. HS+ HS- HO+- HS+ HS- HO+
Discharge
A1T2HO11 A1T2HO11 A1T2HO011 1T2H012 1T2H012, 1T2H012,
HS+ HS- HO+- HS+ HS- HO+-
Clean
1T2H013, 1T2H013 1T2HO013, A1T2H014 1T2H014 1T2H014,
HS+ Hs- HO+- HS+ HS- HO+-
Decant
A1T2HO015, 1T2HO015, 1T2H015, A1T2HO016, 1T2H016 1T2HO016,

Figure 8: Local operator station

7 Learning objective

In this chapter, students gain the following:

— Knowledge of how to program a continuous loop controller with pulse output and interlocks

For Frei verwendbar use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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Structured step-by-step instructions

Creating the manual control A1T2H008

1. First, insert a new CFC in the reactor ROO1 folder. You will implement the manual control for
the heating in this folder.

SIMATIC Manager - SCE_PCS7_MP o =1

File Edit Insert PLC View Options Window Help

|ID |88 4 2l da|[o =[5

[[< No Fiter > Cv | we mEm

B SCE_PCS7_MP (Plant View) -- C:\Program Files (x86)\SIEMENS\STEP7\57Proj\SCE_PC_1\SCE__MP

E-8] SCE_PCS7_MP A1TZHO0T Eha1TZHIm EhalTLm AT 25005 a0

=8 SCE_PLS7_Rij

] Shared Declarations

=] A1_multipurpase_plant Cut CErls
(B T1_educt_tanks Copy. L HC

educt_tank BOO Paste |4

Delste el

educt_tank B003
T2_reaction

Hierarchy Folder |

Access Protection C
SFC
Print e
Additional Document
Charts 2
) Picture
Flant Hierarchy 3 . .
B3] rincing_tank BOO1 Process Tags » g
=@ SCE_PCS7_Lib Models »  Equipment Properties
(#-{1] Shared Declarations Obiject Properties... Alt+Return
Equipment Property
Process tag types
Inserts CFC at the cursor position. A

2. The newly created chart is renamed A1T2HO008.

SIE]
File Edit Insert PLC View Options Window Help
IO B2 e 4 B e |[o %[ E [ <o Fier > T |9 @ | RS M2
(%% SCE_PCS7_MP (Plant View) -- C:\Program Files (x86)\SIEMENS\STEP7\57Proj\SCE_PC_1\5CE__MP o =l 3]
El-{=g SCE_PCS7_MP ATT2HOM EHATT2HIM EHaIT2L0m EhAIT25002 ERAITZ4M E[a1T2H008

=) SCE_PLST_Rij
{7 Shared Declarstions
A1_multipurpose_plant
T1_educt_tanks
] educt_tank BOOT

T2_reaction
reactor ROOT
reactor RO0Z2
T3 product_tanks
product_tank BO01
product_tank BOO2
T4_iinsing

(3] rinsing_tank BOOT
=16 SCE_PCS7_Lib
[+ Shared Declarations

12 Models

Process tag types

Press F1 to get Help. PC internal.local. 1 v
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3. The interconnections of A1T2HO08 differ from those of A1T2HO11 only in the input and
output signals (Pcs7Diln and Pcs7DiOu) and in the last two reset conditions (block 'Or08).

The conditions relate to the minimum level of 200.0 ml and the maximum temperature of
60.0 °C.

ﬁcx - [A1T2H00S -- SCE_PCS7_Prj\A1l_multipurpose_plant\T2_reaction\reactor RO0D1] = il
[@ Chart Edit Insert CPU Debug View Options Window Help == 5[
DE&|seR|MmDE=|6 el 8o x=x B0 daazamw|
[l Mew Chart =
New Text 31TZHO0R_HA+
[+ Jiil} CFC Library Fos7Diln
el LogicMatrix -tart he SR
[#- PCS 7 AP Libr
[+~ Jjij} PCS 7 BasisLi "R1.TZ.A1TZHO0B.H3+.START" I7.0|
e} Redundant It | manuzl loezl control for
il Redundant I heating reactor R001
[+ i} Redundant It
- il scE_PCs7_L
[+ SCE_PCS7_L
[ SFC Library A1TZHOOE
=- il SIMATIC BAT PlipPlop
- fiff SIMATIC_NE SR/RS-F1 -
[ Standard Libi
A1TZHOO0E_HE-
Fos7Diln
=top hea _ 5
=1_T2 A1TZHO0R . HS- STOE= I7.1| FV_In
zeactor RO0L heating =top)
OR_A1T2H008
lozos
[Logical fukl
21 multipurpose plans\\AI1HOOIL (A, 1} \A1HOOL
EV_Dut Frocess value inel. 57|
21_multipurpose plant)\\RIHDOZ (&, 1) \EIHOOZ | ™
PV_Out Process value incl. ST|
21_multipurpose_plant\\B1HOO3 (&, 1) \E1HOO3 o (CME_a1TZHOOB_T
EV_Cut Frocess value incl. 57| Companoz
comparas
CME_A1TZHO0S_L
companoz —
Comparas o
1 M| [-¥eeactor ronitiAITZIO0I &) 11 ievel_AiT2L00]
- T mij— PV Out Process value incl. ST|
[ & -
- E3 =
Find initial lett =]
= el s WYY | —
Press F1for help ‘ AsSheet 1 OB35 ATT2HO08 ATTZHOOS\CMP_ATT
ECFC - [A1T2HOO8 -- SCE_PCS7_Prj\Al_multipurpose_plant\T2_reaction\reactor RO01] 18l x|
[ Chart Edit Insert CPU Debug View Options Window Help = 5[
DE&|+B(MmOEe & - || ¥ a0 =5 B0 :I'l@l@l|%5m|k‘?‘
[l Mew Chart =
New Text manual losal comzzol faz
- fiff} CFC Library hesting reactor R001
[+ Jjl§ LogicMatrix
e} PCS 7 AP Libr
[ PCS 7 BasisLi
- fil} Redundant 1 AlTZHOOE
- i) Redundant 1 iy oBas|
el SR/RS-F1 2 Out_a1TZHODE
[+ i} Redundant It n e
[ SCE_PCS7_L IDigital _ s
=-jill scE_PCS7 L
[#-, SFC Library
-4l sMaTIC BAT 21 T2 AITZHO0E.HO+-.0+" Q4.1
- il SIMATIC_NE zeactor RO hesting status value
[ Standard Libi

o

Lo
RG]
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— =
™ Findintial lett =] IIII\&/‘“LI | =
Press F1for help ‘ A/Sheet 1 OB35 ATT2HD0Z A1TZHOOS\CMP_ATT
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Block: Catalog/Folder:

Pcs7Diln (2x) Blocks/Channel
Or08 Blocks/LogicDi
CompAn02 (2x) Blocks/LogicAn
FlipFlop Blocks/LogicDi
Pcs7DiOu Blocks/Channel

Table 1: New blocks in chart 'A1T2H008'

Input: Interconnection to: Inverted
Pcs7Diln.HS+.PV_In | 'AL.T2.A1T2H008.HS+.START' / 17.0 / reactor RO01 | No
heating start
Pcs7Diln.HS-.PV_In | 'A1.T2.A1T2H008.HS-.STOP' / 17.1 / reactor RO01 heating | No
stop
Or08.1n4 A1HOO01(A,1) / AIHOO01 PV_Out Process value incl. ST Yes
0Or08.1n5 A1HO002(A,1) / AIH002 PV_Out Process value incl. ST Yes
0Or08.1n6 A1HO003(A,1) / AIHO03 PV_Out Process value incl. ST Yes
CompAn02.T.In2 60.0
CompAn02.L.In1 A1T2L001(A,1) / Level A1T2L001 PV_Out Process value
incl. ST
CompAn02.L.In2 200.0
FlipFlop.Mode 1

Table 2: Input interconnections in chart 'A1T2H008'
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Input: Output: Inverted
FlipFlop.SetLi Pcs7Diln.HS+.PV_Out No
FlipFlop.RstLi Or08.0ut No
Or08.1n3 Pcs7Diln.HS-.PV_Out No
Or08.In7 CompAn02.T.GT No
Or08.1n8 CompAnO2.L.LT No
Pcs7DiOu.PV _In FlipFlop.Out No

Table 3: Block interconnections in chart 'A1T2H008'

Output: Interconnection to: Inverted

Pcs7DiOu.PV_Out 'A1.T2.A1T2H008.HO+-.0+' / Q4.1 / reactor RO0O1 heating | No

status value

Table 4: Output interconnections in chart 'A1T2H008'

Creating the A1T2TO001 temperature control

1. First, a new CFC named 'A1T2T001' is created. In this chart, you will implement the actual
closed-loop control of the heating of reactor ROO1.

L=
File Edit Insert PLC View Options Window Help

D287 | % B dallo 2| %8 5 & |[<oer Z% (v @ BmEM(
3 scE_PCS7_MP (Plant View) -- C:\Program Files (x86)\SIEMENS\STEP7\S7Proj\SCE_PC_1\SCE__MP =12 x|
El-{=a] SCE_PCS7_MP A1TZHO0 R A1T2HO08 ERATTZHON EhalT2L0m ERATT25003 T &1T 24001
218 SCE_PCST_Pi

] Shared Declarations

f 1_multipurpose_plant
1_educt_tanks
educt_tank BOO

L
educt_tank BO03
T2_reaction

3_product_tanks
product_tank BO01
product_tank BO02
4_finging
[#- - finsing_tank BOO1
-4 SCE_PCS7_Lib

] Shared Declarations

2] Models

-- Process tag types

Press F1 to get Help. [PCinternal.local. 1 7
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2. Add the following blocks and name them appropriately.

Catalog/Folder:

Pcs7Anin Blocks/Channel

PIDConL Libraries/PCS7 APL V90/ Blocks + Templates\
Blocks/Control

PULSEGEN Libraries/CFC Library/ELEM400\Blocks/CONTROL

Pcs7DiOu Blocks/Channel

Table 5: New blocks in chart 'A1T2T001'

ECFC - [A1T2T001 -- SCE_PCS7_Prj\Al_multipurpose_plant\T2_reaction\reactor R0O01] | m 5[
[ Chart Edit Insert CPU Debug View Options Window Help _ﬁlil
DE&| s B PoE= |24 b3 x="xBE0 JeaBSmw
-
g ew Chart o G aeaa T m
New Text
[+ CFC Library [curr:
[+~ Jjl§ LogicMatrix
3] PCS 7 AP Library \ In_R1T2T001 control A1TZT001 WM _AITZTOOL
[+ PCS 7 BasisLibrary Pca7AnIn | PIDConL — PULSECEN
- fiff Redundant 10 CGI poaleg & 101 Femperat 1043 Fulae go 10/2
@ Redundant 10 CGI 1680—{EV_In Badl— 1.0—6zin w|— 0.0 gros_B[—
- filfl Redundant 10 MG 100.0—{Seale BV Out|— 100 0TI M3 Relea|— 1=—{EER_TM QNEG_E[—
& SCF PCST Lib 1001—{EV_InUni EV_Outln|— o.0—{TD SzpErr(— BB ™
pes7 Lb o—|3imon Scaledut|— n—|3E_Liop RdyToStal— 1.0 —{RATIOFAC
g SCEJ_:CSLL‘ 0.0—{3imEV_In Oosact[— 058 Exslz Oosact|— 1{sTEPZ ON
- Ji§ 5FC Library 0.0—{3ub=EV_I M3 Regf— 0—{3F_InsLi Manics|— 0— 3TZBI_oW
[ jji§ SIMATIC BATCH B 0—{¥3_Relea M3 Dew— 0.0—{3E Exs Aushes|— o—|MEN oW
[+ i SIMATIC_MET_CP 1640 —{u8 100.0—|SB_ExHiL SE_Extic(— 0—POS_E_GN
(- fiff Standard Library 1620 —jus Eas 0.0—se Extor ss|— o—{wEe & on
1640—{TextRes o.o0—E7 SE_ExtOu[— 1—{5¥N ow
1680 —|Mode o—[MV_Trkom 3E_IntOul—
1640 —{DataXehg 0.0—MV_Tzk Bypazsic|—
1640 —|Dasakchg o—|ModLi0p BV _Out|—
1640 —{¥3 ¥chg 0—|ButModLs eR[—
o—{ManModLs DynDe=dB(—
0—0osLs EhazeDea(— Cut_RITZTO0L
0.0 —|M_Mean Settling[— Pas7Di0u
0.0—|8ettliTi [Digital -
100, 0—|MV_Hilim o—{F¥_1n Bad
0.0—|MV_LoLim o—{3im0n BV Out
0.0—MV_Safel 0—{8ixEV_In EV_ChnST
1—Intlock o—{Staztval Cozkct
control_A1TZT001 0|M8_Relea M3_Req
PIDConL 1630 — M3 M3 Dew
temperature controller reactor RO01 1650 —|u8_Ext
1680~ TexcRes
| 2eto e
T = .. 1620 —{DataXchg
— 1640 —|Datakchg
% 1630 —|M8_Xchg
=
[~ Findintalletter ¢
o T W 1| | i
Press F1for help I [ [A/Sheet 1 [0B35 A1T2TOD1 ATT2TOON\OW_ATTZ

3. Next, implement the basic interconnections as shown in the table below. Compare your result

with the figure.

Interconnection to: Inverted

Pcs7AnIn.PV_In 'A1.T2.A1T2TOOL.TIC.M" / IW76 / actual temperature
value R0O01

Pcs7AniIn.Scale High value = 100.0, Low value = 0.0

Table 6: Input interconnections in chart 'A1T2T001'
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Inverted

PIDConL.PV Pcs7Anin.PV_Out

PULSEGEN.INV PIDConL.MV

Pcs7DiOu.PV_In PULSEGEN.QPOS_P

No

Table 7: Block interconnections in chart ‘A1T2T001'

Interconnection to:

Inverted

Pcs7DiOu.PV_Out 'A1.T2.A1T2T001.TV.S’ / Q4.5 / temperature reactor RO

control signal

01 | No

Table 8: Output interconnections in chart 'A1T2T001'

2. CFC - [A1T2T001 -- SCE_PCS7_Pri\A1_multipurpose_plant\T2_reaction\reactor R001] =lof x|
[® Chart Edit Insert CPU Debug View Options Window Help =& x|
DE&E|) =0 [REE= R td| o xas s B0 e’ ssS0 W |
[T =
[ temperature controller r
By
oy
EH In_R1T2T001 control A1T2T001
a Ecs7AnIn FIDConL
EH Lnalog i A UBZS Continuo S <
-y _,71—"«' In Bad[— 1.0—|Gain
- "A1.T2.A1T2T001.TIC.M" IWT§ 100 BV_Out 100.0—TI ¥3_Rel
= actual temperature wvalue RO0L| 1001— FV_InUni BV_Outln [— 0.0—4TD GrpE
B 0—{5imOn ScaleQut|— 0— 5P _LiOp RdyTos
B 0.0—5imEV_In OosAct [— 0—SP_ExtLi Oosl
0.0—{SubsFV_I MS_Regl— 0—SP_IntLi Mani
0—M5_Relea M5 Dev[— 0.0—5P_Ext Zutl
1640—MS 100.0—SE_ExHiL SP_Ext
1640—|MS_Ext 0.0— SE_ExLaL
1640 — TextRef BV SP_Ext
1630 —|Mode 0—MV_TrkOn SE_Int
1640— DataXchg 0.0—MV_Trk Bypass
1640— DataXchg 0—ModLiOp BV_(
1640—|MS_Kchg 0—RutModLi
0—ManModLi DynDee
] B i
0.0—MV_Mean Settll
Structure: 0 0 R
100.0—MV_HiLim
Scale [STRUCT] 'Range of process value' 0.0—MV_Lolim
. High [REAL] ' High Value'. 100.0 0.0—MV_SafeP
Low [REAL] ' Low Value' 0.0 Intlock
Ebk
FV_OpSca
MV _OpSca
FV_Unit
Q 1342—MV_Unit
ij 0.0—MV_ChnST
0—CSE
ﬁ 1—Enkcquir
HE: =
— LA/ 2
Press F1for help. [A/Shest 1 [DB35 AITZTOOT AITZTI

Froperties |
Help |

Cloze
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ECFC - [A1T2T001 -- SCE_PCS7_Pri\Al_multipurpose_plant\T2_reaction\reactor RO01] ;|g|5|
[# Chart Edit Insert CPU Debug View Opfions Window Help =13 x|
D8l e ppE=|a ed| s vx==xBA[=a2q RS0
[ New Chart =
= Mew Text
CFC Library [current CFC library]
LogicMatrix
PCS 7 AP Library V30 PWM R1T2T001
PCS 7 BasisLibrary Y30 EULSEGEN
Redundant 10 CGP v40 Pulse ge

Redundant IO CGP V52

Redundant 10 MGP V32

SCE_PCS7_Lib

SFC Library

SIMATIC_NET_CP

Standard Library [current standard library]

[ [ [ ] - [
Ll LB LG LD - L

Cut_R1T2T00L
Pca7Dilu
Digital

["A1.T2.R1T2T001.TV.5" Q4.5
temperature reactor R0O01 control signal

I socks | B chars il Libraries
|

I~ Find initial letter

|22

=l
——

[Arshest 1 [OB35 AIT2TOOT ATTZTL

Press F1for help.

4. Now, configure the gains and the integral-action time of the PID controller by setting
PIDConL.Gain = 2 and Tl = 10.0.

ECFC - [A1T2T001 -- SCE_PCS7_Pri\Al_multipurpose_plant\T2_reaction\reactor R001] - |E| 5[
[ Chart Edit Insert CPU Debug View Options Window Help - |ﬁ' il

DEg|lsee@r g2 ad|ssx=4% B0 Jaa RS0

[ New Chart =
Mew Text temperature controller reactor ROO1

[+ CFC Lbrary [current CF

&2) LogicMatrix

&l ffi) PCS 7 AP Library V80 control A1T2T001 BWM_R1T2T001

[ PCS 7 BasisLibrary V30 PIDConL PULSEGEN

= fil§] Redundant 10 CGP V40 continuo Pulse ge

3} Redundant 10 CGP V52

- fil§ Redundant 10 MGP V32

3} SCE_PCS7_Lib

= fiff sFC Library

3} SIMATIC_NET_CP

[ Standard Library [curre

) %,
I~ Find initial letter = IIII\L/—HLI

Press F1for help.

[ [ArShest 1 [DB35 AITZTOON ATTZTI
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5. Change to Sheet 2 and create the interlocks shown below:

Block: Catalog/Folder:
Oro4 Blocks/LogicDi
CompAn02 (2x) Blocks/LogicAn

Table 9: New blocks in chart 'A1T2T001/Sheet2’

Input: Interconnection to: Inverted
Or04.In1 A1HOO01(A,1) / A1IHOO01 PV_Out Process value incl. ST Yes
Or04.In2 A1HO002(A,1) / AIH002 PV_Out Process value incl. ST Yes
CompAn02.T.In1 A1T2TO001(A,1) / In_A1T2T001 PV_Out Process value
incl. ST
CompAn02.T.In2 60.0
CompAn02.L.In1 A1T2L001(A,1) / Level A1T2L001 PV_Out Process value
incl. ST
CompAn02.L.In1 200.0
Table 10: Input interconnections in chart 'A1T2T001/Sheet2'
Input: Output: Inverted
Or04.In3 CompAn02.T.GT
Or04.In4 CompAnO2.L.LT

Table 11: Block interconnections in chart ‘A1T2T001"'
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ﬁ(F{ - [A1T2T001 -- SCE_PCS7_Prj\Al_multipurpose_plant\T2_reaction\reactor R0O01] - Ellll
[ Chart Edit Insert CPU Debug WView Options Window Help =] x|
DE&|+ =R [@oEe|F < |8 ox=m%x BOEdaa BBM(N|
fi N
Interlock
- main power switch off
- emergency switch OFF active
- temperature to high
- level to low
OR_A1T2TO01
[t 0B3s
Logical 1047
Rl _multipurpose_plant\\A1HOO01 (&, 1) \R1HOO1 ¥ Inl Out -
PV_Out Process value incl. ST|
B1_multipurpose_plant\\A1HO0Z (&, 1) \R1HOOZ é
PV_Out Process wvalue incl. ST Ind
CMP_A1T2T001_T —
(CompAn02 oB33S
Comparat 10/5 .
RI1T2T001 (A, 1)%In R1T2TOOL —I 60.0—In2 GE —
FV_Qut Process value incl. 5T EQ—
CMP_A1T2T001_L
(Compin02 oB3s
Comparat 1076
“reactor ROOIMWARIT2L001 (A, 1)%\Tevel AITZLO0OL GE —
- PV_Out Process wvalue incl. ST EQ—
a
- LI
= [EFha Al I Bl
Press F1 for help I [ [A/Sheet2  |DB35 ATT2TODT AIT2TI 4

6. Now, interconnect output 'Out' of block 'Or04' with input 'MV_ForOn' of block 'PIDConL' and
check that '"MV_Force' = 0.0. As a result of this, the value 'MV_Force' will be applied at output

'MV' of the PID controller (manipulated variable of controller) as soon as the interlocking

conditions are met.

ﬁCFC - [A1T2T001 -- SCE_PCS7_Prj\A1l_multipurpose_plant\T2_reaction\reactor R0O01] gl x|
[@ Chart Edit Insert CPU Debug View Options Window Help -|ﬁ' ﬂ
D& s 2R [pRB=|s | ed(dcx= g @0 Jaa 2SMN

AT . TZ ETTZTO0I.TIC.H™ IW74§] — 100 10.04TT
ctual temperature value R0O01 10 0

R1T2T001 (A, 2)\OR_AR1T2T001 é

Out Output|
4
. =l
= ETa Al | i
Press F1 for help. [ [A/Shest1  [OB35 A1TZTOO1 ATT2TC
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8.3 Manual control of A1T2T001 temperature control

1. Now you will assign parameters for local control. You will use programming mode for this.
Programming mode is enabled using the 'AdvCoEN' input and activated using 'AdvCoMst'.
Set the 'AdvCoMod' parameter to '0' so that in local mode the 'AdvCoMV' input is interpreted
as the manipulated variable and not as the setpoint. Make '‘AdvCoMV"' visible and set it to
100. As a result of this, the heating will be controlled in local mode without closed-loop

control.

Input: Interconnection to: Inverted

PIDConL.AdvCoEn A1HO003(A,1) / A1H003 No
PV_Out Process value
including ST

PIDConL.AdvCoMod 0

PIDConL.AdvCoMst A1T2HOO08(A,1) / A1T2H008 | No
Out Output

PIDConL.AdvCoMV 100.0

Table 12: Input interconnections in chart 'A1T2T001/Sheetl’

& CFC - [A1T2T001 -- SCE_PCS7_Prj\Al_multipurpose_plant\T2_reaction\reactor RO01] - | Ellll
[® Chart Edit Insert CPU Debug View Options Window Help =] x|
DE&| s 2R MOES|Z e 8 o= 2 BOMQaBEMN|
N [ -
Ai_nmlti.purpn:e_pl:nt\\aiﬁﬂﬂa[A,i}\aiﬁﬂﬂa é —
EV_Cut Process walue incl. ST|
. ..\reactor ROOI\\AITZHOOA (&, 1} \Dut._ai'L'EHEIEIE é
EV_Out Cutput value
A1T2T001 (A, 2)\OR_AIT2TO01
Cut Cutput|
10— CSE LI
Kl XY AKY | o
Press F1 for help. [ A/Sheet 1 [0B3! 4
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2. With parameter assignment of OS_Perm (bits 0 to 31) of the PIDConL block, operator
authorizations can be restricted. Set Bit 4 and Bit 7 to zero, so that the operator cannot
enable programming mode and cannot change the manual setting for the manipulated

variable ("Man’).

Properties - Block -- A1T2T001\control_A1T2T001 x|
General /0= |

# |Mame 1.!0Tv_Va_m_M_rn_ro_sr_Te_c-:_nwisihlew_Ar_mﬂ

315 |0O5_Perm.Bit20 N 1 <t...| [ ]| [] (117 |1=... [v] []

316 |0S_Perm.Bit21 IN 1 |=c. | [ [ ] (11 [] 1=... [v] []

317 |0S_Perm.Bit22 IN 1 <c..| [ ]| [] 11 [ |1=... [w] (]

318 |0OS_Perm.Bit23 N 1 <t..| [ ]| [] (117 |1=... [v] []

319 |O5_Perm.Bit24 IN 1 <t [ ][] 11 [ |1=... [w] (]

320 |0O5_Perm.Bit25 N 1 <t...| [ ]| [] (117 |1=... [v] []

321 |0S_Perm.Bit26 IN 1 |=c. | [ [ (11 [] 1=... [w] []

322 |0S_Perm.Bit27 IN 1 <c..| [ ]| [] 11 [ |1=... [w] (]

323 |0S_Perm.Bit28 N 1 <t..| [ ]| [] (117 |1=... [v] []

324 |05_Perm.Bit23 N 1 <t [ ][] 1 [ |1=... [v] (]

298 |0O5_Perm.Bit3 N 1 <t...| [ ]| [] (117 |1=... [v] []

325 |0S_Perm.Bit30 IN 1 |=c. [ [ (1| [] |Re... [v] []

326 |0S_Perm.Bit31 IN 1 <c..| [ ]| [] (11 [] |Re... [w] (]

299 |0O5_Perm.Bit4 N ] <t..| [ ]| [] (117 |1=... [v] []

300 |0S_Perm.Bit5 IN 1 |=c. [ [] (11 [] 1=... [w] [ ]

301 |0S_Perm.Bits IN 1 <. | [ ]| [] 11 [ |1=... [w] (]

302 |0S_Perm.Bit7 IN 0 <c..| [ [] (11 [] i=... [v] [] J

303 |0S_Perm.Bit3 IN 1 |<c.. 1=... v

304 |05_Perm.Bit9 N | ... 1 <t..| [ ]| [] (117 |1=... [v] []

597 |0S_Permlog ouT [D... |16... (]| [] (11 [] op.. [w] [] M

596 |0S_PermOut ouT |D... |15.. ]| [] (]| [] |Dis. [w] (] |

585 |P_Part OUT |REAL|0.0 (]| [] (11 []IP... [v] []

589 |PhaseDeadBand OUT [INT |0 ]| [] 11 [] ph... [] [w]

33 |PropFacsP IM |REAL|1.0 11 [] 11 ] IF... [v] ] M

29 |PropSel IN [BOOL|1 (]| [] (T[] 1. [v] []

77 O|RY IN |[5T... al..| ]| [] (][] |Pr... [] [w]

79 |PY.ST IN (]| [] 11 [] ] 5i.. [v] []

73 |Pv.value IN (11 [] (111 |v... [v] [] M - |

4| | 3
Print Cancel | Hep |

3. Finally, you can interconnect chart 'A1T2H008' and chart 'A1T2T001"' as follows.

Output: Inverted

CompAn02.T.In1 A1T2T001(A,1)/
In_A1T2T001 PV_Out
Process value incl. ST

Table 13: Block interconnections between chart ‘A1T2H008/Sheetl' and '‘A1T2T001/Sheetl'
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CFC - [A1TZHOO08 -- SCE_PCS7_Prj\Al_l purpose_plant\T2_reaction\reactor RO01] - Dlll
[ Chart Edit Insert CPU Debug View Options Window Help =1
DE& & L DoEe|F-|end 3o x=" % B0 Jeazsm|

A1TZHO0B_H3+ -
PosTDiln E—
start ke

"A1.T2_AITZHO0E.HS+. START® I7.0
reactor RO0L heating stars)

A1TZHO0B_H3- —
Pos7Diln —
stop hea

"21.T2. RITZHOO0B_HS-.STOE™ I7.1]
reactor RO01 heating ssop|

OR_&1TZH0OB
|Ioz08

21 mmltipurpose plant\\A1H001 (2, 1) \A1HO0]|
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8.4 Checklist — step-by-step instruction

The following checklist helps students to independently check whether all steps of the step-by-
step instruction have been carefully completed and enables them to successfully complete the

module on their own.

No. Description Checked
1 Manual control A1T2H008 created and completely interconnected
2 Temperature control A1T2TO001 created, configured and interlocked
3 Manual control A1T2H008 combined with the A1T2T001 temperature
control
4 Interlocks and manual control successfully tested (optional)
5 Project successfully archived

Table 14: Checklist for step-by-step instructions
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Exercises

In the exercises, you apply what you learned in the theory section and in the step-by-step
instructions. The existing multiproject from the step-by-step instructions (p01-06-project-r1905-
en.zip) is to be used and expanded for this. The download of the project is stored as zip file

"Projects” on the SCE Internet for the respective module.

To prepare for the next chapter, you will implement the final missing function of reactor RO01 —

the stirrer and the manual control of the stirrer. The interlock conditions are as follows:

An actuator may only be operated when the main switch of the plant is switched on and the

Emergency Stop switch is unlocked.

The stirrers of the two reactors should only be started up when they are in contact with liquid

(here: a minimum of 300 ml in the reactor).

In addition, you can learn more about the PID controller, how it works and what parameters can

be set. However, this is not needed here for the functionality of the control.

Tasks

Implement stirrer A1T2S001 in the chart folder 'reactor RO01'. Use the same process tag
type for the stirrer as for the pumps. Connect the feedback signal and actuating signal.

Assign appropriate names to the blocks. Then add the interlocks as explained above.

Then implement the manual control A1T2H0O07 for the stirrer you just created. Implement the

interlocking conditions here as reset conditions.

Inform yourself about the inputs 'ModLiOp', 'AutModLi' and 'ManModLi' of the 'PIDConlL'
block. To do so, open the help of the 'PIDConL' block with the 'F1' key. Select 'PIDConL
operating modes' and then manual mode or automatic mode.

If you want to learn more about the inputs 'SP_LiOp', 'SP_EXxtLi', 'SP_IntLi', etc., enter
setpoint setting in the 'Search' tab of the help. You will receive information under the

suggested title 'Setpoint setting — Internal/external’.

What is the purpose of parameters MV_HiLim and MV_LoLim? Search for information on

these inputs in the help on your own.
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Local operator panel ‘

On Emergency stop Local

Reactor R0O01 Reactor R002

START STOP STATUS START STOP  STATUS

HS+ HS- HO+- HS+ HS- HO+-

Educt BOO1
1T2HO001 1T2H001 1T2H001 A1T2H004, 1T2H004, A1T2HO004,

HS+ HS- HO+- HS+ HSs- HO

Educt B002
A1T2H002 1T2H002 1T2H002 A1T2HO005, 1T2HO005, 1T2HO005,
+ HS HO+
N

Educt BO03 HS - - HS HS- HO:-
A1T2H003, A1T2H003 1T2H003, A1T2HO006, A1T2H006, 1T2HO006,
. HS+ Hs- HO+-
Stir
A1T2HO009, A1T2H009, A1T2HO009,
HS+ HS- HO+- HS HS- HO+-
Heat
A1T2HO008, A1T2H008, A1T2H008, A1T2HO010, A1T2H010, A1T2H010,

+.
+.
+.
+.

. HS+ HS- HO+- HS+ HS- HO+
Discharge
A1T2HO11 A1T2HO11 A1T2HO011 1T2H012 1T2H012, 1T2H012,
HS+ HS- HO+- HS+ HS- HO+
Clean
1T2H013, 1T2H013 1T2HO013, A1T2H014 1T2H014 1T2H014,
HS+ Hs- HO+- HS+ HS- HO+-
Decant
A1T2HO015, 1T2HO015, 1T2H015, A1T2HO016, A1T2HO016, 1T2HO016,

Figure 9: Excerpt from the local operator station

A1T2L001

o)

=SCE.A1.T2R001
| | Reactor

Figure 10: Excerpt from P&ID flowchart
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9.2 Checklist — exercise

The following checklist helps students to independently check whether all steps of the exercise
have been carefully completed and enables them to successfully complete the module on their

own.
No. Description Checked
1 Stirrer 'Reactor RO01\A1T2S001' created, configured and interlocked
2 Manual control 'Reactor RO0O1\A1T2HO007' created and configured
3 Manual control A1T2H007 combined with temperature control
A1T2S001
4 The functionality of operating modes and setpoint setting in the

PIDConL block is known.

5 Function of the manipulated variable limitation in the PIDConL block is
known

6 New elements successfully tested (optional)

7 Project successfully archived

Table 15: Checklist for exercises
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10 Additional information

More information for further practice and consolidation is available as orientation, for example:
Getting Started, videos, tutorials, apps, manuals, programming guidelines and trial software/

firmware, under the following link:

siemens.com/sce/pcs?

Preview "Additional information"

Getting Started, Videos, Tutorials, Apps, Manuals, Trial-SW/Firmware

SIMATIC PCS 7 Overview
SIMATIC PCS 7 Videos

Getting Started

Application Examples
Download Software/Firmware
SIMATIC PCS 7 Website
SIMATIC S7-400 Website

WOW W W W W N
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Further Information

Siemens Automation Cooperates with Education
siemens.com/sce

Siemens SIMATIC PCS 7
siemens.com/pcs7

SCE Learn-/Training Documents
siemens.com/sce/documents

SCE Trainer Packages
siemens.com/scel/tp

SCE Contact Partners
siemens.com/sce/contact

Digital Enterprise
siemens.com/digital-enterprise

Industrie 4.0
siemens.com/future-of-manufacturing

Totally Integrated Automation (TIA)
siemens.com/tia

TIA Portal
siemens.com/tia-portal

SIMATIC Controller
siemens.com/controller

SIMATIC Technical Documentation
siemens.com/simatic-docu

Industry Online Support
support.industry.siemens.com

Product catalogue and online ordering system Industry Mall
mall.industry.siemens.com
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